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ABSTRACT Objective: To evaluate the genetic nurture effect of parental genotypes on the risk of ische-
mic stroke (IS) in offspring and to elucidate the parental origin-specific differences in this effect.
Methods: This study utilized data from the “Family Cohort of Common Chronic Non-communicable
Diseases in Rural Areas of Northern China”. A total of 530 core families and sibling pairs were selected ,
comprising 1 005 offspring. Single nucleotide polymorphisms ( SNPs) within the CTNNA gene family
(CTNNAI, CTNNA2 and CTNNA3) were detected. Using offspring as the unit of analysis, parental non-
transmitted alleles were inferred based on Mendelian inheritance principles. Rigorous quality control was
implemented for genotype imputation, ensuring high reliability of the inferred data. Linear mixed-effects
models were constructed to estimate the genetic nurture effect of non-transmitted alleles on offspring IS.
These models compared differences between genetic nurture effects and individual genetic effects, distin-
guished between paternal and maternal effects, and calculated the statistic 7 to assess the relative magni-
tude of parental effects. Results: A total of 1 005 offspring from 530 families were included, comprising
308 IS patients (30.6% ) with a mean age of 56. 3 years. Sixteen independent SNPs associated with IS
genetic nurture effects were identified (9 in CTNNA2, 6 in CTNNA3, and 1 in CTNNAI). The effect
sizes ranged from —0.282 to 0.480, with rs117741773 (CTNNA2) showing the strongest effect (0. 480,
95% CI . 0.278 —0.682). Only four of these SNPs exhibited concurrent individual genetic effects, which

acted in the opposite direction to the genetic nurture effects. Parent-of-origin specific analysis revealed
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that 12 SNPs exhibited genetic nurture effects from a single origin: 4 showed exclusively paternal effects
(effect size; —0.298 10 0.945; n: 1.21 t0 63.83), and 8 showed exclusively maternal effects (effect
size; —0.489 10 0.602; n: 0.03 to 0.44). Conclusion: This study provides evidence that multiple IS
susceptibility loci within the CTNNA gene family exhibit significant genetic nurture effects. The findings
highlight the complex interplay between inherited genetics and the family environment. The heterogeneity
of these effects based on parental origin underscores the significant role of parent-specific genetic nurture
in the etiology of 1S, offering new insights for understanding the missing heritability in stroke genetics.
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Table 1 Basic characteristics of offsprings

Offsprings without IS

Offsprings with IS Total Offsprings

ftems (n=697) (n=308) (n=1005) P value
Age/years, ¥ £ 5 54.5£10.8 60.5 7.8 56.3+10.4 <0.001
Gender, n (%) 0.002
Male 386 (55.4) 203 (65.9) 589 (58.6)
Female 311 (44.6) 105 (34.1) 416 (41.4)
Marital status, n (% ) 0.961
Married 612 (89.3) 267 (89.0) 879 (89.2)
Other status 73 (10.7) 33 (11.0) 106 (10.8)
Educational status, n (% ) <0.001
Primary school and below 234 (34.1) 148 (48.8) 382 (38.6)
Junior high school 313 (45.6) 121 (39.9) 434 (43.9)
Senior high school and above 139 (20.3) 34 (11.2) 173 (17.5)
Hypertension, n (% ) 340 (57.1) 217 (73.3) 557 (62.4) <0.001
Diabetes mellitus, n (% ) 157 (26.7) 89 (29.7) 246 (27.7) 0.393
Hyperlipidemia, n (% ) 181 (34.9) 132 (50.4) 313 (40.1) <0.001
BMI/ (ke/m?) , % £5 26.3£3.8 26.3+3.6 26.3+3.5 0.780

IS, ischemic stroke; BMI, body mass index.
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R2 HABEHTRR 16 A IS B
Table 2  Sixteen SNPs with genetic nurture effects on IS

SNPs Al A2 MAF B, (95% CI) P value
CTNNA1
76210266 T (0 0.011 0.362 (0.108, 0.615) 5.21x1073
CTNNA2
rs117741773 A G 0.011 0.480 (0.278, 0.682) 3.29x107°
rs78592910 A C 0.011 0.361 (0.136, 0.586) 1.64 x10 73
rs55767232 G A 0.019 0.243 (0.067, 0.419) 6.84 x10 73
rs868032 C T 0.496 0.065 (0.020, 0.111) 4.68 x10 73
rs546179372 T TA 0.355 0.065 (0.016, 0.115) 9.90 x10~?
rs6547309 C A 0.408 0.068 (0.019, 0.116) 5.58 x10 73
rs149752934 T C 0.019 -0.282 ( -0.452, -0.113) 1.11 x1073
rs181654218 T C 0.016 -0.272 ( -0.465, -0.079) 5.71 x10 73
rs10166591 C T 0.373 -0.063 ( -0.111, -0.016) 8.67 x107?
CTNNA3
rs16924512 G A 0.013 0.239 (0.067, 0.412) 6.50 x10 3
1579767344 C T 0.027 0.206 (0.062, 0.351) 5.21x107?
rs78184651 C T 0.015 -0.267 ( -0.460, -0.074) 6.79 x10 3
rs78365177 T C 0.021 -0.250 ( -0.417, -0.083) 3.37x107?
1578279947 C G 0.020 -0.238 ( -0.416, -0.061) 8.56 x10 73
1rs139947562 A G 0.026 -0.233 ( -0.380, -0.085) 2.01 x1073

IS, ischemic stroke; SNPs, single nucleotide polymorphisms; Al, effect allele; A2, reference allele; MAF, minor allele frequency; B,,, genetic
nurture effects; CI, confidence interval.
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Figure 1 Genetic nurture effects, individual genetic effects and total genetic effects of 16 SNPs on IS
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SNPs Paternal genetic nurture effects Maternal genetic nurture effects n
CTNNAI
1576210266 —— 0.121 (-0.409, 0.652) | —a—— 0.602 (0.062, 1.141) 0.20
CTNNA2
rs1 17741773 —— 0.945 (0.466, 1.424) —A— 0.015 (-0.407,0.437) 63.83
1578592910 ——— 0.666 (0.214,1.118) + 0.056 (-0.296, 0.408) 11.81
1555767232 —0— 0.412 (0.074, 0.750) —a— 0.074 (-0.203,0.351) 5.58
s868032 + 0.058 (-0.032,0.147) - 0.073 (-0.014, 0.160) 0.79
rs546179372 ‘ 0.010 (-0.080, 0.101) - 0.120  (0.030, 0.210) 0.09
56547309 + 0.040 (-0.042, 0.123) - 0.095 (0.011,0.179) 0.43
15149752934 — ~0.075 (-0411,0261) —a— | -0.489 (-0.785,-0.194)  0.15
rs181654218 —o— -0.298 (-0.595, -0.002) —..—- -0.246 (-0.564,0.073) 1.21
rs10166591 -ow -0.087 (-0.181, 0.007) * -0.040 (-0.131,0.051) 2.16
CTNNA3
rs16924512 —o— 0.013 (-0.373,0.399) + 0.466  (0.054,0.877) 0.03
1579767344 -'—o— 0.265 (-0.043, 0.573) —"‘— 0.148 (-0.191,0.487) 1.79
rs78184651 —o—— -0.160 (-0.486, 0.166) + -0.373 (-0.743,-0.003) 043
578365177 —o-'— -0.118 (-0.409, 0.172) —‘— -0.381 (-0.697,-0.065)  0.31
378279947 —o—-— -0.145 (-0.450, 0.159) + -0.331 (-0.638,-0.024)  0.44
rs139947562 —o—~ -0.201 (-0.442, 0.040) e -0.264 (-0.538,0.010) 0.76

— T
-05 0 05 1.0
Effect size

————
-05 0 05 1.0
Effect size

IS, ischemic stroke; SNPs, single nucleotide polymorphisms; 7, the ratio of the absolute values of paternal genetic nurture effect to maternal genetic

nurture effect.
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Figure 2 Paternal and maternal genetic nurture effects of 16 SNPs on IS
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