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Abstract
Aims: To develop and internally validate a nomogram to predict the risk of death 
within 6 months of onset of stroke in Chinese. Identifying risk factors with potentially 
direct effects on the nomogram will improve the quality of risk assessment and help 
nurses implement preventive measures based on patient‐specific risk factors.
Design: A retrospective study.
Methods: We performed a least absolute shrinkage and selection operator (LASSO) 
regression modelling and multivariate logistic regression analysis to establish a pre‐
diction model of death risk in stroke patients within 6 months of onset. LASSO and 
time‐dependent Cox regression models were further used to analyse the 6‐month 
survival of stroke patients. Data were collected from 21 October 2013–6 May 2019.
Results: The independent predictors of the nomogram were Barthel index (odds 
ratio (OR) = 0.980, 95% confidence interval (CI) = 0.961–0.998, p = .03), platelet/
lymphocyte ratio (OR = 1.005, 95% CI = 1.000–1.010, p = .04) and serum albumin 
(OR = 0.854, 95% CI = 0.774–0.931, p < .01). This model showed good discrimination 
and consistency, and its discrimination evaluation C‐statistic was 0.879 in the training 
set and 0.891 in the internal validation set. The DCA indicated that the nomogram 
had a higher overall net benefit over most of the threshold probability range. The 
time‐dependent Cox regression model established the impact of the time effect of 
the age variable on survival time.
Conclusions: Our results identified three predictors of death within 6 months of 
stroke in Chinese. These predictors can be used as risk assessment indicators to help 
caregivers performing clinical nursing work, and in clinical practice, it is suggested 
that nurses should evaluate the self‐care ability of stroke patients in detail. The con‐
structed nomogram can help identify patients at high risk of death within 6 months, 
so that intervention can be performed as early as possible.
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1  | INTRODUC TION

Stroke (including ischaemic and haemorrhagic strokes) is the second 
leading cause of death worldwide (GBD, 2015 Mortality, & Causes of 
Death Collaborators, 2016). Every year, 15 million people worldwide 
suffer a stroke. Among them, 5 million die and another 5 million are 
permanently disabled (Organización Mundial de la Salud, 2020). An 
analysis of the 2010 data of Global Burden of Disease (GBD) indi‐
cates that stroke mortality has increased by 26% since 1990 (Murray 
et al., 2012). In China, approximately 1.6 million stroke patients die 
each year and stroke has become the number‐one cause of death 
and adult disability in China (Chen, 2008). The poor prognosis of 
stroke is the result of the concerted action of multiple risk factors. In 
clinical practice, prognosis can be judged through the evaluation and 
analysis of risk factors. The construction of tools for predicting the 
mortality of stroke patients is highly valuable in many ways. These 
can determine prognosis, provide support for clinical decision‐mak‐
ing and help with patient management.

2  | BACKGROUND

Amitrano et al. (2016) developed a model to predict the poor progno‐
sis of patients with acute ischaemic stroke undergoing intravenous 
thrombolytic therapy (IVT), and the results showed that a National 
Institutes of Health Stroke Scale (NIHSS) score > 12, hyperdense 
artery sign (HAS) and age > 70 years could independently predict 
poor prognosis at 3 months. Counsell et al. (2002) developed and 
validated a prognostic model for patients with acute and subacute 
stroke to predict the survival rate within 30 days after the stroke 
and the disability‐free survival rate within 6 months and the model 
with six variables (age, living alone, independence in daily life be‐
fore stroke, the verbal component of the Glasgow Coma Scale, arm 
strength, walking ability) performed well. The model constructed 
by Weimar et al. (2004) included age and level of neurological dys‐
function at admission (total NIHSS score) and the model accurately 
predicted 57.9% of the patients who died and 91.5% of those who 
survived. Inouye (2001) used a prediction model that used age, total 
functional independence score on admission and onset interval as 
variables to predict the prognosis of Japanese after their first acute 
stroke, and this model guided the clinical development of rehabilita‐
tion programmes and assessment of the amount of care required for 
patients at home or after discharge from hospital. Ling et al. (2019) 
collected the data from 772 patients with acute ischaemic stroke 
and performed univariate and multivariate logistic regression analy‐
sis to establish a prediction model that used age, NIHSS score, level 
of consciousness, history of stroke or transient ischaemic attack, 
cancer and blood glucose as independent risk factors to predict poor 
prognosis at 1 year.

A multitude of risk factors affect the survival and adverse prog‐
nosis of stroke patients. For biological risk factors including individ‐
ual characteristics and complications, studies have shown that age is 
a predictor of 30‐day mortality in patients with haemorrhagic stroke 

(Chongruksut et al., 2020). A study conducted in 200 stroke patients 
shows that gender and smoking are two risk factors for an adverse 
prognosis (Moalla et al., 2020). A multi‐centre study in Europe on 
five‐year mortality and related predictors also shows that age, dia‐
betes and atrial fibrillation are independent predictors of increased 
stroke‐related mortality (De Wit et al., 2012). Another study shows 
that risk factors including age, atrial fibrillation, coronary heart dis‐
ease and hypertension are predictors of long‐term mortality (Abdo 
et al., 2019). In addition, laboratory test results are closely related to 
the mortality and adverse prognosis of stroke patients. For exam‐
ple, WBCs (Kazmierski et al., 2004; Moalla et al., 2020), Hb (Fabjan 
et al., 2019), the PLR (Xu et al., 2019), ALT (Fekadu et al., 2020), serum 
albumin (Babu et al., 2013; Chakraborty et al., 2013), fibrinogen 
(Frøyshov et al., 2017) and D‐dimer (Nam et al., 2017) are also import‐
ant risk factors for an adverse prognosis in stroke patients. Additional 
stroke‐related clinical risk factors include some nursing‐related fac‐
tors, which can be evaluated and managed to help nurses implement 
preventive measures and facilitate early intervention. In particular, 
the BI can be used as a nursing‐dependent indicator and especially 
assist nurses in estimating the workload involved in physical care 
(al‐Khawaja et al., 1997). The BI is associated with mortality in stroke 
patients, and a high BI score at six months is an independent predic‐
tor of decreased stroke‐related mortality (De Wit et al., 2012). The 
Faces Pain Scale was originally developed for children without cog‐
nitive impairment (Wong & Baker, 1988). Later, the scale was also 
used in patients with cerebral palsy (Boldingh et al., 2004) and in 
elderly patients (Scherder & van Manen, 2005). Studies have shown 
that the Faces Pain Scale can also be used in stroke patients. When 
a patient is unable to self‐report, nurses can rely on their own ob‐
servations to assess the pain level of stroke patients (Benaim 
et al., 2007; Dogan et al., 2010). Moreover, nutritional status is one 
of the risk factors closely related to the mortality of stroke patients 
(Gomes et al., 2016; Maruyama et al., 2018). Nutritional care is an 
essential component of basic nursing (Kitson et al., 2010) and an im‐
portant indicator of nursing quality in healthcare settings (Carryer 
et al., 2017). Nurses can perform nutritional interventions and imple‐
ment, guide and educate stroke patients on nutritional care. The risk 
factors discussed above suggest that the mortality of stroke patients 
is the result of the interaction of many factors.

As mentioned earlier, many tools are available to predict an ad‐
verse prognosis in stroke patients, but nursing‐related tools are still 
lacking. To date, few studies have investigated the effects of nurs‐
ing‐related risk variables on six‐month mortality following stroke. 
In the absence of a combination of variables associated with care 
delivery, the care decisions cannot be well implemented, and reha‐
bilitation plans cannot be developed. In addition, these predictive 
models and rating systems are mainly designed for Western pop‐
ulations, but mortality from stroke varies from country to country 
(Yusuf et al., 2001), which may be related to race (Chiu et al., 2010), 
lifestyle (Tu et al., 2015) and genetic variation (Cheong et al., 2011; 
L. Wang et al., 2014). Building a risk prediction model for the Chinese 
population in East Asia is important. Finally, the risks of death from 
different types of stroke vary widely and most of the traditional 
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mortality prediction models have been developed for specific types 
of stroke, making it less convenient when the model tools are applied 
to all types of stroke.

Thus, we hypothesize that six‐month mortality in stroke pa‐
tients is related to and may change with certain risk factors. 
Moreover, a new model of risk factors can be built to predict the 
six‐month mortality of stroke patients and assist nurses in iden‐
tifying stroke patients at risk of death within 6 months of onset. 
In addition, the model can be tested in different settings, thereby 
contributing to better prevention and interventions in stroke 
patients.

Therefore, we performed joint predictions from the aspects of 
individual factors, complications, assessment tools related to daily 
care and laboratory tests. First, we performed a least absolute 
shrinkage and selection operator (LASSO) regression modelling of 
the above risk factors to select the risk factors with the best pre‐
dictive characteristics, using death within 6 months after onset as 
the outcome variable and we performed multivariate logistic regres‐
sion analysis to carry out further screening to identify independent 
risk factors. Then, according to the resulting regression expression, 
the nomogram of the probability of death was plotted and thus 
the prediction model of death within 6 months after the onset of 
stroke in Chinese patients was established. We used the bootstrap 
technique to perform internal validation. Finally, we used the death 
outcome and survival time together as the dependent variables to 
perform survival analysis. For statistically significant risk variables, 
the proportional hazards (PH) assumption test was performed first 
to determine whether there were time‐dependent covariates. Time‐
dependent covariates that did not meet the PH assumption were 
also included in the non‐PH time‐dependent Cox model. While per‐
forming multivariate analysis, the time‐varying effects of relevant 
variables on survival time were assessed.

The significance of this study is that it deepens the understand‐
ing of the independent relationships between nurse‐assessed risk 
factors and the mortality of stroke patients and demonstrates the 
unique contributions of nurse‐assessed risk factors to the six‐month 
survival of stroke patients. The model provides intervention sug‐
gestions, assists nurses in managed care and evaluates nursing out‐
comes. Ultimately, the model is a useful tool for nurses and policy 
makers.

3  | THE STUDY

3.1 | Aims

This study aimed (a) to establish LASSO and multivariate logistic re‐
gression models; (b) to identify independent risk factors for death 
within 6 months of onset from 210 stroke patients; (c) to establish 
a nomogram that could predict death within 6 months of stroke. 
Professionals can use this prediction model to help identify stroke 
patients at higher risk of death within 6 months; and (d) to verify the 
predictive model of death of stroke patients within 6 months.

3.2 | Design

The data for this retrospective study were obtained from a large 
comprehensive tertiary hospital with 3,000 beds in Jiangsu Province, 
China, and the Department of Neurology of this hospital has 115 
beds.

3.3 | Participants

All patients met the following conditions: inclusion criteria: (a) 
age ≥ 18 years; (b) admission to hospital with a diagnosis of stroke 
(including ischaemic and haemorrhagic stroke); (c) stroke confirmed 
by CT or MRI; and (d) time from onset to admission to hospital was 
less than 14 days. Exclusion criteria were as follows: (a) primary brain 
tumours, metastatic brain tumours, history of mental illness, infec‐
tious encephalitis or secondary epilepsy; (b) time from onset to ad‐
mission to hospital > 14 days; and (c) loss to follow‐up.

3.4 | Data collection

We collected 210 patients with stroke (including ischaemic and 
haemorrhagic stroke) who were hospitalized in the Department of 
Neurology from 21 October 2013–6 May 2019.

3.5 | Ethical considerations

The study followed the principles of the Declaration of Helsinki and 
the approval of the ethical norms (NO. 2020‐117‐01) and the waiver 
of patient consent were obtained from the Ethics Committee of 
the Nanjing Drum Tower Hospital Affiliated to Nanjing University 
Medical School.

3.6 | Validity, reliability and rigour

The data obtained were saved by the ward staff in a spreadsheet in 
Microsoft Excel version 2010 and were analysed by descriptive sta‐
tistics. A total of 19 factors (individual factors: age, sex, disease type, 
smoking and alcohol use; complications: hypertension, diabetes and 
heart‐related diseases including atrial fibrillation, coronary heart dis‐
ease, cardiac insufficiency, cardiac stenting, cardiomyopathy and old 
myocardial infarction), factors associated with daily care assessment 
(Barthel index (BI), Wong‐Baker FACES Pain Rating Scale (WBS) and 
systemic nutritional status assessment) and laboratory values (white 
blood cells, haemoglobin, platelets, platelet/lymphocyte ratio (PLR), 
alanine aminotransferase, serum albumin, fibrinogen and D‐dimer) 
were included in the study as independent variables. Three trained 
nurses were responsible for the collection of data, and different col‐
lecting methods were used according to the participants’ character‐
istics to guarantee the accuracy of data collection.
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The BI, a 10‐item scale evaluating the ability to engage in daily ac‐
tivities, is commonly used in clinical practice. While some researchers 
have modified the original Barthel scale, Quinn et al strongly recom‐
mend the use of a single version of the BI scale in stroke patients to 
maintain consistency. Specifically, they recommend the use of the 
10‐item scale with a total score of 0 to 100 (5‐point increments) as 
the standard BI for stroke (Quinn et al., 2011). In this study, we used 
the 10‐item BI scale, including eating, bathing, grooming, dressing, 
stool control, urine control, using a toilet, bed‐chair transfer, walking 
on level ground and travelling up and down stairs. A trained nurse 
rated each patient's ability to perform these 10 items as “completely 
independent,” “requiring some help” and “requiring a lot of help.” The 
maximum score was 5 for bathing and grooming, 15 for bed‐chair 
transfer and walking on level ground and 10 for the remaining items 
(5‐point increments). The total score ranged between 0–100. A low 
score indicated a low level of independence and a high level of de‐
pendence on nursing.

Previous studies have shown that the BI shows good reliability 
and is a valid indicator to measure activities of daily living in both 
stroke (Heuschmann et al., 2005; Kwon et al., 2004; Oveisgharan 
et al., 2006) and non‐stroke (Sainsbury et al., 2005) patients. 
According to a meta‐analysis, the weighted kappa of the BI is 0.95 
(Quinn et al., 2009). The inter‐rater reliability of the German version 
of the BI in acute stroke is also very good, with an average weighted 
kappa of 0.93. The average weighted kappa coefficient of the postal 
version is 0.79, and the average weighted kappa coefficient of the 
telephone version is 0.80 (Heuschmann et al., 2005). Haan et al (de 
Haan et al., 1993) showed excellent consistency and high reliability 
between the BI total score (average kappa = 0.88; range 0.85–0.90) 
and individual scores (kappa range = 0.82–1.00) in stroke patients 
with disability in the Netherlands. The index is very suitable for 
nursing care and clinical research in stroke patients. A review of sev‐
eral different scales also shows that the BI’s test–retest reliability 
is better than that of the extended (ADL) scale of basic activities of 
daily living (Green et al., 2001). In addition, a study of stroke patients 
in the Middle East by Oveisgharan et al (Oveisgharan et al., 2006) 
showed that the weighted kappa of the BI’s test–retest reliability 
was 0.989 and the Spearman correlation coefficient between the 
BI score and Modified Rankin Scale (MRS) score was −0.912, which 
confirmed the reliability and validity of stroke clinical trials. The BI 
is also often used as the gold standard for comparison of the new 
ADL scale and Kwon et al demonstrates the comparison of the BI 
and the MRS and the motor component of Functional Independence 
Measure (M‐FIM) scores further demonstrates the validity of the BI. 
They were −0.8856 between BI and MRS and 0.9479 between BI 
and M‐FIM score (Kwon et al., 2004). In addition, the BI’s ability to 
predict the return of stroke patients to their homes is further evi‐
dence of the scale's validity (Hertanu et al., 1984).

Among pain intensity assessment tools, the most commonly 
used assessment tool is the Faces Pain Scale, which has the most 
supporting evidence demonstrating that it is an effective means to 
assess patients’ pain (Edwards et al., 2020). In this study, we used 
schematic facial depictions to show varying degrees of discomfort 

in stroke patients and different facial images constitute the Wong‐
Baker FACES Pain Rating Scale (WBS). According to pain intensity, 
facial expressions were divided into 0 (painless), 1 (slight pain), 2 
(mild pain), 3 (obvious pain), 4 (severe pain) and 5 (especially severe 
pain). The nurse can choose the face that best describes the cur‐
rent pain state of a stroke patient to assess pain severity. The WBS 
does not require the patient to be able to speak. Many studies have 
shown the validity and reliability of the Faces Pain Scale. In a study 
of the Faces Pain Scale in acute pain in hospitalized adults, Stuppy 
(1998) showed a significant positive correlation for the test–retest 
reliability of the Faces Pain Scale by calculating the correlation be‐
tween initial and second ratings of pain in the recalled situation of 
“receiving a shot in the arm.” (r = .704) The scale also has a strong 
positive correlation with other scales (r = .81 to 0.95), indicating that 
the scale has sufficient validity. Kim and Buschmann (2006) found 
a Cohen kappa value of 0.61 for the test–retest reliability of the 
Faces Pain Scale and a strong correlation between the Faces Pain 
Scale and the 0–10 numerical rating scale (NRS) (r = .73) and the 
Visual Analogue Scale (VAS) (r = .73), suggesting the validity of the 
Faces Pain Scale. The Faces Pain Scale also has good reliability and 
validity in patients with stroke. When Benaim et al. (2007) assessed 
the Faces Pain Scale in stroke patients, for inter‐rater reliability, the 
kappa coefficients of the Faces Pain Scale in left or right hemispheric 
stroke patients were 0.64 and 0.44, respectively. For intrarater reli‐
ability, the kappa coefficients of the Faces Pain Scale in patients with 
left or right hemispheric stroke were 0.74 and 0.50, respectively. 
In patients with stroke in the left or right hemispheres, the Faces 
Pain Scale was highly positively correlated with the VAS and Verbal 
Rating Scale (VRS), suggesting that the scale has good validity.

3.7 | Statistical analysis

The collected data were processed and analysed using R software 
(version 3.6.0) and STATA 12.0 (Stata Corporation). To avoid bias 
in the selection of the population and information for the model 
in the study, the R package "rpart" was used to perform data fill‐
ing for the missing values (Therneau & Atkninson, 2019). The R 
package "glmnet" (version: 2.0–18) was used to perform penalized 
regression modelling and screening using LASSO for all risk vari‐
able coefficients to select the risk factors with the best predictive 
characteristics from stroke patients. The variable selection method 
of continuous coefficient compression was used such that the rela‐
tively unimportant independent variable coefficients became zero 
and thus were excluded from modelling. Then, the magnitude of the 
variability of the samples was observed. Overdispersion can lead to 
singular standard error tests and imprecise significance tests, and 
we used the chi‐squared test to measure overdispersion. The p‐
value from the two‐sided test for the null hypothesis “ratio = 1” was 
calculated. Then, multivariate logistic regression analysis was per‐
formed for further optimization and screening of the selected risk 
variables in the LASSO regression model using the glm function in 
the R package "robust" to determine the independent risk factors 
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and obtain OR values and 95% confidence intervals. Finally, we used 
the R package “rms” to construct the nomogram to present the pre‐
diction model. Internal validation was done using the bootstrap re‐
sampling method of the R package “boot.” We created a validation 
dataset by searching the data of the 210 stroke patients. Bootstrap 
resampling is currently the internal validation method advocated by 
the industry for prognostic models (Gu et al., 2020). Receiver oper‐
ating characteristic (ROC) curves were plotted using the R package 
"pROC," and the discrimination of the clinical prediction model was 
assessed based on the area under the ROC curve (AUC). To assess 
the consistency between the predicted probability and the actually 
observed probability, we used the Hosmer–Lemeshow goodness‐
of‐fit test for calculation, where a p‐value greater than 0.05 indi‐
cated no significant difference between the predicted and observed 
results. The calibration curve was plotted according to the actual 
and predicted incidences to assess the calibration of the prediction 
model. Then, decision curve analysis (DCA) was used to evaluate the 
model from the perspective of clinical applicability to determine the 
clinical validity of the nomogram for death within 6 months of onset 
of stroke. The Cox regression model was used with both mortal‐
ity outcome and survival time as dependent variables to carry out 

multivariate analysis of influencing factors. Considering the PH as‐
sumption of independent variables, to reduce the bias that neglect‐
ing the PH assumption may introduce to the results, we introduced 
time‐dependent covariates into the Cox model. First, we performed 
LASSO modelling to screen for significant variables of survival data 
with time using lambda.min value, then used Stata software to sta‐
tistically test the PH assumption of significant risk variables, and sig‐
nificant time‐dependent covariates were obtained considering the 
PH assumption (p < .05). Then, the selected significant risk variables 
and time‐dependent covariates were further combined to establish 
a time‐dependent Cox model for multivariate analysis.

4  | RESULTS

4.1 | Patient characteristics

Table 1 lists the detailed characteristics of the 210 stroke patients, 
including 186 (88.57%) ischaemic stroke patients and 24 (11.43%) 
haemorrhagic stroke patients. The mean age was 66.89 ± 14.73 years 
(mean ± SD). There were 74 female patients (35.24%) and 136 male 

Characteristics
Demographic and clinical values, n (%) or 
mean ± SD

Age (years), mean ± SD n = 210, 66.89 ± 14.73

Gender (female/ male, n (%)) 74 (35.24%)/ 136 (64.76%)

Disease type (haemorrhagic stroke/ 
ischaemic stroke, n (%))

24 (11.43%)/ 186 (88.57%)

Smoking (yes/ no, n (%)) 51 (24.29%)/ 159 (75.71%)

Alcohol use ( yes/ no, n (%)) 31 (14.76%)/ 179 (85.24%)

Hypertension ( yes/ no/ NA, n (%)) 167 (79.52%)/ 40 (19.05%)/ 3 (1.43%)

Diabetes ( yes/ no / NA, n (%)) 67 (31.90%)/ 142 (67.62%) / 1 (0.48%)

Heart‐related diseases ( yes/ no / NA, 
n (%))

61 (29.05%)/ 148 (70.47%) / 1 (0.48%)

BI (0–20/ 25–40 / 45–60 / 65–80 / 
85–100 / NA, n (%))

56 (26.67%)/ 24 (11.43%) / 42 (20.00%) / 33 
(15.71%) / 53 (25.24%) / 2 (0.95%)

WBS score ( 0/ 1 / 2 / 4 / 5 / NA, n (%)) 194 (92.38%)/ 3 (1.43%) / 8 (3.80%) / 3 (1.43%) / 1 
(0.48%) / 1 (0.48%)

SNSA ( poor/ good / NA, n (%)) 44 (20.95%)/ 137 (65.24%) / 29 (13.81%)

WBC (1,000/ml), mean ± SD n = 188, 8.30 ± 3.79

Haemoglobin (g/dl), mean ± SD n = 188, 131.24 ± 21.16

Platelets (1,000/ml), mean ± SD n = 187, 194.95 ± 68.11

PLR, mean ± SD n = 186, 155.05 ± 93.30

ALT (U/L), mean ± SD n = 200, 26.74 ± 21.78

Serum albumin (g/L), mean ± SD n = 203, 38.50 ± 5.53

Fibrinogen (g/L), mean ± SD n = 181, 3.23 ± 1.16

D‐dimer (mg/L), mean ± SD n = 179, 2.10 ± 5.55

Survival (yes/ no, n (%)) 161 (76.67%)/ 49 (23.33%)

Note: Abbreviations: ALT, alanine aminotransferase; BI, Barthel index; NA, not available; PLR, 
platelet/lymphocyte ratio; SD, standard deviation; SNSA, systemic nutritional status assessment; 
WBC, white blood cells; WBS, Wong‐Baker FACES Pain Rating Scale.

TA B L E  1   Demographic and clinical 
characteristics of stroke patients
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patients (64.76%). Of these, 49 (23.33%) patients died and 161 
(76.67%) patients survived. The remaining detailed baseline infor‐
mation for all patients is shown in Table 1.

4.2 | Selection of risk variables

Based on the 210 stroke patients, LASSO model was used to screen 
for variables from the 19 risk characteristics from individual factors, 

complications, nursing assessment tools and laboratory tests and 
11 significant variables were obtained: age, smoking history, hy‐
pertensive disease, heart‐related disease, BI, WBS, systemic nutri‐
tional status assessment, white blood cells, PLR, serum albumin and 
serum D‐dimer. The correlations between regression coefficients of 
LASSO and lambda are shown in Figure 1a,b.

F I G U R E  1   A binomial logistic regression model of LASSO was used to select characteristics. (a) LASSO coefficient profiles of the 19 
characteristics of stroke patients. (b) The selected optimal parameter (lambda) in the LASSO model was 10‐fold cross‐validated by the lowest 
criteria. The partial likelihood deviance (binomial deviation) against log(lambda) was plotted. Dotted vertical lines were drawn at the optimal 
values by using the minimum criteria and the 1 SE of the minimum criteria (the 1‐SE criteria). (c) Results of multivariate logistic regression 
analysis for predicting death within 6 months of stroke. Note. LASSO: least absolute shrinkage and selection operator; SE, standard 
error; WBS, Wong‐Baker FACES Pain Rating Scale; SNSA, systemic nutritional status assessment; WBC, white blood cells; PLR, platelet/
lymphocyte ratio
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4.3 | Development and validation of a prediction 
model for death within 6 months of stroke patients

A multivariate logistic regression model was further constructed 
using the risk variables selected by LASSO described above, as 
shown in Figure 1c. Three independent risk factors (Barthel index 
(odds ratio (OR) = 0.980, 95% confidence interval (CI) = 0.961–
0.998, p = .03), platelet/lymphocyte ratio (OR = 1.005, 95% 
CI = 1.000–1.010, p = .04) and serum albumin (OR = 0.854, 95% 
CI = 0.774–0.931, p < .01)) for predicting death within 6 months 
in stroke patients were finally identified from the 11 variables. 
Finally, the probability of mortality outcome within 6 months for 
each study subject was calculated according to the results of lo‐
gistic multivariate analysis and the resulting regression expres‐
sion, to establish a nomogram model for predicting the risk of 
death within 6 months (Figure 2). The logistic regression prediction 
model can be expressed as p = exp (5.960231 + (−0.0319695) * bar‐
thel + 0.005197 * PLR + (−0.1797958) * ALB)/
(1 + exp (5.960231 + (−0.0319695) * bar‐
thel + 0.005197*PLR + (−0.1797958)*ALB). The result of the over‐
dispersion test was p = .185, indicating that the sample was not 
overdispersed.

The obtained model was then validated internally using the boot‐
strap resampling method. The AUC of ROC was also calculated, also 
called the C‐statistic. An assessment of the accuracy of the predic‐
tion model in predicting the risk of death within 6 months of stroke, 
the C‐statistic on the training set was 0.879 (Figure 3a) and on the 
bootstrapping validation set it was 0.891 (Figure 3b), suggesting that 
the nomogram had good discrimination. The Hosmer–Lemeshow 
test showed that the prediction model of death within 6 months of 
stroke was well calibrated in the training set (X2 = 7.648, p = .570) 

and the validation set (X2 = 9.280, p = .412). The calibration curves 
showed good consistency between the training and validation sets 
(Figure 3c,d). The DCAs for the training and validation sets are 
shown in Figure 3e,f. The DCA showed that the prediction model 
had a higher overall net benefit over most of the threshold proba‐
bility range (1% to 2%, 5% to 77% and ≥ 85% in the training sets, 1% 
to 80% and 83% to 95% in the validation sets, respectively), indicat‐
ing that the prediction model has high clinical effect and application 
value.

4.4 | Time-dependent Cox regression model 
analysis of the 6-month prognosis of stroke patients

We used both mortality outcome and survival time as depend‐
ent variables for the analysis of influencing factors. First, we used 
LASSO‐Cox regression to screen for risk factors and a total of seven 
significant risk factors were identified: age, smoking history, BI, white 
blood cells, PLR, serum albumin and serum D‐dimer (Figure 4a,b). 
The effect of risk variables on survival time is not invariable but may 
change with time. A time‐dependent Cox regression model, as an 
extended form of the classical Cox regression model, can yield more 
adequate variable information when the relevant independent vari‐
ables do not satisfy the PH assumption. In this study, we ran statisti‐
cal tests on the PH assumption of the seven significant risk variables 
identified by LASSO regression and the results showed that only the 
time effect of age (X2 = 6.97, p = .008) had an effect on survival 
time. We then used the above seven risk variables and the age time‐
dependent covariates together to run a multivariate Cox regression 
analysis. As in the multivariate logistic regression, BI (hazard ratio 
(HR) = 0.985, 95% CI = 0.972–0.998, p = .03), PLR (HR = 1.004, 95% 

F I G U R E  2   Nomogram for predicting 
death within 6 months of stroke patients. 
To use the nomogram, choose a separate 
value on each variable axis and draw a 
straight line upward to determine the 
point value. The sum of all the value is 
located at the Total Points, and a straight 
line is drawn downward to obtain the 
probability of death within 6 months for 
stroke patients. Note. Alb, serum albumin
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CI = 1.002–1.006, p < .01) and serum albumin (HR = 0.922, 95% 
CI = 0.885–0.961, p < .01) were also independent prognostic factors 
for the 6‐month survival of stroke patients. In addition, time‐related 
age (HR = 1.001, 95% CI = 1.000–1.002, p = .01) was an independ‐
ent prognostic factor (Figure 4c). However, age itself was not an 
independent prognostic factor for 6‐month survival (p = .652), sug‐
gesting that age at onset may not be a key factor for 6‐month sur‐
vival. However, the protective effect of age may be attenuated with 
the increase of survival time, suggesting that intervention should be 
performed as early as possible for stroke patients to reduce the risk 
of death within 6 months.

5  | DISCUSSION

This retrospective cohort study used the clinical characteristics 
and 6‐month follow‐up data of 210 patients with different types of 
stroke from a medical institution in China. The study has proposed a 
new prediction model by which clinical healthcare workers can use 
the baseline characteristics of patients to predict the probability of 
death within 6 months of onset of stroke. In view of the disability 
and fatal hazards of stroke disease in adults and based on the risk 

factors for stroke patients, early prediction of the adverse outcomes 
within 6 months can help guide healthcare workers in performing 
early intervention and further optimizing the care for stroke patients 
and can help stroke patients to achieve the best outcomes and qual‐
ity of life.

In this study, multivariate logistic regression showed that BI, PLR, 
and serum albumin were independent risk factors for predicting 
death within 6 months of stroke. In view of this, we constructed a 
nomogram. These three independent variables were also confirmed 
in LASSO time‐dependent Cox regression analysis.

PLR is a potential marker of increased inflammation due to the 
release of many mediators from platelets. Altintas et al. (2016) found 
that PLR may reflect the pro‐thrombotic inflammatory state in pa‐
tients with acute ischaemic stroke and an increase in PLR would lead 
to poor prognosis in patients with ischaemic stroke. The study by 
Xu et al. (2019) on 286 patients with acute ischaemic stroke who 
received IVT showed that high PLR was associated with poor prog‐
nosis and 3‐month death. These conclusions are like, and support 
our findings.

Serum albumin is a 65‐kDa protein that has a variety of phys‐
iological properties, particularly transporting many endogenous 
and exogenous substances and drugs. It also has antioxidant, 

F I G U R E  3   Evaluation of nomogram discrimination, consistency, and clinical applicability by AUC of ROC, calibration plots, and decision 
curves in the training set and validation set. (a, b) ROC curves of the nomogram predicting death within 6 months of stroke patients in 
the training and validation sets. (c, d) Calibration curves of the nomogram between the predicted and the actually observed values in the 
training and validation sets. The calibration curve indicates the goodness of fit of the nomogram. The abscissa of the graph is the predicted 
probability, which is the prediction of the likelihood of an event with the prediction model. The values 0 to 1 indicate a likelihood of an 
event of 0 to 100%. The ordinate is the actual probability and represents the actual incidence for the patient. Black solid lines indicate 
the predictive performance of the nomogram. The p values were .886 and .995 in the training and validation sets, respectively, suggesting 
that the prediction model was highly calibrated in both datasets. (e, f) DCA of the prediction model in the training and validation sets. The 
y‐axis represents the net benefit. The thin line represents the assumption that all patients died; the bold line represents the assumption 
that no patient died; and the dashed line represents the nomogram of death within 6 months. Note. AUC, Area Under Curve; ROC, receiver 
operating characteristic; DCA, decision curve analysis
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anti‐inflammatory, antiaggregation and anticoagulant effects. In an‐
imal models of ischaemic stroke, serum albumin exhibits neuropro‐
tective effects. Hypoproteinaemia is a valuable prognostic marker 
for stroke. Abubakar et al. (2013) studied 75 hospitalized patients 
with acute stroke and found that serum albumin was significantly 
higher in stroke patients who survived than in those who died. Their 
multivariate regression analysis indicated that low serum albumin 
after admission was an independent prognostic factor for poor 
outcome. In a prospective study of 444 patients with ischaemic 
stroke, Idicula et al. (2009) found that high serum albumin was asso‐
ciated with lower mortality and that high serum albumin may have 
a neuroprotective effect in patients with ischaemic stroke. Hashem 
et al. (2018) found that serum albumin was a significant prognostic 

indicator after ischaemic stroke, and by linear regression analysis, 
they found that albumin was the only important predictor in their 
sample. Wang et al. (2019) showed that when serum albumin was 
higher in patients with acute ischaemic stroke and younger than 
60 years, the risk of haemorrhagic transformation was gradually re‐
duced, so it is a marker for improving the prognosis of patients with 
ischaemic stroke. Our findings are similar and suggest that serum 
albumin is an independent risk factor for death within 6 months of 
onset of stroke.

BI is a valid indicator of functional outcome in stroke. The BI 
is a valid and reliable tool to evaluate the activities of daily living 
(ADL) dependence of stroke patients (Collin et al., 1988; Wade & 
Collin, 1988) and has been recommended as the “gold standard” of 

F I G U R E  4   Selection of characteristics using the LASSO‐Cox regression model. (a) LASSO coefficient profiles of the 19 characteristics 
of 6‐month survival of stroke patients. (b) Ten‐fold cross‐validation of the selected optimal parameter (lambda) in the LASSO model by the 
lowest criteria. Partial likelihood deviance curves were plotted against log(lambda). Dotted vertical lines were drawn at the optimal values 
by using the minimum criteria and the 1 SE of the minimum criteria (the 1‐SE criteria). (c) Results of multivariate timecompliant Cox non‐
proportional‐hazards analysis



     |  1389SHA et Al.

other ADL rating scales and the benchmark for evaluating the new 
scale (McDowell & Newell, 1987; Wade, 1992). The ten individual 
items of BI focus on the assessment of basic daily activities, and the 
assessment is not time‐consuming. Moreover, BI is highly reliable, 
effective and sensitive to changes in the disease, making it widely 
used in clinical practice. There are few studies on BI and mortality 
outcome of stroke patients. Lee et al. (2013) found that a BI score 
less than 20 was significantly associated with the 7‐day mortality, 
30‐day mortality and in‐hospital mortality of patients with isch‐
aemic stroke. BI was used in constructing the prediction models for 
the above three mortality rates, all of which had a high predictive 
power. Thus, BI may be a predictor of mortality outcome of stroke 
patients. Our findings also confirm that the BI is an independent pre‐
dictor of mortality in stroke patients, which is consistent with the 
results of Lee et al. However, at present, there is still a lack of predic‐
tion models for death within 6 months for stroke patients (including 
ischaemic and haemorrhagic stroke) that are constructed with BI as 
an independent variable.

Our study showed that BI was an independent factor for death 
within 6 months of stroke. The BI is a powerful predictor of death 
in stroke patients within 6 months of onset; thus, interventions to 
improve functional status after stroke may have a protective effect 
on stroke patients. The BI is a measure of nursing dependence in 
rehabilitation. Therefore, early nursing interventions and rehabil‐
itation nursing can improve the self‐care ability of stroke patients 
after stroke, which is of great significance to the survival of stroke 
patients.

First, the BI is an appropriate tool for predicting the long‐term 
risk of dependence on nursing care after stroke, showing high 
prognostic effectiveness (Diederichs et al., 2011). Second, a strong 
correlation was found between the BI and the global rating of nurs‐
ing dependence. A strong correlation was also identified between 
the BI and the Northwick Park nursing dependence score (NPDS), 
a neurological rehabilitation scale designed for use in neurological 
rehabilitation, with a correlation coefficient between 0.87–0.95. At 
the same time, the Spearman correlation coefficient between the BI 
and the Basic Care Needs section (BCN) in the NPDS was −0.93 and 
the correlation between the BI and BCN were very strong at each 
measurement (between −0.85–−0.95), reflecting a good inverse cor‐
relation (Post et al., 2002). Similar results were confirmed by Turner‐
Stokes et al. (1998). The above results suggest that the mortality of 
stroke patients is closely related to nursing dependence and that we 
should provide stroke patients with more nursing care, especially 
stroke patients requiring basic care. Strengthening the basic nursing 
care provided to stroke patients, such as care related to mobility, 
bed transfers, urinary incontinence, dressing, eating, washing and 
grooming, bathing/showering, skin pressure relief and safety aware‐
ness, can improve the BI and reduce the mortality of stroke patients 
within 6 months of onset. Al‐Khawaja et al. (1997) also found that 
the correlation between the BI and nursing time may be as high as 
0.70. Nurses can use BI scores to determine the approximate work‐
load of physical care needs and then allocate nursing hours accord‐
ing to different types of nursing dependence. Therefore, a lower BI 

is associated with greater future disability, a longer rehabilitation 
time and more care needs to promote rehabilitation (Huybrechts & 
Caro, 2007). Nurses can promote BI improvement by providing more 
rehabilitation care and increasing nursing time, thus reducing the 
death rate of stroke patients within 6 months of onset.

In China, due to limited economic conditions and medical re‐
sources, the number of stroke wards is far from sufficient. Only 
approximately 10% of neurology departments have stroke wards 
and are mainly located in urban areas (Durai Pandian et al., 2007). 
However, rural areas experience difficulty related to stroke re‐
habilitation because of long distances and high costs (W. Wang 
et al., 2017). Chu et al. (2020) suggested that the medical service of 
a family member‐delivered rehabilitation model for disabled stroke 
patients can be carried out. Their results show that compared with 
conventional nursing, this new rehabilitation model provided by 
nurse training and family members improves BI scores, reduces the 
incidence and severity of physical disability caused by stroke, pro‐
motes physical recovery and improves the work efficiency of nurses.

Moreover, the start time and intensity of rehabilitation are im‐
portant predictors of BI score at discharge (Hu et al., 2010) and 
nursing staff can start in‐depth rehabilitation as early as possible to 
improve patients' self‐care ability and reduce the impact of BI score 
on poor prognosis after stroke. The organized joint action of medical 
institutions is more conducive to the rehabilitation of patients (Hsu 
et al., 2019).

Our predictive model confirmed that the BI, the PLR and serum 
ALB were independently associated with six‐month mortality in 
patients with stroke and had independent predictive value. Our re‐
search results are consistent with the external literature. As an inde‐
pendent predictor, high serum ALB can reduce the death probability 
of stroke patients and play a protective role. A higher PLR or a lower 
BI score corresponds to a higher death probability in stroke patients. 
Thus, the parameters can be used as predictors of stroke mortality.

Our predictive model is constructed using the BI score of the 
ADL of stroke patients and the laboratory values of the PLR and 
serum ALB, which are easily available in clinical practice. The mod‐
el's execution is simple and can provide evidence for clinical nurses 
to judge a patient's condition early and evaluate survival within 
6 months. Therefore, according to the degree of dependence of a 
patient's self‐care ability, different nursing measures and nursing 
times are provided for interventions. Additionally, different nursing 
service models can be used according to local conditions and reha‐
bilitation activities can be carried out as early as possible and in an 
organized manner.

5.1 | Limitations

This study has some limitations. First, most patients in this study 
lived near the hospital. Only a few were from other regions of 
China, so the sample has limitations in terms of representativeness. 
Future studies should recruit larger scale and more diverse samples 
to extend the findings to a larger patient population. Second, the 
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performance of the prediction model needs to be further evaluated 
in external validation studies.

6  | CONCLUSION

The new prediction model can provide a tool for nursing staff en‐
gaged in clinical nursing work to accurately predict the risk of death 
within 6 months of Chinese stroke patients by assessing the risk in‐
dicators of the patients after admission, which include the activities 
of daily life, platelets, lymphocytes and serum albumin. In addition, 
this study confirmed the time‐varying effect of time‐related age on 
the survival time by LASSO time‐dependent Cox analysis, based on 
the judgement results of the exact statistical test of time‐dependent 
covariates.
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