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Introduction
Ischemic stroke is highly prevalent worldwide. As 
one of the leading causes of disability and mortal-
ity, ischemic stroke places a significant burden on 
patients and caregivers. Thrombolysis has been 
found to be the most effective medical treatment 
for acute ischemic stroke (AIS) patients. The 
primary thrombolytic agent, recombinant tissue 

plasminogen activator (rt-PA), is the most  
widely used thrombolytic drug worldwide.1–4 
Unfortunately, some patients still experience func-
tional deficits after rt-PA thrombolysis. Accurate 
and early prediction of the clinical outcome for 
individual AIS patients who receive rt-PA treat-
ment is needed to provide a reasonable approach 
to patient management.5
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Abstract
Background: The aim of this study was to establish a nomogram model for individualized early 
prediction of the 3-month prognosis in patients with acute ischemic stroke (AIS) who were 
treated with intravenous recombinant tissue plasminogen activator (rt-PA) thrombolysis.
Methods: A total of 691 patients were included in this study; 564 patients were included in 
the training cohort, while 127 patients were included in the test cohort. The main outcome 
measure was a 3-month unfavorable outcome (modified Rankin Scale 3–6). To construct the 
nomogram model, stepwise logistic regression analysis was applied to select the significant 
predictors of the outcome. The discriminative performance of the model was assessed by 
calculating the area under the receiver operating characteristic curve (AUC-ROC). A decision 
curve analysis was used to evaluate prognostic value of the model.
Results: The initial National Institutes of Health Stroke Scale [NIHSS, odds ratio (OR), 1.35; 95% 
confidence interval (CI), 1.28–1.44; p < 0.001], delta NIHSS (changes in the NIHSS score from 
baseline to 24 h, OR, 0.75; 95% CI, 0.70–0.79; p < 0.001), hypertension (OR, 2.07; 95% CI, 1.32–3.31; 
p = 0.002), hyperhomocysteinemia (Hhcy, OR, 2.18; 95% CI, 1.20–4.11; p = 0.013), and the ratio 
of high-density lipoprotein cholesterol (HDL-C) to low-density lipoprotein cholesterol (LDL-C) 
(HDL-C/LDL-C, OR, 3.29; 95% CI, 1.00–10.89; p = 0.049) (N2H3) were found to be independent 
predictors of a 3-month unfavorable outcome from multivariate logistic regression analysis and 
were incorporated in the N2H3 nomogram model. The AUC-ROC of the training cohort was 0.872 
(95% CI, 0.841–0.902), and the AUC-ROC of the test cohort was 0.900 (95% CI, 0.848–0.953).
Conclusion: The study presented the N2H3 nomogram model, with initial NIHSS score, 
delta NIHSS, hypertension, Hhcy, and HDL-C/LDL-C as predictors. It therefore provides an 
individualized early prediction of the 3-month unfavorable outcome in AIS patients treated with 
intravenous rt-PA thrombolysis.
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A series of prognostic models established using 
various statistical methods have been reported in 
the past few decades with the aim of predicting 
long-term patient outcome after intravenous 
thrombolysis.6–11 As a graphical statistical instru-
ment, nomograms make it possible to individually 
predict outcomes by calculating the scores of each 
individual based on their own characteristics. The 
nomogram has been used widely for clinical deci-
sion making in multiple clinical conditions, includ-
ing ischemic stroke, myocardial infarction, and 
cancer.5,12–16 Nomograms have also been used to 
predict outcome of patients receiving thrombolysis, 
including the START (National Institutes of Health 
Stroke Scale score, age, pre-stroke mRS score, 
onset-to-treatment time) nomogram for prediction 
of unfavorable outcome and the STARTING-
SICH (systolic blood pressure, age, onset-to-treat-
ment time for thrombolysis, National Institutes of 
Health Stroke Scale score, glucose, aspirin alone, 
aspirin plus clopidogrel, anticoagulant with INR 
⩽1.7, current infarction sign, hyperdense artery 
sign) nomogram for prediction of symptomatic 
intracerebral hemorrhage.5,17

The aim of this present study was to develop and 
validate a simple and reliable nomogram model 
for early and individual prediction of 3-month 
prognosis in AIS patients who treated with intra-
venous thrombolysis. To obtain a stronger power 
of prediction, we use both clinical characteristics 
and laboratory tests as variables.

Methods

Study design and participants
The study was conducted according to the princi-
ples of the Declaration of Helsinki, and was 
approved by the Ethics Committee of the First 
Hospital of Jilin University (approval code: 2015-
156). This retrospective study, based on a prospec-
tive database, included consecutive patients with 
AIS who received intravenous thrombolysis with 
rt-PA at the China National Comprehensive Stroke 
Center between January 2016 and June 2019. 
Patients who were treated from January 2016 to 
December 2018 were included in the training 
cohort, while those who were treated from January 
2019 to June 2019 were included in the test cohort. 
Intravenous thrombolysis was administrated within 
4.5 h of onset for each patient according to the rec-
ommendations of current guidelines and the deci-
sion of the treating physicians.18–20 All patients 

received standard medical treatment after throm-
bolysis. Patients with a pre-stroke mRS (modified 
Rankin Scale) >2, who were treated with endovas-
cular procedure after intravenous thrombolysis, 
who died within 24 h, who were diagnosed with 
conditions mimicking stroke or hematopathy, had 
incomplete data, or who were lost to follow up were 
excluded from this study. The process of patient 
inclusion is shown in Figure 1.

Data collection
Demographic features, vascular risk factors, labo-
ratory test, as well as clinical and follow-up infor-
mation of patients were collected from the 
database. Vascular risk factors included hyperten-
sion [defined as taking oral antihypertensive drugs, 
systolic blood pressure (SBP) ⩾140 mm Hg or 
diastolic blood pressure (DBP) ⩾90 mm Hg at dis-
charge], diabetes mellitus (defined as previous use 
of glucose-lowering medication or having a clinical 
diagnosis of diabetes mellitus during hospitaliza-
tion), hyperlipidemia (defined as previous use of 
lipid-lowering medication, total cholesterol 
⩾5.18 mmol/l, triglycerides ⩾1.70 mmol/l, low-
density lipoprotein cholesterol ⩾3.37 mmol/l, or 
high-density lipoprotein cholesterol <1.04 mmol/l), 
smoking (current or ex-smoker), hyperhomocyst-
einemia (Hhcy, defined as total homocysteine level 
⩾10 μmol/l at discharge), and atrial fibrillation.21,22 
Clinical information included initial National 
Institutes of Health Stroke Scale (NIHSS) score 
(NIHSS score before thrombolysis), delta NIHSS 
(changes in the NIHSS score from baseline to 
24 h), admission SBP, admission DBP, and onset 
to rt-PA bolus time. Laboratory information col-
lected on admission included serum glucose level, 
white blood cell (WBC) count, neutrophil to lym-
phocyte ratio (NLR), platelet to neutrophil ratio 
(PNR), platelet count, international normalized 
ratio (INR), prothrombin time (PT), and pro-
thrombin time activity (PTA). Laboratory infor-
mation collected after thrombolysis included 
homocysteine level, total cholesterol level, triglyc-
eride level, the ratio of high-density lipoprotein 
cholesterol to low-density lipoprotein cholesterol 
(HDL-C/LDL-C), and serum uric acid level, all of 
which were collected in the morning following 
admission after overnight fasting.

Outcomes
The clinical outcome was assessed at 3 months 
using the mRS. While mRS scores of 3–6 were 
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defined as an unfavorable outcome, mRS scores 
of 0–2 were defined as a favorable outcome.

Statistical analysis
Statistical analysis was performed using R statistical 
software (version 4.0.0; R Foundation for Statistical 
Computing, Vienna, Austria). Continuous variables 
were expressed as means [standard deviation (SD)] 
or medians [interquartile range (IQR)], while cate-
gorical variables were expressed as n (%), as appro-
priate. Normality of distribution for continuous 
variables was evaluated using the Kolmogorov–
Smirnov goodness-of-fit test.

To construct the nomogram, binary logistic regres-
sion analysis was applied to select the significant 
predictors of outcome. Variables with a p < 0.1 in 
the univariate analysis were included in multivari-
ate logistic regression analysis using a backward-
selection method. The variables with a p < 0.05 in 
the binary logistic regression analysis were consid-
ered statistically significant. The nomogram was 
developed based on the results obtained using the 
binary logistic regression model. The nomogram 
was externally validated using the test cohort. The 
model was also internally validated using all data of 
the training and test cohorts by preforming 10-fold 
cross-validation. Discriminative performance was 
measured by calculation of the area under the 

receiver operating characteristic curve (AUC-
ROC). Calibration was tested using a calibration 
plot with bootstraps of 1000 resamples, which 
described the degree of fit between actual and 
nomogram-predicted outcome. Decision curve 
analysis was used to evaluate the validity of the 
nomogram.

Results
In total, 691 patients were included in this study, 
564 patients (median age, 63 years; 72.52% male) 
were included in the training cohort, while 127 
patients (median age, 62 years; 71.65% male) 
were included in the test cohort. The proportion 
of patients with 3-month unfavorable outcome 
was 36.17% (n = 204) in the training cohort and 
30.71% (n = 39) in the test cohort.

Table 1 shows the comparison of baseline charac-
teristics between patients with favorable outcome 
and unfavorable outcome in the training cohort. 
Variables with p < 0.1 were considered potential 
predictors of outcome and were included in the 
multivariate logistic regression analysis. These 
included age, hypertension, atrial fibrillation, 
Hhcy, admission SBP, admission DBP, initial 
NIHSS score, delta NIHSS, serum glucose level, 
WBC count, PNR, INR, PT, PTA, triglyceride 
level, HDL-C/LDL-C, and serum uric acid level. 

Figure 1.  Study flowchart.
AIS, acute ischemic stroke; mRS, modified Rankin Scale; rt-PA, recombinant tissue plasminogen activator.
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Table 1.  Comparison of baseline characteristics between patients with 3-month favorable outcome and unfavorable outcome in the 
training cohort.

Variables Total patients
n = 564

Favorable outcome
n = 360

Unfavorable outcome
n = 204

p value

Age, years 63 (54–70.75) 62 (54–69.5) 63.5 (55.5–72) 0.023

Male, n (%) 409 (72.5%) 258 (71.7%) 149 (73.0%) 0.685

Vascular risk factors

Smoking, n (%) 327 (58.0%) 216 (60.0%) 111 (54.4%) 0.196

Hypertension, n (%) 310 (55.0%) 185 (51.4%) 125 (61.3%) 0.023

Diabetes mellitus, n (%) 131 (23.2%) 81 (22.5%) 50 (24.5%) 0.587

Previous stroke, n (%) 120 (21.3%) 80 (22.2%) 40 (19.6%) 0.466

Hyperlipidemia, n (%) 353 (62.6%) 231 (64.2%) 122 (59.8%) 0.304

Ongoing statin intake, n (%) 9 (1.6%) 5 (1.4%) 4 (2.0%) 0.729

Hhcy, n (%) 459 (81.4%) 281 (78.1%) 178 (87.3%) 0.007

Atrial fibrillation, n (%) 120 (21.3%) 64 (17.8%) 56 (27.5%) 0.007

Clinical data

Initial NIHSS score, points 8 (5–12) 6 (4–10) 11 (8–15) <0.001

Delta NIHSS, points 2 (0–4) 3 (1–5) 0 (–1–2) <0.001

Admission SBP, mm Hg 155 (139–168) 152 (137.5–167) 160 (143.5–171) 0.005

Admission DBP, mm Hg 89 (80–99) 88 (79–97) 91 (82–100) 0.001

Onset to rt-PA bolus time, min 182 (143–230) 182.5 (143–229.5) 180 (137–230.5) 0.841

Laboratory tests

Serum glucose, mmol/l 7.09 (6.14–8.77) 6.87 (5.99–8.74) 8.38 (6.40–9.07) 0.036

WBC counts × 109/l 7.75 (6.40–9.52) 7.6 (6.2–9.34) 8.17 (6.68–9.96) 0.004

NLR, ratio 3.08 (1.94–5.08) 3.08 (1.96–4.82) 3.07 (1.87–5.82) 0.203

PNR, ratio 38.39 (26.95–51.28) 38.99 (28.68–52.45) 37.10 (23.85–48.92) 0.100

Platelet counts × 109/l 200 (167–230) 200 (168.5–229) 199.5 (165–234.5) 0.741

INR, ratio 0.93 (0.9–0.98) 0.93 (0.9–0.98) 0.94 (0.91–0.98) 0.002

PT, s 10.9 (10.5–11.5) 10.9 (10.5–11.45) 11 (10.6–11.5) 0.003

PTA, s 107 (98–116) 108 (99–106.5) 105 (97–104) 0.002

Homocysteine, mmol/l 13.8 (10.6–21.05) 12.95 (10.23–18.88) 15.5 (11.43–25.78) 0.001

Total cholesterol, mmol/l 4.85 (4.14–5.55) 4.86 (4.14–5.51) 4.83 (4.14–5.65) 0.672

Triglyceride, mmol/l 1.36 (0.95–2.01) 1.42 (1.03–2.23) 1.24 (0.9–1.86) 0.055

HDL-C/LDL-C, ratio 0.42 (0.34–0.54) 0.41 (0.34–0.53) 0.44 (0.37–0.56) 0.014

Serum uric acid, mmol/l 340.5 (287–399.75) 339 (285–394.5) 348.5 (283.5–414.5) 0.023

DBP, diastolic blood pressure; Delta NIHSS, changes in the NIHSS score from baseline to 24 h; HDL-C/LDL-C, the ratio of high-density lipoprotein 
cholesterol to low-density lipoprotein cholesterol; Hhcy, hyperhomocysteinemia (defined as total homocysteine level ⩾10 μmol/l); INR, international 
normalized ratio; NIHSS, National Institutes of Health Stroke Scale; NLR, neutrophil to lymphocyte ratio; PNR, platelet to neutrophil ratio; PT, prothrombin 
time; PTA, prothrombin time activity; rt-PA, recombinant tissue-type plasminogen activator; SBP, systolic blood pressure; WBC, white blood cell.
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According to multivariate logistic regression anal-
ysis, the initial NIHSS score [odds ratio (OR), 
1.35; 95% confidence interval (CI), 1.28–1.44; 
p < 0.001], delta NIHSS (OR, 0.75; 95% CI, 
0.70–0.79; p < 0.001), hypertension (OR, 2.07; 
95% CI, 1.32–3.31; p = 0.002), Hhcy (OR, 2.18; 
95% CI, 1.20–4.11; p = 0.013) and HDL-C/
LDL-C level (OR, 3.29; 95% CI, 1.00–10.89; 
p = 0.049) (N2H3) were independent predictors 
of unfavorable outcome. The results of multivari-
able analyses for the 3-month outcome in the 
training cohort are shown in Table 2.

Figure 2 shows the N2H3 nomogram established 
based on the variables that enabled researchers to 
predict outcome independently after the multi-
variable analyses. The total points calculated 
from the sum of points of the 5 predictors in 
N2H3 nomogram were found to be positively 
correlated with the risk of unfavorable outcome.

The discriminative performance of the model was 
assessed by calculating the AUC-ROC of the 
training cohort (AUC, 0.872; 95% CI, 0.841–
0.902). The model was validated externally using 
the AUC-ROC of the test cohort (AUC, 0.900; 
95% CI, 0.848–0.953). After 10-fold cross-vali-
dation was performed on all data of the training 
and test cohorts, the max AUC value was found 
to be 0.944 (95% CI, 0.894–0.993) (Figure 3).

Figure 4 shows the calibration plot of the nomo-
gram, which compares the prediction of unfavora-
ble outcome between the nomogram prediction 
and actual observation. The calibration plot sug-
gested good predictive accuracy of the nomogram 
in both training cohort (A) and test cohort (B).

A decision curve analysis (DCA) was performed 
to evaluate prognostic value of the current predic-
tion model. DCA estimates the net benefit of a 
model based on the difference between the num-
ber of true and false-positive results. As shown in 
Figure 5, using the N2H3 nomogram for out-
come prediction processed greater net benefit 
than baseline NIHSS score alone.

Discussion
The study found that initial NIHSS score, delta 
NIHSS, hypertension, Hhcy, and HDL-C/
LDL-C were independent predictors of 3-month 
unfavorable outcome in AIS patients treated with 
intravenous rt-PA thrombolysis from multivariate 

logistic regression analysis. Using these five pre-
dictive factors, the N2H3 nomogram was devel-
oped to assess the probability of 3-month 
unfavorable outcome in these patients.

The predictors involved in this model are all rou-
tine and easy to obtain; moreover, most of them 
have previously been reported to be linked with 

Table 2.  Independent risk factors associated with the 3-month outcome 
after intravenous thrombolysis in the training cohort.

Variable Odds ratio (95% CI) p value

Initial NIHSS score 1.35 (1.28–1.44) <0.001

Delta NIHSS 0.75 (0.70–0.79) <0.001

Hypertension 2.07 (1.32–3.31) 0.002

Hhcy 2.18 (1.20–4.11) 0.013

HDL-C/LDL-C 3.29 (1.00–10.89) 0.049

Delta NIHSS, changes in the NIHSS score from baseline to 24 h; HDL-C/LDL-C, the 
ratio of high-density lipoprotein cholesterol to low-density lipoprotein cholesterol; 
Hhcy, hyperhomocysteinemia (defined as total homocysteine level ⩾10 μmol/l); 
NIHSS, National Institutes of Health Stroke Scale.

Figure 2.  The N2H3 Nomogram for predicting the 3-month outcome. Points 
were assigned for initial NIHSS score, delta NIHSS, hypertension, Hhcy, 
and HDL-C/LDL-C by drawing a line upward from the corresponding values 
to the “points line.” The “total points” are calculated as the sum of the 
individual score of each of the five variables included in the nomogram.
Delta NIHSS, changes in the NIHSS score from baseline to 24 h; HDL-C/LDL-C, the 
ratio of high-density lipoprotein cholesterol to low-density lipoprotein cholesterol; 
Hhcy, hyperhomocysteinemia; NIHSS, National Institutes of Health Stroke Scale.
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unfavorable outcomes in AIS patients. Initial 
stroke severity evaluated using the NIHSS score 
on admission is a primary determinant of clinical 
outcome among patients with AIS and often be 
used in prognosis prediction models. Early 
response after thrombolysis may explain much of 
the long-term outcomes. Post-treatment markers 
of stroke severity that included changes in NIHSS 
and 24-h NIHSS have been shown to be better 
predictors of subjects’ clinical and functional out-
comes than the initial NIHSS score.23–27 Changes 
in post-treatment NIHSS over the first 24 h may 
be a reflection of reperfusion, partly distinguish-
ing patients with clinically effective reperfusion 
from those with futile or no reperfusion.26 Since 
we did not collect vascular examination data 
before and after treatment, the relation between 
reperfusion status and NIHSS score changes 
could not be analyzed. Nevertheless, delta NIHSS 
is the strongest predictor of outcome in our 
model, which is in accordance with the results of 
previous studies.

In addition to stroke severity, age is one of the 
major determinants of stroke outcomes.11,28 
Elderly patients were prone to have poorer out-
comes compared with young patients after rt-PA 
thrombolysis treatment in early clinical trials.29,30 
However, recent studies have provided inconsist-
ent findings.31–33 Recently, a pooled analysis of 
seven randomized clinical trials by Bluhmki and 
colleagues showed that the odds of a good out-
come following rt-PA treatment in AIS patients 
were independent of age.34 The differences in the 
measurement of outcome could be an explana-
tion of those inconsistent results. Besides, elderly 
patients were more likely to have complications 
such as atrial fibrillation and hypertension, as well 
as higher NIHSS score, all of which may influ-
ence stroke outcomes.30 In the present study, 
although patients with an unfavorable outcome 
had a higher median age than those with a favora-
ble outcome, the effect of age on outcome was 
not significant after adjusting for confounding 
variables.

Higher LDL-C level is a risk factor of ischemic 
stroke; this has been proven in previous studies to 
be associated with patient outcomes.35 HDL-C 
level is also attributed to the prognosis in AIS 
patients treated with thrombolysis.36 The ratio of 
the two variables was found to be an even better 
predictor of cardiovascular events and atheroscle-
rotic burden.37,38 Given the fact that both higher 
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LDL-C and lower HDL-C levels are related with 
unfavorable outcomes in patients with ischemic 
stroke, the HDL-C/LDL-C may be a stronger 
predictor. In the present study, we found that a 
higher HDL-C/LDL-C was independently asso-
ciated with 3-month unfavorable outcome, which 
was opposite from the result of previous studies. 
In fact, evidence of relation between serum cho-
lesterol level and stroke outcome is inconsistent. 
Several studies have reported lipid paradox, that 
is, elevated cholesterol levels improved short-
term functional outcome and long-term sur-
vival,39–41 while lower cholesterol levels 
contributed to short-term mortality.42 However, 
the potential mechanism of this paradox observa-
tion remains unknown. The observation of the 
HDL-C/LDL-C paradox has not been reported 
yet. Considering the small sample of our study, 
this result needs further study to be verified.

In our study, hypertension, rather than the level 
of blood pressure, was found to be an independ-
ent predictor of outcome. Blood pressure values 
vary considerably during the whole process. 
Previous studies have revealed that both high and 
low blood pressure were independent prognostic 
factors for poor outcome in ischemic stroke 
patients.43,44 Hypertension has been included in 
previous AIS prognostic models, such as the 
THRIVE score.10 Another variable of our nomo-
gram, Hhcy, is also a proved predictor of outcome 
in ischemic stroke.45 A higher level of homocyst-
eine was reported to be associated with an 
increased risk of poor outcome after thrombolysis 
in AIS patients.46–48 Although found to be inde-
pendent predictors after multivariable logistic 
analysis, hypertension and Hhcy are only a small 
proportion of our model.

The AUC value of the N2H3 nomogram was 
0.872 (95% CI, 0.841–0.902), which is higher 
than the value of the START nomogram (AUC, 
0.766; 95% CI, 0.707–0.826).5 The variables of 
the START nomogram could be collected before 
thrombolysis. Patients in whom a high probabil-
ity of unfavorable outcome were predicted 
should be considered for further treatment, 
especially endovascular thrombectomy. In our 
nomogram, although several variables were 
derived from clinical examination and laboratory 
test results after thrombolysis, it is still possible 
to select patients with a high risk of unfavorable 
outcome. Further neuroprotective drugs such as 

edaravone and n-butylphthalide,49,50 and inten-
sive rehabilitation, should be considered for 
these patients. Of course, patients with a calcu-
lated prediction of a positive outcome should by 
no means withdraw from beneficial treatments. 
The most noteworthy strength of a nomogram is 
to serve as a useful tool for individualized predic-
tion of the probability of unfavorable outcomes. 
From the clinicians’ perspective, as a quantita-
tive indicator, using a nomogram can make 
things easy when explaining the prognosis to 
patients and their families.

DCA is a method used to assess the prediction 
value and clinical usefulness of a model (like a 
nomogram).51,52 Distinguishing patients with high 
and low risk of unfavorable outcome is the main 
purpose of this nomogram. For any given proba-
bility threshold, the nomogram with the greatest 
net benefit would be the most preferred model. In 

Figure 4.  Calibration plot of the N2H3 nomogram in the training (A) and test 
cohorts (B). The dotted line represents the performance of the nomogram; 
the solid line corrects for any bias in the nomogram; and the dashed line 
represents the reference line where an ideal nomogram would lie.
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the present study, DCA showed that using the 
N2H3 nomogram with limited variables for out-
come prediction was better than using the initial 
NIHSS score alone. The N2H3 nomogram was 
found to be clinically useful in predicting outcome 
and could facilitate the early identification of 
patients who are candidates for further therapy.

There are several limitations that need to be 
addressed in this study. First, the clinical data was 
collected retrospectively. Second, this is a single-
center study with a relatively small sample size, 
some variables (like serum glucose and onset to 
rt-PA bolus time) that were reported in previous 
studies to be associated with AIS outcomes were 
not observed in our study.6,53 In addition, the test 
cohort comes from the same stroke center from 
where the training cohort was derived. This nom-
ogram needs to be tested in other centers in future 
studies.

Conclusion
Our study developed and validated a reliable 
N2H3 nomogram model, which is composed of 
history of initial NIHSS, delta NIHSS, hyperten-
sion, Hhcy, and HDL-C/LDL-C. The N2H3 
nomogram could provide individualized early 
prediction of the 3-month unfavorable outcome 
in AIS patients who were treated with intravenous 
rt-PA thrombolysis, and thus facilitate the early 
identification of patients who are candidates for 
further therapy.
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