
Cite as
Huang R, Zhang L, Deng L, Fang J. Diagnostic and prediction 
value of synthetic magnetic resonance imaging in acute 
ischemic stroke patients. Adv Clin Exp Med. 2025;34(2):179–186. 
doi:10.17219/acem/185496

DOI
10.17219/acem/185496

Copyright
Copyright by Author(s) 
This is an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CC BY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Address for correspondence
Ronghui Huang
E-mail: ronghuihuang28@163.com

Funding sources
None declared

Conflict of interest
None declared

Received on September 25, 2023
Reviewed on February 9, 2024
Accepted on February 28, 2024

Published online on April 9, 2024

Abstract
Background. Current knowledge regarding synthetic magnetic resonance imaging in ischemic stroke 
(MAGiC) is inadequate.

Objectives. The study aimed to investigate the diagnostic and prognostic prediction value of MAGiC in acute 
ischemic stroke (AIS) patients.

Materials and methods. This prospective observational study enrolled 197 AIS patients between January 
2022 and May 2023. All patients underwent routine magnetic resonance imaging (MRI), computed tomog-
raphy (CT) scans, doppler ultrasound, MAGiC, and dynamic contrast-enhanced (DCE)-MRI. The levels of total 
cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-ch), low-density lipoprotein 
cholesterol (LDL-ch), C-reactive protein (CRP), and procalcitonin (PCT) were also measured, and the National 
Institutes of Health Stroke Scale (NIHSS) was used to evaluate stroke severity.

Results. T2 and proton density (PD) values were markedly lower in severe patients than in mild-to-moderate 
patients, and the DCE-MRI Ktrans value was substantially higher in severe patients compared to mild-to-
moderate patients. Furthermore, T2 and PD correlated negatively, while Ktrans correlated positively with CRP. 
Receiver operating characteristic (ROC) showed T2 and Ktrans to have the best diagnostic potential as MAGiC 
and DCE-MRI parameters, respectively. As such, combining T2 and Ktrans could improve severe stroke diagnosis 
accuracy. Moreover, TG, LDL-ch, CRP, T2, and Ktrans were independent risk factors for severe stroke.

Conclusions. T2 and PD MAGiC parameters and the DCE-MRI Ktrans parameter could be used as indices 
to predict severe stroke, while combining T2 and Ktrans might provide better diagnostic accuracy.
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Background

Ischemic stroke accounts for more than 85% of all strokes 
and is the leading global cause of disability and mortality, 
especially in non-high-income countries.1,2 However, less 
than 5% of ischemic stroke patients receive intravenous 
thrombolysis.3,4 Generally, timely diagnosis is the criti-
cal factor for patient treatment and prognosis,5 and delay 
beyond the therapeutic time window may lead to longer 
treatment duration and worse prognosis.6

Synthetic magnetic resonance imaging (MRI), a recently 
developed method, can provide quantitative and quali-
tative T1 and T2 maps and images.7 A typical synthetic 
MRI method, magnetic resonance imaging compilation 
(MAGiC) from GE Healthcare (GEHC; Chicago, USA), 
uses multi-dynamic multi-echo (MDME).8 In recent years, 
synthetic MRI modalities such as MAGiC have been gradu-
ally applied to the diagnosis of various diseases, includ-
ing Alzheimer’s disease, brain cancer, multiple sclerosis, 
and spondyloarthritis.9–12 However, knowledge of MAGiC 
in ischemic stroke is still inadequate.

Objectives

The present study aimed to investigate the diagnostic 
and prognostic prediction value of MAGiC in acute isch-
emic stroke (AIS) patients to provide more clinical evi-
dence and experience for MAGiC in stroke.

Materials and material

Patients

This prospective observational study enrolled 197 AIS 
patients admitted to our hospital between January 2022 
and May 2023. The inclusion criteria were: 1) ischemic 
stroke diagnosed with imaging, including MRI, computed 
tomography (CT) and Doppler ultrasound, 2) hospital ad-
mission within 48 h of stroke, and 3) no anticoagulant 
treatment within 3 months of the study. The exclusion 
criteria were: 1) hemorrhagic stroke, 2) receiving prior 
anticoagulant therapy, and 3) having severe liver, cardio-
vascular or  renal dysfunction. All patients underwent 
clinical tests, including imaging and laboratory evaluations 
on admission, and no interventions were made to the treat-
ment. All patients provided written informed consent. 
Study approval was obtained from the ethical commit-
tee of the Fourth Hospital of Changsha, China (approval 
No. CSSDSYY-LLSC-KYXM-2019-20).

Imaging strategy

All patients received routine MRI, 3-dimensional time-
of-f light (3D-TOF) magnetic resonance angiography 

(MRA) for evaluation of cerebral vascular condition, CT 
scan, Doppler ultrasound, MAGiC, and dynamic contrast-
enhanced (DCE)-MRI when admitted. All data were inde-
pendently reviewed and analyzed by 2 radiologists with 
over 5 years of experience using the dedicated Advantage 
Windows AW 4.7 workstation (GE Healthcare). When 
discrepancies arose between the 2 radiologists, a 3rd in-
dependent radiologist was involved for re-analysis, with 
a consensus reached through discussion and evaluation.

For MAGiC, a SIGNA Architect 3.0T whole-body scan-
ner (GE Healthcare) was used, and patients received rou-
tine axial (AX), T2-weighted and T1-weighted imaging 
with repetition time (TR) of 4,000 ms, echo time (TE) 
of 20/99.8 ms, echo chain length of 12, field of view (FOV) 
of 24 × 24, matrix of 240 × 240, section thickness of 4 mm, 
and bandwidth of 25.0 Hz/pixel. The data were imported 
into the AW 4.7 workstation to generate T1, T2 and pro-
ton density (PD) maps. The diffusion-weighted imaging 
(DWI) data were also imported to the AW 4.7 workstation 
and analyzed using the READYView package. Regions dis-
playing a high signal on DWI and a low apparent diffusion 
coefficient (ADC) value were identified as infarct lesions. 
Subsequently, the corresponding infarct lesion on the T2 
fluid-attenuated inversion recovery (T2-FLAIR) map was 
located, and a region of interest (ROI) was delineated to en-
compass the lesion. The ROI was set to 10 mm2. The pa-
rameters of T1, T2 and PD within the ROI were measured 
twice, and the mean values were recorded.

For DCE-MRI, patients received LAVA-T1WI (flip an-
gle = 90°, TR = 2,000 ms, TE = 45 ms, FOV = 24 × 24 cm, 
layer thickness = 5 mm, and layer spacing = 1 mm), LAVA-
T1WI dynamic enhanced scanning with 35 phases in 1 min 
and 10 s (flip angle = 90°, TR = 2000 ms, TE = 45 ms, 
FOV = 24 × 24 cm, layer thickness = 5 mm, and layer 
spacing = 1 mm), following injection of gadolinium di-
amine (0.2 mL/kg, 3 mL/s) through the elbow vein and 
15 mL normal saline (3 mL/s). The data were imported into 
the GenIQ package of AW 4.7 workstation, and the param-
eter maps of contrast agent transfer rate between blood and 
tissue (Ktrans), contrast agent back-flux rate constant (Kep) 
and extravascular extracellular fractional volume (Ve) were 
generated. The diffusion-weighted imaging data were also 
imported into the AW 4.7 workstation and analyzed using 
the READYView package. The infarct lesion was defined 
as a region exhibiting a distinctly high signal on DWI and 
a low ADC value. Subsequently, the DWI and aforemen-
tioned Ktrans, Kep and Ve maps were merged. The ROI was 
determined using the same method as before, with an area 
of 10 mm2 to encompass the infarct lesion. The mean val-
ues of duplicate Ktrans, Kep and Ve were recorded.

Clinical characteristics

Characteristics, including age, sex, body mass index 
(BMI), and medical history were recorded. The  levels 
of total cholesterol (TC), triglyceride (TG), high-density 
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lipoprotein cholesterol (HDL-ch), low-density lipopro-
tein cholesterol (LDL-ch), C-reactive protein (CRP), and 
procalcitonin (PCT) were evaluated on admission using 
an  AU5800 Beckman automatic biochemical analyzer 
(Beckman Coulter, Brea, USA). The National Institutes 
of Health Stroke Scale (NIHSS) was employed to mea-
sure stroke severity as mild (<6), moderate (6–16) or severe 
(≥16).13

Statistical analyses

The Kolmogorov–Smirnov test assessed data normality, 
with non-normally distributed data expressed as median 
(range and interquartile range (IQR)) and normally dis-
tributed data expressed as mean ± standard deviation (SD). 
Mann–Whitney U tests and t-tests compared normally 
or non-normally distributed data, respectively. The vari-
ance homogeneity was determined with Levene’s analysis 
in the t-tests. Rates were compared using χ2 tests, cor-
relation analysis used Spearman’s test, receiver operating 
characteristic (ROC) curves assessed diagnostic value, 
logistic regression was conducted using (enter method), 
goodness-of-fit analysis used Nagelkerke R2, and analysis 
of the linear relationship between independent variables 
and log-odds employed a Box–Tidwell test with Bonferroni 
correction. The variance inflation factor (VIF) determined 
multicollinearity using linear. All calculations employed 
IBM SPSS v. 22.0 (IBM Corp., Armonk, USA) or GraphPad 
Prism v. 6.0 (GraphPad Software, Inc., San Diego, USA), 
with p < 0.05 indicating a significant difference.

Results

Basic characteristics of all patients

As shown in Table 1, among all 197 ischemic stroke pa-
tients, 110 had mild-to-moderate stroke and 87 had severe 
stroke. The basic characteristics of the different patient 
groups were analyzed and compared. Levene’s analysis 
showed TG (p = 0.121) and LDL-ch (p = 0.198) had homo-
geneity of variance (Supplementary Table 1). The NIHSS 
scores and CRP levels were significantly higher, while 
HDL-ch was substantially decreased in severe patients 
compared to the mild-to-moderate patients (all p < 0.05). 
No significant differences were found for other indices.

Comparison of MAGiC and DCE-MRI 
parameters for stroke patients with 
different severity

Typical MAGiC and DCE-MRI images are shown 
in Fig. 1A,B. Comparing the MAGiC and DCE-MRI pa-
rameters between mild-to-moderate and severe stroke pa-
tients showed that the T2 and PD values were remarkably 
lower in severe patients than in mild-to-moderate patients 
(both p < 0.001; Table 2). No significant difference was 
found for T1. For DCE-MRI parameters, only Ktrans was 
markedly elevated in severe patients compared to the mild-
to-moderate patients (p < 0.001), while no significant dif-
ference was found for Kep or Ve.

Table 1. Basic characteristics of all patients

Variables Mild-to-moderate patients (n = 110) Severe patients (n = 87) Z, t or χ2 value* p-value

Age [years] 61 (36–85, 27.25) 63 (35–84, 26.00) –0.108 0.914a

Sex (% female) 49 (45.79) 45 (51.72) 0.704 0.480c

BMI [kg/m2] 27.15 (19.41–33.98, 8.08) 26.66 (19.14–33.72, 7.53) –1.077 0.281a

Risk factors, n (%) – – 1.023 0.600c

Hypertension 34 (31.78) 21 (24.14) – –

Diabetes 30 (28.04) 27 (31.03) – –

Smoking 49 (45.79) 38 (43.68) – –

NIHSS 8 (1–15, 8.25) 23 (16–35, 9.00) –12.050 <0.001a

TC [mmol/L] 4.41 (3.26–5.38, 1.17) 4.20 (3.25–5.33, 1.10) –1.653 0.098a

TG [mmol/L] 1.47 ±0.30 1.53 ±0.33 –1.376 0.170b

HDL-ch [mmol/L] 1.09 (0.96–1.25, 0.14) 1.06 (0.95–1.24, 0.14) –1.997 0.046a

LDL-ch [mmol/L] 2.97 ±0.41 3.09 ±0.46 –1.917 0.057b

CRP [mg/L] 10.20 (1.16–16.89, 7.71) 19.40 (5.64–34.66, 14.32) –8.444 <0.001a

PCT [pg/mL] 30.30 (7.79–49.89, 21.46) 28.51 (6.27–49.50, 19.97) –0.929 0.353a

*Z, t or χ2 values were calculated with Mann–Whitney U test, t-test or χ2 test, respectively. aFor non-normally distributed continuous data were expressed 
with median (range, interquartile range (IQR)), and p-value was calculated with Mann–Whitney U test. bFor non-normally distributed data expressed 
with (mean ± stadard deviation (SD)), p-value was calculated using t-test. c χ2 test was used to analyze the rates; BMI – body mass index; NIHSS – National 
Institutes of Health Stroke Scale; TC – total cholesterol; TG – triglyceride; HDL-ch – high-density lipoprotein cholesterol; LDL-ch – low-density lipoprotein 
cholesterol; CRP – C-reactive protein; PCT – procalcitonin.



Fig. 1. A. Typical images for MAGiC and DCE-MRI of an 84-year-old female stroke patient with acute cerebral infarction in the right frontoparietal lobe. 
The images are synthetic T1WI, T1 map, T2 map, PD map, T1W, T2W, T2-FLAIR, and DWI; B. Typical images for MAGiC and DCE-MRI of a 63-year-old female 
stroke patient with multiple acute phase cerebral infarctions in the left posterior medulla oblongata and left cerebellar hemisphere. The images are listed 
as T2-FLAIR (synthetic), T1map, T2map, PD map, T1W, T2WI, T2-FLAIR, and DWI

MAGiC – resonance imaging in ischemic stroke; DCE-MRI – contrast-enhanced MRI; PD – proton density; DWI – diffusion-weighted imaging; FLAIR – fluid-
attenuated inversion recovery.
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Correlation between MAGiC and DCE-MRI 
parameters and laboratory indices

Spearman’s test analyzed the  correlation between 
MAGiC and DCE-MRI parameters and the  laboratory 
indices, with the data shown in Supplementary Table 2. 
T2 and PD values were negatively correlated with CRP, 
while Ktrans correlated positively. No other significant re-
lationships were observed.

Diagnostic value of MAGiC and DCE-MRI 
parameters for severe stroke patients

Receiver operating characteristic curves were drawn 
to  evaluate the  diagnostic value of  MAGiC and DCE-
MRI parameters for severe stroke patients. As  shown 
in Fig. 2, T2 had the best diagnostic potential in MAGiC 

parameters, with an area under the curve (AUC) = 0.842, 
sensitivity = 80.46%, specificity = 64.55%, and a cutoff 
value <81.78 ms. For DCE-MRI parameters, Ktrans showed 
the best diagnostic potential, with AUC = 0.794, sensitiv-
ity = 60.92%, specificity = 73.64%, and a cutoff value >0.105. 
We used the T2 and Ktrans cutoff values to predict severe 
stroke and found that T2 had sensitivity of 64.22%, speci-
ficity of 80.68% and accuracy of 55.33%, while Ktrans showed 
sensitivity of 64.63%, specificity of 70.43% and accuracy 
of 41.62% (Table 3). Combining both achieved sensitiv-
ity = 57.86%, specificity = 89.47% and accuracy = 71.07%.

Logistic regression for severe 
stroke patients

Univariate and multivariate binary logistic regression 
was conducted for the severe stroke risk factors. Univariate 

Fig. 2. Receiver operating characteristic (ROC) curves of T1 (A), T2 (B), PD (C), Ktrans (D), Kep (E), and Ve (F) for diagnosis of severe stroke

PD – proton density; Ktrans – volume transfer constant; Kep – rate constant; Ve – extracellular extravascular volume fraction.

Table 2. Comparison of MAGiC and DCE-MRI parameters for stroke patients with different severity

Variables Mild-to-moderate patients
(n = 110)

Severe patients
(n = 87) Z value* p-value#

T1 [ms] 1948.95 (1503.30–2297.41, 374.68) 1894.65 (1503.26–2299.90, 488.63) –0.435 0.663

T2 [ms] 85.46 (75.18–94.85, 11.43) 76.02 (65.47–84.94, 10.19) –8.239 <0.001

PD [pu] 74.07 (60.28–94.75, 17.10) 68.12 (60.31–79.99, 8.14) –4.625 <0.001

Ktrans [min–1] 0.08 (0.05–0.12, 0.05) 0.11 (0.08–0.15, 0.04) –7.162 <0.001

Kep [min–1] 1.07 (0.10–1.90, 1.05) 1.03 (0.11–1.90, 0.92) –0.267 –0.790

Ve [%] 7.47 (1.08–14.81, 8.01) 7.12 (1.01–14.87, 6.75) –1.263 0.206

*Z or t values were calculated using Mann–Whitney U test. #All data in this table are non-normally distributed data expressed with median (range, IQR), 
and all p-values were calculated using Mann–Whitney U test; PD – proton density; Ktrans – volume transfer constant; Kep – rate constant; Ve – extracellular 
extravascular volume fraction.
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analysis found that HDL-ch, CRP, T2, PD, and Ktrans were 
risk factors for severe stroke, and multivariate analysis 
showed that the Nagelkerke R2 for multivariate logistic 
regression was 0.598. The  results of  the  Box–Tidwell 
test and the VIF values are presented in Supplementary 
Tables  3,4. Unfortunately, the  Box–Tidwell test found 
that CRP, T2, PD, and Ktrans did not meet the criteria for 
a linear relationship. Consequently, we converted these 
data into categorical variables. For T2, PD and Ktrans, 
we utilized the cutoff values from the previous diagnos-
tic analysis to categorize them into low and high groups 
(T2 < or >81.78, PD < or >71.01 and Ktrans < or > 0.105). For 
CRP, we used its median value as the threshold to divide 
the data into low and high groups (≤ or >12.79). No vari-
ables exhibited signs of multicollinearity (VIF > 10 or toler-
ance <0.1). In multivariate analysis, TG, LDL-ch, CRP, T2, 
and Ktrans were independent risk factors for severe stroke 
(Table 4).

Discussion

Despite the development of diagnostic methods, new 
approaches for accurate and timely diagnosis of ischemic 
stroke patients are always needed. In this research, we con-
ducted a prospective observational study to investigate 
the  application of  MAGiC combined with DCE-MRI 
to the diagnosis of ischemic stroke patients with different 
severity. We found that T2, PD and Ktrans could be used 
as indices to predict severe stroke, and combining T2 and 
Ktrans might provide better diagnostic accuracy.

Several studies noted the potential use of MAGiC in neu-
rological diseases, including stroke, with a recent study 
showing that MAGiC PSIR Vessel had a higher AUC value 
for vascular stenosis >50% in stroke patients than time-of-
flight (TOF) magnetic resonance angiography (MRA).14 
Although evidence for MAGiC in stroke patients is still 
inadequate, the modality is used in neurodegenerative 

Table 3. Sensitivity, specificity and accuracy for T2 and Ktrans to predict severe stroke

Methods True positive False positive True negative False negative Sensitivity% Specificity% Accuracy%

T2 70 39 71 17 64.22 80.68 55.33 

Ktrans 53 29 81 34 64.63 70.43 41.62 

T2+ Ktrans 81 59 51 6 57.86 89.47 71.07 

* Sensitivity = true positive/(true positive + false negative) × 100%; specificity = true negative/(true negative + false positive) × 100%; accuracy = (true 
positive + true negative)/(true positive + false negative + false positive + true negative) × 100%; Ktrans – volume transfer constant.

Table 4. Univariate and multivariate binary logistic regression for severe stroke patients

Variables
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age 1.002 0.983–1.022 0.805 1.004 0.975–1.033 0.808

Sex 0.757 0.430–1.330 0.333 1.024 0.434–2.415 0.956

BMI 0.965 0.904–1.029 0.277 0.980 0.885–1.085 0.697

Hypertension 0.711 0.376–1.344 0.294 1.236 0.454–3.366 0.679

Diabetes 1.200 0.647–2.227 0.563 0.646 0.248–1.683 0.371

Smoking 0.965 0.548–1.701 0.903 0.904 0.395–2.067 0.810

TC 0.696 0.446–1.086 0.110 0.710 0.374–1.351 0.297

TG 1.881 0.763–4.640 0.170 9.297 2.117–40.817 0.003

HDL-ch 0.021 0.001–0.780 0.036 0.236 0.002–36.594 0.575

LDL-ch 1.902 0.979–3.694 0.058 3.251 1.162–8.091 0.025

CRP 1.295 1.202–1.396 <0.001 0.155 0.064–0.371 <0.001

PCT 0.990 0.968–1.012 0.365 0.975 0.943–1.008 0.135

T1 1.000 0.998–1.001 0.571 0.999 0.997–1.000 0.137

T2 0.783 0.730–0.839 <0.001 11.983 4.547–31.577 <0.001

PD 0.901 0.865–0.939 <0.001 2.040 0.884–4.710 0.095

Ktrans 2.681 1.984–3.624 <0.001 0.122 0.048–0.312 <0.001

Kep 0.947 0.558–1.606 0.840 0.535 0.237–1.206 0.131

Ve 0.953 0.890–1.021 0.174 1.001 0.901–1.112 0.980

95% CI – 95% confidence interval; OR – odds ratio; BMI – body mass index; TC – total cholesterol; TG – triglyceride; HDL-ch – high-density lipoprotein 
cholesterol; LDL-ch – low-density lipoprotein cholesterol; CRP – C-reactive protein; PCT – procalcitonin; Ktrans – volume transfer constant; Kep – rate constant; 
Ve – extracellular extravascular volume fraction.
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diseases such as Alzheimer’s disease and other cognitive 
impairments. In Alzheimer’s disease, MAGiC T1 and T2 
values in the right insula cortex and left hippocampus 
were markedly increased compared to controls.15 Another 
study used synthetic MRI to detect white matter hyper-
intensities (WMHs) and found a significant association 
between myelin loss and WMHs in cognitively impaired 
patients.16 Additionally, a recent study demonstrated that 
patients with primary insomnia showed a negative correla-
tion between cerebral blood flow and MAGiC T2 values.17

The current study showed that T2 and PD values were 
lower in severe stroke patients, with AUC of 0.842 and 
0.692, respectively, and could be used as  a  diagnostic 
marker. In addition, we found that T2 and PD values cor-
related negatively with CRP levels and identified T2 and 
CRP values as independent risk factors for severe stroke. 
Given that severe stroke is often associated with an acti-
vated inflammatory response, we hypothesize a potential 
connection between T2 values and inflammatory condi-
tions. However, it is premature to draw definitive conclu-
sions without further investigation.

DCE-MRI is widely used in stroke diagnosis, with early 
studies showing that it  could measure atherosclerotic 
plaques, blood–brain barrier function, and vascular and 
hemodynamic features.18–20 A recent study reported con-
volutional neural networks, which provided better DCE-
MRI efficacy in stroke diagnosis.21 In an animal model 
of stroke, DCE-MRI measured post-stroke outcome, an-
giogenesis and vascular function.22 In our investigation, 
we observed that Ktrans was markedly increased in severe 
stroke patients and that combining T2 and Ktrans showed 
better diagnostic accuracy for severe stroke. Further-
more, Ktrans correlated positively with CRP levels. Similar 
to the T2 value, we speculate that Ktrans might partially 
reflect the  inflammatory condition in  stroke patients. 
However, this hypothesis requires more comprehensive 
studies to gain deeper insights.

Limitations

Study limitations include 1) enrolling 197 patients who 
were from a single center and 2) the focus on short-term 
clinical outcomes of the ischemic stroke patients. As such, 
whether MAGiC could provide indications for patients’ 
long-term condition is unclear.

Conclusions

Magnetic resonance imaging in ischemic stroke can be 
used to predict ischemic stroke severity, with T2 and PD 
showing potential as prediction markers. The combination 
of T2 and Ktrans may provide a new assessment method for 
the diagnosis of severe stroke patients. This study may pro-
vide more clinical evidence for the application of MAGiC 
in the diagnosis of ischemic stroke.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.10838478. The package includes 
the following files:

Supplementary Table 1. Original results of t-test and 
Levene analysis for TG and LDL-ch in t-test of Table 1.

Supplementary Table 2. Spearman’s correlation among 
MAGiC and DCE-MRI parameters and the  laboratory 
indices.

Supplementary Table 3. Box–Tidwell test for all variables 
in logistic regression analysis.

Supplementary Table 4. Box–Tidwell test for all variables 
in logistic regression analysis.
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