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Abstract

BACKGROUND
The identification of risk factors for recurrence in patients with minor ischemic
stroke (MIS) is a critical medical need.

AIM
To develop a nomogram for individualized prediction of in-hospital recurrence in
MIS patients.

METHODS

Based on retrospective collection, a single-center study was conducted at the First
Affiliated Hospital of Anhui Medical University from January 2014 to December
2019. Univariate and multivariate logistic regression analyses were used to
determine the risk factors associated with MIS recurrence. The least absolute
shrinkage and selection operator regression was performed for preliminary
identification of potential risk factors. Uric acid, systolic blood pressure, serum
total bilirubin (STBL), and ferritin were integrated for nomogram construction.
The predictive accuracy and calibration of the nomogram model were assessed by
the area under the receiver operating characteristic curve (AUC-ROC) and
Hosmer-Lemeshow test, respectively.

RESULTS

A total of 2216 MIS patients were screened. Among them, 155 were excluded for
intravascular therapy, 146 for unknown National Institutes of Health Stroke Scale
score, 195 for intracranial hemorrhage, and 247 for progressive stroke. Finally,
1244 patients were subjected to further analysis and divided into a training set (n
= 796) and a validation set (n = 448). Multivariate logistic regression analysis
revealed that uric acid [odds ratio (OR): 0.997, 95% confidence interval (CI): 0.993-
0.999], ferritin (OR: 1.004, 95%CI: 1.002-1.006), and STBL (OR: 0.973, 95%ClI: 0.956-
0.990) were independently associated with in-hospital recurrence in MIS patients.
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Our model showed good discrimination; the AUC-ROC value was 0.725 (95%Cl:
0.646-0.804) in the training set and 0.717 (95%ClI: 0.580-0.785) in the validation set.
Moreover, the calibration between nomogram prediction and the actual
observation showed good consistency. Hosmer-Lemeshow test results confirmed
that the nomogram was well-calibrated (P = 0.850).

CONCLUSION
Our present findings suggest that the nomogram may provide individualized
prediction of recurrence in MIS patients.

Key Words: Minor ischemic stroke; Recurrence; Risk factor; Nomogram; Prediction;
Chinese ethnic

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The identification of risk factors for recurrence in patients with minor
ischemic stroke (MIS) is a critical medical need. Based on retrospective collection, a
single-center study was conducted at the First Affiliated Hospital of Anhui Medical
University from January 2014 to December 2019. Univariate and multivariate logistic
regression analyses were used to determine the risk factors associated with MIS
recurrence. The developed nomogram may provide individualized prediction of
recurrence of MIS inpatients.

Citation: Yu XF, Yin WW, Huang CJ, Yuan X, Xia Y, Zhang W, Zhou X, Sun ZW. Risk factors
for relapse and nomogram for relapse probability prediction in patients with minor ischemic
stroke. World J Clin Cases 2021; 9(31): 9440-9451

URL: https://www.wjgnet.com/2307-8960/full/v9/i31/9440.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i31.9440

INTRODUCTION

Stroke is the third leading cause of disability and the second leading cause of death in
the world[1]. Minor ischemic stroke (MIS) refers to ischemic stroke with minor
symptoms and mild neurological impairment; one out of every three patients with
acute ischemic cerebrovascular disease is with MIS[2]. While the MIS symptoms are
mild, its prognosis is not optimistic. Studies have shown that the recurrence rates of
cerebral infarction 7 d and 1 mo after onset are as high as 12% and 15%[3,4]. With the
extension of life expectancy, the number of patients with disabilities caused by MIS is
expected to rise in the future. Therefore, predicting the possibility for MIS recurrence
is critically important.

Previous studies have established that the D-dimer level predicts a poor outcome in
MIS patients[5]. Furthermore, moderate-to-vigorous physical activity and visceral fat
level were reported to be risk factors for recurrent ischemic stroke[6]. In addition,
Wang et al[7] found that metabolic syndrome is a strong risk factor for MIS occurrence
and subsequent vascular events. In another study, Vermeer et al[8] suggested that
impaired glucose tolerance increased the risk for the development of MIS in
nondiabetic patients. Moreover, age, heart disease, and infarction diameter could be
used as assessment indicators for prognosis in MIS patients[9]. Although the ABCD2
score has been shown to be a useful tool for predicting short-term and long-term risk
of stroke after MIS[10], no easy-to-use tool has been developed to visualize the
predicted probability in the prognosis of MIS recurrence.

A nomogram is a statistical graphic visualization tool used to calculate the
continuous probability of a specific outcome of a single patient. It can provide an
estimated numerical prognosis. Moreover, it can combine different data, forming a
continuous scoring system for the prediction of the risk of individuals. For example,
Cheng et al[11] developed a nomogram to predict early isolated deep vein thrombosis
in acute ischemic stroke patients. In addition, Cappellari et al[12] used a nomogram to
predict unfavorable outcomes in patients receiving oral anticoagulants for atrial fibril-
lation after stroke. Therefore, nomogram has been used as a risk stratification tool in

9441 November 6,2021 | Volume9 | Issue3l |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i31/9440.htm
https://dx.doi.org/10.12998/wjcc.v9.i31.9440

Yu XF et al. Relapse probability prediction in MIS patients

Jaishideng®

routine clinical practice, including the treatment and prognosis of cancer and
cardiovascular diseases[13,14]. However, a nomogram predicting the probability of
recurrence of stroke after MIS has not yet been developed.

Therefore, the present study aimed to develop a nomogram for the prediction of the
possibility of stroke reoccurrence in MIS patients.

MATERIALS AND METHODS
Study design

This retrospective study was conducted at the Stroke Center of the Department of
Neurology of the First Affiliated Hospital of Anhui Medical University. MIS was
diagnosed based on the Guidelines for the Diagnosis and Treatment of High-risk Non-
disabling Ischemic Cerebral Artery Events compiled by the Chinese Stroke Association
in 2016[15]. The following inclusion criteria were applied: (1) Age 218 years but <100
years; (2) Being diagnosed as having MIS; and (3) MIS patients not receiving
endovascular therapy such as thrombolysis and stenting and not having signs of
intracranial hemorrhage, progressive stroke, and unknown National Institutes of
Health Stroke Scale (NIHSS). The study was approved by the Ethics Committee of the
First Affiliated Hospital of Anhui Medical University. As it was a retrospective study,
written informed consent was waived.

Data collection

Data including age, sex, information on hypertension, diabetes, previous heart disease,
fasting plasma glucose (FPG), uric acid (UA), blood urea nitrogen (BUN),
homocysteine (Hcy), C-reactive protein (CRP), total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDLC), high-density lipoprotein cholesterol
(HDLC), stable plaques, vulnerable plaque, apolipoprotein A (APOA), apolipoprotein
B (APOB), creatinine (Cr), serum total bilirubin (STBL), ferritin, glycosylated
hemoglobin (GHb), smoking, alcohol drinking, systolic blood pressure (SBP), and
diastolic blood pressure (DBP) were collected and extracted from the medical chart.
All patients were examined using magnetic resonance imaging (MRI) to determine
whether there was recurrence or aggravation. Hypertension was defined as SBP = 140
mmHg or DBP = 90 mmHg. Diabetes was defined as FPG = 7.0 mmol/ L or random
glucose =211.1 mmol/ L.

Statistical analysis

Statistical analyses were performed using R 3.6.2 (https:/ /www.r-project.org/) and
STATA 15.0 (Stata Corp., College Station, TX, United States). Descriptive data are
presented as medians with interquartile ranges, and categorical variables are
expressed as numbers or percentages. Inter-group comparisons of continuous data
were made using Mann-Whitney U-test. The Chi-square test was applied for
categorical data comparisons. Univariate and multivariate logistic regression analyses
were used to determine the risk factors associated with MIS recurrence. In the
multivariate logistic regression analysis, variables with P < 0.20 in the univariate
regression analysis were included. P < 0.08 was used for nomogram construction in
the multivariable logistic regression. The least absolute shrinkage and selection
operator (LASSO) regression analysis was implemented for preliminary identification
of potential risk factors.

For nomogram construction and validation, the patients were allocated either to a
training or a validation cohort. A nomogram was then constructed using the
regression coefficient obtained from the multivariable logistic regression model and
the “rms” package in R software (version 3.6.1).

The performance of the monogram was evaluated by discrimination (the ability of
the proposed model to distinguish patients with different outcomes) and calibration.
The accuracy of the nomogram model for predicting the probability of unfavorable
outcome was assessed by calculation of the area under the receiver operating charac-
teristic curve (AUC-ROC). The calibration of the risk prediction model was evaluated
by a plot comparing the observed probability of an unfavorable outcome against the
predicted one and by using the Hosmer-Lemeshow test. A P value less than 0.05 was
considered statistically significant.
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RESULTS

Baseline characteristics

From January 2014 to December 2019, a total of 2216 MIS patients were screened.
Among them, 155 were excluded for intravascular therapy, 146 for unknown NIHSS
score, 424 for intracranial hemorrhage, and 247 for progressive stroke. As a result,
finally, 1244 patients remained for further analysis. The derivation cohort contained
796 MIS patients, whereas 448 were included in the validation cohort (Figure 1). Their
demographic and laboratory data are listed in Table 1. Among the included clinical
features, demographic and laboratory data were reduced to seven potential predictors
based on the information of patients in the training cohort (Figure 2). These features
were nonzero coefficients that were used in the logistic regression model.

Logistic regression analysis

The predictive variables screened by LASSO regression are highly consistent with
those by the stepwise regression method. As can be seen in Table 2, UA [odds ratio
(OR): 0.997, 95%CI: 0.993-0.999], ferritin (OR: 1.004, 95%CI: 1.002-1.006), STBL (OR:
0.973, 95%ClI: 0.956-0.990) were independently associated with in-hospital recurrence
in MIS patients. In addition, SBP (OR: 1.012, 95%CI: 0.999-1.025) was moderately
associated with the recurrence of MIS. The result of logistic prediction model was: Log
[p(x)/1-p(x) = -4.927 - (0.003 x UA) - (0.027 x STBL) + (0.004 x ferritin) + (0.012 x SBP)],
where p(x) is the probability of recurrence in MIS patients during hospitalization.

Nomogram development
Based on the multivariate regression analysis, a nomogram incorporating STBL,
ferritin, cardiopathy, and SBP was generated, which is presented in Figure 3.

Validation of the monogram

Next, we used ROC curves to evaluate the discrimination ability of the nomogram
cohort. As visible in Figures 4A and 4B, the AUC-ROC of the nomogram of the
training cohort was 0.737 (95%ClI: 0.676-0.798). In the validation cohort, the AUC-ROC
value was 0.706 (95%CI: 0.532-0.881).

The calibration curve of the nomogram model showed a sufficient consistency
between the predicted values calculated by the nomogram and the actual results
(Figure 5). Hosmer-Lemeshow goodness-of-fit test revealed that the nomogram was
well-calibrated (P = 0.850). The error rate in the confusion matrix of the model in the
training cohort was 0.057, and in the validation cohort, it was 0.056 (Table 3).
Moreover, decision curve analysis (DCA) was utilized to assess the clinical validity of
the nomogram (Figure 6), which showed good calibration.

DISCUSSION

In the present study, we found that UA, STBL, SBP, and ferritin were independently
associated with MIS recurrence. We developed and validated a nomogram containing
four variable combinations, which could be straightforwardly used to predict the
probability of relapse during the hospitalization of MIS patients.

A previous investigation revealed that the level of serum UA is an independent
protective factor for cognitive impairment in MIS patients, and a lower level of UA is
prone to deteriorate the cognitive function in patients[16]. An animal study showed
that apoptosis and brain tissue injury produce generated oxygen species in a rat
middle cerebral artery occlusion model, but after the addition of an appropriately high
concentration of UA, the degree of brain tissue injury and the production of reactive
oxygen species were reduced[17]. Zhang et al[18] established that UA exerted
neuroprotective effects in acute ischemic stroke, and a relevant concentration of UA
was beneficial to the prognosis of adolescent stroke. Meta-analysis findings support
the notion that serum UA level has a protective influence on the prognosis of
neurological function after acute ischemic stroke, and a high UA level at onset was a
biomarker with better prognosis potential in patients with acute ischemic stroke[19].
Our study showed that there was a negative correlation between a high concentration
of UA and recurrence of MIS, which is consistent with these previous findings.

In the present study, we found that ferritin was closely related to the progression of
MIS. Previous reports indicated that the increase of ferritin concentration in plasma
and cerebrospinal fluid within 24 h after the onset of ischemic stroke was related to the
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Table 1 Clinical characteristics of the patients

Derivation cohort (n = 796)

Validation cohort (n = 448)

Favorable Unfavorable Favorable Unfavorable

outcome outcome P outcome outcome P

n=750 n =46 n=423 n=25
Age, median (IQR) 63 (52, 71) 64.5 (59, 72) 0.26 63 (52, 70) 69 (62, 75) 0.03
Sex 0.87 0.01

Female 217 (28.9%) 14 (30.4%) 132 (31.2%) 2 (8.0%)
Male 533 (71.1%) 32 (69.6%) 291 (68.8%) 23 (92.0%)

Hypertension 469 (62.5%) 26 (56.5%) 0.44 261 (61.7%) 17 (68.0%) 0.67
Diabetes 229 (30.5%) 18 (39.1%) 0.25 99 (23.4%) 3 (12.0%) 0.23
FPG, median (IQR) 5.6 (5,7.33) 5.915 (4.66, 7.22) 0.67 5.41 (4.89, 6.65) 4.85 (4.57, 5.45) 0.02
Cardiopathy 59 (7.9%) 7 (15.2%) 0.09 40 (9.5%) 7 (28.0%) <0.01
Smoking 188 (25.1%) 15 (32.6%) 0.29 100 (23.6%) 11 (44.0%) 0.03
UA, median (IQR) 298 (243, 359) 280 (179, 332) 0.04 306 (238, 364) 298 (179, 354) 0.61
UN, median (IQR) 5.3 (4.48, 6.54) 4.82 (3.81, 6.36) 0.11 5.5 (4.38, 6.98) 5.8 (3.81, 6.3) 0.34
Hcy, median (IQR) 13.96 (11.07,19.03)  13.56 (10.01, 18.4) 0.33 14.04 (10.53, 17.6) 16.43 (10.01, 26.82) 0.18
CRP, median (IQR) 1.415 (0.51, 6.13) 1.325 (0.6, 3.9) 0.58 1.62 (0.56, 4.7) 1.56 (0.89, 3.57) 0.94
TC, median (IQR) 4.435 (3.84,5.2) 4.89 (3.96, 5.36) 0.08 4.4 (3.89, 5.04) 5.02 (3.49, 5.75) 0.16
TG, median (IQR) 1.52 (1.08, 2.12) 1.72 (1.32, 2.45) 0.09 1.47 (1.06, 2.05) 1.38 (0.89, 1.86) 0.46
LDLC, median (IQR) 2.615 (2.04, 3.25) 3.15 (2.34, 3.52) 0.03 2,57 (2.14, 3.19) 3.26 (2.3,3.71) 0.04
Stable plaques 288 (38.4%) 18 (39.1%) 1.00 147 (34.8%) 6 (24.0%) 0.39
Vulnerable plaque 400 (53.3%) 21 (45.7%) 0.36 217 (51.3%) 10 (40.0%) 031
Alcohol drinking 256 (34.1%) 18 (39.1%) 0.52 131 (31.0%) 11 (44.0%) 0.19
HDLC, median (IQR) 1.1 (0.94,1.36) 1.145 (0.9, 1.28) 0.56 1.12 (0.95, 1.37) 1.14 (1.05, 1.46) 0.47
APOA, median (IQR) 1.35 (1.21, 1.55) 1.415 (1.19, 1.58) 0.56 1.35 (1.22, 1.54) 1.46 (1.19, 1.53) 047
APOB, median (IQR) 0.925 (0.73, 1.09) 1.1 (0.84,1.22) <0.01 0.91 (0.73, 1.08) 1(0.75,1.16) 0.46
LP(a), median (IQR) 208.5 (112, 340) 173.5 (124, 371) 0.78 187 (106, 329) 151 (129, 371) 0.99
Cr, median (IQR) 55.65 (14.72, 72.1) 65.1 (48.6, 80) <0.01 55.9 (14.7, 69.8) 70.2 (48.8, 78.3) 0.01
STBL, median (IQR) 17.985 (11.7, 58) 15.11 (11.5,19.03) 0.02 17.23 (11.7, 60.2) 14.86 (11.5,17.3) 0.19
Ferritin, median (IQR) 220.85 (136.59,324.3) 255.57 (218.1, 426.1) <0.01 207.18 (131.2,318.78) 252.2 (191.83, 350.6) 0.09
GHb, median (IQR) 6.66 (5.82, 7.94) 7.18 (6.3, 9.09) 0.14 5.82 (4.68, 7.4) 5.91 (4.53, 6.72) 0.33
SBP, median (IQR) 142 (130, 158) 147 (139, 163) 0.08 140 (129, 155) 140 (120, 154) 0.49
DBP, median (IQR) 82 (75, 92) 84.5 (80, 90) 0.48 82 (75, 91) 89 (81, 90) 0.28

IQR: Interquartile range; FPG: Fasting plasma glucose; UA: Uric acid; UN: Urea nitrogen; Hcy: Homocysteine; CRP: C-reactive protein; TC: Total
cholesterol; TG: Triglyceride; LDLC: Clow-density lipoprotein cholesterol; HDLC: High-density lipoprotein cholesterol; APOA: Apolipoprotein A; APOB:
Apolipoprotein B; LP(a): Lipoproteins a; Cr: Creatinine; STBL: Serum total bilirubin; GHb: Glycosylated hemoglobin; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure.

early deterioration of neurological function, and the increase of iron reserve may lead
to stroke progression by enhancing the cytotoxic mechanism of cerebral ischemia[20].
Additionally, Davalos et al[21] also showed that the concentration of serum ferritin
was associated with the progression of cerebral infarction. In this study, we found a
positive correlation between the ferritin level and the recurrence of MIS, which is in
agreement with the findings of the aforementioned reports.
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Table 2 Univariate and multivariate logistic regression analyses for outcomes

Univariate analysis Multivariate analysis
OR 95%Cl P OR 95%Cl P

Age 1.027 0.994-1.060 0.109 1.014 0.987-1.043 0.315
Sex 0.853 0.364-1.998 0.714 -

Hypertension 0.633 0.311-1.290 0.208 -

Diabetes 1.550 0.668-3.597 0.308 -

FPG 0.896 0.741-1.084 0.260 -

Cardiopathy 2.087 0.803-5.422 0.131 2.021 0.816-5.003 0.128
Smoking 1.375 0.588-3.217 0.462 -

Uric acid 0.997 0.994-1.001 0.179 0.997 0.993-0.999 0.038
UN 0.877 0.715-1.076 0.207 -

Homocysteine 0.994 0.958-1.031 0.751 -

CRP 0.995 0.972-1.018 0.642 -

TC 0.997 0.968-1.027 0.833 -

TG 1.000 0.896-1.116 0.996 -

LDLC 1.037 0.878-1.225 0.665 -

Vulnerable plaque 0.620 0.244-1.576 0.315 -

Stable plaque 0.634 0.250-1.606 0.337 -

Alcohol drinking 0.983 0.443-2.181 0.967 -

HDLC 0.745 0.245-2.265 0.604 -

APOA 1.061 0.646-1.742 0.815 -

APOB 0.981 0.750-1.283 0.891 -

LPa 1.000 0.999-1.001 0.929 -

Cr 1.001 0.992-1.010 0.851 -

STBL 0.975 0.956-0.995 0.013 0.973 0.956-0.990 0.002
Ferritin 1.003 1.001-1.005 0.001 1.004 1.002-1.006 <0.001
GHb 1.067 0.843-1.352 0.588 -

SBP 1.012 0.995-1.031 0.169 1.012 0.999-1.025 0.071
DBP 1.007 0.978-1.037 0.633 -

FPG: Fasting plasma glucose; UN: Urea nitrogen; Hcy: Homocysteine; CRP: C-reactive protein; TC: Total cholesterol; TG: Triglyceride; LDLC: Clow-
density lipoprotein cholesterol; HDLC: High-density lipoprotein cholesterol; APOA: Apolipoprotein A; APOB: Apolipoprotein B; LP(a): Lipoproteins a; Cr:
Creatinine; STBL: Serum total bilirubin; GHb: Glycosylated hemoglobin; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; OR: Odds ratio; CI:
Confidence of interval.

The role of total bilirubin as an independent risk factor for MIS was also established
[22]. Bilirubin is an antioxidant that can oxidize lipids and lipoproteins and is involved
in atherosclerosis prevention. Furthermore, the level of bilirubin was established to be
negatively correlated with the level of atherosclerosis, which was closely related to the
occurrence of cerebral infarction[23]. Another examination showed that higher levels
of total bilirubin were associated with a lower risk of asymptomatic cerebral infarction
[24]. These findings suggest that bilirubin exerts protective effects in stroke patients. In
the present study, we found that STBL was also a protective factor against MIS
recurrence.

Previous research showed that SBP was associated with stroke recurrence[25].
Turana et al[26] also found that SBP was positively correlated with stroke incidence,
and adherence to hypertension treatment is to be the main goal in the prevention of
stroke occurrence in several countries in Asia. In addition, in a cohort study, Zhuo et al
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Table 3 Summary of the confusion matrix for the training dataset and testing dataset

Actual outcome Actual outcome
No relapse during Relapse during No relapse during Relapse during
hospitalization hospitalization hospitalization hospitalization
Predicted No relapse during 750 45 423 25
outcome hospitalization
Relapse during 0 1 0 0
hospitalization

The rows in the confusion matrix correspond to what the logistic algorithm predicted and the columns correspond to the known truth. There are only two
categories to choose from: “No relapse during hospitalization” or “Relapse during hospitalization”. Then, the top left corner contains true negatives. The
true positives are situated at the bottom right-hand corner. The confusion matrix of the model in the derivation cohort is shown in the figure, with an error
rate of 0.057; the confusion matrix of the model in the validation cohort is presented in the figure with an error rate of 0.056.

2216 patients with ischemic or hemorrhage stroke

2216 patients were ineligible
155 had intravascular therapy (7.0%)

146 had no NIHSS score (6.6%)

195 had intracranial hemorrhage (8.8%)

229 had baseline age < 18 or > 100 (10.3%)

1244 patients with minor ischemic stroke 247 had progressive stroke (11.1%)

A total of 796 patients were included in A total of 448 patients were included
the analysis as the derivation cohort in the analysis as the validation cohort

Figure 1 Flow diagram. NIHSS: National Institutes of Health Stroke Scale.

[27] identified SBP as a risk factor for 2-year post-ischemic stroke recurrence
prediction. These aforementioned studies suggested that SBP was a risk factor for both
stroke onset and recurrence. In the present investigation, although SBP was not
significantly correlated with MIS occurrence (P = 0.08) in the multiple regression
model, we also included SBP in the prediction model and nomogram construction.

The parameters used for the nomogram construction were derived from clinical
practice and could be collected by non-invasive procedures during follow-up.
Moreover, the nomogram is easy to use since it does not require imaging results,
making it more feasible in neurological disorder prognosis evaluation and treatment.
For instance, bland diet, fruit consumption, sleep status, and cigarette cessation were
used to generate a nomogram to evaluate the probability of recurrence of large-vessel
ischemic stroke[28]. Additionally, age, baseline NIHSS score, collateral circulation, fast
blood glucose, and recanalization were combined to predict malignant cerebral edema
[29]. In the present study, we validated a nomogram model through the use of a
validation cohort and DCA, which showed good fitness. Hence, this easy-to-use
nomogram is potentially clinically applicable.

Nevertheless, certain limitations of this study should be acknowledged. First, the
data utilized were retrospectively extracted from a single-center registry, which might
have introduced information bias, limiting its statistical power. Second, the number of
MIS recurrences in both cohorts was small. In addition, the follow-up duration was
relatively short. Moreover, an actual set is may be different from the studied cohorts,
and thus external verification is necessary.
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A B
27 27 25 20 10 3

27272727 2727 2727 2727 2727 27272524 24 22 2222 20 1816 13 11 108 7776 644333221110

Coefficients
-0.04 -0.02 0.00 0.02 0.04 0.06
Mean-squared error
0.05 0.06 0.07 0.08 0.09

Log (%) Log (%)

Figure 2 Least absolute shrinkage and selection operator regression analysis. Demographic and clinical feature selection using the Least absolute
shrinkage and selection operator binary logistic regression model is shown. A: Optimal parameter (lambda) selection in the least absolute shrinkage and selection
operator (LASSO) model used fivefold cross-validation via minimum criteria. The partial likelihood deviance (binomial deviance) curve was plotted vs log (lambda).
Dotted vertical lines are drawn at the optimal values by using the minimum criteria and the 1 standard error (SE) of the minimum criteria (the 1-SE criteria); B: LASSO
coefficient profiles of the 27 features. A coefficient profile plot is produced against the log (lambda) sequence. Then a vertical line is drawn at the value selected using
fivefold cross-validation, where optimal lambda results in seven features with nonzero coefficients.
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Figure 3 Nomogram for relapse prediction during hospitalization after minor ischemic stroke in Chinese patients. SBP: Systolic blood
pressure; UA: Uric acid; STBL: Serum total bilirubin.

CONCLUSION

We have constructed and validated a nomogram for predicting the recurrence of MIS,
which is a rapid and clinically easily applicable tool for the evaluation of the outcome
in MIS patients. However, prospective multicenter clinical studies are needed to
confirm our present findings.
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A AUC = 0.7250435 B AUC = 0.7171631
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Figure 4 Area under the receiver operating characteristic curve. A: Area under the receiver operating characteristic curve (AUC-ROC) of the nomogram in
the training cohort; B: AUC-ROC of the nomogram in the validation cohort. AUC-ROC: Area under the receiver operating characteristic curve.

s [T T L L
i R
(o) I
— S
c
o
S
Q
=] @Q -
3 o
[0}
O
c
[0}
T N
.-g o
©
c
o
o
- o |
g o
o
c
[®)]
% Apparent
§ n —— Bias-corrected
= = ---- Ideal
<
< J
o
T T T T T T T
0.4 0.5 0.6 0.7 0.8 0.9 1.0

Nomogram-predicted probability of nhonadherence

Figure 5 Calibration curves of nomogram prediction in the cohorts. The x-axis represents the predicted risk for relapse during hospitalization after minor
ischemic stroke; the y-axis denotes the actual relapse during hospitalization after minor ischemic stroke. The diagonal dotted line indicates a perfect prediction by an
ideal model. The solid line represents the performance of the nomogram, of which a closer fit to the diagonal dotted line shows a better prediction.

Bainnidenge WICC | https://www.wjgnet.com 9448 November 6,2021 | Volume9 | Issue3l |



Yu XF et al. Relapse probability prediction in MIS patients

Decision curve analysis example
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Figure 6 Decision curve analysis assessment of the nonadherence nomogram. The y-axis measures the net benefit, whereas the dotted line
represents relapse after minor ischemic stroke risk in the nomogram. The thin solid line represents the assumption that relapse had occurred in none of the patients
during their hospitalization. The thin thick solid line represents the assumption that all patients had relapsed during their hospitalization. The decision curve shows that
at threshold probabilities of a patient and a doctor of 5% and 60%, respectively, using the nomogram developed in the present study to predict relapse during
hospitalization after minor ischemic stroke risk adds more benefit than the intervention-all-patients scheme or the intervention-none scheme.
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ARTICLE HIGHLIGHTS

Research background
The identification of risk factors for recurrence in patients with minor ischemic stroke
(MIS) is a critical medical need.

Research motivation

To develop a nomogram for individualized prediction of in-hospital recurrence in MIS
patients.

Research objectives

To develop a nomogram for individualized prediction of in-hospital recurrence in MIS
patients.

Research methods

The predictive accuracy of a nomogram model to predict the probability of
unfavorable outcome was assessed by calculation of the area under the receiver
operating characteristic curve (AUC-ROC). Calibration of the risk prediction model
was assessed by a plot comparing the observed probability of unfavorable outcome
against the predicted, and by using the Hosmer-Lemeshow test.

Research results

A total of 2216 MIS patients were screened. Among them, 155 were excluded for
intravascular therapy, 146 for unknown National Institutes of Health Stroke Scale
(NIHSS) score, 424 for intracranial hemorrhage, and 247 for progressive stroke. Finally,
1244 patients were subjected for further analysis and divided into a training set (n =
796) and a validation set (n = 448). Multivariate logistic regression analysis revealed
that uric acid [odds ratio (OR): 0.997, 95% confidence interval (CI): 0.993-0.999], ferritin
(OR: 1.004, 95%CI: 1.002-1.006), and serum total bilirubin (OR: 0.973, 95%ClI: 0.956-
0.990) were independently associated with in-hospital recurrence in MIS patients. Our
model showed good discrimination; the AUC-ROC value was 0.725 (95%CI: 0.646-
0.804) in the training set and 0.717 (95%CI: 0.580-0.785) in the validation set. Moreover,
the calibration between nomogram prediction and the actual observation showed
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good consistency. Hosmer-Lemeshow test results confirmed that the nomogram was
well-calibrated (P = 0.850).

Research conclusions

This study has developed and verified that the nomogram can provide individualized,
intuitive, and accurate prediction for the recurrence of mild ischemic stroke inpatients
in China.

Research perspectives
Our present findings suggest that the nomogram may provide individualized
prediction of recurrence in MIS patients.
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