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Prognostic factor analysis and prognostic model establishment for young and middle-aged patients with
cerebral infarction
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[ Abstract | Objective To explore the risk factors affecting the prognosis of young and middle-aged patients with
cerebral infarction, and establish a clinical prognostic prediction model for its prognosis and individualized treatment.
Methods A total of 294 young and middle-aged patients with cerebral infarction hospitalized in Wusong Branch of
Zhongshan Hospital, Fudan University from Jan. 1, 2018 to Jan. 1, 2020 were included. The baseline data such as age,
gender, past history, National Institutes of Health stroke scale (NIHSS) score and blood indexes were collected. The gene
polymorphisms of ring finger protein 213 (RNF213) gene (rs112735431), histone deacetylase 9 (HDAC9) gene (rs2107595,
1s2240419, rs2389995) and methylenetetrahydrofolate reductase (MTHFR) gene (C677T) were detected. According to
the clinical outcomes at 1-year follow-up, 294 patients were divided into non-progression group (177 cases, 60.20%) and

progression group (117 cases, 39.80%). The above indexes were compared between the 2 groups. The patients were divided
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into training set and test set by a ratio of 7 : 3. With the above indexes as independent variables and the clinical outcome at
1-year follow-up as dependent variable, the data of the training set were used for logistic regression analysis to identify the
risk factors of prognosis and to establish a prognostic prediction model. The data of the training set and test set were used
for receiver operating characteristic (ROC) curve analysis to evaluate the value of the model. Results The NIHSS score
and levels of serum creatinine, total bilirubin and homocysteine in the progression group were significantly higher than
those in the non-progression group (all P<<0.05); and the distribution of MTHFR (C677T) gene polymorphism was different
between the 2 groups (P<<0.01). Logistic regression analysis showed that the risk of disease progression increased by 76.8%
with every 1 point increment of NIHSS score (odds ratio [OR [=1.768, 95% confidence interval [ CI] 1.479-2.112); the risk
of disease progression in patients with TT genotype of MTHFR (C677T) gene was 4.128 times higher than that in patients
with CC genotype (OR=4.128, 95% CI 1.497-11.383); and the risk of disease progression in patients with hypertension
was 3.421 times higher than that in patients without hypertension (OR=3.421, 95% CI 1.353-8.645). The area under curve
(AUC) of ROC curve in the training set was 0.856 (95% CI 0.806-0.906), and that in the test set was 0.847 (95% CI 0.756-
0.937), indicating good prediction ability of the model. Conclusion NIHSS score, MTHFR (C677T) gene polymorphism
and hypertension are risk factors for the progression of cerebral infarction in young and middle-aged patients. The clinical
prognostic model based on NIHSS score, MTHFR (C677T) gene polymorphism and hypertension is helpful in evaluating
prognosis of young and middle-aged patients with cerebral infarction.

[ Key words | middle-aged; young adult; cerebral infarction; risk factors; single nucleotide polymorphism; prognosis
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Tab 1 Baseline data of 294 young and middle-aged patients with cerebral infarction
Non-progression Progression group .
= P
Index Total N=294 group N=177 N=117 Statistic value
Gender, 1 (%) 2 =0.021 0.885
Male 187 (63.61) 112 (63.28) 75 (64.10)
Female 107 (36.39) 65 (36.72) 42 (35.90)
Agelyear, x s 55.03+4.81 55.03+4091 55.03+4.65 t=0.005 0.996

NIHSS score, M (Q,, Q)
Gene polymorphism, 7 (%)

4.00 (2.00,6.00)  3.00(2.00,4.00)  6.00 (4.00, 8.00)

RNF213 (rs112735431)
G/A 3(1.02) 0 3(2.56)
G/G 291 (98.98) 177 (100.00) 114 (97.44)
HDAC9 (rs2107595)
A/A 34 (11.56) 20 (11.30) 14 (11.97)
G/A 142 (48.30) 91 (51.41) 51 (43.59)
G/G 118 (40.14) 66 (37.29) 52 (44.44)
HDACY (rs2240419)
Cc/C 160 (54.42) 102 (57.63) 58 (49.57)
C/T 115 (39.12) 64 (36.16) 51 (43.59)
T/T 19 (6.46) 11(6.21) 8(6.84)
HDACY (rs2389995)
A/A 190 (64.63) 119 (67.23) 71 (60.68)
G/A 95 (32.31) 51(28.81) 44 (37.61)
G/G 9 (3.00) 7(3.95) 2 (1.71)
MTHFR (C677T)
CcC 90 (30.61) 61 (34.46) 29 (24.79)
CT 144 (48.98) 93 (52.54) 51 (43.59)
TT 60 (20.41) 23 (12.99) 37 (31.62)
Past history, 7 (%)
Hypertension 218 (74.15) 126 (71.19) 92 (78.63)
Diabetes 96 (32.65) 63 (35.59) 33 (28.21)
Coronary heart disease 28 (9.52) 18 (10.17) 10 (8.55)
Stroke 62 (21.09) 34 (19.21) 28 (23.93)
Hyperlipidemia 73 (24.83) 44 (24.86) 29 (24.79)
Smoking 104 (35.37) 66 (37.29) 38 (32.48)
Drinking 64 (21.77) 39 (22.03) 25(21.37)
Systolic pressure/mmHg, x+s 137.14+20.25 135.72+20.20 139.284+20.13
Diastolic pressure/mmHg, x s 78.901+10.23 78.84+10.33 79.00+10.07

Glucose/(mmolsL "), M (Q,, Oy) 5.70(5.10,6.70)  5.70(5.10,7.10)  5.70 (5.00, 6.40)
Urea/(mmolsL '), M (Q,, O,) 5.40 (4.50,6.60)  5.40 (4.60,6.50)  5.60 (4.40,7.10)
Serum creatinine/(umolsL '), M (Q,, ;) 78.00 (64.00, 94.00) 75.00 (63.00, 90.00) 83.00 (66.00, 104.00)
Uric acid/(umol-L ™), X+ s 338.54+105.87 336.28+108.26  341.97-+102.06
Total bilirubin/(umolsL '), M (Q,, O;)  15.20 (11.60, 19.80) 14.40 (10.90, 19.00) 16.60 (11.80, 21.70)
ALT/(U-L™"), M (Q,, Oy) 15.00 (11.00, 20.75) 15.00 (11.00, 20.00) 15.00 (9.00, 21.00)
Cholesterol/(mmolsL "), ¥+ 4.62+1.42 4.55+1.31 473+1.56
Triglyceride/(mmolsL "), M (Q,, Oy) 1.21(0.95,1.64)  1.18(0.93,1.67)  1.22(0.97, 1.56)
HDL-C/(mmolsL "), M (Q,, O.) 1.02(0.85,1.26)  1.01(0.85,1.27)  1.05(0.85, 1.25)
LDL-C/(mmol-L "), M (Q,, O,) 2.68(2.02,329)  2.61(1.91,3.27)  2.83(2.10,3.31)
Homocysteine/(umolsL "), M (Q,, 0,)  15.70 (11.30, 20.78) 14.70 (10.80, 19.40) 16.90 (11.70, 24.00)

Z=10.058 <<0.01

Fisher exact test  0.062
7=1818 0.403
7=1877 0.391
7=3.313 0.191

7=15286 <0.01

7=2.037 0.153
1 =1.748 0.186
7=0215 0.643
£ =0.944 0.331
7=0.000 0.989
7=0.713 0.399
£=0.018 0.892

t=—1478  0.140

t=—0.134  0.894
Z=—0.929 0353
Z=0.444 0.657
Z=2.098 0.036

t=—0450  0.653
Z=2.398 0.017
Z=—0815 0415

t=—1.032  0.303
Z=0.474 0.636
7=0.128 0.898
Z=0.804 0.421
Z=2.596 0.009

1 mmHg=0.133 kPa. NIHSS: National Institutes of Health stroke scale; RNF213: Ring finger protein 213; HDAC9: Histone
deacetylase 9; MTHFR: Methylenetetrahydrofolate reductase; ALT: Alanine aminotransferase; HDL-C: High-density lipoprotein-

cholesterol; LDL-C: Low-density lipoprotein-cholesterol; M (Q,, O,): Median (lower quartile, upper quartile).
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Tab 2 Baseline data of 206 young and middle-aged patients with cerebral infarction in training set

Non-progression

Progression group

Variable Total N=206 aroup N=126 N=80 Statistic P value
Gender, n (%) 2 =0.399 0.528
Male 131 (63.59) 78 (61.90) 53 (66.25)
Female 75 (36.41) 48 (38.10) 27 (33.75)
Agelyear, x s 54.99+4.86 54.83+5.16 55244438 t=—0.580 0.562
NIHSS score, M (Q,, O) 4.00 (3.00, 6.00) 3.00 (2.00, 4.00) 6.00 (4.00, 8.50) Z=7993 <0.01
Gene polymorphism, 7 (%)
RNF213 (rs112735431) Fisher exact test ~ 0.150
G/A 2(0.97) 0 2 (2.50)
G/G 204 (99.03) 126 (100.00) 78 (97.50)
HDACY (rs2107595) 1=3271 0.195
A/A 22 (10.68) 15 (11.90) 7 (8.75)
G/A 97 (47.09) 64 (50.79) 33 (41.25)
G/G 87 (42.23) 47 (37.30) 40 (50.00)
HDACY (rs2240419) £=0.928 0.629
c/C 114 (55.34) 73 (57.94) 41 (51.25)
C/T 77 (37.38) 44 (34.92) 33 (41.25)
T/T 15(7.28) 9(7.14) 6 (7.50)
HDAC9 (rs2389995) Fisher exact test ~ 0.270
A/A 134 (65.05) 84 (66.67) 50 (62.50)
G/A 65 (31.55) 36 (28.57) 29 (36.25)
G/G 7 (3.40) 6 (4.76) 1 (1.25)
MTHFR (C677T) 2 =13.500  0.001
CC 61 (29.61) 43 (34.13) 18 (22.50)
CT 102 (49.51) 67 (53.17) 35 (43.75)
TT 43 (20.87) 16 (12.70) 27 (33.75)
Past history, n (%)
Hypertension 149 (72.33) 85 (67.46) 64 (80.00) 1 =3.844 0.050
Diabetes 61 (29.61) 40 (31.75) 21 (26.25) £ =0.709 0.400
Coronary heart disease 21(10.19) 14 (11.11) 7 (8.75) 2£=0.298 0.585
Stroke 47 (22.82) 26 (20.63) 21 (26.25) 21 =0.876 0.349
Hyperlipidemia 49 (23.79) 32 (25.40) 17 (21.25) £ =0.464 0.496
Smoking 76 (36.89) 50 (39.68) 26 (32.50) £=1.084 0.298
Drinking 48 (23.30) 31 (24.60) 17 (21.25) 2 =0.308 0.579
Systolic pressure/mmHg, x s 137.671+19.98 136.101£20.23 140.15£19.45 t=—1.420 0.156
Diastolic pressure/mmHg, x5 78.65+10.19 78.61+10.64 78.71+9.52 t=—0.070 0.945
Glucose/(mmoleL "), M (Q,, Op) 5.60 (5.10, 6.50) 5.60 (5.10, 6.70) 5.70 (5.05, 6.30) Z=—0.023 0.982
Urea/(mmolL "), M (Q,, Ov) 5.40 (4.50, 6.70) 5.30 (4.50, 6.40) 5.50 (4.40, 7.25) Z=0.455 0.649
Serum creatinine/(umolsL "), M (Q,, O) 79.00 (65.00, 97.00) 77.50 (64.00, 93.00) 84.00 (66.00, 106.00)  Z=1.743 0.081
Uric acid/(umoleL "), X+ 342.72+105.87 341.644109.01 344.434+101.38 t=—0.180 0.855
Total bilirubin/(umolsL "), M (Q,, Qy)  15.45 (11.60, 19.60) 14.25 (11.30, 19.10) 16.70 (12.25, 21.25) Z=1.938 0.053
ALT/(U-L™"), M (Q,, Ov) 15.00 (11.00, 20.00) 15.00 (11.00,20.00) 14.00 (9.00, 21.00) Z=—0991 0.322
Cholesterol/(mmoleL "), M (Q,, Q) 4.47 (3.69, 5.39) 4.50 (3.70, 5.38) 4.45 (3.59,5.61) Z=0.017 0.987
Triglyceride/(mmoleL™"), M (Q,, O,) 1.15(0.93, 1.58) 1.20 (0.93, 1.69) 1.13 (0.95, 1.44) Z=—0.824 0.410
HDL-C/(mmolL "), M (Q,, Q) 1.06 (0.86, 1.29) 1.05 (0.86, 1.28) 1.09 (0.86, 1.33) Z=0.787 0.431
LDL-C/(mmol-L "), M (Q,, Q) 2.64 (1.99, 3.31) 2.59(1.94,3.31) 2.80(2.03, 3.29) Z=0.149 0.882
Homocysteine/(umoleL "), M (Q,, O,)  15.90 (11.60, 20.80) 14.65 (11.00, 19.70) 17.40 (12.60, 23.45) Z=2.522 0.012

1 mmHg=0.133 kPa. NIHSS: National Institutes of Health stroke scale; RNF213: Ring finger protein 213; HDAC9: Histone
deacetylase 9; MTHFR: Methylenetetrahydrofolate reductase; ALT: Alanine aminotransferase; HDL-C: High-density lipoprotein-

cholesterol; LDL-C: Low-density lipoprotein-cholesterol; M (Q,, O,): Median (lower quartile, upper quartile).
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Tab 3 Multivariate logistic regression model of prognosis prediction in young and middle-aged patients with cerebral infarction

Variable Regression coefficient Standard error Wald P value OR (95% CI)
Constant —4.360 0.736 35.077 <0.01
NIHSS score 0.570 0.091 39.293 <0.01 1.768 (1.479, 2.112)
MTHFR (C677T)
CT vs CC —0.155 0.431 0.129 0.719 0.856 (0.368, 1.993)
TT vs CC 1.418 0.517 7.507 0.006 4.128 (1.497, 11.383)
Hypertension (yes vs no) 1.230 0.473 6.759 0.009 3.421 (1.353, 8.645)

NIHSS: National Institutes of Health stroke scale; MTHFR: Methylenetetrahydrofolate reductase; OR: Odds ratio;

CI: Confidence interval.
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