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[Abstract] Objective With the deepening of global aging and neurological disorders having become
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the second leading cause of death and primary cause of disability worldwide, the prevention of neurological
disorders has emerged as an increasingly critical issue. This study employed a two-sample Mendelian
randomization (MR) analysis to evaluate the causal associations between birth weight and risk of 6 common
neurological disorders, thereby providing genetic epidemiological evidence for the early origins hypothesis of
neurological disorders. Methods This study utilized publicly available genome-wide association study
summary statistics. Genetic variants significantly associated with birth weight were selected as instrumental
variables to construct two instrumental variable sets comprising 7-single nucleotide polymorphism (SNP) and
60-SNP, respectively. The two-sample MR outcomes included Alzheimer’s disease (AD), Parkinson’s disease
(PD), multiple sclerosis, epilepsy, migraine, and cerebrovascular disease, with all relevant data obtained from
publicly available datasets on the OpenGWAS platform. Inverse variance weighting was used as the primary
analysis, with robustness validation by MR-Egger, weighted median, simple mode, and weighted mode
methods. Heterogeneity and horizontal pleiotropy were assessed using Cochran’s () test, horizontal pleiotropy
test, leave-one-out analysis, and funnel plots. Results In the 7-SNP analysis, genetically predicted low birth
weight was associated with an increased risk of multiple sclerosis, with an OR of 1. 323 (95%CI: 1. 011 to
1.732, P=0.041) obtained using inverse variance weighting. No significant causal relationships were
observed for the remaining 5 neurological disorders (AD, PD, migraine, cerebrovascular disease, and
epilepsy). In the 60-SNP analysis, the findings for multiple sclerosis were consistent in direction with the
aforementioned association and remained statistically significant, yielding an OR value of 1.319 (95%CI:
1. 006 to 1. 731, P=0. 045) by inverse variance weighting. Although PD showed negative association effects in
the weighted median and weighted mode methods, the results of inverse variance weighting did not reach
significance (OR=0. 811, 95%CI: 0. 608 to 1. 081, P=0. 154). There were no significant causal relationships
for the remaining 4 neurological disorders (AD, cerebrovascular disease, epilepsy, and migraine). Sensitivity
analyses for multiple sclerosis did not indicate significant systematic pleiotropy in either the 7-SNP and 60-
SNP models; heterogeneity increased after expanding from 7-SNP to 60-SNP, but leave-one-out analysis
demonstrated that the pooled effect was not driven by any single SNP. Conclusion Genetic evidence
supports a potential causal relationship between low birth weight and an increased risk of multiple sclerosis,
whereas no clear causal relationships are identified with AD, epilepsy, migraine, PD, or cerebrovascular
disease.
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Neurological disorders OpenGWAS ID Cases  Controls
Alzheimer’s disease ieu-b-5067 954 487 331
Parkinson’s disease ieu-b-7 33674 449056
Multiple sclerosis leu-b-18 47429 68374
Epilepsy ukb-b-1600 2326 460 684
Migraine ukb-d-G43 1072 360 122
Cerebrovascular disease  finn-b-I9_CEREBVASC 15724 303 068
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Figure 1 Three core assumptions of Mendelian randomization
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Multiple sclerosis  7-SNP

Methods nSNP 8 SE OR 95%CI P
MR Egger 6 -0.082 52 0.593 50 0.921 0.288—2.947 0.896
Simple mode 6 0.111 57 0.253 38 1.118 0.680—1.837 0.678
Weighted mode 6 0.125 74 0.217 05 1.134 0.740—1.737 0.587
Weighted median 6 0.197 15 0.170 50 1.218 0.872—1.700 0.248
Inverse variance weighted 6 0.280 30 0.137 35 1.323 1.011—1.732 0.041 *
T T A
Parkinson’ s disease 7-SNP 1 2
Methods nSNP 8 SE OR 95%CI P
MR Egger 6 —0.55554 0.67162 0.574 0.154—2.140 0.455
Simple mode 6 —0.28149 0.27009 0.755 0.445—1.281 0.345
Weighted mode 6 -0.39720 0.22300 0.672 0.434—1.041 0.135
Weighted median 6 -0.30576 0.18507 0.737 0.512—1.059 0.099 P ——
Inverse variance weighted 6 -0.19285 0.14394 0.825 0.622—1.093 0.180 —
1 1 1
) 0.5 1.0 1.5 B
Alzheimer’ s disease 7-SNP
Methods nSNP 8 SE OR  95%cCI P
MR Egger 6 0.00024 0.00328 1.000 0.994—1.007 0.944
Simple mode 6 0.00043 0.00141 1.000 0.998—1.003 0.774
Weighted mode 6 0.00020 0.00110 1.000 0.998—1.002 0.865
Weighted median 6 0.000 04 0.00095 1.000 0.998—1.002 0.969 -
Inverse variance weighted 6 0.00034 0.00078 1.000 0.999—1.002 0.663 —_——————————
1 1 ] c
Cerebrovascular disease  7-SNP 0996 1.000 1004
Methods nSNP 8 SE OR 95%C/ P
MR Egger 5 0.81081 0.602 07 0.445 0.136—1.452 0.271 T
Simple mode 5 -0.23572 0.25251 1.266 0.792—2.024 0.403
Weighted mode 5 -0.23572 0.285 46 1.266 0.722—2.220 0.455 .
Weighted median 5 -0.07103 0.14291 1.074 0.806—1.430 0.619 T
Inverse variance weighted 5 0.003 92 0.13035 0.996 0.771—1.286 0.976 |
1 1 Ll
D
Epilepsy 7-SNP 0.5 10 15
Methods nSNP 8 SE OR 95%CI P
MR Egger 6 0.000 60 0.008 37 1.001 0.984—1.017 0.946
Simple mode 6 0.00089 0.00313 1.001 0.995—1.007 0.788
Weighted mode 6 0.000 54 0.002 10 1.001 0.996—1.005 0.808 —_————
Weighted median 6 -0.00074 0.00173 0.999 0.996—1.003 0.667 —_—
Inverse variance weighted 6 -0.00172 0.00179 0.998 0.995—1.002 0.336 *
1 T T
0.99 1.00 1.01 E
Migraine 7-SNP
Methods nSNP 8 SE OR 95%CI P
MR Egger 6 —0.00115 0.004 86 0.999 0.989—1.008 0.825
Simple mode 6 0.00036 0.00190 1.000 0.997—1.004 0.856
Weighted mode 6 -0.00050 0.00165 1.000 0.996—1.003 0.771
A —
Weighted median 6 —0.00048 0.001 44 1.000 0.997—1.002 0.737
Inverse variance weighted 6 —0.000 49 0.00115 1.000 0.997—1.002 0.671
T T T T F
0.990 0.995 1.000 1.005

A: Multiple sclerosis; B: Parkinson’s disease; C: Alzheimer’s disease; D: Cerebrovascular disease; E: Epilepsy; F: Migraine
E2 7-SNPAHHAEMKFESHERFERRBH MR LR

Figure 2 Results of 7-SNP Mendelian randomization analysis for birth weight and neurological disorders
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Multiple sclerosis 60-SNP

Methods nSNP 8 SE OR  95%C/ P
MR Egger 43 -0.23361 0.48176 0.792 0.308—2.035 0.630 T
simple mode a3 003842 028991 1039 0.589—1.834 0895
Weighted mode a3 005320 0.255 64 1055 0.639—1741 0836
Weighted median a3 005193 014419 1053 0.794—1.397 0719 -
Inverse variance weighted a3 027723 013846 1319 1006—1731 0045 i
L] L] L]
0.5 1.0 15 A
Parkinson’ s disease 60-SNP
Methods nSNP 8 SE OR  95%CI P
MR Egger 45 -0.404 89 0.456 78 0.667 0.273—1.631 0.380
Simple mode 45 -0.350 15 043817 0.705 0.298—1.663 0.429
Weighted mode 45 -0.515 72 0.242 69 0597 0.371—0.961 0.039
Weighted median 45 -0.470 23 0.186 56 0.625 0.433—0.901 0.012
Inverse variance weighted 45 ~0.209 42 0.146 85 0.811 0.608—1.081 0.154
L] L] L]
04 08 12 B
Alzheimer” s disease 60-SNP
Methods nSNP 8 SE OR 95%CI P
MR Egger 50 0.000 66 0.001 42 1.001 0.998—1.003 0.643 3
Simple mode 50 ~0.000 28 0.001 55 1.000 0.997—1.003 0.856 '
Weighted mode 50 0.000 40 0.001 14 1.000 0.998—1.003 0.729 |
Weighted median 50 0.000 23 0.00073 1.000 0.999—1.002 0.754 )
P —
Inverse variance weighted 50 0.000 14 0.000 50 1.000 0.999—1.001 0.783 )
L] T T c
0.998 1.000 1.002
Cerebrovascular disease  60-SNP
Methods nSNP 8 SE OR 95%CI P
MR Egger 53 -0.043 55 0.264 63 1.045 0.622—1.755 0.870
Simple mode 53 -0.055 10 0.22811 1.057 0.660—1.691 0.810
Weighted mode 53 -0.092 34 0.23372 1.097 0.694—1.734 0.694
Weighted median 53 ~0.055 68 0.101 54 1.057 0.864—1.294 0.583
B
Inverse variance weighted 53 0.006 33 0.08155 0.994 0.847—1.166 0.938
L) L) T T
. 0.9 1.0 1.2 15 b
Epilepsy 60-SNP
Methods nSNP 8 SE OR  95%CI P
MR Egger 38 -0.00102 0.00329 0.999 0.993—1.005 0.758
Simple mode 38 0.00101 0.00290 1.001 0.995—1.007 0.729 |
Weighted mode 38 0.000 84 0.002 56 1.001 0.996—1.006 0.744 |
Weighted median 38 0.00034 0.00141 1.000 0.998—1.003 0.808 |
Inverse variance weighted 38 -0.00012 0.000 94 1.000 0.998—1.002 0.895 -
1 Ll T E
0.996 1.000 1.004
Migraine 60-SNP
Methods nSNP 8 SE OR 95%C P
MR Egger 57 -0.00141 0.002 38 0.999 0.994—1.003 0.555 :
Simple mode 57 -0.00154 0.002 04 0.998 0.994—1.002 0.452 ‘
Weighted mode 57 -0.00124 0.001 62 0.999 0.996—1.002 0.449 T
Weighted median 57 -0.000 61 0.001 04 0.999 0.997—1.001 0.556 T
Inverse variance weighted 57 -0.00011 0.000 70 1.000 0.999—1.001 0.876 I
L] L] L T T F
0.994 0.996 0.998 1.000 1.002

A: Multiple sclerosis; B: Parkinson’s disease; C: Alzheimer’s disease; D: Cerebrovascular disease; E: Epilepsy; F: Migraine
B3 60-SNPAHEGKFESHERFHRMBIIMRAHER

Figure 3 Results of 60-SNP Mendelian randomization analysis for birth weight and neurological disorders
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