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37

38 ABSTRAT

39 Objectives: To investigate the association between multimorbidity during pregnancy and 

40 neurodevelopmental delay in offspring using data from a Japanese nationwide birth 

41 cohort study. 

42 Design: This study was a prospective birth cohort study.

43 Setting: This study population included 104,059 fetal records who participated in The 

44 Japan Environment and Children’s Study (JECS) from 2011 to 2014.

45 Participants: Pregnant women whose children had undergone developmental testing 

46 were included in this analysis.

47 Primary and secondary outcome measures: Neurodevelopment of offspring were 

48 assessed using the Japanese version of the Ages and Stages Questionnaire, third edition 

49 (J-ASQ-3), comprising five developmental domains. The number of comorbidities 

50 among the pregnant women was categorized as zero, single disease, or multimorbidity 

51 (two or more diseases). Maternal chronic conditions included in multimorbidity were 

52 defined as conditions with high prevalence among women of reproductive age. A 

53 multivariate logistic regression analysis was conducted to examine the association 

54 between multimorbidity in pregnant women and offspring development.
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55 Results: Pregnant women with multimorbidity, single disease, and no disease accounted 

56 for 3.6%, 30.6%, and 65.8%, respectively. The adjusted odds ratios (ORs) of 

57 multimorbidity for neurodevelopmental delay of offspring evaluated by J-ASQ-3 

58 domains at 4 years of age were higher than those of a single disease at the same age in all 

59 domains like communication, gross motor, fine motor, problem solving, and personal-

60 social. The adjusted ORs for multimorbidity at 4 years of age were also higher than those 

61 at 6 months in all domains.

62 Conclusion: An association was observed between the number of comorbidities in 

63 pregnant women and developmental delay in offspring. Pregnant women with 

64 multimorbidities are at a higher risk of neurodevelopmental delays in their offspring. 

65 Further research is required in this regard in many other regions of the world.

66

67 Keywords

68 pregnant, women, multimorbidity, Japan, offspring, neurodevelopment, delay

69

70 Word counts

71 Abstract: 284 words; Main text,1921words

72 Tables/figures: 3 tables/2 figures
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73 References: 24 references

74

75 Strengths and limitations of this study

76  The study size was adequate for effective investigation.

77  Neurodevelopmental progress was assessed in detail using the results of eight 

78 points (6 months, 1 year, 1.5 year, 2 years, 2.5 years, 3 years, 3.5 years, and 4 

79 years).

80  Chronic diseases that are diagnosed but not treated were ruled out.

81  Infants are unable to communicate well, which renders accurate assessment of 

82 their neurodevelopment difficult.

83

84 INTRODUCTION

85 Multimorbidity is defined as the coexistence of two or more chronic diseases, whether 

86 physical or mental, in the same individual.(1) Multimorbidity is considered one of the 

87 principal challenges in older people as the incidence of chronic diseases such as 

88 hypertension, dyslipidemia, diabetes, cardiac disease, and malignant tumors, increases 

89 with age. Therefore, many studies have focused on older patients with 

90 multimorbidities.(2,3) However, diseases such as asthma, arthritis, mental disorders, and 
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91 HIV can also occur in young people. There are few studies on multimorbidity in young 

92 people,(4) including pregnant women.(5,6) Maternal physical morbidities, such as 

93 hypertension, kidney disease, and systemic lupus erythematosus, are potential risk factors 

94 for preterm birth (PTB) and low birth weight infants (LBW).(7) Moreover, maternal 

95 mental and social morbidities have also been associated with PTB and LBW.(7) Previous 

96 studies also reported the relationship between maternal environment such as maternal 

97 asthma, maternal intake of fats, maternal and cord blood Mn levels and child 

98 development.(8–10)

99 Infancy is considered to be the period in which language, cognition, motor skills, 

100 and socioemotional domains form the basis for subsequent social participation.(11) It is 

101 essential to receive appropriate support, early detection, and intervention during this 

102 period.(12) Although maternal nutritional status, certain diseases, and blood substances 

103 can affect the neurodevelopment of offspring(8–11), the impacts of multimorbidity in 

104 pregnant women on the neurodevelopment of offspring has not been extensively 

105 studied.(5,6) A major difference between previous reports and this study was the 

106 investigation of the association between multiple diseases of pregnant women and child 

107 neurodevelopment; previous reports have mainly focused on the relationship between a 

108 single disease or single substance in pregnant women and child neurodevelopment. 
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109 The present study aimed to investigate the association between multimorbidity 

110 during pregnancy and neurodevelopmental delay in offspring (every 6 months from birth 

111 to age 4 years) using data from an ongoing nationwide birth cohort, namely the Japan 

112 Environment and Children’s Study (JECS)(13); the neurodevelopment of the participants 

113 was evaluated using the Japanese version of the Ages and Stages Questionnaires, Third 

114 Edition: Infant Developmental Examination (ASQ-3).(14)

115

116 METHODS

117 Study population

118 The JECS is a nationwide and government-funded birth cohort study that started 

119 recruiting expecting mothers in January 2011.(13); the primary objective was to 

120 investigate environmental factors such as exposure to chemicals and airborne pollutants 

121 that can affect children’s health and development during the fetal stage and early 

122 childhood, in order to help policymakers to formulate measures to safeguard the 

123 environment for future generations.(15) The study population included 104,059 fetal 

124 records who participated in JECS from 2011 to 2014. A flowchart of the study participants 

125 is presented in the Figure 1 . The exclusion criteria included: miscarriage, stillbirth, or 

126 unknown birth outcomes (n = 2,123). Second, participants with multiple births, 
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127 pregnancies with chromosomal abnormalities, participated for the second time and more, 

128 and missing information about drug history, domestic violence, maternal infection, or 

129 maternal BMI were excluded (n = 13,377). Moreover, pregnant women whose children 

130 were not tested using the ASQ-3 once from 6 months to 4 years old (n=4,046) were 

131 excluded. Finally, a total of 82,877 pregnant women were included in the analysis.

132 Figure 1. Fetal records selection flow chart

133

134 Ethics

135 The JECS protocol was reviewed and approved by the Ministry of the Environment’s 

136 Institutional Review Board on Epidemiological Studies and the Ethics Committees of all 

137 participating institutions (No. 100910001).(13) The JECS was performed following the 

138 Declaration of Helsinki. All the participants provided written informed consent.

139

140 Patient and Public Involvement statement

141 This study did not involve patients or public.

142

143 Assessment of pregnant multimorbidity

144 In this study, multimorbidity was defined as the coexistence of two or more physical, 
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145 mental, or social conditions in an individual according to previous reports.(7) Maternal 

146 chronic conditions included in multimorbidity were defined as conditions with high 

147 prevalence among women of reproductive age.(7) To identify pregnant women with 

148 disease more rigorously, the diseases of pregnant women were defined as those that were 

149 medically treated at the time of pregnancy. Information was collected through self-reports, 

150 medical record transcripts, and medication interviews. The targeted diseases included 

151 allergic diseases, such as asthma, anemia, diabetes mellitus, dyslipidemia, epilepsy, 

152 gastric or duodenal ulcers, heart disease, hepatitis, human immunodeficiency virus (HIV) 

153 infection, hypertension, inflammatory bowel disease, kidney disease, malignancy, 

154 migraine, neurologic disease, other sexually transmitted diseases (Chlamydia trachomatis 

155 and syphilis), mental disorders, rheumatic or collagen diseases, and thyroid disease. 

156 Having an episode of domestic violence, substance abusing, being obese (BMI ≥25), and 

157 being thin (BMI <18.5) were each defined as one disease. Pregnant women with two or 

158 more of these diseases during pregnancy were defined as having multimorbidities.

159

160 Assessment of neurodevelopment of offspring

161 Score results from the Japanese version of the ASQ-3 (Ages and Stages Questionnaires, 

162 Third Edition: Infant Development Test) at 6 months, 1 year, 1.5 years, 2 years, 2.5 years 
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163 and, 3 years, 3.5 years, and 4 years were used to evaluate neurodevelopmental 

164 measures.(15) These scores were obtained by mailed questionnaire survey filled by 

165 caregivers. Neurodevelopmental assessments were performed in the domains of 

166 communication, gross motor, fine motor, problem solving, and personal-social. Offspring 

167 with scores below the cut-off were defined as having neurodevelopmental delays. The 

168 cut-off values were those reported in the Japanese validation version.(14)

169

170 Covariates

171 The covariates were: maternal age at birth, parity, alcohol consumption status, smoking 

172 status, educational attainment, household income, and sex of the child; they were selected 

173 based on previous studies.(7,10)

174

175 Statistical analysis

176 This study used the dataset jecs-ta-20190930 and jecs-qa-20210401 from JECS. STATA

177 Ⓡ(MP17 ) and RⓇ(version 4.2.2) were used for statistical analysis. Multivariate logistic 

178 regression analysis was performed to determine the adjusted odds ratios (ORs). The 

179 objective variable was neurodevelopment of the offspring, and the explanatory variable 

180 was multimorbidity in pregnant women. The covariates were: maternal age at birth, 
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181 alcohol consumption status, smoking status, educational attainment, household income, 

182 sex of the child, and number of births. Multiple imputation methods were performed using 

183 R to impute the missing values. Other analyses were performed using the STATA 

184 software.

185

186 RESULTS

187 The characteristics of the pregnant women analyzed in this study are presented in Table 

188 1. Pregnant women with multimorbidity, single disease, and no disease accounted for 

189 3.6% (n = 3,001), 30.6% (n = 25,341), and 65.8% (n = 54,535), respectively. Household 

190 income of 2–7.99 million/year was accounted for 84.7%; n = 70,184. In total, 51.4% (n = 

191 42,563) and 48.6% (n = 40,314) of the offspring were male and female, respectively. 

192 After pregnancy, 4.1 % (n = 3, 408) and 2.7 % (n = 2, 253) of pregnant women had 

193 smoking and drinking habits, respectively.

194 Table 1. Characteristics of pregnant women and their offspring (n = 82,877)

Characteristics 　 n %
Number of coexist 
disease

　 　 　 　

0 54,535 65.8 
1 25,341 30.6 
≧2 3,001 3.6 

Mother age at birth 　 　 　
<24 7,815 9.4 
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25-29 22,721 27.4 
30-34 29,555 35.7 
35-39 18,940 22.9 

　 ≧40 3,846 　 4.6 
Parity

0 36,302 43.8 
1 30,646 37.0 
≧2 15,929 19.2 

Mother education 　 　 　
Junior high school 3,630 4.4 
High school 25,917 31.3 
Vocational junior or technical 
college

35,323 42.6 

　 ≧University 18,007 　 21.7 
Maternal smoking habits

Non-smoking or exit-smoking 
before pregnancy

68,145 82.2 

Exit-smoking after pregnancy 11,324 13.7 
Still-smoking 3,408 4.1 

Maternal drinking habits 　 　 　
Non-drinker 41,481 50.1 
Exit drinking after pregnancy 39,143 47.2 

　 drinking 2,253 　 2.7 
Annual household 
income (10,00 JPY)

<200 4,193 5.1 
200-399 28,476 34.4 
400-599 28,663 34.6 
600-799 13,045 15.7 
800-999 5,233 6.3 
1000-1199 1,870 2.3 
1200-1499 735 0.9 
1500-1999 427 0.5 
≧2000 235 0.3 

Child sex 　 　 　 　
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boys 42,563 51.4 
　 girls 40,314 　 48.6 

195

196 The prevalence of 23 maternal diseases are described in supplemental table 1. 

197 Maternal underweight (BMI <18.5) (15.6%) was the most frequently observed chronic 

198 conditions, followed by maternal obesity (BMI ≥25) (10.7%). The most frequent diseases 

199 on medication were allergic diseases (3.1%), other sexually transmitted diseases (1.3%), 

200 anemia (0.7%), mental disorders (0.7%) and thyroid disease (0.7%).

201 The prevalence of neurodevelopmental delay in offspring are presented in Table 

202 2. The prevalence of communication delays at 6 months and 1 year was significantly 

203 lower than that of the others.

204 Table 2. Prevalence of neurodevelopment delay of offspring

Communicatio
n

Gross 
motor

Fine 
motor

Problem 
solving Personal-social

Age

Number of 
maternal 

comorbidit
y n % n % n % n % n %

6 months 0 318 0.4 
5,54

0 6.7 
2,78

8
3.
4 5,675 6.8 

1,89
8 2.3 

1 123 0.1 
2,60

3 3.1 
1,23

7
1.
5 2,596 3.1 891 1.1 

　 2 19 0.02 316 0.4 137
0.
2 294 0.4 101 0.1 

1 year 0 54 0.1 
2,71

1 3.3 
2,74

3
3.
3 2,478 3.0 566 0.7 

1 31 0.04 
1,32

4 1.6 
1,38

3
1.
7 1,226 1.5 282 0.3 
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　 2 6 0.01 148 0.2 154
0.
2 172 0.2 57 0.1 

1 half 
years 0 1,091 1.3 

2,13
8 2.6 

2,00
0

2.
4 1,831 2.2 

1,20
9 1.5 

1 528 0.6 
1,10

0 1.3 984
1.
2 949 1.1 564 0.7 

　 2 76 0.1 148 0.2 156
0.
2 128 0.2 78 0.1 

2 years 0 1,851 2.2 
2,81

6 3.4 
1,06

0
1.
3 2,106 2.5 

1,40
0 1.7 

1 1,048 1.3 
1,47

4 1.8 590
0.
7 1,004 1.2 706 0.9 

　 2 147 0.2 176 0.2 84
0.
1 122 0.1 99 0.1 

2 half 
years 0 2,445 3.0 

2,04
2 2.5 

2,69
6

3.
3 2,708 3.3 

1,63
4 2.0 

1 1,376 1.7 
1,08

6 1.3 
1,38

9
1.
7 1,445 1.7 860 1.0 

　 2 199 0.2 132 0.2 186
0.
2 187 0.2 112 0.1 

3 years 0 1,901 2.3 
2,03

7 2.5 
3,49

2
4.
2 3,406 4.1 

1,60
3 1.9 

1 1,030 1.2 
1,10

2 1.3 
1,84

3
2.
2 1,783 2.2 861 1.0 

　 2 164 0.2 144 0.2 245
0.
3 260 0.3 122 0.1 

3 half 
years 0 2,873 3.5 

2,02
0 2.4 

2,52
2

3.
0 2,689 3.2 

2,13
0 2.6 

1 1,467 1.8 
1,09

8 1.3 
1,34

1
1.
6 1,508 1.8 

1,17
1 1.4 

　 2 219 0.3 155 0.2 182
0.
2 218 0.3 154 0.2 

4 years 0 2,157 2.6 
2,59

7 3.1 
3,03

8
3.
7 1,733 2.1 

2,62
9 3.2 

1 1,118 1.3 
1,34

7 1.6 
1,65

1
2.
0 977 1.2 

1,36
2 1.6 
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　 2 166 0.2 177 0.2 239
0.
3 145 0.2 194 0.2 

205

206 The results of the multivariate logistic regression analysis conducted on the 

207 number of comorbidities in pregnant women and the neurodevelopment of offspring are 

208 shown in Table 3 and Figure 2. Except at 6 months, the ORs were more than 1 for any of 

209 the following items: communication, gross motor, fine motor, problem solving, and 

210 personal and social. The ORs at 6 months were lower than those at other ages for all items, 

211 both single disease comorbidity and multimorbidity. ORs tended to be higher with 

212 increasing age of the offspring, and the ORs for all items were higher at 4 years than at 6 

213 months for both single-disease coexistence and multimorbidity. The ORs for single 

214 disease comorbidities ranged from 0.85 to 1.28. The OR range for multimorbidity was 

215 0.95–2.29, and that at 4 years of age was 1.30–1.40 for all domains.

216 Table 3. Adjusted odds ratio for developmental delay of offspring for 

217 multimorbidity during pregnancy by logistic regression. 

　 Communication Gross motor Fine motor problem solving Personal-social

Age Adjusted OR(95% CI) Adjusted OR(95% CI) Adjusted OR(95% CI) Adjusted OR(95% CI) Adjusted OR(95% CI)

　

Single 

disease
Multimorbidity

Single 

disease
Multimorbidity

Single 

disease
Multimorbidity

Single 

disease
Multimorbidity

Single 

disease
Multimorbidity

6 months 0.85 (0.69 

- 1.05)

1.14 (0.71 - 

1.81)

1.03 

(0.98 - 

1.08)

1.08 (0.96 - 

1.22)

0.99 

(0.92 - 

1.06)

0.95 (0.8 - 

1.14)

1.01 

(0.96 - 

1.06)

0.98 (0.86 - 

1.11)

1.02 

(0.94 - 

1.11)

0.99 (0.8 - 

1.21)
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1year 1.28 (0.82 

- 1.99)

2.29 (0.98 - 

5.36)

1.09 

(1.02 - 

1.16)

1.08 (0.91 - 

1.28)

1.10 

(1.03 - 

1.18)

1.05 (0.89 - 

1.24)

1.08 

(1.01 - 

1.16)

1.32 (1.12 - 

1.55)

1.08 

(0.94 - 

1.25)

1.90 (1.44 - 

2.50)

1half 

years
1.04 (0.94 

- 1.16)

1.29 (1.02 - 

1.64)

1.13 

(1.05 - 

1.22)

1.34 (1.13 - 

1.59)

1.05 

(0.97 - 

1.14)

1.42 (1.20 - 

1.68)

1.12 

(1.04 - 

1.22)

1.31 (1.09 - 

1.57)

1.02 

(0.92 - 

1.13)

1.23 (0.97 - 

1.56)

2years 1.21 (1.12 

- 1.30)

1.42 (1.19 - 

1.69)

1.15 

(1.08 - 

1.23)

1.21 (1.03 - 

1.41)

1.19 

(1.08 - 

1.32)

1.42 (1.13 - 

1.78)

1.04 

(0.96 - 

1.12)

1.09 (0.9 - 

1.32)

1.09 

(0.99 - 

1.19)

1.31 (1.06 - 

1.61)

2half 

years
1.19 (1.11 

- 1.27)

1.42 (1.22 - 

1.65)

1.17 

(1.09 - 

1.26)

1.26 (1.05 - 

1.51)

1.11 

(1.04 - 

1.19)

1.28 (1.09 - 

1.49)

1.14 

(1.07 - 

1.22)

1.23 (1.05 - 

1.44)

1.14 

(1.04 - 

1.24)

1.26 (1.04 - 

1.54)

3years 1.14 (1.05 

- 1.23)

1.48 (1.25 - 

1.75)

1.19 

(1.10 - 

1.28)

1.37 (1.15 - 

1.63)

1.13 

(1.06 - 

1.19)

1.26 (1.10 - 

1.45)

1.12 

(1.06 - 

1.19)

1.39 (1.22 - 

1.59)

1.13 

(1.04 - 

1.24)

1.33 (1.10 - 

1.61)

3half 

years
1.04 (0.98 

- 1.11)

1.24 (1.07 - 

1.44)

1.18 

(1.10 - 

1.28)

1.46 (1.23 - 

1.73)

1.12 

(1.04 - 

1.20)

1.26 (1.07 - 

1.47)

1.19 

(1.11 - 

1.27)

1.42 (1.22 - 

1.64)

1.18 

(1.09 - 

1.27)

1.30 (1.09 - 

1.54)

4years 1.10 (1.02 

- 1.18)

1.35 (1.14 - 

1.59)

1.13 

(1.06 - 

1.21)

1.30 (1.11 - 

1.52)

1.15 

(1.08 - 

1.22)

1.37 (1.19 - 

1.58)

1.18 

(1.08 - 

1.27)

1.42 (1.19 - 

1.69)

1.11 

(1.03 - 

1.18)

1.32 (1.14 - 

1.54)

218 Models were adjusted for maternal age at birth, parity, history of alcohol consumption, 

219 history of smoking, maternal educational attainment, sex of child, household income, and 

220 sex of child.

221

222 Figure 2. Adjusted odds ratio for developmental delay of offspring for 

223 multimorbidity during pregnancy by logistic regression. 

224 Models were adjusted for maternal age at birth, parity, history of alcohol consumption, 

225 history of smoking, maternal educational attainment, sex of child, household income, and 
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226 sex of child. Error bars indicate 95% confidence intervals.

227 *95% confidence interval: 0.98 – 5.3

228

229 DISCUSSION

230 This investigation showed significant associations between multimorbidities in pregnant 

231 women and delayed neurodevelopment in the offspring. The ORs were higher for most 

232 of the neurodevelopmental items in pregnant women with multimorbidities than in those 

233 with a single disease. This study is the first to highlight the significance of the association 

234 between multimorbidity in pregnant women and the neurodevelopment in the offspring, 

235 despite the existence of reports on the association between specific diseases, such as 

236 asthma, chronic inflammatory arthritis, depression, thyroid conditions, diabetes, and 

237 epilepsy, in pregnant women and the neurodevelopment of their children.(8,16–18) As 

238 the number of comorbidities in pregnant women increases, the factors contributing to 

239 neurodevelopmental delay in the offspring may increase. In the future, health education 

240 and treatment in terms of the number of comorbidities during pregnancy should be 

241 considered. 

242 The ORs for neurodevelopmental delay increased with the increase in the  

243 offspring's age. This may have been caused by the increasing accuracy of the assessment 
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244 as the offspring aged. An accurate assessment of neurodevelopment cannot be made until 

245 the child has grown to a certain age.(19) Parents' assessments of their children's 

246 neurodevelopment may not be established until a certain period of parenting time. 

247 Neurodevelopmental delays may have been caused by social factors.(20) It has been 

248 reported that depressed mothers tend to form family environments that are socially and 

249 economically disadvantageous to their children.(21) Pregnant women with 

250 multimorbidities and certain mental diseases may have tended to form socioeconomically 

251 undesirable family environments.(22) Further, a great deal of the brain’s ultimate 

252 structure and capacity is shaped up to 3 years of age.(11) Neurodevelopmental delays in 

253 children may have gradually appeared as a result of the undesirable family environment. 

254 This study has few limitations. First, Pregnant women with diagnoses but no 

255 medication were not included in the disease sample in this study, with the exception of 

256 domestic violence, obese, and skinny women. The criterion for disease was defined as the 

257 presence of medication; the number of pregnant women with disease may have been 

258 higher if the study had been conducted using different criteria. Some have criticized the 

259 definition of multimorbidity as simply having more than one disease, which would 

260 include a large population.(23) In the future, a definition of multimorbidity that is suitable 

261 for the target community will be required since the significant diseases and conditions 
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262 vary depending on the target population.(23) Second, it was difficult in this study to 

263 discuss the biological mechanisms of the association between multimorbidity and 

264 neurodevelopmental delay. The association between various diseases and 

265 neurodevelopmental delays has been reported in previous studies.(8,16–18,24) Further 

266 studies on disease characteristics and disease combinations may allow for hypotheses to 

267 be made regarding the biological mechanisms underlying the association between 

268 multimorbidity and neurodevelopmental delay. Third, as participants in the JECS were 

269 only collaborators, selection bias may have occurred.(15) The prevalence of 

270 multimorbidity and the results of the association between multimorbidity and 

271 neurodevelopmental delay might have been different if the study design included 

272 pregnant women who did not participate in the JECS. The number of pregnant women 

273 with multimorbidities would increase and the results of the effects on the 

274 neurodevelopment of the children might be different if all pregnant women and children 

275 registered in the administration were included in the study.

276 Previous reports on multimorbidities in pregnant women have focused on its 

277 prevalence and impact on pregnant women themselves.(5–7) This study is a new report 

278 in terms of the effect of multimorbidity in pregnant women on their offspring and 

279 provides important recommendations regarding the health of pregnant women.
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280 This study demonstrated an association between multimorbidities in pregnant 

281 women and neurodevelopmental delays in their offspring in Japan. To clarify its 

282 mechanisms and effects, researches need to done in other regions of the world.
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428 Figure legends

Fetal records (n= 104,059)

Exclusion (n =3,759)

・Miscarriage (n = 1,254)

・stillbirth (n = 382)

・Unknown birth outcome (n = 2,123)

n = 100,300

Exclusion (n = 13,377)

・Multiple pregnancies (n = 1,891)

・Pregnancies with chromosomal abnormality (n = 223)

・Second or later participation (n = 5,550)
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・Missing value of drug use information (n = 2,337)

・Missing value of domestic violence from partner (n = 1,856)

・Missing value of maternal infection (n = 3,015)

・Missing value of maternal body mass index (n = 133)

n = 86,923

Exclusion (n = 4,046)

・ASQ-3 not done

Analyzed fetal records (n = 82,877)

429 Figure 1. Participants selection flow chart

430

431 Figure 2. Adjusted odds ratio for developmental delay of offspring for 
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432 multimorbidity during pregnancy by logistic regression. 

433 Models were adjusted for maternal age at birth, parity, history of alcohol consumption, 

434 history of smoking, maternal educational attainment, sex of child, household income, and 

435 sex of child. Error bars indicate 95% confidence intervals.

436 *95% confidence interval: 0.98 – 5.3

440
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・Missing value of domestic violence from partner (n = 1,856)

・Missing value of maternal infection (n = 3,015)

Exclusion (n = 4,046)

Exclusion (n = 13,377)

・Multiple pregnancies (n = 1,891)

・Pregnancies with chromosomal abnormality (n = 223)

・Second or later participation (n = 5,550)

・Missing value of drug use information (n = 2,337)

n = 86,923

Analyzed fetal records (n = 82,877)

Figure 1. Fetal records selection flow chart

・Missing value of maternal body mass index (n = 133)

・ASQ-3 not done

・Miscarriage (n = 1,254)

・stillbirth (n = 382)

・Unknown birth outcome (n = 2,123)

Fetal records (n= 104,059)

n = 100,300

Exclusion (n =3,759)
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For peer review onlyFigure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy by logistic regression.

 Models were adjusted for maternal age at birth, parity, history of alcohol consumption,

history of smoking, maternal educational attainment, sex of child, household income, and

sex of child. Error bars indicate 95% confidence intervals.

*95% confidence interval: 0.98 – 5.3
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Supplemental Table 1. Prevalence of 23 maternal diseases

Condition n %

Abnormal pre-pregnancy BMI

  Underweight (BMI <18.5 kg/m2) 12,889 15.6

  Obesity (BMI >25.0 kg/m2) 8,848 10.7

Allergic disease 2,557 3.1

Anaemia 592 0.7

Diabetes mellitus 124 0.2

Domestic violence 3,632 4.4

Dyslipidaemia 6 0.01

Epilepsy 122 0.2

Gastric or duodenal ulcer 285 0.3

Heart disease 7 0.01

Hepatitis 5 0.01

HIV infection 7 0.01

Hypertension 83 0.1

Inflammatory bowel disease 16 0.02

Kidney disease 17 0.02

Malignancy 0 0

Migraine 41 0.05

Neurological disease 0 0

Other sexually transmitted diseases 1,089 1.3

Mental disorder 550 0.7

Rheumatic or collagen disease 91 0.1

Substance abuse 1 0.001

Thyroid disease 614 0.7

BMI, body mass index.
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2

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

15,16

(b) Report category boundaries when continuous variables were categorized -

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

-

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

-

Discussion
Key results 18 Summarise key results with reference to study objectives 17

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

18,19

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

19,20

Generalisability 21 Discuss the generalisability (external validity) of the study results 20

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

21,22

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.

Page 36 of 35

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only
Association between maternal multimorbidity and 

neurodevelopment of offspring: a prospective birth cohort 
study from the Japan Environment and Children’s Study

Journal: BMJ Open

Manuscript ID bmjopen-2023-082585.R1

Article Type: Original research

Date Submitted by the 
Author: 24-Apr-2024

Complete List of Authors: Akagi, Takanobu; Asahikawa Medical University, Division of Public Health 
and Epidemiology, Department of Social Medicine
Saijo, Yasuaki; Asahikawa Medical University, Division of Public Health 
and Epidemiology, Department of Social Medicine
Yoshioka, Eiji ; Asahikawa Medical University, Division of Public Health 
and Epidemiology, Department of Social Medicine
Sato, Yukihiro; Asahikawa Medical University, Division of Public Health 
and Epidemiology, Department of Social Medicine
Nakanishi, Kentaro; Asahikawa Medical University, Department of 
Obstetrics and Gynecology
Kato, Yasuhito; Asahikawa Medical University, Department of Obstetrics 
and Gynecology; Asahikawa Medical University, Department of Social 
Medicine
Nagaya, Ken; Asahikawa Medical University Hospital, Division of 
Neonatology, Perinatal Medical Center
Takahashi, Satoru; Asahikawa Medical University, Department of 
Pediatrics
Ito, Yoshiya; Japanese Red Cross Hokkaido College of Nursing, Faculty of 
Nursing
Iwata, Hiroyoshi; Hokkaido University, Center for Environmental and 
Health Sciences
Yamaguchi, Takeshi; Hokkaido University, Center for Environmental and 
Health Sciences; Hokkaido University Hospital, Department of Pediatrics
Miyashita, Chihiro; Hokkaido University, Center for Environmental and 
Health Sciences
Ito, Sachiko; Hokkaido University, Center for Environmental and Health 
Sciences
Kishi, Reiko; Hokkaido University, Center for Environmental and Health 
Sciences
group, The Japan Environment ; National Institute for Environmental 
Studies, Tsukuba city, Ibaraki, Japan

<b>Primary Subject 
Heading</b>: Public health

Secondary Subject Heading: Obstetrics and gynaecology, Paediatrics

Keywords: PUBLIC HEALTH, Maternal medicine < OBSTETRICS, Paediatric neurology 
< PAEDIATRICS, Multimorbidity, Pregnant Women

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

 

Page 1 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 2 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

1 Title: Association between maternal multimorbidity and neurodevelopment of 

2 offspring: a prospective birth cohort study from the Japan Environment and 

3 Children’s Study

4

5 Author names

6 Takanobu Akagia, Yasuaki Saijoa, Eiji Yoshiokaa, Yukihiro Satoa, Kentaro Nakanishib, 

7 Yasuhito Katob, Ken Nagayac, Satoru Takahashid, Yoshiya Itoe, Hiroyoshi Iwataf, 

8 Takeshi Yamaguchif, Chihiro Miyashitaf, Sachiko Itohf, Reiko Kishif, the Japan 

9 Environment and Children’s Study (JECS) Groupg

10

11 Author affiliations

12 aDivision of Public Health and Epidemiology, Department of Social Medicine, 

13 Asahikawa Medical University, 1-1-1, Midorigaoka higashi2-jo, Asahikawa, Hokkaido 

14 078-8510, Japan

15 bDepartment of Obstetrics and Gynecology, Asahikawa Medical University, Asahikawa, 

16 1-1-1, Midorigaoka higashi2-jo, Asahikawa, Hokkaido 078-8510, Japan

17 cDivision of Neonatology, Perinatal Medical Center, Asahikawa Medical University 

18 Hospital, 1-1-1, Midorigaoka higashi2-jo, Asahikawa, Hokkaido 078-8510, Japan

Page 3 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

19 dDepartment of Pediatrics, Asahikawa Medical University, 1-1-1, Midorigaoka 

20 higashi2-jo, Asahikawa, Hokkaido 078-8510, Japan

21 eFaculty of Nursing, Japanese Red Cross Hokkaido College of Nursing, 664-1, 

22 Akebono-cho, Kitami, Hokkaido 090-0011, Japan

23 fCenter for Environmental and Health Sciences, Hokkaido University, Kita12-jo, 

24 Nishi7-chome, Kita-ku, Sapporo, Hokkaido 060-0812, Japan

25 gMembers of the Japan Environment and Children’s Study Group are listed in the 

26 Appendices.

27

28 Corresponding author

29 Yasuaki Saijo

30 Division of Public Health and Epidemiology, Department of Social Medicine, 

31 Asahikawa Medical University

32 078-8510, 1-1-1, Midorigaoka higashi2-jo, Asahikawa, Hokkaido, Japan

33 Tel: +81-166-68-2402

34 Email: y-saijo@asahikawa-med.ac.jp

35

36 ABSTRAT

Page 4 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

37 Objectives: To investigate the association between multimorbidity during pregnancy 

38 and neurodevelopmental delay in offspring using data from a Japanese nationwide birth 

39 cohort study. 

40 Design: This study was a prospective birth cohort study.

41 Setting: This study population included 104,059 fetal records who participated in The 

42 Japan Environment and Children’s Study (JECS) from 2011 to 2014.

43 Participants: Pregnant women whose children had undergone developmental testing 

44 were included in this analysis.

45 Primary and secondary outcome measures: Neurodevelopment of offspring were 

46 assessed using the Japanese version of the Ages and Stages Questionnaire, third edition 

47 (J-ASQ-3), comprising five developmental domains. The number of comorbidities 

48 among the pregnant women was categorized as zero, single disease, or multimorbidity 

49 (two or more diseases). Maternal chronic conditions included in multimorbidity were 

50 defined as conditions with high prevalence among women of reproductive age. A 

51 multivariate logistic regression analysis was conducted to examine the association 

52 between multimorbidity in pregnant women and offspring development.

53 Results: Pregnant women with multimorbidity, single disease, and no disease accounted 

54 for 3.6%, 30.6%, and 65.8%, respectively. The Odds Ratios (ORs) for single disease 
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55 comorbidities ranged from 0.85 (95% Confidence Interval [CI] 0.69–1.05) to 1.28 (95% 

56 Cl 0.82–1.99), and they had no statistical significance. However, the OR range for 

57 multimorbidity was 0.95 (95% CI 0.80–1.14) to 2.29 (95% CI 0.98–5.36), which was 

58 statistically significant, and, restricted among 4 years of age, they ranged from 1.30 

59 (95% CI 1.11–1.52) to 1.42 (95% CI 1.19–1.69) with all statistical significances. 

60 Conclusion: An association was observed between the number of comorbidities in 

61 pregnant women and developmental delay in offspring. Pregnant women with 

62 multimorbidities are at a higher risk of neurodevelopmental delays in their offspring. 

63 Further research is required in this regard in many other regions of the world.

64

65 Keywords

66 pregnant, women, multimorbidity, Japan, offspring, neurodevelopment, delay

67

68 Word counts

69 Abstract: 286 words; Main text, 2,492 words

70 Tables/figures: 3 tables/2 figures

71 References: 27 references
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73 Strengths and limitations of this study

74  The study size was adequate for effective investigation.

75  Neurodevelopmental progress was assessed in detail using the results of eight 

76 points (6 months, 1 year, 1.5 year, 2 years, 2.5 years, 3 years, 3.5 years, and 4 

77 years).

78  Chronic diseases that were diagnosed but not treated were ruled out.

79  Infants were unable to communicate well, which renders accurate assessment of 

80 their neurodevelopment difficult.

81

82 INTRODUCTION

83 Multimorbidity is defined as the coexistence of two or more chronic diseases, whether 

84 physical or mental, in the same individual.(1) Multimorbidity is considered one of the 

85 principal challenges in older people as the incidence of chronic diseases such as 

86 hypertension, dyslipidemia, diabetes, cardiac disease, and malignant tumors, increases 

87 with age. Therefore, many studies have focused on older patients with 

88 multimorbidities.(2,3) However, diseases such as asthma, arthritis, mental disorders, 

89 and HIV can also occur in young people. There are few studies on multimorbidity in 

90 young people,(4) including pregnant women.(5,6) Maternal physical morbidities, such 
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91 as hypertension, kidney disease, and systemic lupus erythematosus, are potential risk 

92 factors for preterm birth (PTB) and low birth weight infants (LBW).(7) Moreover, 

93 maternal mental and social morbidities have also been associated with PTB and 

94 LBW.(7) Previous studies also reported the relationship between maternal environment 

95 such as maternal asthma, maternal intake of fats, maternal and cord blood Manganese 

96 levels and child development.(8–10)

97 Infancy is considered to be the period in which language, cognition, motor 

98 skills, and socioemotional domains form the basis for subsequent social 

99 participation.(11) It is essential to receive appropriate support, early detection, and 

100 intervention during this period.(12) Although maternal nutritional status, certain 

101 diseases, and blood substances can affect the neurodevelopment of offspring(8–11), the 

102 impacts of multimorbidity in pregnant women on the neurodevelopment of offspring 

103 has not been extensively studied.(5,6) A major difference between previous reports and 

104 this study was the investigation of the association between multiple diseases of pregnant 

105 women and child neurodevelopment; previous reports have mainly focused on the 

106 relationship between a single disease or single substance in pregnant women and child 

107 neurodevelopment. 

108 The present study aimed to investigate the association between multimorbidity 
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109 during pregnancy and neurodevelopmental delay in offspring (every 6 months from 

110 birth to age 4 years) using data from an ongoing nationwide birth cohort, namely the 

111 Japan Environment and Children’s Study (JECS)(13); the neurodevelopment of the 

112 participants was evaluated using the Japanese version of the Ages and Stages 

113 Questionnaires, Third Edition: Infant Developmental Examination (ASQ-3).(14)

114

115 METHODS

116 Study population

117 The JECS is a nationwide and government-funded birth cohort study that started 

118 recruiting expecting mothers in January 2011.(13); the primary objective was to 

119 investigate environmental factors such as exposure to chemicals and airborne pollutants 

120 that can affect children’s health and development during the fetal stage and early 

121 childhood, in order to help policymakers to formulate measures to safeguard the 

122 environment for future generations.(15) The study population included 104,059 fetal 

123 records who participated in JECS from 2011 to 2014. A flowchart of the study 

124 participants is presented in the Figure 1. The exclusion criteria included: miscarriage, 

125 stillbirth, or unknown birth outcomes (n = 2,123). Second, participants with multiple 

126 births, pregnancies with chromosomal abnormalities, participated for the second time 
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127 and more, and missing information about drug history, domestic violence, maternal 

128 infection, or maternal BMI were excluded (n = 13,377). Moreover, pregnant women 

129 whose children were not tested using the ASQ-3 once from 6 months to 4 years old 

130 (n=4,046) were excluded. Finally, a total of 82,877 pregnant women were included in 

131 the analysis.

132

133 Ethics

134 The JECS protocol was reviewed and approved by the Ministry of the Environment’s 

135 Institutional Review Board on Epidemiological Studies and the Ethics Committees of 

136 all participating institutions (No. 100910001).(13) The JECS was performed following 

137 the Declaration of Helsinki. All the participants provided written informed consent.

138

139 Patient and Public Involvement statement

140 This study did not involve patients or public.

141

142 Assessment of pregnant multimorbidity

143 In this study, multimorbidity was defined as the coexistence of two or more physical, 

144 mental, or social conditions in an individual according to previous reports.(7) Maternal 
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145 chronic conditions included in multimorbidity were defined as conditions with high 

146 prevalence among women of reproductive age.(7) To identify pregnant women with 

147 disease more rigorously, the diseases of pregnant women were defined as those that 

148 were medically treated at the time of pregnancy. Information was collected through self-

149 reports, medical record transcripts, and medication interviews. The targeted diseases 

150 included allergic diseases, such as asthma, anemia, diabetes mellitus, dyslipidemia, 

151 epilepsy, gastric or duodenal ulcers, heart disease, hepatitis, human immunodeficiency 

152 virus (HIV) infection, hypertension, inflammatory bowel disease, kidney disease, 

153 malignancy, migraine, neurologic disease, other sexually transmitted diseases 

154 (Chlamydia trachomatis and syphilis), mental disorders, rheumatic or collagen diseases, 

155 and thyroid disease. Having an episode of domestic violence, substance abusing, being 

156 obese (BMI ≥25), and being thin (BMI <18.5) were each defined as one disease. We 

157 used maternal pre-pregnancy body weight data for analysis. Pregnant women with two 

158 or more of these diseases during pregnancy were defined as having multimorbidities.

159

160 Assessment of neurodevelopment of offspring

161 Score results from the Japanese version of the ASQ-3 (Ages and Stages Questionnaires, 

162 Third Edition: Infant Development Test) at 6 months, 1 year, 1.5 years, 2 years, 2.5 
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163 years and, 3 years, 3.5 years, and 4 years were used to evaluate neurodevelopmental 

164 measures.(15) These scores were obtained by mailed questionnaire survey filled by 

165 caregivers. Neurodevelopmental assessments were performed in the domains of 

166 communication, gross motor, fine motor, problem solving, and personal-social. 

167 Offspring with scores below the cut-off were defined as having neurodevelopmental 

168 delays. The cut-off values were those reported in the Japanese validation version.(14)

169

170 Covariates

171 The covariates were: maternal age at birth, parity, alcohol consumption status, smoking 

172 status, educational attainment, household income, and sex of the child; they were 

173 selected based on previous studies.(7,10)

174

175 Statistical analysis

176 This study used the dataset jecs-ta-20190930 and jecs-qa-20210401 from JECS. 

177 STATA Ⓡ  (MP17 ) and R Ⓡ  (version 4.2.2) were used for statistical analysis. 

178 Multivariate logistic regression analysis was performed to determine the adjusted odds 

179 ratios (ORs). The objective variable was neurodevelopment of the offspring, and the 

180 explanatory variable was multimorbidity in pregnant women. The covariates were: 
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181 maternal age at birth, alcohol consumption status, smoking status, educational 

182 attainment, household income, sex of the child, and number of births. Multiple 

183 imputation methods were performed using R to impute the missing values. Other 

184 analyses were performed using the STATA software.

185

186 RESULTS

187 The characteristics of the pregnant women analyzed in this study are presented in Table 

188 1. Pregnant women with multimorbidity, single disease, and no disease accounted for 

189 3.6% (n = 3,001), 30.6% (n = 25,341), and 65.8% (n = 54,535), respectively. Household 

190 income of 2–7.99 million/year was accounted for 84.7%; n = 70,184. In total, 51.4% (n 

191 = 42,563) and 48.6% (n = 40,314) of the offspring were male and female, respectively. 

192 After pregnancy, 4.1 % (n = 3, 408) and 2.7 % (n = 2, 253) of pregnant women had 

193 smoking and drinking habits, respectively.

Table 1. Characteristics of pregnant women and their offspring (n = 82,877)

Characteristics n %
Number of coexist 
disease

0 54,535 65.8 
1 25,341 30.6 
≥2 3,001 3.6 

Mother age at birth
<24 7,815 9.4 
25-29 22,721 27.4 
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30-34 29,555 35.7 
35-39 18,940 22.9 

　 ≥40 3,846 　 4.6 
Parity

0 36,302 43.8 
1 30,646 37.0 
≥2 15,929 19.2 

Mother education 　 　 　
Junior high school 3,630 4.4 
High school 25,917 31.3 
Vocational junior or technical 
college

35,323 42.6 

　 ≥University 18,007 　 21.7 
Maternal smoking habits

Non-smoking or exit-smoking 
before pregnancy

68,145 82.2 

Exit-smoking after pregnancy 11,324 13.7 
Still-smoking 3,408 4.1 

Maternal drinking habits 　 　 　
Non-drinker 41,481 50.1 
Exit drinking after pregnancy 39,143 47.2 

　 drinking 2,253 　 2.7 
Annual household 
income (10,00 JPY)

<200 4,193 5.1 
200-399 28,476 34.4 
400-599 28,663 34.6 
600-799 13,045 15.7 
800-999 5,233 6.3 
1000-1199 1,870 2.3 
1200-1499 735 0.9 
1500-1999 427 0.5 
≥2000 235 0.3 

Child sex 　 　 　 　
boys 42,563 51.4 

　 girls 40,314 　 48.6 
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194

195 The prevalence of 23 maternal diseases are described in supplemental table 1. 

196 Maternal underweight (BMI <18.5) (15.6%) was the most frequently observed chronic 

197 conditions, followed by maternal obesity (BMI ≥25) (10.7%). The most frequent 

198 diseases on medication were allergic diseases (3.1%), other sexually transmitted 

199 diseases (1.3%), anemia (0.7%), mental disorders (0.7%) and thyroid disease (0.7%).

200 The prevalence of neurodevelopmental delay in offspring are presented in 

201 Table 2. The prevalence of communication delays at 6 months and 1 year was 

202 significantly lower than that of the others.
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203
Table 2. Prevalence of neurodevelopment delay of offspring

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal comorbidity n (%) n (%) n (%) n (%) n (%)

6 months 0 318 (0.4) 5,540 (6.7) 2,788 (3.4) 5,675 (6.8) 1,898 (2.3)
1 123 (0.1) 2,603 (3.1) 1,237 (1.5) 2,596 (3.1) 891 (1.1)
≥2 19 (0.02) 316 (0.4) 137 (0.2) 294 (0.4) 101 (0.1)

1 year 0 54 (0.1) 2,711 (3.3) 2,743 (3.3) 2,478 (3.0) 566 (0.7)
1 31 (0.04) 1,324 (1.6) 1,383 (1.7) 1,226 (1.5) 282 (0.3)
≥2 6 (0.01 148 (0.2) 154 (0.2) 172 (0.2) 57 (0.1)

1 half years 0 1,091 (1.3) 2,138 (2.6) 2,000 (2.4) 1,831 (2.2) 1,209 (1.5)
1 528 (0.6) 1,100 (1.3) 984 (1.2) 949 (1.1) 564 (0.7)
≥2 76 (0.1) 148 (0.2) 156 (0.2) 128 (0.2) 78 (0.1)

2 years 0 1,851 (2.2) 2,816 (3.4) 1,060 (1.3) 2,106 (2.5) 1,400 (1.7)
1 1,048 (1.3) 1,474 (1.8) 590 (0.7) 1,004 (1.2) 706 (0.9)
≥2 147 (0.2) 176 (0.2) 84 (0.1) 122 (0.1) 99 (0.1)

2 half years 0 2,445 (3.0) 2,042 (2.5) 2,696 (3.3) 2,708 (3.3) 1,634 (2.0)
1 1,376 (1.7) 1,086 (1.3) 1,389 (1.7) 1,445 (1.7) 860 (1.0)
≥2 199 (0.2) 132 (0.2) 186 (0.2) 187 (0.2) 112 (0.1)

3 years 0 1,901 (2.3) 2,037 (2.5) 3,492 (4.2) 3,406 (4.1) 1,603 (1.9)
1 1,030 (1.2) 1,102 (1.3) 1,843 (2.2) 1,783 (2.2) 861 (1.0)
≥2 164 (0.2) 144 (0.2) 245 (0.3) 260 (0.3) 122 (0.1)

3 half years 0 2,873 (3.5) 2,020 (2.4) 2,522 (3.0) 2,689 (3.2) 2,130 (2.6)
1 1,467 (1.8) 1,098 (1.3) 1,341 (1.6) 1,508 (1.8) 1,171 (1.4)
≥2 219 (0.3) 155 (0.2) 182 (0.2) 218 (0.3) 154 (0.2)

4 years 0 2,157 (2.6) 2,597 (3.1) 3,038 (3.7) 1,733 (2.1) 2,629 (3.2)
1 1,118 (1.3) 1,347 (1.6) 1,651 (2.0) 977 (1.2) 1,362 (1.6)
≥2 166 (0.2) 177 (0.2) 239 (0.3) 145 (0.2) 194 (0.2)
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204

205 The number of the offsprings tested as well as the mean ASQ-3 scores at each 

206 time point in the offspring those were analyzed and those who were excluded are shown 

207 in supplemental table 2. The number of the offsprings tested at 6 months and 4 years 

208 were 74,195 and 65,705, respectively. The number of the offsprings tested at 6 months 

209 and 4 years were 9,642 and 9,019, respectively. The examination rates in offsprings 

210 who were excluded were lower overall. The number of the offsprings tested tended to 

211 decrease with age in both groups. The difference in the mean scores of the offsprings 

212 excluded from the mean scores of those included ranged from -2.44 to 0.11. The mean 

213 scores in the offspring who were excluded were lower from 6 months to 4 years in most 

214 time points. The ASQ-3 scores and the number of the offsprings by categories of the 

215 number of tests at each time point are shown in the supplemental table 3. The 

216 Offsprings were categorized into three groups: until 4 years, tested in all time points, 1 

217 to 3 times, and 4 to 7 times. The number of the offsprings tested at all time points, 4 to 7 

218 times, and 1 to 3 times was 46,766, 26,578, and 9,530 respectively. The number of the 

219 offsprings tended to decrease with age in groups tested less frequently. There was a 

220 particularly large decrease in the group tested 1 to 3 times. The difference in ASQ-3 

221 scores of the groups tested less frequently from those of the group tested in all time 
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222 points ranged from -1.62 to 3.37. Comparing the group tested in all time points, the 

223 groups tested less frequently tended to have higher scores until 2 years and lower scores 

224 after 2.5 years. The results of the multivariate logistic regression analysis conducted on 

225 the number of comorbidities in pregnant women and the neurodevelopment of offspring 

226 are shown in Table 3 and Figure 2. Except at 6 months, the ORs were more than 1 for 

227 any of the following items: communication, gross motor, fine motor, problem solving, 

228 and personal and social. The ORs at 6 months were lower than those at other ages for all 

229 items, both single disease comorbidity and multimorbidity. ORs tended to be higher 

230 with increasing age of the offspring, and the ORs for all items were higher at 4 years 

231 than at 6 months for both single-disease coexistence and multimorbidity. The ORs for 

232 single disease comorbidities ranged from 0.85 (95% CI 0.69–1.05) to 1.28 (95% Cl 

233 0.82–1.99). The OR range for multimorbidity was 0.95 (95% CI 0.80–1.14) to 2.29 

234 (95% CI 0.98–5.36), and that at 4 years of age was 1.30 (95% CI 1.11–1.52) to 1.42 

235 (95% CI 1.19–1.69) for all domains.
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236

Table 3. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy by logistic regression

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal 

comorbidity Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
1 0.85 (0.69–1.05) 1.03 (0.98–1.08) 0.99 (0.92–1.06) 1.01 (0.96–1.06) 1.02 (0.94–1.11)

6 months
≥2 1.14 (0.71–1.81) 1.08 (0.96–1.22) 0.95 (0.8–1.14) 0.98 (0.86–1.11) 0.99 (0.8–1.21)
1 1.28 (0.82–1.99) 1.09 (1.02–1.16) 1.10 (1.03–1.18) 1.08 (1.01–1.16) 1.08 (0.94–1.25)

1 year
≥2 2.29 (0.98–5.36) 1.08 (0.91–1.28) 1.05 (0.89–1.24) 1.32 (1.12–1.55) 1.90 (1.44–2.50)
1 1.04 (0.94–1.16) 1.13 (1.05–1.22) 1.05 (0.97–1.14) 1.12 (1.04–1.22) 1.02 (0.92–1.13)1 half 

years ≥2 1.29 (1.02–1.64) 1.34 (1.13–1.59) 1.42 (1.20–1.68) 1.31 (1.09–1.57) 1.23 (0.97–1.56)
1 1.21 (1.12–1.30) 1.15 (1.08–1.23) 1.19 (1.08–1.32) 1.04 (0.96–1.12) 1.09 (0.99–1.19)

2 years
≥2 1.42 (1.19–1.69) 1.21 (1.03–1.41) 1.42 (1.13–1.78) 1.09 (0.9–1.32) 1.31 (1.06–1.61)
1 1.19 (1.11–1.27) 1.17 (1.09–1.26) 1.11 (1.04–1.19) 1.14 (1.07–1.22) 1.14 (1.04–1.24)2 half 

years ≥2 1.42 (1.22–1.65) 1.26 (1.05–1.51) 1.28 (1.09–1.49) 1.23 (1.05–1.44) 1.26 (1.04–1.54)
1 1.14 (1.05–1.23) 1.19 (1.10–1.28) 1.13 (1.06–1.19) 1.12 (1.06–1.19) 1.13 (1.04–1.24)

3 years
≥2 1.48 (1.25–1.75) 1.37 (1.15–1.63) 1.26 (1.10–1.45) 1.39 (1.22–1.59) 1.33 (1.10–1.61)
1 1.04 (0.98–1.11) 1.18 (1.10–1.28) 1.12 (1.04–1.20) 1.19 (1.11–1.27) 1.18 (1.09–1.27)3 half 

years ≥2 1.24 (1.07–1.44) 1.46 (1.23–1.73) 1.26 (1.07–1.47) 1.42 (1.22–1.64) 1.30 (1.09–1.54)
1 1.10 (1.02–1.18) 1.13 (1.06–1.21) 1.15 (1.08–1.22) 1.18 (1.08–1.27) 1.11 (1.03–1.18)

4 years
≥2 1.35 (1.14–1.59) 1.30 (1.11–1.52) 1.37 (1.19–1.58) 1.42 (1.19–1.69) 1.32 (1.14–1.54)

Models were adjusted for maternal age at birth, parity, history of alcohol consumption, history of smoking, maternal educational attainment, sex of child, 
household income, and sex of child.
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237

238 DISCUSSION

239 This investigation showed significant associations between multimorbidities in pregnant 

240 women and delayed neurodevelopment in the offspring. The ORs were higher for most 

241 of the neurodevelopmental items in pregnant women with multimorbidities than in those 

242 with a single disease. This study is the first to highlight the significance of the 

243 association between multimorbidity in pregnant women and the neurodevelopment in 

244 the offspring, despite the existence of reports on the association between specific 

245 diseases, such as asthma, chronic inflammatory arthritis, depression, thyroid conditions, 

246 diabetes, and epilepsy, in pregnant women and the neurodevelopment of their 

247 children.(8,16–18) As the number of comorbidities in pregnant women increases, the 

248 factors contributing to neurodevelopmental delay in the offspring may increase. In the 

249 future, health education and treatment in terms of the number of comorbidities during 

250 pregnancy should be considered.

251 The ORs for neurodevelopmental delay increased with the increase in the  

252 offspring's age. This may have been caused by the increasing accuracy of the 

253 assessment as the offspring aged. An accurate assessment of neurodevelopment cannot 

254 be made until the child has grown to a certain age.(19) Parents' assessments of their 
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255 children's neurodevelopment may not be established until a certain period of parenting 

256 time. Neurodevelopmental delays may have been caused by social factors.(20) It has 

257 been reported that depressed mothers tend to form family environments that are socially 

258 and economically disadvantageous to their children.(21) Pregnant women with 

259 multimorbidities and certain mental diseases may have tended to form 

260 socioeconomically undesirable family environments.(22) Further, a great deal of the 

261 brain’s ultimate structure and capacity is shaped up to 3 years of age.(11) The maternal 

262 immune activation may be caused by comorbidities during pregnancy, and components 

263 of the maternal immune system such as microglia and cytokines produced by microglia 

264 may trigger inappropriate fetal immune responses and may lead to neurodevelopment 

265 delay in the future.(23) Neurodevelopmental delays in children may have gradually 

266 appeared as a result of multiple factors such as the postnatal brain development process, 

267 the undesirable family environment, and the caregiver’s assessments of their children. 

268 Future research should take into account the prospect that factors such as children’s 

269 birthweight and/or gestational age at birth, nutritional status, Apgar score, and maternal 

270 psychological status can be intermediate variables in the association between 

271 multimorbidity and neurodevelopmental delay.

272 This study has few limitations. First, Pregnant women with diagnoses but no 
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273 medication were not included in the disease sample in this study, with the exception of 

274 domestic violence, obese, and skinny women. The criterion for disease was defined as 

275 the presence of medication; the number of pregnant women with disease may have been 

276 higher if the study had been conducted using different criteria. Some have criticized the 

277 definition of multimorbidity as simply having more than one disease, which would 

278 include a large population.(24) In the future, a definition of multimorbidity that is 

279 suitable for the target community will be required since the significant diseases and 

280 conditions vary depending on the target population.(24) Second, it was difficult in this 

281 study to discuss the biological mechanisms of the association between multimorbidity 

282 and neurodevelopmental delay. The association between various diseases and 

283 neurodevelopmental delays has been reported in previous studies.(8,16–18,25) Further 

284 studies on disease characteristics and disease combinations may allow for hypotheses to 

285 be made regarding the biological mechanisms underlying the association between 

286 multimorbidity and neurodevelopmental delay. Third, as participants in the JECS were 

287 only collaborators, selection bias may have occurred.(15) The prevalence of 

288 multimorbidity and the results of the association between multimorbidity and 

289 neurodevelopmental delay might have been different if the study design included 

290 pregnant women who did not participate in the JECS. The number of pregnant women 
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291 with multimorbidities would increase and the results of the effects on the 

292 neurodevelopment of the children might be different if all pregnant women and children 

293 registered in the administration were included in the study. Fourth, we didn’t use the 

294 data on maternal situation after delivery. Incomplete questionnaire responses were 

295 reported to be influenced by maternal situation after delivery as health status, number of 

296 siblings, partner, and primary caregiver.(26,27) The ASQ-3 scores of the offsprings who 

297 were excluded were lower than those of the offsprings included in most time points. In 

298 the analyzed population, the changes in the ASQ-3 scores of the offspring tested less 

299 frequently differed from those of the offspring tested at all time points. Except for the 

300 group tested at all time points, the number of the offspring tested tended to decrease 

301 with age. It was difficult to examine the association between incomplete responses and 

302 the ASQ-3 scores in this study. In the future, we need to consider studies with regard to 

303 incomplete participants and neurodevelopmental delay of offsprings.

304 Previous reports on multimorbidities in pregnant women have focused on its 

305 prevalence and impact on pregnant women themselves.(5–7) This study is a new report 

306 in terms of the effect of multimorbidity in pregnant women on their offspring and 

307 provides important recommendations regarding the health of pregnant women.

308 This study demonstrated an association between multimorbidities in pregnant 

Page 23 of 36

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

309 women and neurodevelopmental delays in their offspring in Japan. To clarify its 

310 mechanisms and effects, more researches need to be done in many regions of the world 

311 with different economic, geographic, and racial conditions.
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494 Figure legends

495

496 Figure 1. Fetal records selection flow chart.

497

498 Figure 2. Adjusted odds ratio for developmental delay of offspring for 

499 multimorbidity during pregnancy by logistic regression.

500 Models were adjusted for maternal age at birth, parity, history of alcohol 

501 consumption, history of smoking, maternal educational attainment, sex of child, 

502 household income, and sex of child. Error bars indicate 95% confidence intervals. 

503 * 95% confidence interval: 0.98–5.3
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Figure 1. Fetal records selection flow chart.

 

Fetal records (n= 104,059) 
      

         

   
Exclusion (n =3,759) 

   
・Miscarriage (n = 1,254) 

   
・stillbirth (n = 382) 

   
・Unknown birth outcome (n = 2,123) 

         

n = 100,300 
      

         

   
Exclusion (n = 13,377) 

   
・Multiple pregnancies (n = 1,891) 

   
・Pregnancies with chromosomal abnormality (n = 223) 

   
・Second or later participation (n = 5,550) 

   
・Missing value of drug use information (n = 2,337) 

   
・Missing value of domestic violence from partner (n = 1,856) 

   
・Missing value of maternal infection (n = 3,015) 

   
・Missing value of maternal body mass index (n = 133) 

         

n = 86,923 
      

         

   
Exclusion (n = 4,046) 

   
・ASQ-3 not done 

         

Analyzed fetal records (n = 82,877) 
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Figure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity during 

pregnancy by logistic regression.

 Models were adjusted for maternal age at birth, parity, history of alcohol consumption, history of 

smoking, maternal educational attainment, sex of child, household income, and sex of child. 

Error bars indicate 95% confidence intervals.* 95% confidence interval: 0.98–5.3
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Supplemental Table 1. Prevalence of 23 maternal diseases 

Condition n % 

Abnormal pre-pregnancy BMI     

  Underweight (BMI <18.5 kg/m2) 12,889 15.6 

  Obesity (BMI >25.0 kg/m2) 8,848 10.7 

Allergic disease 2,557 3.1 

Anaemia 592 0.7 

Diabetes mellitus 124 0.2 

Domestic violence 3,632 4.4 

Dyslipidaemia 6 0.01 

Epilepsy 122 0.2 

Gastric or duodenal ulcer 285 0.3 

Heart disease 7 0.01 

Hepatitis 5 0.01 

HIV infection 7 0.01 

Hypertension 83 0.1 

Inflammatory bowel disease 16 0.02 

Kidney disease 17 0.02 

Malignancy 0 0 

Migraine 41 0.05 

Neurological disease 0 0 

Other sexually transmitted diseases 1,089 1.3 

Mental disorder 550 0.7 

Rheumatic or collagen disease 91 0.1 

Substance abuse 1 0.001 

Thyroid disease 614 0.7 

BMI, body mass index. 
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Supplemental Table 2. The mean ASQ-3 scores and the number of offspring analyzed (n = 82,877) and those excluded (n = 11,927) 

Age Group Communication Gross motor Fine motor problem solving Personal-social 

  
Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean 

 score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

6 months Excluded 46.14  -0.55 9,636  80.8  32.54  -1.07 9,637  80.8  39.81  -1.11 9,605  80.5  42.80  -1.44 9,629  80.7  32.03  -2.44 9,611  80.6  

 Included 46.69  
 

74,135  89.5  33.61  
 

74,126  89.4  40.92  
 

73,928  89.2  44.24  
 

74,137  89.5  34.47  
 

74,043  89.3  

1 year Excluded 36.57  -1.30 9,236  77.4  42.01  -0.90 9,241  77.5  47.16  -1.19 9,227  77.4  42.47  0.11 9,223  77.3  35.88  -1.34 9,204  77.2  

 Included 37.86  
 

70,443  85.0  42.90  
 

70,445  85.0  48.35  
 

70,416  85.0  42.36  
 

70,347  84.9  37.22  
 

70,229  84.7  

1.5 years Excluded 32.27  -0.79 8,669  72.7  53.98  -0.61 8,669  72.7  49.36  -0.54 8,664  72.6  42.06  -0.41 8,613  72.2  47.86  -0.08 8,659  72.6  

 Included 33.06  
 

66,543  80.3  54.60  
 

66,563  80.3  49.90  
 

66,525  80.3  42.48  
 

66,133  79.8  47.94  
 

66,528  80.3  

2 years Excluded 43.91  -1.19 9,632  80.8  52.81  -0.94 9,630  80.7  49.47  -0.35 9,626  80.7  48.58  -0.25 9,603  80.5  46.14  -0.20 9,620  80.7  

 Included 45.11  
 

69,541  83.9  53.75  
 

69,542  83.9  49.82  
 

69,478  83.8  48.83  
 

69,346  83.7  46.34  
 

69,435  83.8  

2.5 years Excluded 51.99  -0.94 9,377  78.6  53.86  -0.90 9,389  78.7  46.34  -0.90 9,337  78.3  49.79  -0.74 9,360  78.5  50.07  0.01 9,370  78.6  

 Included 52.92  
 

67,899  81.9  54.75  
 

67,915  81.9  47.25  
 

67,597  81.6  50.52  
 

67,749  81.7  50.06  
 

67,809  81.8  

3 years Excluded 52.28  -0.88 9,663  81.0  54.50  -0.96 9,657  81.1  48.07  -1.15 9,645  80.9  51.14  -0.69 9,597  80.5  50.36  0.03 9,661  81.0  

 Included 53.16  
 

69,466  83.8  55.47  
 

69,566  83.9  49.21  
 

69,291  83.6  51.83  
 

68,907  83.1  50.33  
 

69,404  83.7  

3.5 years Excluded 53.44  -0.65 9,222  77.3  55.77  -0.67 9,226  77.4  52.36  -0.69 9,211  77.2  53.91  -0.61 9,163  76.8  54.52  -0.18 9,214  77.3  

 Included 54.09  
 

67,447  81.4  56.44  
 

67,398  81.3  53.05  
 

67,361  81.3  54.53  
 

67,140  81.0  54.70  
 

67,358  81.3  

4 years Excluded 52.99  -0.81 8,939  74.9  53.76  -0.58 8,982  75.3  50.91  -0.77 8,983  75.3  54.06  -0.45 8,966  75.2  53.25  -0.27 9,002  75.5  

  Included 53.80  
 

65,162  78.6  54.34  
 

65,426  78.9  51.68  
 

65,429  78.9  54.51  
 

65,311  78.8  53.52  
 

65,505  79.0  

*Difference in the mean scores from those of the offspring included at each point. **Percentage of total group population. 
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Supplemental Table 3. The ASQ scores and the number of offspring by testing times from 6 months to 4 years 

Age Testing times Communication Gross motor Fine motor Problem solving Personal-social 

 
 

Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** 

6 months 1-3 47.39  6,285  0.94  65.9  35.57  6,284  2.57  65.9  43.51  6,271  3.37  65.8  46.40  6,290  2.76  66.0  36.69  6,281  2.90  65.9  

 
4-7 46.98  21,111  0.52  79.4  34.39  21,110  1.39  79.4  41.86  21,043  1.73  79.2  44.93  21,117  1.30  79.5  35.32  21,072  1.53  79.3  

  8 46.46  46,739    99.9  33.00  46,732    99.9  40.14  46,614    99.7  43.64  46,730    99.9  33.79  46,690    99.8  

1 year 1-3 40.28  4,028  3.01  42.3  44.55  4,025  2.07  42.2  49.27  4,028  1.15  42.3  44.09  4,018  2.22  42.2  39.19  4,004  2.47  42.0  

 
4-7 38.78  19,665  1.52  74.0  43.58  19,666  1.10  74.0  48.70  19,645  0.58  73.9  43.18  19,614  1.32  73.8  37.99  19,582  1.26  73.7  

  8 37.27  46,750  
 

99.9  42.48  46,754  
 

99.9  48.12  46,743  
 

99.9  41.86  46,715  
 

99.9  36.73  46,643  
 

99.7  

1.5 years 1-3 35.21  2,367  2.55  24.8  54.84  2,368  0.36  24.8  50.46  2,364  0.70  24.8  43.53  2,342  1.34  24.6  49.52  2,363  1.91  24.8  

 
4-7 33.86  17,431  1.20  65.6  54.85  17,434  0.37  65.6  50.19  17,427  0.43  65.6  43.10  17,278  0.91  65.0  48.60  17,424  0.99  65.6  

  8 32.65  46,745    99.9  54.49  46,761    100.0  49.76  46,734    99.9  42.19  46,513    99.5  47.61  46,741    99.9  

2 years 1-3 45.71  1,719  0.72  18.0  54.29  1,717  0.56  18.0  50.42  1,720  0.68  18.0  49.42  1,710  0.60  17.9  47.14  1,714  0.91  18.0  

 
4-7 45.30  21,067  0.31  79.3  53.75  21,066  0.02  79.3  49.94  21,048  0.20  79.2  48.80  20,982  -0.01  78.9  46.52  21,028  0.29  79.1  

  8 44.99  46,755    99.9  53.73  46,759    99.9  49.74  46,710    99.9  48.82  46,654    99.8  46.23  46,693    99.8  

2.5 years 1-3 52.41  1,217  -0.62  12.8  54.66  1,217  -0.12  12.8  47.09  1,200  -0.23  12.6  50.68  1,206  0.12  12.7  50.75  1,211  0.77  12.7  

 
4-7 52.70  19,941  -0.33  75.0  54.69  19,945  -0.09  75.0  47.08  19,809  -0.24  74.5  50.44  19,873  -0.11  74.8  50.21  19,912  0.22  74.9  

  8 53.03  46,741    99.9  54.78  46,753    99.9  47.32  46,588    99.6  50.55  46,670    99.8  49.98  46,686    99.8  

3 years 1-3 52.96  1,369  -0.29  14.4  55.69  1,374  0.21  14.4  49.17  1,355  -0.12  14.2  52.17  1,336  0.29  14.0  51.13  1,365  0.89  14.3  

 
4-7 52.98  21,417  -0.26  80.6  55.44  21,462  -0.03  80.8  49.06  21,339  -0.22  80.3  51.70  21,184  -0.18  79.7  50.47  21,406  0.22  80.5  

  8 53.25  46,680    99.8  55.48  46,730    99.9  49.29  46,597    99.6  51.88  46,387    99.2  50.24  46,633    99.7  

3.5 years 1-3 53.78  1,080  -0.31  11.3  56.25  1,078  -0.20  11.3  52.58  1,077  -0.53  11.3  53.88  1,065  -0.70  11.2  54.51  1,079  -0.15  11.3  

 
4-7 54.13  19,641  0.04  73.9  56.41  19,618  -0.05  73.8  52.93  19,593  -0.18  73.7  54.44  19,480  -0.13  73.3  54.83  19,613  0.17  73.8  

  8 54.09  46,726    99.9  56.46  46,702    99.9  53.11  46,691    99.8  54.58  46,595    99.6  54.66  46,666    99.8  

4y ears 1-3 53.77  909  0.01  9.5  54.40  912  0.09  9.6  51.30  913  -0.46  9.6  53.99  899  -0.57  9.4  53.36  913  -0.12  9.6  

 
4-7 53.93  17,807  0.17  67.0  54.41  17,900  0.09  67.3  51.51  17,895  -0.25  67.3  54.42  17,862  -0.14  67.2  53.63  17,946  0.14  67.5  

  8 53.76  46,446    99.3  54.32  46,614    99.7  51.76  46,621    99.7  54.56  46,550    99.5  53.49  46,646    99.7  

*Difference in the mean scores from those of the offspring tested all at each point. **Percentage of total group population. 
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Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

3,4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5,6

Objectives 3 State specific objectives, including any prespecified hypotheses 7

Methods
Study design 4 Present key elements of study design early in the paper 3

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

3,7

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

7,8Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

7,8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

8-10

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

7,8

Bias 9 Describe any efforts to address potential sources of bias 19

Study size 10 Explain how the study size was arrived at 5,7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

10,11

(a) Describe all statistical methods, including those used to control for 
confounding

10

(b) Describe any methods used to examine subgroups and interactions 10

(c) Explain how missing data were addressed 10,11

(d) If applicable, explain how loss to follow-up was addressed -

Statistical methods 12

(e) Describe any sensitivity analyses -

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed

7,8

(b) Give reasons for non-participation at each stage 7,8

Participants 13*

(c) Consider use of a flow diagram 7,8

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

11,12

(b) Indicate number of participants with missing data for each variable of 
interest

-

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 8

Outcome data 15* Report numbers of outcome events or summary measures over time 13-
15
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

15,16

(b) Report category boundaries when continuous variables were categorized -

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

-

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

-

Discussion
Key results 18 Summarise key results with reference to study objectives 17

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

18,19

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

19,20

Generalisability 21 Discuss the generalisability (external validity) of the study results 20

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

21,22

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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37 Objectives: To investigate the association between multimorbidity during pregnancy 

38 and neurodevelopmental delay in offspring using data from a Japanese nationwide birth 

39 cohort study. 

40 Design: This study was a prospective birth cohort study.

41 Setting: This study population included 104,059 fetal records who participated in The 

42 Japan Environment and Children’s Study (JECS) from 2011 to 2014.

43 Participants: Pregnant women whose children had undergone developmental testing 

44 were included in this analysis.

45 Primary and secondary outcome measures: Neurodevelopment of offspring were 

46 assessed using the Japanese version of the Ages and Stages Questionnaire, third edition 

47 (J-ASQ-3), comprising five developmental domains. The number of comorbidities 

48 among the pregnant women was categorized as zero, single disease, or multimorbidity 

49 (two or more diseases). Maternal chronic conditions included in multimorbidity were 

50 defined as conditions with high prevalence among women of reproductive age. A 

51 multivariate logistic regression analysis was conducted to examine the association 

52 between multimorbidity in pregnant women and offspring development.

53 Results: Pregnant women with multimorbidity, single disease, and no disease accounted 

54 for 3.6%, 30.6%, and 65.8%, respectively. The odds ratios (ORs) for 
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55 neurodevelopmental impairment during the follow-up period were similar for infants of 

56 mothers with no disease comorbidity and those with a single disease comorbidity. 

57 However, the ORs for neurodevelopmental impairment were significantly higher for 

58 children born to mothers with multimorbidity compared with those born to healthy 

59 mothers.

60 Conclusion: An association was observed between the number of comorbidities in 

61 pregnant women and developmental delay in offspring. Pregnant women with 

62 multimorbidities are at a higher risk of neurodevelopmental delays in their offspring. 

63 Further research is required in this regard in many other regions of the world.

64
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73 Strengths and limitations of this study

74 • The study size was adequate for effective investigation.

75 • Neurodevelopmental progress was assessed in detail using the results of eight 

76 points (6 months, 1 year, 1.5 year, 2 years, 2.5 years, 3 years, 3.5 years, and 4 

77 years).

78 • Chronic diseases that were diagnosed but not treated were ruled out.

79 • Infants were unable to communicate well, which renders accurate assessment of 

80 their neurodevelopment difficult.

81

82 INTRODUCTION

83 Multimorbidity is defined as the coexistence of two or more chronic diseases, whether 

84 physical or mental, in the same individual.(1) Multimorbidity is considered one of the 

85 principal challenges in older people as the incidence of chronic diseases such as 

86 hypertension, dyslipidemia, diabetes, cardiac disease, and malignant tumors, increases 

87 with age. Therefore, many studies have focused on older patients with 

88 multimorbidities.(2,3) However, diseases such as asthma, arthritis, mental disorders, 

89 and HIV can also occur in young people. There are few studies on multimorbidity in 

90 young people,(4) including pregnant women.(5,6) Maternal physical morbidities, such 
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91 as hypertension, kidney disease, and systemic lupus erythematosus, are potential risk 

92 factors for preterm birth (PTB) and low birth weight infants (LBW).(7) Moreover, 

93 maternal mental and social morbidities have also been associated with PTB and 

94 LBW.(7) Previous studies also reported the relationship between maternal environment 

95 such as maternal asthma, maternal intake of fats, maternal and cord blood Manganese 

96 levels and child development.(8–10)

97 Infancy is considered to be the period in which language, cognition, motor 

98 skills, and socioemotional domains form the basis for subsequent social 

99 participation.(11) It is essential to receive appropriate support, early detection, and 

100 intervention during this period.(12) Although maternal nutritional status, certain 

101 diseases, and blood substances can affect the neurodevelopment of offspring(8–11), the 

102 impacts of multimorbidity in pregnant women on the neurodevelopment of offspring 

103 has not been extensively studied.(5,6) A major difference between previous reports and 

104 this study was the investigation of the association between multiple diseases of pregnant 

105 women and child neurodevelopment; previous reports have mainly focused on the 

106 relationship between a single disease or single substance in pregnant women and child 

107 neurodevelopment. 

108 The present study aimed to investigate the association between multimorbidity 
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109 during pregnancy and neurodevelopmental delay in offspring (every 6 months from 

110 birth to age 4 years) using data from an ongoing nationwide birth cohort, namely the 

111 Japan Environment and Children’s Study (JECS)(13); the neurodevelopment of the 

112 participants was evaluated using the Japanese version of the Ages and Stages 

113 Questionnaires, Third Edition: Infant Developmental Examination (ASQ-3).(14)

114

115 METHODS

116 Study population

117 The JECS is a nationwide and government-funded birth cohort study that started 

118 recruiting expecting mothers in January 2011.(13); the primary objective was to 

119 investigate environmental factors such as exposure to chemicals and airborne pollutants 

120 that can affect children’s health and development during the fetal stage and early 

121 childhood, in order to help policymakers to formulate measures to safeguard the 

122 environment for future generations.(15) The study population included 104,059 fetal 

123 records who participated in JECS from 2011 to 2014. A flowchart of the study 

124 participants is presented in the Figure 1. The exclusion criteria included: miscarriage, 

125 stillbirth, or unknown birth outcomes (n = 2,123). Second, participants with multiple 

126 births, pregnancies with chromosomal abnormalities, participated for the second time 
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127 and more, and missing information about drug history, domestic violence, maternal 

128 infection, or maternal BMI were excluded (n = 13,377). Moreover, pregnant women 

129 whose children were not tested using the ASQ-3 once from 6 months to 4 years old 

130 (n=4,046) were excluded. Finally, a total of 82,877 pregnant women were included in 

131 the analysis.

132

133 Ethics

134 The JECS protocol was reviewed and approved by the Ministry of the Environment’s 

135 Institutional Review Board on Epidemiological Studies and the Ethics Committees of 

136 all participating institutions (No. 100910001).(13) The JECS was performed following 

137 the Declaration of Helsinki. All the participants provided written informed consent.

138

139 Patient and Public Involvement statement

140 This study did not involve patients or public.

141

142 Assessment of pregnant multimorbidity

143 In this study, multimorbidity was defined as the coexistence of two or more physical, 

144 mental, or social conditions in an individual according to previous reports.(7) Maternal 
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145 chronic conditions included in multimorbidity were defined as conditions with high 

146 prevalence among women of reproductive age.(7) To identify pregnant women with 

147 disease more rigorously, the diseases of pregnant women were defined as those that 

148 were medically treated at the time of pregnancy. Information was collected through self-

149 reports, medical record transcripts, and medication interviews. The targeted diseases 

150 included allergic diseases, such as asthma, anemia, diabetes mellitus, dyslipidemia, 

151 epilepsy, gastric or duodenal ulcers, heart disease, hepatitis, human immunodeficiency 

152 virus (HIV) infection, hypertension, inflammatory bowel disease, kidney disease, 

153 malignancy, migraine, neurologic disease, other sexually transmitted diseases 

154 (Chlamydia trachomatis and syphilis), mental disorders, rheumatic or collagen diseases, 

155 and thyroid disease. Having an episode of domestic violence, substance abusing, being 

156 obese (BMI ≥25), and being thin (BMI <18.5) were each defined as one disease. We 

157 used maternal pre-pregnancy body weight data for analysis. Pregnant women with two 

158 or more of these diseases during pregnancy were defined as having multimorbidities.

159

160 Assessment of neurodevelopment of offspring

161 Score results from the Japanese version of the ASQ-3 (Ages and Stages Questionnaires, 

162 Third Edition: Infant Development Test) at 6 months, 1 year, 1.5 years, 2 years, 2.5 
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163 years and, 3 years, 3.5 years, and 4 years were used to evaluate neurodevelopmental 

164 measures.(15) These scores were obtained by mailed questionnaire survey filled by 

165 caregivers. Neurodevelopmental assessments were performed in the domains of 

166 communication, gross motor, fine motor, problem solving, and personal-social. 

167 Offspring with scores below the cut-off were defined as having neurodevelopmental 

168 delays. The cut-off values were those reported in the Japanese validation version.(14)

169

170 Covariates

171 The covariates were: maternal age at birth, parity, alcohol consumption status, smoking 

172 status, educational attainment, household income, and sex of the child; they were 

173 selected based on previous studies.(7,10)

174

175 Statistical analysis

176 This study used the dataset jecs-ta-20190930 and jecs-qa-20210401 from JECS. 

177 STATAⓇ (MP17 ) and RⓇ (version 4.2.2) were used for statistical analysis. Multivariate 

178 logistic regression analysis was performed to determine the adjusted odds ratios (ORs). 

179 The objective variable was neurodevelopment of the offspring, and the explanatory 

180 variable was multimorbidity in pregnant women. The covariates were: maternal age at 
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181 birth, alcohol consumption status, smoking status, educational attainment, household 

182 income, sex of the child, and number of births. Multiple imputation methods were 

183 performed using R to impute the missing values. Other analyses were performed using 

184 the STATA software.

185

186 RESULTS

187 The characteristics of the pregnant women analyzed in this study are presented in Table 

188 1. Pregnant women with multimorbidity, single disease, and no disease accounted for 

189 3.6% (n = 3,001), 30.6% (n = 25,341), and 65.8% (n = 54,535), respectively. Household 

190 income of 2–7.99 million/year was accounted for 84.7%; n = 70,184. In total, 51.4% (n 

191 = 42,563) and 48.6% (n = 40,314) of the offspring were male and female, respectively. 

192 After pregnancy, 4.1 % (n = 3, 408) and 2.7 % (n = 2, 253) of pregnant women had 

193 smoking and drinking habits, respectively.

Table 1. Characteristics of pregnant women and their offspring (n = 82,877)

Characteristics n %
Number of coexist 
disease

0 54,535 65.8 
1 25,341 30.6 
≥2 3,001 3.6 

Mother age at birth
<24 7,815 9.4 
25-29 22,721 27.4 
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30-34 29,555 35.7 
35-39 18,940 22.9 

　 ≥40 3,846 　 4.6 
Parity

0 36,302 43.8 
1 30,646 37.0 
≥2 15,929 19.2 

Mother education 　 　 　
Junior high school 3,630 4.4 
High school 25,917 31.3 
Vocational junior or technical 
college

35,323 42.6 

　 ≥University 18,007 　 21.7 
Maternal smoking habits

Non-smoking or exit-smoking 
before pregnancy

68,145 82.2 

Exit-smoking after pregnancy 11,324 13.7 
Still-smoking 3,408 4.1 

Maternal drinking habits 　 　 　
Non-drinker 41,481 50.1 
Exit drinking after pregnancy 39,143 47.2 

　 drinking 2,253 　 2.7 
Annual household 
income (10,00 JPY)

<200 4,193 5.1 
200-399 28,476 34.4 
400-599 28,663 34.6 
600-799 13,045 15.7 
800-999 5,233 6.3 
1000-1199 1,870 2.3 
1200-1499 735 0.9 
1500-1999 427 0.5 
≥2000 235 0.3 

Child sex 　 　 　 　
boys 42,563 51.4 

　 girls 40,314 　 48.6 
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194

195 The prevalence of 23 maternal diseases are described in supplemental table 1. 

196 Maternal underweight (BMI <18.5) (15.6%) was the most frequently observed chronic 

197 conditions, followed by maternal obesity (BMI ≥25) (10.7%). The most frequent 

198 diseases on medication were allergic diseases (3.1%), other sexually transmitted 

199 diseases (1.3%), anemia (0.7%), mental disorders (0.7%) and thyroid disease (0.7%).

200 The prevalence of neurodevelopmental delay in offspring are presented in 

201 Table 2. The prevalence of communication delays at 6 months and 1 year was 

202 significantly lower than that of the others.
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203
Table 2. Prevalence of neurodevelopment delay of offspring

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal comorbidity n (%) n (%) n (%) n (%) n (%)

6 months 0 318 (0.4) 5,540 (6.7) 2,788 (3.4) 5,675 (6.8) 1,898 (2.3)
1 123 (0.1) 2,603 (3.1) 1,237 (1.5) 2,596 (3.1) 891 (1.1)
≥2 19 (0.02) 316 (0.4) 137 (0.2) 294 (0.4) 101 (0.1)

1 year 0 54 (0.1) 2,711 (3.3) 2,743 (3.3) 2,478 (3.0) 566 (0.7)
1 31 (0.04) 1,324 (1.6) 1,383 (1.7) 1,226 (1.5) 282 (0.3)
≥2 6 (0.01 148 (0.2) 154 (0.2) 172 (0.2) 57 (0.1)

1 half years 0 1,091 (1.3) 2,138 (2.6) 2,000 (2.4) 1,831 (2.2) 1,209 (1.5)
1 528 (0.6) 1,100 (1.3) 984 (1.2) 949 (1.1) 564 (0.7)
≥2 76 (0.1) 148 (0.2) 156 (0.2) 128 (0.2) 78 (0.1)

2 years 0 1,851 (2.2) 2,816 (3.4) 1,060 (1.3) 2,106 (2.5) 1,400 (1.7)
1 1,048 (1.3) 1,474 (1.8) 590 (0.7) 1,004 (1.2) 706 (0.9)
≥2 147 (0.2) 176 (0.2) 84 (0.1) 122 (0.1) 99 (0.1)

2 half years 0 2,445 (3.0) 2,042 (2.5) 2,696 (3.3) 2,708 (3.3) 1,634 (2.0)
1 1,376 (1.7) 1,086 (1.3) 1,389 (1.7) 1,445 (1.7) 860 (1.0)
≥2 199 (0.2) 132 (0.2) 186 (0.2) 187 (0.2) 112 (0.1)

3 years 0 1,901 (2.3) 2,037 (2.5) 3,492 (4.2) 3,406 (4.1) 1,603 (1.9)
1 1,030 (1.2) 1,102 (1.3) 1,843 (2.2) 1,783 (2.2) 861 (1.0)
≥2 164 (0.2) 144 (0.2) 245 (0.3) 260 (0.3) 122 (0.1)

3 half years 0 2,873 (3.5) 2,020 (2.4) 2,522 (3.0) 2,689 (3.2) 2,130 (2.6)
1 1,467 (1.8) 1,098 (1.3) 1,341 (1.6) 1,508 (1.8) 1,171 (1.4)
≥2 219 (0.3) 155 (0.2) 182 (0.2) 218 (0.3) 154 (0.2)

4 years 0 2,157 (2.6) 2,597 (3.1) 3,038 (3.7) 1,733 (2.1) 2,629 (3.2)
1 1,118 (1.3) 1,347 (1.6) 1,651 (2.0) 977 (1.2) 1,362 (1.6)
≥2 166 (0.2) 177 (0.2) 239 (0.3) 145 (0.2) 194 (0.2)
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204

205 The number of the offsprings tested as well as the mean ASQ-3 scores at each 

206 time point in the offspring those were analyzed and those who were excluded are shown 

207 in supplemental table 2. In the included group, the number of the offsprings tested at 6 

208 months and 4 years were 74,195 and 65,705, respectively. In the excluded group, the 

209 number of the offsprings tested at 6 months and 4 years were 9,642 and 9,019, 

210 respectively. At each time point, the offsprings were defined as tested if they answered 

211 at least one domain of the ASQ-3. The examination rates in offsprings who were 

212 excluded were lower overall. The number of the offsprings tested tended to decrease 

213 with age in both groups. The difference in the mean scores of the offsprings excluded 

214 from the mean scores of those included ranged from -2.44 to 0.11. The mean scores in 

215 the offspring who were excluded were lower from 6 months to 4 years in most time 

216 points. The ASQ-3 scores and the number of the offsprings by categories of the number 

217 of tests at each time point are shown in the supplemental table 3. The Offsprings were 

218 categorized into three groups: until 4 years, tested in all time points, 1 to 3 times, and 4 

219 to 7 times. The number of the offsprings tested at all time points, 4 to 7 times, and 1 to 3 

220 times was 46,766, 26,578, and 9,530 respectively. The number of the offsprings tended 

221 to decrease with age in groups tested less frequently. There was a particularly large 
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222 decrease in the group tested 1 to 3 times. The difference in ASQ-3 scores of the groups 

223 tested less frequently from those of the group tested in all time points ranged from -1.62 

224 to 3.37. Comparing the group tested in all time points, the groups tested less frequently 

225 tended to have higher scores until 2 years and lower scores after 2.5 years. The results 

226 of the multivariate logistic regression analysis conducted on the number of 

227 comorbidities in pregnant women and the neurodevelopment of offspring are shown in 

228 Table 3 and Figure 2. Except at 6 months, the ORs were more than 1 for any of the 

229 following items: communication, gross motor, fine motor, problem solving, and 

230 personal and social. The ORs at 6 months were lower than those at other ages for all 

231 items, both single disease comorbidity and multimorbidity. ORs tended to be higher 

232 with increasing age of the offspring, and the ORs for all items were higher at 4 years 

233 than at 6 months for both single-disease coexistence and multimorbidity. The ORs for 

234 single disease comorbidities ranged from 0.85 (95% CI 0.69–1.05) to 1.28 (95% Cl 

235 0.82–1.99). The OR range for multimorbidity was 0.95 (95% CI 0.80–1.14) to 2.29 

236 (95% CI 0.98–5.36), and that at 4 years of age was 1.30 (95% CI 1.11–1.52) to 1.42 

237 (95% CI 1.19–1.69) for all domains.
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Table 3. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy by logistic regression

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal 

comorbidity Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
1 0.85 (0.69–1.05) 1.03 (0.98–1.08) 0.99 (0.92–1.06) 1.01 (0.96–1.06) 1.02 (0.94–1.11)

6 months
≥2 1.14 (0.71–1.81) 1.08 (0.96–1.22) 0.95 (0.8–1.14) 0.98 (0.86–1.11) 0.99 (0.8–1.21)
1 1.28 (0.82–1.99) 1.09 (1.02–1.16) 1.10 (1.03–1.18) 1.08 (1.01–1.16) 1.08 (0.94–1.25)

1 year
≥2 2.29 (0.98–5.36) 1.08 (0.91–1.28) 1.05 (0.89–1.24) 1.32 (1.12–1.55) 1.90 (1.44–2.50)
1 1.04 (0.94–1.16) 1.13 (1.05–1.22) 1.05 (0.97–1.14) 1.12 (1.04–1.22) 1.02 (0.92–1.13)1 half 

years ≥2 1.29 (1.02–1.64) 1.34 (1.13–1.59) 1.42 (1.20–1.68) 1.31 (1.09–1.57) 1.23 (0.97–1.56)
1 1.21 (1.12–1.30) 1.15 (1.08–1.23) 1.19 (1.08–1.32) 1.04 (0.96–1.12) 1.09 (0.99–1.19)

2 years
≥2 1.42 (1.19–1.69) 1.21 (1.03–1.41) 1.42 (1.13–1.78) 1.09 (0.9–1.32) 1.31 (1.06–1.61)
1 1.19 (1.11–1.27) 1.17 (1.09–1.26) 1.11 (1.04–1.19) 1.14 (1.07–1.22) 1.14 (1.04–1.24)2 half 

years ≥2 1.42 (1.22–1.65) 1.26 (1.05–1.51) 1.28 (1.09–1.49) 1.23 (1.05–1.44) 1.26 (1.04–1.54)
1 1.14 (1.05–1.23) 1.19 (1.10–1.28) 1.13 (1.06–1.19) 1.12 (1.06–1.19) 1.13 (1.04–1.24)

3 years
≥2 1.48 (1.25–1.75) 1.37 (1.15–1.63) 1.26 (1.10–1.45) 1.39 (1.22–1.59) 1.33 (1.10–1.61)
1 1.04 (0.98–1.11) 1.18 (1.10–1.28) 1.12 (1.04–1.20) 1.19 (1.11–1.27) 1.18 (1.09–1.27)3 half 

years ≥2 1.24 (1.07–1.44) 1.46 (1.23–1.73) 1.26 (1.07–1.47) 1.42 (1.22–1.64) 1.30 (1.09–1.54)
1 1.10 (1.02–1.18) 1.13 (1.06–1.21) 1.15 (1.08–1.22) 1.18 (1.08–1.27) 1.11 (1.03–1.18)

4 years
≥2 1.35 (1.14–1.59) 1.30 (1.11–1.52) 1.37 (1.19–1.58) 1.42 (1.19–1.69) 1.32 (1.14–1.54)

Models were adjusted for maternal age at birth, parity, history of alcohol consumption, history of smoking, maternal educational attainment, sex of child, 
household income, and sex of child.
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239

240 DISCUSSION

241 This investigation showed significant associations between multimorbidities in pregnant 

242 women and delayed neurodevelopment in the offspring. The ORs were higher for most 

243 of the neurodevelopmental items in pregnant women with multimorbidities than in those 

244 with a single disease. This study is the first to highlight the significance of the 

245 association between multimorbidity in pregnant women and the neurodevelopment in 

246 the offspring, despite the existence of reports on the association between specific 

247 diseases, such as asthma, chronic inflammatory arthritis, depression, thyroid conditions, 

248 diabetes, and epilepsy, in pregnant women and the neurodevelopment of their 

249 children.(8,16–18) As the number of comorbidities in pregnant women increases, the 

250 factors contributing to neurodevelopmental delay in the offspring may increase. In the 

251 future, health education and treatment in terms of the number of comorbidities during 

252 pregnancy should be considered.

253 The ORs for neurodevelopmental delay increased with the increase in the  

254 offspring's age. This may have been caused by the increasing accuracy of the 

255 assessment as the offspring aged. An accurate assessment of neurodevelopment cannot 

256 be made until the child has grown to a certain age.(19) Parents' assessments of their 
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257 children's neurodevelopment may not be established until a certain period of parenting 

258 time. Neurodevelopmental delays may have been caused by social factors.(20) It has 

259 been reported that depressed mothers tend to form family environments that are socially 

260 and economically disadvantageous to their children.(21) Pregnant women with 

261 multimorbidities and certain mental diseases may have tended to form 

262 socioeconomically undesirable family environments.(22) Further, a great deal of the 

263 brain’s ultimate structure and capacity is shaped up to 3 years of age.(11) The maternal 

264 immune activation may be caused by comorbidities during pregnancy, and components 

265 of the maternal immune system such as microglia and cytokines produced by microglia 

266 may trigger inappropriate fetal immune responses and may lead to neurodevelopment 

267 delay in the future.(23) Neurodevelopmental delays in children may have gradually 

268 appeared as a result of multiple factors such as the postnatal brain development process, 

269 the undesirable family environment, and the caregiver’s assessments of their children. 

270 Future research should take into account the prospect that factors such as children’s 

271 birthweight and/or gestational age at birth, nutritional status, Apgar score, and maternal 

272 psychological status can be intermediate variables in the association between 

273 multimorbidity and neurodevelopmental delay.

274 This study has few limitations. First, Pregnant women with diagnoses but no 
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275 medication were not included in the disease sample in this study, with the exception of 

276 domestic violence, obese, and skinny women. The criterion for disease was defined as 

277 the presence of medication; the number of pregnant women with disease may have been 

278 higher if the study had been conducted using different criteria. Some have criticized the 

279 definition of multimorbidity as simply having more than one disease, which would 

280 include a large population.(24) In the future, a definition of multimorbidity that is 

281 suitable for the target community will be required since the significant diseases and 

282 conditions vary depending on the target population.(24) Second, it was difficult in this 

283 study to discuss the biological mechanisms of the association between multimorbidity 

284 and neurodevelopmental delay. The association between various diseases and 

285 neurodevelopmental delays has been reported in previous studies.(8,16–18,25) Further 

286 studies on disease characteristics and disease combinations may allow for hypotheses to 

287 be made regarding the biological mechanisms underlying the association between 

288 multimorbidity and neurodevelopmental delay. Third, as participants in the JECS were 

289 only collaborators, selection bias may have occurred.(15) The prevalence of 

290 multimorbidity and the results of the association between multimorbidity and 

291 neurodevelopmental delay might have been different if the study design included 

292 pregnant women who did not participate in the JECS. The number of pregnant women 
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293 with multimorbidities would increase and the results of the effects on the 

294 neurodevelopment of the children might be different if all pregnant women and children 

295 registered in the administration were included in the study. Fourth, we didn’t use the 

296 data on maternal situation after delivery. Incomplete questionnaire responses were 

297 reported to be influenced by maternal situation after delivery as health status, number of 

298 siblings, partner, and primary caregiver.(26,27) The ASQ-3 scores of the offsprings who 

299 were excluded were lower than those of the offsprings included in most time points. In 

300 the analyzed population, the changes in the ASQ-3 scores of the offspring tested less 

301 frequently differed from those of the offspring tested at all time points. Except for the 

302 group tested at all time points, the number of the offspring tested tended to decrease 

303 with age. It was difficult to examine the association between incomplete responses and 

304 the ASQ-3 scores in this study. In the future, we need to consider studies with regard to 

305 incomplete participants and neurodevelopmental delay of offsprings. There was no 

306 analysis of data from offspring, such as birth weight, gestational age at birth, nutritional 

307 status, and Apgar score, but, as we mentioned above, they were not selected as adjusted 

308 variables because we considered them as intermediate variables in the association 

309 between multimorbidity and neurodevelopmental delay.

310 Previous reports on multimorbidities in pregnant women have focused on its 
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311 prevalence and impact on pregnant women themselves.(5–7) This study is a new report 

312 in terms of the effect of multimorbidity in pregnant women on their offspring and 

313 provides important recommendations regarding the health of pregnant women.

314 This study demonstrated an association between multimorbidities in pregnant 

315 women and neurodevelopmental delays in their offspring in Japan. To clarify its 

316 mechanisms and effects, more researches need to be done in many regions of the world 

317 with different economic, geographic, and racial conditions.
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500 Figure legends

501

502 Figure 1. Fetal records selection flow chart.

503

504 Figure 2. Adjusted odds ratio for developmental delay of offspring for 

505 multimorbidity during pregnancy by logistic regression. Models were adjusted for 

506 maternal age at birth, parity, history of alcohol consumption, history of smoking, 

507 maternal educational attainment, household income, and sex of child. Error bars 

508 indicate 95% confidence intervals. The 95% confidence interval for 

509 communication at 1year with multimorbidity was 0.98-5.3.
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Figure 1. Fetal records selection flow chart.
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・stillbirth (n = 382) 

   
・Unknown birth outcome (n = 2,123) 
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Exclusion (n = 13,377) 

   
・Multiple pregnancies (n = 1,891) 

   
・Pregnancies with chromosomal abnormality (n = 223) 

   
・Second or later participation (n = 5,550) 

   
・Missing value of drug use information (n = 2,337) 

   
・Missing value of domestic violence from partner (n = 1,856) 
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Figure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity during 

pregnancy by logistic regression. Models were adjusted for maternal age at birth, parity, history 

of alcohol consumption, history of smoking, maternal educational  attainment, household income, 

and sex of child. Error bars indicate 95% confidence intervals. The 95% confidence interval for 

communication at 1year with multimorbidity was 0.98-5.3. 
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Supplemental Table 1. Prevalence of 23 maternal diseases 

Condition n % 

Abnormal pre-pregnancy BMI     

  Underweight (BMI <18.5 kg/m2) 12,889 15.6 

  Obesity (BMI >25.0 kg/m2) 8,848 10.7 

Allergic disease 2,557 3.1 

Anaemia 592 0.7 

Diabetes mellitus 124 0.2 

Domestic violence 3,632 4.4 

Dyslipidaemia 6 0.01 

Epilepsy 122 0.2 

Gastric or duodenal ulcer 285 0.3 

Heart disease 7 0.01 

Hepatitis 5 0.01 

HIV infection 7 0.01 

Hypertension 83 0.1 

Inflammatory bowel disease 16 0.02 

Kidney disease 17 0.02 

Malignancy 0 0 

Migraine 41 0.05 

Neurological disease 0 0 

Other sexually transmitted diseases 1,089 1.3 

Mental disorder 550 0.7 

Rheumatic or collagen disease 91 0.1 

Substance abuse 1 0.001 

Thyroid disease 614 0.7 

BMI, body mass index. 
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Supplemental Table 2. The mean ASQ-3 scores and the number of offspring analyzed (n = 82,877) and those excluded (n = 11,927) 

Age Group Communication Gross motor Fine motor problem solving Personal-social 

  
Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean 

 score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

6 months Excluded 46.14  -0.55 9,636  80.8  32.54  -1.07 9,637  80.8  39.81  -1.11 9,605  80.5  42.80  -1.44 9,629  80.7  32.03  -2.44 9,611  80.6  

 Included 46.69  
 

74,135  89.5  33.61  
 

74,126  89.4  40.92  
 

73,928  89.2  44.24  
 

74,137  89.5  34.47  
 

74,043  89.3  

1 year Excluded 36.57  -1.30 9,236  77.4  42.01  -0.90 9,241  77.5  47.16  -1.19 9,227  77.4  42.47  0.11 9,223  77.3  35.88  -1.34 9,204  77.2  

 Included 37.86  
 

70,443  85.0  42.90  
 

70,445  85.0  48.35  
 

70,416  85.0  42.36  
 

70,347  84.9  37.22  
 

70,229  84.7  

1.5 years Excluded 32.27  -0.79 8,669  72.7  53.98  -0.61 8,669  72.7  49.36  -0.54 8,664  72.6  42.06  -0.41 8,613  72.2  47.86  -0.08 8,659  72.6  

 Included 33.06  
 

66,543  80.3  54.60  
 

66,563  80.3  49.90  
 

66,525  80.3  42.48  
 

66,133  79.8  47.94  
 

66,528  80.3  

2 years Excluded 43.91  -1.19 9,632  80.8  52.81  -0.94 9,630  80.7  49.47  -0.35 9,626  80.7  48.58  -0.25 9,603  80.5  46.14  -0.20 9,620  80.7  

 Included 45.11  
 

69,541  83.9  53.75  
 

69,542  83.9  49.82  
 

69,478  83.8  48.83  
 

69,346  83.7  46.34  
 

69,435  83.8  

2.5 years Excluded 51.99  -0.94 9,377  78.6  53.86  -0.90 9,389  78.7  46.34  -0.90 9,337  78.3  49.79  -0.74 9,360  78.5  50.07  0.01 9,370  78.6  

 Included 52.92  
 

67,899  81.9  54.75  
 

67,915  81.9  47.25  
 

67,597  81.6  50.52  
 

67,749  81.7  50.06  
 

67,809  81.8  

3 years Excluded 52.28  -0.88 9,663  81.0  54.50  -0.96 9,657  81.1  48.07  -1.15 9,645  80.9  51.14  -0.69 9,597  80.5  50.36  0.03 9,661  81.0  

 Included 53.16  
 

69,466  83.8  55.47  
 

69,566  83.9  49.21  
 

69,291  83.6  51.83  
 

68,907  83.1  50.33  
 

69,404  83.7  

3.5 years Excluded 53.44  -0.65 9,222  77.3  55.77  -0.67 9,226  77.4  52.36  -0.69 9,211  77.2  53.91  -0.61 9,163  76.8  54.52  -0.18 9,214  77.3  

 Included 54.09  
 

67,447  81.4  56.44  
 

67,398  81.3  53.05  
 

67,361  81.3  54.53  
 

67,140  81.0  54.70  
 

67,358  81.3  

4 years Excluded 52.99  -0.81 8,939  74.9  53.76  -0.58 8,982  75.3  50.91  -0.77 8,983  75.3  54.06  -0.45 8,966  75.2  53.25  -0.27 9,002  75.5  

  Included 53.80  
 

65,162  78.6  54.34  
 

65,426  78.9  51.68  
 

65,429  78.9  54.51  
 

65,311  78.8  53.52  
 

65,505  79.0  

*Difference in the mean scores from those of the offspring included at each point. **Percentage of total group population. 
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Supplemental Table 3. The ASQ scores and the number of offspring by testing times from 6 months to 4 years 

Age Testing times Communication Gross motor Fine motor Problem solving Personal-social 

 
 

Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** 

6 months 1-3 47.39  6,285  0.94  65.9  35.57  6,284  2.57  65.9  43.51  6,271  3.37  65.8  46.40  6,290  2.76  66.0  36.69  6,281  2.90  65.9  

 
4-7 46.98  21,111  0.52  79.4  34.39  21,110  1.39  79.4  41.86  21,043  1.73  79.2  44.93  21,117  1.30  79.5  35.32  21,072  1.53  79.3  

  8 46.46  46,739    99.9  33.00  46,732    99.9  40.14  46,614    99.7  43.64  46,730    99.9  33.79  46,690    99.8  

1 year 1-3 40.28  4,028  3.01  42.3  44.55  4,025  2.07  42.2  49.27  4,028  1.15  42.3  44.09  4,018  2.22  42.2  39.19  4,004  2.47  42.0  

 
4-7 38.78  19,665  1.52  74.0  43.58  19,666  1.10  74.0  48.70  19,645  0.58  73.9  43.18  19,614  1.32  73.8  37.99  19,582  1.26  73.7  

  8 37.27  46,750  
 

99.9  42.48  46,754  
 

99.9  48.12  46,743  
 

99.9  41.86  46,715  
 

99.9  36.73  46,643  
 

99.7  

1.5 years 1-3 35.21  2,367  2.55  24.8  54.84  2,368  0.36  24.8  50.46  2,364  0.70  24.8  43.53  2,342  1.34  24.6  49.52  2,363  1.91  24.8  

 
4-7 33.86  17,431  1.20  65.6  54.85  17,434  0.37  65.6  50.19  17,427  0.43  65.6  43.10  17,278  0.91  65.0  48.60  17,424  0.99  65.6  

  8 32.65  46,745    99.9  54.49  46,761    100.0  49.76  46,734    99.9  42.19  46,513    99.5  47.61  46,741    99.9  

2 years 1-3 45.71  1,719  0.72  18.0  54.29  1,717  0.56  18.0  50.42  1,720  0.68  18.0  49.42  1,710  0.60  17.9  47.14  1,714  0.91  18.0  

 
4-7 45.30  21,067  0.31  79.3  53.75  21,066  0.02  79.3  49.94  21,048  0.20  79.2  48.80  20,982  -0.01  78.9  46.52  21,028  0.29  79.1  

  8 44.99  46,755    99.9  53.73  46,759    99.9  49.74  46,710    99.9  48.82  46,654    99.8  46.23  46,693    99.8  

2.5 years 1-3 52.41  1,217  -0.62  12.8  54.66  1,217  -0.12  12.8  47.09  1,200  -0.23  12.6  50.68  1,206  0.12  12.7  50.75  1,211  0.77  12.7  

 
4-7 52.70  19,941  -0.33  75.0  54.69  19,945  -0.09  75.0  47.08  19,809  -0.24  74.5  50.44  19,873  -0.11  74.8  50.21  19,912  0.22  74.9  

  8 53.03  46,741    99.9  54.78  46,753    99.9  47.32  46,588    99.6  50.55  46,670    99.8  49.98  46,686    99.8  

3 years 1-3 52.96  1,369  -0.29  14.4  55.69  1,374  0.21  14.4  49.17  1,355  -0.12  14.2  52.17  1,336  0.29  14.0  51.13  1,365  0.89  14.3  

 
4-7 52.98  21,417  -0.26  80.6  55.44  21,462  -0.03  80.8  49.06  21,339  -0.22  80.3  51.70  21,184  -0.18  79.7  50.47  21,406  0.22  80.5  

  8 53.25  46,680    99.8  55.48  46,730    99.9  49.29  46,597    99.6  51.88  46,387    99.2  50.24  46,633    99.7  

3.5 years 1-3 53.78  1,080  -0.31  11.3  56.25  1,078  -0.20  11.3  52.58  1,077  -0.53  11.3  53.88  1,065  -0.70  11.2  54.51  1,079  -0.15  11.3  

 
4-7 54.13  19,641  0.04  73.9  56.41  19,618  -0.05  73.8  52.93  19,593  -0.18  73.7  54.44  19,480  -0.13  73.3  54.83  19,613  0.17  73.8  

  8 54.09  46,726    99.9  56.46  46,702    99.9  53.11  46,691    99.8  54.58  46,595    99.6  54.66  46,666    99.8  

4y ears 1-3 53.77  909  0.01  9.5  54.40  912  0.09  9.6  51.30  913  -0.46  9.6  53.99  899  -0.57  9.4  53.36  913  -0.12  9.6  

 
4-7 53.93  17,807  0.17  67.0  54.41  17,900  0.09  67.3  51.51  17,895  -0.25  67.3  54.42  17,862  -0.14  67.2  53.63  17,946  0.14  67.5  

  8 53.76  46,446    99.3  54.32  46,614    99.7  51.76  46,621    99.7  54.56  46,550    99.5  53.49  46,646    99.7  

*Difference in the mean scores from those of the offspring tested all at each point. **Percentage of total group population. 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

3,4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5,6

Objectives 3 State specific objectives, including any prespecified hypotheses 7

Methods
Study design 4 Present key elements of study design early in the paper 3

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

3,7

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

7,8Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

7,8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

8-10

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

7,8

Bias 9 Describe any efforts to address potential sources of bias 19

Study size 10 Explain how the study size was arrived at 5,7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

10,11

(a) Describe all statistical methods, including those used to control for 
confounding

10

(b) Describe any methods used to examine subgroups and interactions 10

(c) Explain how missing data were addressed 10,11

(d) If applicable, explain how loss to follow-up was addressed -

Statistical methods 12

(e) Describe any sensitivity analyses -

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed

7,8

(b) Give reasons for non-participation at each stage 7,8

Participants 13*

(c) Consider use of a flow diagram 7,8

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

11,12

(b) Indicate number of participants with missing data for each variable of 
interest

-

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 8

Outcome data 15* Report numbers of outcome events or summary measures over time 13-
15
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

15,16

(b) Report category boundaries when continuous variables were categorized -

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

-

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

-

Discussion
Key results 18 Summarise key results with reference to study objectives 17

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

18,19

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

19,20

Generalisability 21 Discuss the generalisability (external validity) of the study results 20

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

21,22

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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37 Objectives: To investigate the association between multimorbidity during pregnancy 

38 and neurodevelopmental delay in offspring using data from a Japanese nationwide birth 

39 cohort study. 

40 Design: This study was a prospective birth cohort study.

41 Setting: This study population included 104,059 fetal records who participated in The 

42 Japan Environment and Children’s Study (JECS) from 2011 to 2014.

43 Participants: Pregnant women whose children had undergone developmental testing 

44 were included in this analysis.

45 Primary and secondary outcome measures: Neurodevelopment of offspring was 

46 assessed using the Japanese version of the Ages and Stages Questionnaire, third edition 

47 (J-ASQ-3), comprising five developmental domains. The number of comorbidities 

48 among the pregnant women was categorized as zero, single disease, or multimorbidity 

49 (two or more diseases). Maternal chronic conditions included in multimorbidity were 

50 defined as conditions with high prevalence among women of reproductive age. A 

51 multivariate logistic regression analysis was conducted to examine the association 

52 between multimorbidity in pregnant women and offspring development.

53 Results: Pregnant women with multimorbidity, single disease, and no disease accounted 

54 for 3.6%, 30.6%, and 65.8%, respectively. The odds ratios (ORs) for 
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55 neurodevelopmental impairment during the follow-up period were similar for infants of 

56 mothers with no disease comorbidity and those with a single disease comorbidity. 

57 However, the ORs for neurodevelopmental impairment were significantly higher for 

58 children born to mothers with multimorbidity compared with those born to healthy 

59 mothers.

60 Conclusion: An association was observed between the number of comorbidities in 

61 pregnant women and developmental delay in offspring. Pregnant women with 

62 multimorbidities are at a higher risk of neurodevelopmental delays in their offspring. 

63 Further research is required in this regard in many other regions of the world.

64

65 Keywords

66 pregnant, women, multimorbidity, Japan, offspring, neurodevelopment, delay
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73 Strengths and limitations of this study

74 • The study size was adequate for effective investigation.

75 • Neurodevelopmental progress was assessed in detail using the results of eight 

76 points (6 months, 1 year, 1.5 years, 2 years, 2.5 years, 3 years, 3.5 years, and 4 

77 years).

78 • Chronic diseases that were diagnosed but not treated were ruled out.

79 • Infants were unable to communicate well, which renders accurate assessment of 

80 their neurodevelopment difficult.

81

82 INTRODUCTION

83 Multimorbidity is defined as the coexistence of two or more chronic diseases, whether 

84 physical or mental, in the same individual.(1) Multimorbidity is considered one of the 

85 principal challenges in older people as the incidence of chronic diseases such as 

86 hypertension, dyslipidemia, diabetes, cardiac disease, and malignant tumors, increases 

87 with age. Therefore, many studies have focused on older patients with 

88 multimorbidities.(2,3) However, diseases such as asthma, arthritis, mental disorders, 

89 and HIV can also occur in young people. There are few studies on multimorbidity in 

90 young people,(4) including pregnant women.(5,6) Maternal physical morbidities, such 
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91 as hypertension, kidney disease, and systemic lupus erythematosus, are potential risk 

92 factors for preterm birth (PTB) and low birth weight infants (LBW).(7) Moreover, 

93 maternal mental and social morbidities have also been associated with PTB and 

94 LBW.(7) Previous studies also reported the relationship between maternal environments 

95 such as maternal asthma, maternal intake of fats, maternal and cord blood Manganese 

96 levels and child development.(8–10)

97 Infancy is considered to be the period in which language, cognition, motor 

98 skills, and socioemotional domains form the basis for subsequent social 

99 participation.(11) It is essential to receive appropriate support, early detection, and 

100 intervention during this period.(12) Although maternal nutritional status, certain 

101 diseases, and blood substances can affect the neurodevelopment of offspring(8–11), the 

102 impacts of multimorbidity in pregnant women on the neurodevelopment of offspring 

103 have not been extensively studied.(5,6) A major difference between previous reports 

104 and this study was the investigation of the association between multiple diseases of 

105 pregnant women and child neurodevelopment; previous reports have mainly focused on 

106 the relationship between a single disease or single substance in pregnant women and 

107 child neurodevelopment. 

108 The present study aimed to investigate the association between multimorbidity 
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109 during pregnancy and neurodevelopmental delay in offspring (every 6 months from 

110 birth to age 4 years) using data from an ongoing nationwide birth cohort, namely the 

111 Japan Environment and Children’s Study (JECS)(13); the neurodevelopment of the 

112 participants was evaluated using the Japanese version of the Ages and Stages 

113 Questionnaires, Third Edition: Infant Developmental Examination (ASQ-3).(14)

114

115 METHODS

116 Study population

117 The JECS is a nationwide and government-funded birth cohort study that started 

118 recruiting expecting mothers in January 2011.(13); the primary objective was to 

119 investigate environmental factors such as exposure to chemicals and airborne pollutants 

120 that can affect children’s health and development during the fetal stage and early 

121 childhood, in order to help policymakers to formulate measures to safeguard the 

122 environment for future generations.(15) The study population included 104,059 fetal 

123 records who participated in JECS from 2011 to 2014. A flowchart of the study 

124 participants is presented in Figure 1. The exclusion criteria included: miscarriage, 

125 stillbirth, or unknown birth outcomes (n = 2,123). Second, participants with multiple 

126 births, pregnancies with chromosomal abnormalities, participated for the second time 
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127 and more, and missing information about drug history, domestic violence, maternal 

128 infection, or maternal BMI were excluded (n = 13,377). Moreover, pregnant women 

129 whose children were not tested using the ASQ-3 once from 6 months to 4 years old 

130 (n=4,046) were excluded. Finally, a total of 82,877 pregnant women were included in 

131 the analysis.

132

133 Ethics

134 The JECS protocol was reviewed and approved by the Ministry of the Environment’s 

135 Institutional Review Board on Epidemiological Studies and the Ethics Committees of 

136 all participating institutions (No. 100910001).(13) The JECS was performed following 

137 the Declaration of Helsinki. All the participants provided written informed consent.

138

139 Patient and Public Involvement statement

140 This study did not involve patients or public.

141

142 Assessment of pregnant multimorbidity

143 In this study, multimorbidity was defined as the coexistence of two or more physical, 

144 mental, or social conditions in an individual according to previous reports.(7) Maternal 
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145 chronic conditions included in multimorbidity were defined as conditions with high 

146 prevalence among women of reproductive age.(7) To identify pregnant women with the 

147 disease more rigorously, the diseases of pregnant women were defined as those that 

148 were medically treated at the time of pregnancy. Information was collected through self-

149 reports, medical record transcripts, and medication interviews. The targeted diseases 

150 included allergic diseases, such as asthma, anemia, diabetes mellitus, dyslipidemia, 

151 epilepsy, gastric or duodenal ulcers, heart disease, hepatitis, human immunodeficiency 

152 virus (HIV) infection, hypertension, inflammatory bowel disease, kidney disease, 

153 malignancy, migraine, neurologic disease, other sexually transmitted diseases 

154 (Chlamydia trachomatis and syphilis), mental disorders, rheumatic or collagen diseases, 

155 and thyroid disease. Having an episode of domestic violence, substance abuse, being 

156 obese (BMI ≥25), and being thin (BMI <18.5) were each defined as one disease. We 

157 used maternal pre-pregnancy body weight data for analysis. Pregnant women with two 

158 or more of these diseases during pregnancy were defined as having multimorbidities.

159

160 Assessment of neurodevelopment of offspring

161 Score results from the Japanese version of the ASQ-3 (Ages and Stages Questionnaires, 

162 Third Edition: Infant Development Test) at 6 months, 1 year, 1.5 years, 2 years, 2.5 
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163 years and, 3 years, 3.5 years, and 4 years were used to evaluate neurodevelopmental 

164 measures.(15) These scores were obtained by mailed questionnaire survey filled by 

165 caregivers. Neurodevelopmental assessments were performed in the domains of 

166 communication, gross motor, fine motor, problem solving, and personal-social. 

167 Offspring with scores below the cut-off were defined as having neurodevelopmental 

168 delays. The cut-off values were those reported in the Japanese validation version.(14)

169

170 Covariates

171 The covariates were: maternal age at birth, parity, alcohol consumption status, smoking 

172 status, educational attainment, household income, and sex of the child; they were 

173 selected based on previous studies.(7,10)

174

175 Statistical analysis

176 This study used the datasets jecs-ta-20190930 and jecs-qa-20210401 from JECS. 

177 STATA® (MP17 ) and R® (version 4.2.2) were used for statistical analysis. Multivariate 

178 logistic regression analysis was performed to determine the adjusted odds ratios (ORs). 

179 The objective variable was the neurodevelopment of the offspring, and the explanatory 

180 variable was the multimorbidity in pregnant women. The covariates were: maternal age 
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181 at birth, alcohol consumption status, smoking status, educational attainment, household 

182 income, sex of the child, and number of births. Multiple imputation methods were 

183 performed using R to impute the missing values. Other analyses were performed using 

184 the STATA software.

185

186 RESULTS

187 The characteristics of the pregnant women analyzed in this study are presented in Table 

188 1. Pregnant women with multimorbidity, single disease, and no disease accounted for 

189 3.6% (n = 3,001), 30.6% (n = 25,341), and 65.8% (n = 54,535), respectively. Household 

190 income of 2–7.99 million/year was accounted for 84.7%; n = 70,184. In total, 51.4% (n 

191 = 42,563) and 48.6% (n = 40,314) of the offspring were male and female, respectively. 

192 After pregnancy, 4.1 % (n = 3, 408) and 2.7 % (n = 2, 253) of pregnant women had 

193 smoking and drinking habits, respectively.

Table 1. Characteristics of pregnant women and their offspring (n = 82,877)

Characteristics n %
Number of coexist 
disease

0 54,535 65.8 
1 25,341 30.6 
≥2 3,001 3.6 

Mother age at birth
<24 7,815 9.4 
25-29 22,721 27.4 
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30-34 29,555 35.7 
35-39 18,940 22.9 

　 ≥40 3,846 　 4.6 
Parity

0 36,302 43.8 
1 30,646 37.0 
≥2 15,929 19.2 

Mother education 　 　 　
Junior high school 3,630 4.4 
High school 25,917 31.3 
Vocational junior or technical 
college

35,323 42.6 

　 ≥University 18,007 　 21.7 
Maternal smoking habits

Non-smoking or exit-smoking 
before pregnancy

68,145 82.2 

Exit-smoking after pregnancy 11,324 13.7 
Still-smoking 3,408 4.1 

Maternal drinking habits 　 　 　
Non-drinker 41,481 50.1 
Exit drinking after pregnancy 39,143 47.2 

　 drinking 2,253 　 2.7 
Annual household 
income (10,00 JPY)

<200 4,193 5.1 
200-399 28,476 34.4 
400-599 28,663 34.6 
600-799 13,045 15.7 
800-999 5,233 6.3 
1000-1199 1,870 2.3 
1200-1499 735 0.9 
1500-1999 427 0.5 
≥2000 235 0.3 

Child sex 　 　 　 　
boys 42,563 51.4 

　 girls 40,314 　 48.6 

Page 14 of 37

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 13, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
3 A

u
g

u
st 2024. 

10.1136/b
m

jo
p

en
-2023-082585 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

194

195 The prevalence of 23 maternal diseases is described in supplemental table 1. 

196 Maternal underweight (BMI <18.5) (15.6%) was the most frequently observed chronic 

197 condition, followed by maternal obesity (BMI ≥25) (10.7%). The most frequent diseases 

198 on medication were allergic diseases (3.1%), other sexually transmitted diseases (1.3%), 

199 anemia (0.7%), mental disorders (0.7%) and thyroid disease (0.7%).

200 The prevalence of neurodevelopmental delay in offspring is presented in Table 

201 2. The prevalence of communication delays at 6 months and 1 year was significantly 

202 lower than that of the others.
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203
Table 2. Prevalence of neurodevelopment delay of offspring

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal comorbidity n (%) n (%) n (%) n (%) n (%)

6 months 0 318 (0.4) 5,540 (6.7) 2,788 (3.4) 5,675 (6.8) 1,898 (2.3)
1 123 (0.1) 2,603 (3.1) 1,237 (1.5) 2,596 (3.1) 891 (1.1)
≥2 19 (0.02) 316 (0.4) 137 (0.2) 294 (0.4) 101 (0.1)

1 year 0 54 (0.1) 2,711 (3.3) 2,743 (3.3) 2,478 (3.0) 566 (0.7)
1 31 (0.04) 1,324 (1.6) 1,383 (1.7) 1,226 (1.5) 282 (0.3)
≥2 6 (0.01 148 (0.2) 154 (0.2) 172 (0.2) 57 (0.1)

1 half years 0 1,091 (1.3) 2,138 (2.6) 2,000 (2.4) 1,831 (2.2) 1,209 (1.5)
1 528 (0.6) 1,100 (1.3) 984 (1.2) 949 (1.1) 564 (0.7)
≥2 76 (0.1) 148 (0.2) 156 (0.2) 128 (0.2) 78 (0.1)

2 years 0 1,851 (2.2) 2,816 (3.4) 1,060 (1.3) 2,106 (2.5) 1,400 (1.7)
1 1,048 (1.3) 1,474 (1.8) 590 (0.7) 1,004 (1.2) 706 (0.9)
≥2 147 (0.2) 176 (0.2) 84 (0.1) 122 (0.1) 99 (0.1)

2 half years 0 2,445 (3.0) 2,042 (2.5) 2,696 (3.3) 2,708 (3.3) 1,634 (2.0)
1 1,376 (1.7) 1,086 (1.3) 1,389 (1.7) 1,445 (1.7) 860 (1.0)
≥2 199 (0.2) 132 (0.2) 186 (0.2) 187 (0.2) 112 (0.1)

3 years 0 1,901 (2.3) 2,037 (2.5) 3,492 (4.2) 3,406 (4.1) 1,603 (1.9)
1 1,030 (1.2) 1,102 (1.3) 1,843 (2.2) 1,783 (2.2) 861 (1.0)
≥2 164 (0.2) 144 (0.2) 245 (0.3) 260 (0.3) 122 (0.1)

3 half years 0 2,873 (3.5) 2,020 (2.4) 2,522 (3.0) 2,689 (3.2) 2,130 (2.6)
1 1,467 (1.8) 1,098 (1.3) 1,341 (1.6) 1,508 (1.8) 1,171 (1.4)
≥2 219 (0.3) 155 (0.2) 182 (0.2) 218 (0.3) 154 (0.2)

4 years 0 2,157 (2.6) 2,597 (3.1) 3,038 (3.7) 1,733 (2.1) 2,629 (3.2)
1 1,118 (1.3) 1,347 (1.6) 1,651 (2.0) 977 (1.2) 1,362 (1.6)
≥2 166 (0.2) 177 (0.2) 239 (0.3) 145 (0.2) 194 (0.2)
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204

205 The number of the offspring tested as well as the mean ASQ-3 scores at each 

206 time point in the offspring those were analyzed and those who were excluded are shown 

207 in supplemental table 2. In the included group, the number of the offspring tested at 6 

208 months and 4 years were 74,195 and 65,705, respectively. In the excluded group, the 

209 number of the offspring tested at 6 months and 4 years were 9,642 and 9,019, 

210 respectively. At each time point, the offspring were defined as tested if they answered at 

211 least one domain of the ASQ-3. The examination rates in offspring who were excluded 

212 were lower overall. The number of the offspring tested tended to decrease with age in 

213 both groups. The difference in the mean scores of the offspring excluded from the mean 

214 scores of those included ranged from -2.44 to 0.11. The mean scores in the offspring 

215 who were excluded were lower from 6 months to 4 years in most time points. The ASQ-

216 3 scores and the number of the offspring by categories of the number of tests at each 

217 time point are shown in the supplemental table 3. The offspring were categorized into 

218 three groups: until 4 years, tested in all time points, 1 to 3 times, and 4 to 7 times. The 

219 number of the offspring tested at all time points, 4 to 7 times, and 1 to 3 times were 

220 46,766, 26,578, and 9,530 respectively. The number of the offspring tended to decrease 

221 with age in groups tested less frequently. There was a particularly large decrease in the 
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222 group tested 1 to 3 times. The difference in ASQ-3 scores of the groups tested less 

223 frequently from those of the group tested in all time points ranged from -1.62 to 3.37. 

224 Comparing the group tested in all time points, the groups tested less frequently tended 

225 to have higher scores until 2 years and lower scores after 2.5 years. The results of the 

226 multivariate logistic regression analysis conducted on the number of comorbidities in 

227 pregnant women and the neurodevelopment of offspring are shown in Table 3 and 

228 Figure 2. Except at 6 months, the ORs were more than 1 for any of the following items: 

229 communication, gross motor, fine motor, problem solving, and personal and social. The 

230 ORs at 6 months were lower than those at other ages for all items, both single disease 

231 comorbidity and multimorbidity. ORs tended to be higher with increasing age of the 

232 offspring, and the ORs for all items were higher at 4 years than at 6 months for both 

233 single-disease coexistence and multimorbidity. The ORs for single disease 

234 comorbidities ranged from 0.85 (95% CI 0.69–1.05) to 1.28 (95% Cl 0.82–1.99). The 

235 OR range for multimorbidity was 0.95 (95% CI 0.80–1.14) to 2.29 (95% CI 0.98–5.36), 

236 and that at 4 years of age was 1.30 (95% CI 1.11–1.52) to 1.42 (95% CI 1.19–1.69) for 

237 all domains.
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238

Table 3. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy by logistic regression

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal 

comorbidity Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
1 0.85 (0.69–1.05) 1.03 (0.98–1.08) 0.99 (0.92–1.06) 1.01 (0.96–1.06) 1.02 (0.94–1.11)

6 months
≥2 1.14 (0.71–1.81) 1.08 (0.96–1.22) 0.95 (0.8–1.14) 0.98 (0.86–1.11) 0.99 (0.8–1.21)
1 1.28 (0.82–1.99) 1.09 (1.02–1.16) 1.10 (1.03–1.18) 1.08 (1.01–1.16) 1.08 (0.94–1.25)

1 year
≥2 2.29 (0.98–5.36) 1.08 (0.91–1.28) 1.05 (0.89–1.24) 1.32 (1.12–1.55) 1.90 (1.44–2.50)
1 1.04 (0.94–1.16) 1.13 (1.05–1.22) 1.05 (0.97–1.14) 1.12 (1.04–1.22) 1.02 (0.92–1.13)1 half 

years ≥2 1.29 (1.02–1.64) 1.34 (1.13–1.59) 1.42 (1.20–1.68) 1.31 (1.09–1.57) 1.23 (0.97–1.56)
1 1.21 (1.12–1.30) 1.15 (1.08–1.23) 1.19 (1.08–1.32) 1.04 (0.96–1.12) 1.09 (0.99–1.19)

2 years
≥2 1.42 (1.19–1.69) 1.21 (1.03–1.41) 1.42 (1.13–1.78) 1.09 (0.9–1.32) 1.31 (1.06–1.61)
1 1.19 (1.11–1.27) 1.17 (1.09–1.26) 1.11 (1.04–1.19) 1.14 (1.07–1.22) 1.14 (1.04–1.24)2 half 

years ≥2 1.42 (1.22–1.65) 1.26 (1.05–1.51) 1.28 (1.09–1.49) 1.23 (1.05–1.44) 1.26 (1.04–1.54)
1 1.14 (1.05–1.23) 1.19 (1.10–1.28) 1.13 (1.06–1.19) 1.12 (1.06–1.19) 1.13 (1.04–1.24)

3 years
≥2 1.48 (1.25–1.75) 1.37 (1.15–1.63) 1.26 (1.10–1.45) 1.39 (1.22–1.59) 1.33 (1.10–1.61)
1 1.04 (0.98–1.11) 1.18 (1.10–1.28) 1.12 (1.04–1.20) 1.19 (1.11–1.27) 1.18 (1.09–1.27)3 half 

years ≥2 1.24 (1.07–1.44) 1.46 (1.23–1.73) 1.26 (1.07–1.47) 1.42 (1.22–1.64) 1.30 (1.09–1.54)
1 1.10 (1.02–1.18) 1.13 (1.06–1.21) 1.15 (1.08–1.22) 1.18 (1.08–1.27) 1.11 (1.03–1.18)

4 years
≥2 1.35 (1.14–1.59) 1.30 (1.11–1.52) 1.37 (1.19–1.58) 1.42 (1.19–1.69) 1.32 (1.14–1.54)

Models were adjusted for maternal age at birth, parity, history of alcohol consumption, history of smoking, maternal educational attainment, sex of child, 
household income, and sex of child.
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239

240 DISCUSSION

241 This investigation showed significant associations between multimorbidities in pregnant 

242 women and delayed neurodevelopment in the offspring. The ORs were higher for most 

243 of the neurodevelopmental items in pregnant women with multimorbidities than in those 

244 with a single disease. This study is the first to highlight the significance of the 

245 association between multimorbidity in pregnant women and the neurodevelopment in 

246 the offspring, despite the existence of reports on the association between specific 

247 diseases, such as asthma, chronic inflammatory arthritis, depression, thyroid conditions, 

248 diabetes, and epilepsy, in pregnant women and the neurodevelopment of their 

249 children.(8,16–18) As the number of comorbidities in pregnant women increases, the 

250 factors contributing to neurodevelopmental delay in the offspring may increase. In the 

251 future, health education and treatment in terms of the number of comorbidities during 

252 pregnancy should be considered.

253 The ORs for neurodevelopmental delay increased with the increase in the  

254 offspring's age. This may have been caused by the increasing accuracy of the 

255 assessment as the offspring aged. An accurate assessment of neurodevelopment cannot 

256 be made until the child has grown to a certain age.(19) Parents' assessments of their 
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257 children's neurodevelopment may not be established until a certain period of parenting 

258 time. Neurodevelopmental delays may have been caused by social factors.(20) It has 

259 been reported that depressed mothers tend to form family environments that are socially 

260 and economically disadvantageous to their children.(21) Pregnant women with 

261 multimorbidities and certain mental diseases may have tended to form 

262 socioeconomically undesirable family environments.(22) Further, a great deal of the 

263 brain’s ultimate structure and capacity is shaped up to 3 years of age.(11) The maternal 

264 immune activation may be caused by comorbidities during pregnancy, and components 

265 of the maternal immune system such as microglia and cytokines produced by microglia 

266 may trigger inappropriate fetal immune responses and may lead to neurodevelopment 

267 delay in the future.(23) Neurodevelopmental delays in children may have gradually 

268 appeared as a result of multiple factors such as the postnatal brain development process, 

269 the undesirable family environment, and the caregiver’s assessments of their children. 

270 Future research should take into account the prospect that factors such as children’s 

271 birthweight and/or gestational age at birth, nutritional status, Apgar score, and maternal 

272 psychological status can be intermediate variables in the association between 

273 multimorbidity and neurodevelopmental delay.

274 This study has several limitations. First, Pregnant women with diagnoses but 
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275 no medication were not included in the disease sample in this study, with the exception 

276 of domestic violence, obese, and skinny women. The criterion for the disease was 

277 defined as the presence of medication; the number of pregnant women with the disease 

278 may have been higher if the study had been conducted using different criteria. Some 

279 have criticized the definition of multimorbidity as simply having more than one disease, 

280 which would include a large population.(24) In the future, a definition of 

281 multimorbidity that is suitable for the target community will be required since the 

282 significant diseases and conditions vary depending on the target population.(24) 

283 Second, it was difficult in this study to discuss the biological mechanisms of the 

284 association between multimorbidity and neurodevelopmental delay. The association 

285 between various diseases and neurodevelopmental delays has been reported in previous 

286 studies.(8,16–18,25) Further studies on disease characteristics and disease combinations 

287 may allow for hypotheses to be made regarding the biological mechanisms underlying 

288 the association between multimorbidity and neurodevelopmental delay. Third, as 

289 participants in the JECS were only collaborators, selection bias may have occurred.(15) 

290 The prevalence of multimorbidity and the results of the association between 

291 multimorbidity and neurodevelopmental delay might have been different if the study 

292 design included pregnant women who did not participate in the JECS. The number of 
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293 pregnant women with multimorbidities would increase and the results of the effects on 

294 the neurodevelopment of the children might be different if all pregnant women and 

295 children registered in the administration were included in the study. Fourth, we didn’t 

296 use the data on maternal situation after delivery. Incomplete questionnaire responses 

297 were reported to be influenced by the maternal situation after delivery as health status, 

298 number of siblings, partner, and primary caregiver.(26,27) The ASQ-3 scores of the 

299 offspring who were excluded were lower than those of the offspring included in most 

300 time points. In the analyzed population, the changes in the ASQ-3 scores of the 

301 offspring tested less frequently differed from those of the offspring tested at all time 

302 points. Except for the group tested at all time points, the number of the offspring tested 

303 tended to decrease with age. It was difficult to examine the association between 

304 incomplete responses and the ASQ-3 scores in this study. In the future, we need to 

305 consider studies with regard to incomplete participants and neurodevelopmental delay 

306 of offspring. There was no analysis of data from offspring, such as birth weight, 

307 gestational age at birth, nutritional status, and Apgar score, but, as we mentioned above, 

308 they were not selected as adjusted variables because we considered them as intermediate 

309 variables in the association between multimorbidity and neurodevelopmental delay.

310 Previous reports on multimorbidities in pregnant women have focused on its 
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311 prevalence and impact on pregnant women themselves.(5–7) This study is a new report 

312 in terms of the effect of multimorbidity in pregnant women on their offspring and 

313 provides important recommendations regarding the health of pregnant women.

314

315 CONCLUSION

316 This study demonstrated an association between multimorbidities in pregnant 

317 women and neurodevelopmental delays in their offspring in Japan. To clarify its 

318 mechanisms and effects, more research needs to be done in many regions of the world 

319 with different economic, geographic, and racial conditions.

320
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504 Figure legends
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506 Figure 1. Fetal records selection flow chart.
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508 Figure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity 

509 during pregnancy by logistic regression. Models were adjusted for maternal age at birth, 

510 parity, history of alcohol consumption, history of smoking, maternal educational 
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511 attainment, household income, and sex of child. Error bars indicate 95% confidence 

512 intervals. The 95% confidence interval for communication at 1 year with 

513 multimorbidity was 0.98-5.3.
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Figure 1. Fetal records selection flow chart.

 

Fetal records (n= 104,059) 
      

         

   
Exclusion (n =3,759) 

   
・Miscarriage (n = 1,254) 

   
・stillbirth (n = 382) 

   
・Unknown birth outcome (n = 2,123) 

         

n = 100,300 
      

         

   
Exclusion (n = 13,377) 

   
・Multiple pregnancies (n = 1,891) 

   
・Pregnancies with chromosomal abnormality (n = 223) 

   
・Second or later participation (n = 5,550) 

   
・Missing value of drug use information (n = 2,337) 

   
・Missing value of domestic violence from partner (n = 1,856) 

   
・Missing value of maternal infection (n = 3,015) 

   
・Missing value of maternal body mass index (n = 133) 

         

n = 86,923 
      

         

   
Exclusion (n = 4,046) 

   
・ASQ-3 not done 

         

Analyzed fetal records (n = 82,877) 
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For peer review onlyFigure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy 

by logistic regression. Models were adjusted for maternal age at birth, parity, history of alcohol 

consumption, history of smoking, maternal educational attainment, household income, and sex of child. 

Error bars indicate 95% confidence intervals. The 95% confidence interval for communication at 1 year 

with multimorbidity was 0.98-5.3.
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Supplemental Table 1. Prevalence of 23 maternal diseases 

Condition n % 

Abnormal pre-pregnancy BMI     

  Underweight (BMI <18.5 kg/m2) 12,889 15.6 

  Obesity (BMI >25.0 kg/m2) 8,848 10.7 

Allergic disease 2,557 3.1 

Anaemia 592 0.7 

Diabetes mellitus 124 0.2 

Domestic violence 3,632 4.4 

Dyslipidaemia 6 0.01 

Epilepsy 122 0.2 

Gastric or duodenal ulcer 285 0.3 

Heart disease 7 0.01 

Hepatitis 5 0.01 

HIV infection 7 0.01 

Hypertension 83 0.1 

Inflammatory bowel disease 16 0.02 

Kidney disease 17 0.02 

Malignancy 0 0 

Migraine 41 0.05 

Neurological disease 0 0 

Other sexually transmitted diseases 1,089 1.3 

Mental disorder 550 0.7 

Rheumatic or collagen disease 91 0.1 

Substance abuse 1 0.001 

Thyroid disease 614 0.7 

BMI, body mass index. 
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Supplemental Table 2. The mean ASQ-3 scores and the number of offspring analyzed (n = 82,877) and those excluded (n = 11,927) 

Age Group Communication Gross motor Fine motor problem solving Personal-social 

  
Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean 

 score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

6 months Excluded 46.14  -0.55 9,636  80.8  32.54  -1.07 9,637  80.8  39.81  -1.11 9,605  80.5  42.80  -1.44 9,629  80.7  32.03  -2.44 9,611  80.6  

 Included 46.69  
 

74,135  89.5  33.61  
 

74,126  89.4  40.92  
 

73,928  89.2  44.24  
 

74,137  89.5  34.47  
 

74,043  89.3  

1 year Excluded 36.57  -1.30 9,236  77.4  42.01  -0.90 9,241  77.5  47.16  -1.19 9,227  77.4  42.47  0.11 9,223  77.3  35.88  -1.34 9,204  77.2  

 Included 37.86  
 

70,443  85.0  42.90  
 

70,445  85.0  48.35  
 

70,416  85.0  42.36  
 

70,347  84.9  37.22  
 

70,229  84.7  

1.5 years Excluded 32.27  -0.79 8,669  72.7  53.98  -0.61 8,669  72.7  49.36  -0.54 8,664  72.6  42.06  -0.41 8,613  72.2  47.86  -0.08 8,659  72.6  

 Included 33.06  
 

66,543  80.3  54.60  
 

66,563  80.3  49.90  
 

66,525  80.3  42.48  
 

66,133  79.8  47.94  
 

66,528  80.3  

2 years Excluded 43.91  -1.19 9,632  80.8  52.81  -0.94 9,630  80.7  49.47  -0.35 9,626  80.7  48.58  -0.25 9,603  80.5  46.14  -0.20 9,620  80.7  

 Included 45.11  
 

69,541  83.9  53.75  
 

69,542  83.9  49.82  
 

69,478  83.8  48.83  
 

69,346  83.7  46.34  
 

69,435  83.8  

2.5 years Excluded 51.99  -0.94 9,377  78.6  53.86  -0.90 9,389  78.7  46.34  -0.90 9,337  78.3  49.79  -0.74 9,360  78.5  50.07  0.01 9,370  78.6  

 Included 52.92  
 

67,899  81.9  54.75  
 

67,915  81.9  47.25  
 

67,597  81.6  50.52  
 

67,749  81.7  50.06  
 

67,809  81.8  

3 years Excluded 52.28  -0.88 9,663  81.0  54.50  -0.96 9,657  81.1  48.07  -1.15 9,645  80.9  51.14  -0.69 9,597  80.5  50.36  0.03 9,661  81.0  

 Included 53.16  
 

69,466  83.8  55.47  
 

69,566  83.9  49.21  
 

69,291  83.6  51.83  
 

68,907  83.1  50.33  
 

69,404  83.7  

3.5 years Excluded 53.44  -0.65 9,222  77.3  55.77  -0.67 9,226  77.4  52.36  -0.69 9,211  77.2  53.91  -0.61 9,163  76.8  54.52  -0.18 9,214  77.3  

 Included 54.09  
 

67,447  81.4  56.44  
 

67,398  81.3  53.05  
 

67,361  81.3  54.53  
 

67,140  81.0  54.70  
 

67,358  81.3  

4 years Excluded 52.99  -0.81 8,939  74.9  53.76  -0.58 8,982  75.3  50.91  -0.77 8,983  75.3  54.06  -0.45 8,966  75.2  53.25  -0.27 9,002  75.5  

  Included 53.80  
 

65,162  78.6  54.34  
 

65,426  78.9  51.68  
 

65,429  78.9  54.51  
 

65,311  78.8  53.52  
 

65,505  79.0  

*Difference in the mean scores from those of the offspring included at each point. **Percentage of total group population. 
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Supplemental Table 3. The ASQ scores and the number of offspring by testing times from 6 months to 4 years 

Age Testing times Communication Gross motor Fine motor Problem solving Personal-social 

 
 

Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** 

6 months 1-3 47.39  6,285  0.94  65.9  35.57  6,284  2.57  65.9  43.51  6,271  3.37  65.8  46.40  6,290  2.76  66.0  36.69  6,281  2.90  65.9  

 
4-7 46.98  21,111  0.52  79.4  34.39  21,110  1.39  79.4  41.86  21,043  1.73  79.2  44.93  21,117  1.30  79.5  35.32  21,072  1.53  79.3  

  8 46.46  46,739    99.9  33.00  46,732    99.9  40.14  46,614    99.7  43.64  46,730    99.9  33.79  46,690    99.8  

1 year 1-3 40.28  4,028  3.01  42.3  44.55  4,025  2.07  42.2  49.27  4,028  1.15  42.3  44.09  4,018  2.22  42.2  39.19  4,004  2.47  42.0  

 
4-7 38.78  19,665  1.52  74.0  43.58  19,666  1.10  74.0  48.70  19,645  0.58  73.9  43.18  19,614  1.32  73.8  37.99  19,582  1.26  73.7  

  8 37.27  46,750  
 

99.9  42.48  46,754  
 

99.9  48.12  46,743  
 

99.9  41.86  46,715  
 

99.9  36.73  46,643  
 

99.7  

1.5 years 1-3 35.21  2,367  2.55  24.8  54.84  2,368  0.36  24.8  50.46  2,364  0.70  24.8  43.53  2,342  1.34  24.6  49.52  2,363  1.91  24.8  

 
4-7 33.86  17,431  1.20  65.6  54.85  17,434  0.37  65.6  50.19  17,427  0.43  65.6  43.10  17,278  0.91  65.0  48.60  17,424  0.99  65.6  

  8 32.65  46,745    99.9  54.49  46,761    100.0  49.76  46,734    99.9  42.19  46,513    99.5  47.61  46,741    99.9  

2 years 1-3 45.71  1,719  0.72  18.0  54.29  1,717  0.56  18.0  50.42  1,720  0.68  18.0  49.42  1,710  0.60  17.9  47.14  1,714  0.91  18.0  

 
4-7 45.30  21,067  0.31  79.3  53.75  21,066  0.02  79.3  49.94  21,048  0.20  79.2  48.80  20,982  -0.01  78.9  46.52  21,028  0.29  79.1  

  8 44.99  46,755    99.9  53.73  46,759    99.9  49.74  46,710    99.9  48.82  46,654    99.8  46.23  46,693    99.8  

2.5 years 1-3 52.41  1,217  -0.62  12.8  54.66  1,217  -0.12  12.8  47.09  1,200  -0.23  12.6  50.68  1,206  0.12  12.7  50.75  1,211  0.77  12.7  

 
4-7 52.70  19,941  -0.33  75.0  54.69  19,945  -0.09  75.0  47.08  19,809  -0.24  74.5  50.44  19,873  -0.11  74.8  50.21  19,912  0.22  74.9  

  8 53.03  46,741    99.9  54.78  46,753    99.9  47.32  46,588    99.6  50.55  46,670    99.8  49.98  46,686    99.8  

3 years 1-3 52.96  1,369  -0.29  14.4  55.69  1,374  0.21  14.4  49.17  1,355  -0.12  14.2  52.17  1,336  0.29  14.0  51.13  1,365  0.89  14.3  

 
4-7 52.98  21,417  -0.26  80.6  55.44  21,462  -0.03  80.8  49.06  21,339  -0.22  80.3  51.70  21,184  -0.18  79.7  50.47  21,406  0.22  80.5  

  8 53.25  46,680    99.8  55.48  46,730    99.9  49.29  46,597    99.6  51.88  46,387    99.2  50.24  46,633    99.7  

3.5 years 1-3 53.78  1,080  -0.31  11.3  56.25  1,078  -0.20  11.3  52.58  1,077  -0.53  11.3  53.88  1,065  -0.70  11.2  54.51  1,079  -0.15  11.3  

 
4-7 54.13  19,641  0.04  73.9  56.41  19,618  -0.05  73.8  52.93  19,593  -0.18  73.7  54.44  19,480  -0.13  73.3  54.83  19,613  0.17  73.8  

  8 54.09  46,726    99.9  56.46  46,702    99.9  53.11  46,691    99.8  54.58  46,595    99.6  54.66  46,666    99.8  

4y ears 1-3 53.77  909  0.01  9.5  54.40  912  0.09  9.6  51.30  913  -0.46  9.6  53.99  899  -0.57  9.4  53.36  913  -0.12  9.6  

 
4-7 53.93  17,807  0.17  67.0  54.41  17,900  0.09  67.3  51.51  17,895  -0.25  67.3  54.42  17,862  -0.14  67.2  53.63  17,946  0.14  67.5  

  8 53.76  46,446    99.3  54.32  46,614    99.7  51.76  46,621    99.7  54.56  46,550    99.5  53.49  46,646    99.7  

*Difference in the mean scores from those of the offspring tested all at each point. **Percentage of total group population. 
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Item 
No Recommendation
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No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

3,4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5,6

Objectives 3 State specific objectives, including any prespecified hypotheses 7

Methods
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recruitment, exposure, follow-up, and data collection
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(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

7,8Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

7,8

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

8-10

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
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Bias 9 Describe any efforts to address potential sources of bias 19

Study size 10 Explain how the study size was arrived at 5,7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

10,11

(a) Describe all statistical methods, including those used to control for 
confounding

10

(b) Describe any methods used to examine subgroups and interactions 10

(c) Explain how missing data were addressed 10,11

(d) If applicable, explain how loss to follow-up was addressed -

Statistical methods 12

(e) Describe any sensitivity analyses -

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed

7,8

(b) Give reasons for non-participation at each stage 7,8

Participants 13*

(c) Consider use of a flow diagram 7,8

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

11,12

(b) Indicate number of participants with missing data for each variable of 
interest

-

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 8

Outcome data 15* Report numbers of outcome events or summary measures over time 13-
15
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

15,16

(b) Report category boundaries when continuous variables were categorized -

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

-

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

-

Discussion
Key results 18 Summarise key results with reference to study objectives 17

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

18,19

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

19,20

Generalisability 21 Discuss the generalisability (external validity) of the study results 20

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

21,22

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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37 Objectives: To investigate the association between multimorbidity during pregnancy 

38 and neurodevelopmental delay in offspring using data from a Japanese nationwide birth 

39 cohort study. 

40 Design: This study was a prospective birth cohort study.

41 Setting: This study population included 104,059 fetal records who participated in The 

42 Japan Environment and Children’s Study (JECS) from 2011 to 2014.

43 Participants: Pregnant women whose children had undergone developmental testing 

44 were included in this analysis.

45 Primary and secondary outcome measures: Neurodevelopment of offspring was 

46 assessed using the Japanese version of the Ages and Stages Questionnaire, third edition 

47 (J-ASQ-3), comprising five developmental domains. The number of comorbidities 

48 among the pregnant women was categorized as zero, single disease, or multimorbidity 

49 (two or more diseases). Maternal chronic conditions included in multimorbidity were 

50 defined as conditions with high prevalence among women of reproductive age. A 

51 multivariate logistic regression analysis was conducted to examine the association 

52 between multimorbidity in pregnant women and offspring development.

53 Results: Pregnant women with multimorbidity, single disease, and no disease accounted 

54 for 3.6%, 30.6%, and 65.8%, respectively. The odds ratios (ORs) for 
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55 neurodevelopmental impairment during the follow-up period were similar for infants of 

56 mothers with no disease comorbidity and those with a single disease comorbidity. 

57 However, the ORs for neurodevelopmental impairment were significantly higher for 

58 children born to mothers with multimorbidity compared with those born to healthy 

59 mothers.

60 Conclusion: An association was observed between the number of comorbidities in 

61 pregnant women and developmental delay in offspring. Multimorbidity in pregnant 

62 women may be associated with neurodevelopmental delay in their offspring. Further 

63 research is required in this regard in many other regions of the world.

64

65 Keywords

66 pregnant, women, multimorbidity, Japan, offspring, neurodevelopment, delay

67

68 Word counts

69 Abstract: 265 words; Main text, 2,572 words

70 Tables/figures: 3 tables/2 figures

71 References: 27 references
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73 Strengths and limitations of this study

74 • The study size was adequate for effective investigation.

75 • Neurodevelopmental progress was assessed in detail using the results of eight 

76 points (6 months, 1 year, 1.5 years, 2 years, 2.5 years, 3 years, 3.5 years, and 4 

77 years).

78 • Chronic diseases that were diagnosed but not treated were ruled out.

79 • Infants were unable to communicate well, which renders accurate assessment of 

80 their neurodevelopment difficult.

81

82 INTRODUCTION

83 Multimorbidity is defined as the coexistence of two or more chronic diseases, whether 

84 physical or mental, in the same individual.(1) Multimorbidity is considered one of the 

85 principal challenges in older people as the incidence of chronic diseases such as 

86 hypertension, dyslipidemia, diabetes, cardiac disease, and malignant tumors, increases 

87 with age. Therefore, many studies have focused on older patients with 

88 multimorbidities.(2,3) However, diseases such as asthma, arthritis, mental disorders, 

89 and HIV can also occur in young people. There are few studies on multimorbidity in 

90 young people,(4) including pregnant women.(5,6) Maternal physical morbidities, such 
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91 as hypertension, kidney disease, and systemic lupus erythematosus, are potential risk 

92 factors for preterm birth (PTB) and low birth weight infants (LBW).(7) Moreover, 

93 maternal mental and social morbidities have also been associated with PTB and 

94 LBW.(7) Previous studies also reported the relationship between maternal environments 

95 such as maternal asthma, maternal intake of fats, maternal and cord blood Manganese 

96 levels and child development.(8–10)

97 Infancy is considered to be the period in which language, cognition, motor 

98 skills, and socioemotional domains form the basis for subsequent social 

99 participation.(11) It is essential to receive appropriate support, early detection, and 

100 intervention during this period.(12) Although maternal nutritional status, certain 

101 diseases, and blood substances can affect the neurodevelopment of offspring(8–11), the 

102 impacts of multimorbidity in pregnant women on the neurodevelopment of offspring 

103 have not been extensively studied.(5,6) A major difference between previous reports 

104 and this study was the investigation of the association between multiple diseases of 

105 pregnant women and child neurodevelopment; previous reports have mainly focused on 

106 the relationship between a single disease or single substance in pregnant women and 

107 child neurodevelopment. 

108 The present study aimed to investigate the association between multimorbidity 
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109 during pregnancy and neurodevelopmental delay in offspring (every 6 months from 

110 birth to age 4 years) using data from an ongoing nationwide birth cohort, namely the 

111 Japan Environment and Children’s Study (JECS)(13); the neurodevelopment of the 

112 participants was evaluated using the Japanese version of the Ages and Stages 

113 Questionnaires, Third Edition: Infant Developmental Examination (ASQ-3).(14)

114

115 METHODS

116 Study population

117 The JECS is a nationwide and government-funded birth cohort study that started 

118 recruiting expecting mothers in January 2011.(13); the primary objective was to 

119 investigate environmental factors such as exposure to chemicals and airborne pollutants 

120 that can affect children’s health and development during the fetal stage and early 

121 childhood, in order to help policymakers to formulate measures to safeguard the 

122 environment for future generations.(15) The study population included 104,059 fetal 

123 records who participated in JECS from 2011 to 2014. A flowchart of the study 

124 participants is presented in Figure 1. The exclusion criteria included: miscarriage, 

125 stillbirth, or unknown birth outcomes (n = 2,123). Second, participants with multiple 

126 births, pregnancies with chromosomal abnormalities, participated for the second time 
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127 and more, and missing information about drug history, domestic violence, maternal 

128 infection, or maternal BMI were excluded (n = 13,377). Moreover, pregnant women 

129 whose children were not tested using the ASQ-3 once from 6 months to 4 years old 

130 (n=4,046) were excluded. Finally, a total of 82,877 pregnant women were included in 

131 the analysis.

132

133 Ethics

134 The JECS protocol was reviewed and approved by the Ministry of the Environment’s 

135 Institutional Review Board on Epidemiological Studies and the Ethics Committees of 

136 all participating institutions (No. 100910001).(13) The JECS was performed following 

137 the Declaration of Helsinki. All the participants provided written informed consent.

138

139 Patient and Public Involvement statement

140 This study did not involve patients or public.

141

142 Assessment of pregnant multimorbidity

143 In this study, multimorbidity was defined as the coexistence of two or more physical, 

144 mental, or social conditions in an individual according to previous reports.(7) Maternal 
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145 chronic conditions included in multimorbidity were defined as conditions with high 

146 prevalence among women of reproductive age.(7) To identify pregnant women with the 

147 disease more rigorously, the diseases of pregnant women were defined as those that 

148 were medically treated at the time of pregnancy. Information was collected through self-

149 reports, medical record transcripts, and medication interviews. The targeted diseases 

150 included allergic diseases, such as asthma, anemia, diabetes mellitus, dyslipidemia, 

151 epilepsy, gastric or duodenal ulcers, heart disease, hepatitis, human immunodeficiency 

152 virus (HIV) infection, hypertension, inflammatory bowel disease, kidney disease, 

153 malignancy, migraine, neurologic disease, other sexually transmitted diseases 

154 (Chlamydia trachomatis and syphilis), mental disorders, rheumatic or collagen diseases, 

155 and thyroid disease. Having an episode of domestic violence, substance abuse, being 

156 obese (BMI ≥25), and being thin (BMI <18.5) were each defined as one disease. We 

157 used maternal pre-pregnancy body weight data for analysis. Pregnant women with two 

158 or more of these diseases during pregnancy were defined as having multimorbidities.

159

160 Assessment of neurodevelopment of offspring

161 Score results from the Japanese version of the ASQ-3 (Ages and Stages Questionnaires, 

162 Third Edition: Infant Development Test) at 6 months, 1 year, 1.5 years, 2 years, 2.5 
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163 years and, 3 years, 3.5 years, and 4 years were used to evaluate neurodevelopmental 

164 measures.(15) These scores were obtained by mailed questionnaire survey filled by 

165 caregivers. Neurodevelopmental assessments were performed in the domains of 

166 communication, gross motor, fine motor, problem solving, and personal-social. 

167 Offspring with scores below the cut-off were defined as having neurodevelopmental 

168 delays. The cut-off values were those reported in the Japanese validation version.(14)

169

170 Covariates

171 The covariates were: maternal age at birth, parity, alcohol consumption status, smoking 

172 status, educational attainment, household income, and sex of the child; they were 

173 selected based on previous studies.(7,10)

174

175 Statistical analysis

176 This study used the datasets jecs-ta-20190930 and jecs-qa-20210401 from JECS. 

177 STATA® (MP17 ) and R® (version 4.2.2) were used for statistical analysis. Multivariate 

178 logistic regression analysis was performed to determine the adjusted odds ratios (ORs). 

179 The objective variable was the neurodevelopment of the offspring, and the explanatory 

180 variable was the multimorbidity in pregnant women. The covariates were: maternal age 
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181 at birth, alcohol consumption status, smoking status, educational attainment, household 

182 income, sex of the child, and number of births. Multiple imputation methods were 

183 performed using R to impute the missing values. Other analyses were performed using 

184 the STATA software.

185

186 RESULTS

187 The characteristics of the pregnant women analyzed in this study are presented in Table 

188 1. Pregnant women with multimorbidity, single disease, and no disease accounted for 

189 3.6% (n = 3,001), 30.6% (n = 25,341), and 65.8% (n = 54,535), respectively. Household 

190 income of 2–7.99 million/year was accounted for 84.7%; n = 70,184. In total, 51.4% (n 

191 = 42,563) and 48.6% (n = 40,314) of the offspring were male and female, respectively. 

192 After pregnancy, 4.1 % (n = 3, 408) and 2.7 % (n = 2, 253) of pregnant women had 

193 smoking and drinking habits, respectively.

Table 1. Characteristics of pregnant women and their offspring (n = 82,877)

Characteristics n %
Number of coexist 
disease

0 54,535 65.8 
1 25,341 30.6 
≥2 3,001 3.6 

Mother age at birth
<24 7,815 9.4 
25-29 22,721 27.4 
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30-34 29,555 35.7 
35-39 18,940 22.9 

　 ≥40 3,846 　 4.6 
Parity

0 36,302 43.8 
1 30,646 37.0 
≥2 15,929 19.2 

Mother education 　 　 　
Junior high school 3,630 4.4 
High school 25,917 31.3 
Vocational junior or technical 
college

35,323 42.6 

　 ≥University 18,007 　 21.7 
Maternal smoking habits

Non-smoking or exit-smoking 
before pregnancy

68,145 82.2 

Exit-smoking after pregnancy 11,324 13.7 
Still-smoking 3,408 4.1 

Maternal drinking habits 　 　 　
Non-drinker 41,481 50.1 
Exit drinking after pregnancy 39,143 47.2 

　 drinking 2,253 　 2.7 
Annual household 
income (10,00 JPY)

<200 4,193 5.1 
200-399 28,476 34.4 
400-599 28,663 34.6 
600-799 13,045 15.7 
800-999 5,233 6.3 
1000-1199 1,870 2.3 
1200-1499 735 0.9 
1500-1999 427 0.5 
≥2000 235 0.3 

Child sex 　 　 　 　
boys 42,563 51.4 

　 girls 40,314 　 48.6 
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194

195 The prevalence of 23 maternal diseases is described in supplemental table 1. 

196 Maternal underweight (BMI <18.5) (15.6%) was the most frequently observed chronic 

197 condition, followed by maternal obesity (BMI ≥25) (10.7%). The most frequent diseases 

198 on medication were allergic diseases (3.1%), other sexually transmitted diseases (1.3%), 

199 anemia (0.7%), mental disorders (0.7%) and thyroid disease (0.7%).

200 The prevalence of neurodevelopmental delay in offspring is presented in Table 

201 2. The prevalence of communication delays at 6 months and 1 year was significantly 

202 lower than that of the others.
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203
Table 2. Prevalence of neurodevelopment delay of offspring

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal comorbidity n (%) n (%) n (%) n (%) n (%)

6 months 0 318 (0.4) 5,540 (6.7) 2,788 (3.4) 5,675 (6.8) 1,898 (2.3)
1 123 (0.1) 2,603 (3.1) 1,237 (1.5) 2,596 (3.1) 891 (1.1)
≥2 19 (0.02) 316 (0.4) 137 (0.2) 294 (0.4) 101 (0.1)

1 year 0 54 (0.1) 2,711 (3.3) 2,743 (3.3) 2,478 (3.0) 566 (0.7)
1 31 (0.04) 1,324 (1.6) 1,383 (1.7) 1,226 (1.5) 282 (0.3)
≥2 6 (0.01 148 (0.2) 154 (0.2) 172 (0.2) 57 (0.1)

1 half years 0 1,091 (1.3) 2,138 (2.6) 2,000 (2.4) 1,831 (2.2) 1,209 (1.5)
1 528 (0.6) 1,100 (1.3) 984 (1.2) 949 (1.1) 564 (0.7)
≥2 76 (0.1) 148 (0.2) 156 (0.2) 128 (0.2) 78 (0.1)

2 years 0 1,851 (2.2) 2,816 (3.4) 1,060 (1.3) 2,106 (2.5) 1,400 (1.7)
1 1,048 (1.3) 1,474 (1.8) 590 (0.7) 1,004 (1.2) 706 (0.9)
≥2 147 (0.2) 176 (0.2) 84 (0.1) 122 (0.1) 99 (0.1)

2 half years 0 2,445 (3.0) 2,042 (2.5) 2,696 (3.3) 2,708 (3.3) 1,634 (2.0)
1 1,376 (1.7) 1,086 (1.3) 1,389 (1.7) 1,445 (1.7) 860 (1.0)
≥2 199 (0.2) 132 (0.2) 186 (0.2) 187 (0.2) 112 (0.1)

3 years 0 1,901 (2.3) 2,037 (2.5) 3,492 (4.2) 3,406 (4.1) 1,603 (1.9)
1 1,030 (1.2) 1,102 (1.3) 1,843 (2.2) 1,783 (2.2) 861 (1.0)
≥2 164 (0.2) 144 (0.2) 245 (0.3) 260 (0.3) 122 (0.1)

3 half years 0 2,873 (3.5) 2,020 (2.4) 2,522 (3.0) 2,689 (3.2) 2,130 (2.6)
1 1,467 (1.8) 1,098 (1.3) 1,341 (1.6) 1,508 (1.8) 1,171 (1.4)
≥2 219 (0.3) 155 (0.2) 182 (0.2) 218 (0.3) 154 (0.2)

4 years 0 2,157 (2.6) 2,597 (3.1) 3,038 (3.7) 1,733 (2.1) 2,629 (3.2)
1 1,118 (1.3) 1,347 (1.6) 1,651 (2.0) 977 (1.2) 1,362 (1.6)
≥2 166 (0.2) 177 (0.2) 239 (0.3) 145 (0.2) 194 (0.2)
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204

205 The number of the offspring tested as well as the mean ASQ-3 scores at each 

206 time point in the offspring those were analyzed and those who were excluded are shown 

207 in supplemental table 2. In the included group, the number of the offspring tested at 6 

208 months and 4 years were 74,195 and 65,705, respectively. In the excluded group, the 

209 number of the offspring tested at 6 months and 4 years were 9,642 and 9,019, 

210 respectively. At each time point, the offspring were defined as tested if they answered at 

211 least one domain of the ASQ-3. The examination rates in offspring who were excluded 

212 were lower overall. The number of the offspring tested tended to decrease with age in 

213 both groups. The difference in the mean scores of the offspring excluded from the mean 

214 scores of those included ranged from -2.44 to 0.11. The mean scores in the offspring 

215 who were excluded were lower from 6 months to 4 years in most time points. The ASQ-

216 3 scores and the number of the offspring by categories of the number of tests at each 

217 time point are shown in the supplemental table 3. The offspring were categorized into 

218 three groups: until 4 years, tested in all time points, 1 to 3 times, and 4 to 7 times. The 

219 number of the offspring tested at all time points, 4 to 7 times, and 1 to 3 times were 

220 46,766, 26,578, and 9,530 respectively. The number of the offspring tended to decrease 

221 with age in groups tested less frequently. There was a particularly large decrease in the 
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222 group tested 1 to 3 times. The difference in ASQ-3 scores of the groups tested less 

223 frequently from those of the group tested in all time points ranged from -1.62 to 3.37. 

224 Comparing the group tested in all time points, the groups tested less frequently tended 

225 to have higher scores until 2 years and lower scores after 2.5 years. The results of the 

226 multivariate logistic regression analysis conducted on the number of comorbidities in 

227 pregnant women and the neurodevelopment of offspring are shown in Table 3 and 

228 Figure 2. Except at 6 months, the ORs were more than 1 for any of the following items: 

229 communication, gross motor, fine motor, problem solving, and personal and social. The 

230 ORs at 6 months were lower than those at other ages for all items, both single disease 

231 comorbidity and multimorbidity. ORs tended to be higher with increasing age of the 

232 offspring, and the ORs for all items were higher at 4 years than at 6 months for both 

233 single-disease coexistence and multimorbidity. The ORs for single disease 

234 comorbidities ranged from 0.85 (95% CI 0.69–1.05) to 1.28 (95% Cl 0.82–1.99). The 

235 OR range for multimorbidity was 0.95 (95% CI 0.80–1.14) to 2.29 (95% CI 0.98–5.36), 

236 and that at 4 years of age was 1.30 (95% CI 1.11–1.52) to 1.42 (95% CI 1.19–1.69) for 

237 all domains.
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Table 3. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy by logistic regression

Age Communication Gross motor Fine motor Problem solving Personal-socialNumber of 
maternal 

comorbidity Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI) Adjusted OR (95% CI)
1 0.85 (0.69–1.05) 1.03 (0.98–1.08) 0.99 (0.92–1.06) 1.01 (0.96–1.06) 1.02 (0.94–1.11)

6 months
≥2 1.14 (0.71–1.81) 1.08 (0.96–1.22) 0.95 (0.8–1.14) 0.98 (0.86–1.11) 0.99 (0.8–1.21)
1 1.28 (0.82–1.99) 1.09 (1.02–1.16) 1.10 (1.03–1.18) 1.08 (1.01–1.16) 1.08 (0.94–1.25)

1 year
≥2 2.29 (0.98–5.36) 1.08 (0.91–1.28) 1.05 (0.89–1.24) 1.32 (1.12–1.55) 1.90 (1.44–2.50)
1 1.04 (0.94–1.16) 1.13 (1.05–1.22) 1.05 (0.97–1.14) 1.12 (1.04–1.22) 1.02 (0.92–1.13)1 half 

years ≥2 1.29 (1.02–1.64) 1.34 (1.13–1.59) 1.42 (1.20–1.68) 1.31 (1.09–1.57) 1.23 (0.97–1.56)
1 1.21 (1.12–1.30) 1.15 (1.08–1.23) 1.19 (1.08–1.32) 1.04 (0.96–1.12) 1.09 (0.99–1.19)

2 years
≥2 1.42 (1.19–1.69) 1.21 (1.03–1.41) 1.42 (1.13–1.78) 1.09 (0.9–1.32) 1.31 (1.06–1.61)
1 1.19 (1.11–1.27) 1.17 (1.09–1.26) 1.11 (1.04–1.19) 1.14 (1.07–1.22) 1.14 (1.04–1.24)2 half 

years ≥2 1.42 (1.22–1.65) 1.26 (1.05–1.51) 1.28 (1.09–1.49) 1.23 (1.05–1.44) 1.26 (1.04–1.54)
1 1.14 (1.05–1.23) 1.19 (1.10–1.28) 1.13 (1.06–1.19) 1.12 (1.06–1.19) 1.13 (1.04–1.24)

3 years
≥2 1.48 (1.25–1.75) 1.37 (1.15–1.63) 1.26 (1.10–1.45) 1.39 (1.22–1.59) 1.33 (1.10–1.61)
1 1.04 (0.98–1.11) 1.18 (1.10–1.28) 1.12 (1.04–1.20) 1.19 (1.11–1.27) 1.18 (1.09–1.27)3 half 

years ≥2 1.24 (1.07–1.44) 1.46 (1.23–1.73) 1.26 (1.07–1.47) 1.42 (1.22–1.64) 1.30 (1.09–1.54)
1 1.10 (1.02–1.18) 1.13 (1.06–1.21) 1.15 (1.08–1.22) 1.18 (1.08–1.27) 1.11 (1.03–1.18)

4 years
≥2 1.35 (1.14–1.59) 1.30 (1.11–1.52) 1.37 (1.19–1.58) 1.42 (1.19–1.69) 1.32 (1.14–1.54)

Models were adjusted for maternal age at birth, parity, history of alcohol consumption, history of smoking, maternal educational attainment, sex of child, 
household income, and sex of child.
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239

240 DISCUSSION

241 This investigation showed significant associations between multimorbidities in pregnant 

242 women and delayed neurodevelopment in the offspring. The ORs were higher for most 

243 of the neurodevelopmental items in pregnant women with multimorbidities than in those 

244 with a single disease. This study is the first to highlight the significance of the 

245 association between multimorbidity in pregnant women and the neurodevelopment in 

246 the offspring, despite the existence of reports on the association between specific 

247 diseases, such as asthma, chronic inflammatory arthritis, depression, thyroid conditions, 

248 diabetes, and epilepsy, in pregnant women and the neurodevelopment of their 

249 children.(8,16–18) As the number of comorbidities in pregnant women increases, the 

250 factors contributing to neurodevelopmental delay in the offspring may increase. In the 

251 future, health education and treatment in terms of the number of comorbidities during 

252 pregnancy should be considered.

253 The ORs for neurodevelopmental delay increased with the increase in the  

254 offspring's age. This may have been caused by the increasing accuracy of the 

255 assessment as the offspring aged. An accurate assessment of neurodevelopment cannot 

256 be made until the child has grown to a certain age.(19) Parents' assessments of their 
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257 children's neurodevelopment may not be established until a certain period of parenting 

258 time. Neurodevelopmental delays may have been caused by social factors.(20) It has 

259 been reported that depressed mothers tend to form family environments that are socially 

260 and economically disadvantageous to their children.(21) Pregnant women with 

261 multimorbidities and certain mental diseases may have tended to form 

262 socioeconomically undesirable family environments.(22) Further, a great deal of the 

263 brain’s ultimate structure and capacity is shaped up to 3 years of age.(11) The maternal 

264 immune activation may be caused by comorbidities during pregnancy, and components 

265 of the maternal immune system such as microglia and cytokines produced by microglia 

266 may trigger inappropriate fetal immune responses and may lead to neurodevelopment 

267 delay in the future.(23) Neurodevelopmental delays in children may have gradually 

268 appeared as a result of multiple factors such as the postnatal brain development process, 

269 the undesirable family environment, and the caregiver’s assessments of their children. 

270 Future research should take into account the prospect that factors such as children’s 

271 birthweight and/or gestational age at birth, nutritional status, Apgar score, and maternal 

272 psychological status can be intermediate variables in the association between 

273 multimorbidity and neurodevelopmental delay.

274 This study has several limitations. First, Pregnant women with diagnoses but 
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275 no medication were not included in the disease sample in this study, with the exception 

276 of domestic violence, obese, and skinny women. The criterion for the disease was 

277 defined as the presence of medication; the number of pregnant women with the disease 

278 may have been higher if the study had been conducted using different criteria. Some 

279 have criticized the definition of multimorbidity as simply having more than one disease, 

280 which would include a large population.(24) In the future, a definition of 

281 multimorbidity that is suitable for the target community will be required since the 

282 significant diseases and conditions vary depending on the target population.(24) 

283 Second, it was difficult in this study to discuss the biological mechanisms of the 

284 association between multimorbidity and neurodevelopmental delay. The association 

285 between various diseases and neurodevelopmental delays has been reported in previous 

286 studies.(8,16–18,25) Further studies on disease characteristics and disease combinations 

287 may allow for hypotheses to be made regarding the biological mechanisms underlying 

288 the association between multimorbidity and neurodevelopmental delay. Third, as 

289 participants in the JECS were only collaborators, selection bias may have occurred.(15) 

290 The prevalence of multimorbidity and the results of the association between 

291 multimorbidity and neurodevelopmental delay might have been different if the study 

292 design included pregnant women who did not participate in the JECS. The number of 
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293 pregnant women with multimorbidities would increase and the results of the effects on 

294 the neurodevelopment of the children might be different if all pregnant women and 

295 children registered in the administration were included in the study. Fourth, we didn’t 

296 use the data on maternal situation after delivery. Incomplete questionnaire responses 

297 were reported to be influenced by the maternal situation after delivery as health status, 

298 number of siblings, partner, and primary caregiver.(26,27) The ASQ-3 scores of the 

299 offspring who were excluded were lower than those of the offspring included in most 

300 time points. In the analyzed population, the changes in the ASQ-3 scores of the 

301 offspring tested less frequently differed from those of the offspring tested at all time 

302 points. Except for the group tested at all time points, the number of the offspring tested 

303 tended to decrease with age. It was difficult to examine the association between 

304 incomplete responses and the ASQ-3 scores in this study. In the future, we need to 

305 consider studies with regard to incomplete participants and neurodevelopmental delay 

306 of offspring. There was no analysis of data from offspring, such as birth weight, 

307 gestational age at birth, nutritional status, and Apgar score, but, as we mentioned above, 

308 they were not selected as adjusted variables because we considered them as intermediate 

309 variables in the association between multimorbidity and neurodevelopmental delay.

310 Previous reports on multimorbidities in pregnant women have focused on its 
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311 prevalence and impact on pregnant women themselves.(5–7) This study is a new report 

312 in terms of the effect of multimorbidity in pregnant women on their offspring and 

313 provides important recommendations regarding the health of pregnant women.

314

315 CONCLUSION

316 This study demonstrated an association between multimorbidities in pregnant 

317 women and neurodevelopmental delays in their offspring in Japan. To clarify its 

318 mechanisms and effects, more research needs to be done in many regions of the world 

319 with different economic, geographic, and racial conditions.

320
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504 Figure legends
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506 Figure 1. Fetal records selection flow chart.
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508 Figure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity 

509 during pregnancy by logistic regression. Models were adjusted for maternal age at birth, 

510 parity, history of alcohol consumption, history of smoking, maternal educational 
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511 attainment, household income, and sex of child. Error bars indicate 95% confidence 

512 intervals. The 95% confidence interval for communication at 1 year with 

513 multimorbidity was 0.98-5.3.
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Figure 1. Fetal records selection flow chart.

 

Fetal records (n= 104,059) 
      

         

   
Exclusion (n =3,759) 

   
・Miscarriage (n = 1,254) 

   
・stillbirth (n = 382) 

   
・Unknown birth outcome (n = 2,123) 

         

n = 100,300 
      

         

   
Exclusion (n = 13,377) 

   
・Multiple pregnancies (n = 1,891) 

   
・Pregnancies with chromosomal abnormality (n = 223) 

   
・Second or later participation (n = 5,550) 

   
・Missing value of drug use information (n = 2,337) 

   
・Missing value of domestic violence from partner (n = 1,856) 

   
・Missing value of maternal infection (n = 3,015) 

   
・Missing value of maternal body mass index (n = 133) 

         

n = 86,923 
      

         

   
Exclusion (n = 4,046) 

   
・ASQ-3 not done 

         

Analyzed fetal records (n = 82,877) 
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For peer review onlyFigure 2. Adjusted odds ratio for developmental delay of offspring for multimorbidity during pregnancy 

by logistic regression. Models were adjusted for maternal age at birth, parity, history of alcohol 

consumption, history of smoking, maternal educational attainment, household income, and sex of child. 

Error bars indicate 95% confidence intervals. The 95% confidence interval for communication at 1 year 

with multimorbidity was 0.98-5.3.
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Supplemental Table 1. Prevalence of 23 maternal diseases 

Condition n % 

Abnormal pre-pregnancy BMI     

  Underweight (BMI <18.5 kg/m2) 12,889 15.6 

  Obesity (BMI >25.0 kg/m2) 8,848 10.7 

Allergic disease 2,557 3.1 

Anaemia 592 0.7 

Diabetes mellitus 124 0.2 

Domestic violence 3,632 4.4 

Dyslipidaemia 6 0.01 

Epilepsy 122 0.2 

Gastric or duodenal ulcer 285 0.3 

Heart disease 7 0.01 

Hepatitis 5 0.01 

HIV infection 7 0.01 

Hypertension 83 0.1 

Inflammatory bowel disease 16 0.02 

Kidney disease 17 0.02 

Malignancy 0 0 

Migraine 41 0.05 

Neurological disease 0 0 

Other sexually transmitted diseases 1,089 1.3 

Mental disorder 550 0.7 

Rheumatic or collagen disease 91 0.1 

Substance abuse 1 0.001 

Thyroid disease 614 0.7 

BMI, body mass index. 
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Supplemental Table 2. The mean ASQ-3 scores and the number of offspring analyzed (n = 82,877) and those excluded (n = 11,927) 

Age Group Communication Gross motor Fine motor problem solving Personal-social 

  
Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean 

 score 
δ* n %** 

Mean  

score 
δ* n %** 

Mean  

score 
δ* n %** 

6 months Excluded 46.14  -0.55 9,636  80.8  32.54  -1.07 9,637  80.8  39.81  -1.11 9,605  80.5  42.80  -1.44 9,629  80.7  32.03  -2.44 9,611  80.6  

 Included 46.69  
 

74,135  89.5  33.61  
 

74,126  89.4  40.92  
 

73,928  89.2  44.24  
 

74,137  89.5  34.47  
 

74,043  89.3  

1 year Excluded 36.57  -1.30 9,236  77.4  42.01  -0.90 9,241  77.5  47.16  -1.19 9,227  77.4  42.47  0.11 9,223  77.3  35.88  -1.34 9,204  77.2  

 Included 37.86  
 

70,443  85.0  42.90  
 

70,445  85.0  48.35  
 

70,416  85.0  42.36  
 

70,347  84.9  37.22  
 

70,229  84.7  

1.5 years Excluded 32.27  -0.79 8,669  72.7  53.98  -0.61 8,669  72.7  49.36  -0.54 8,664  72.6  42.06  -0.41 8,613  72.2  47.86  -0.08 8,659  72.6  

 Included 33.06  
 

66,543  80.3  54.60  
 

66,563  80.3  49.90  
 

66,525  80.3  42.48  
 

66,133  79.8  47.94  
 

66,528  80.3  

2 years Excluded 43.91  -1.19 9,632  80.8  52.81  -0.94 9,630  80.7  49.47  -0.35 9,626  80.7  48.58  -0.25 9,603  80.5  46.14  -0.20 9,620  80.7  

 Included 45.11  
 

69,541  83.9  53.75  
 

69,542  83.9  49.82  
 

69,478  83.8  48.83  
 

69,346  83.7  46.34  
 

69,435  83.8  

2.5 years Excluded 51.99  -0.94 9,377  78.6  53.86  -0.90 9,389  78.7  46.34  -0.90 9,337  78.3  49.79  -0.74 9,360  78.5  50.07  0.01 9,370  78.6  

 Included 52.92  
 

67,899  81.9  54.75  
 

67,915  81.9  47.25  
 

67,597  81.6  50.52  
 

67,749  81.7  50.06  
 

67,809  81.8  

3 years Excluded 52.28  -0.88 9,663  81.0  54.50  -0.96 9,657  81.1  48.07  -1.15 9,645  80.9  51.14  -0.69 9,597  80.5  50.36  0.03 9,661  81.0  

 Included 53.16  
 

69,466  83.8  55.47  
 

69,566  83.9  49.21  
 

69,291  83.6  51.83  
 

68,907  83.1  50.33  
 

69,404  83.7  

3.5 years Excluded 53.44  -0.65 9,222  77.3  55.77  -0.67 9,226  77.4  52.36  -0.69 9,211  77.2  53.91  -0.61 9,163  76.8  54.52  -0.18 9,214  77.3  

 Included 54.09  
 

67,447  81.4  56.44  
 

67,398  81.3  53.05  
 

67,361  81.3  54.53  
 

67,140  81.0  54.70  
 

67,358  81.3  

4 years Excluded 52.99  -0.81 8,939  74.9  53.76  -0.58 8,982  75.3  50.91  -0.77 8,983  75.3  54.06  -0.45 8,966  75.2  53.25  -0.27 9,002  75.5  

  Included 53.80  
 

65,162  78.6  54.34  
 

65,426  78.9  51.68  
 

65,429  78.9  54.51  
 

65,311  78.8  53.52  
 

65,505  79.0  

*Difference in the mean scores from those of the offspring included at each point. **Percentage of total group population. 
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Supplemental Table 3. The ASQ scores and the number of offspring by testing times from 6 months to 4 years 

Age Testing times Communication Gross motor Fine motor Problem solving Personal-social 

 
 

Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** Mean score n δ* %** 

6 months 1-3 47.39  6,285  0.94  65.9  35.57  6,284  2.57  65.9  43.51  6,271  3.37  65.8  46.40  6,290  2.76  66.0  36.69  6,281  2.90  65.9  

 
4-7 46.98  21,111  0.52  79.4  34.39  21,110  1.39  79.4  41.86  21,043  1.73  79.2  44.93  21,117  1.30  79.5  35.32  21,072  1.53  79.3  

  8 46.46  46,739    99.9  33.00  46,732    99.9  40.14  46,614    99.7  43.64  46,730    99.9  33.79  46,690    99.8  

1 year 1-3 40.28  4,028  3.01  42.3  44.55  4,025  2.07  42.2  49.27  4,028  1.15  42.3  44.09  4,018  2.22  42.2  39.19  4,004  2.47  42.0  

 
4-7 38.78  19,665  1.52  74.0  43.58  19,666  1.10  74.0  48.70  19,645  0.58  73.9  43.18  19,614  1.32  73.8  37.99  19,582  1.26  73.7  

  8 37.27  46,750  
 

99.9  42.48  46,754  
 

99.9  48.12  46,743  
 

99.9  41.86  46,715  
 

99.9  36.73  46,643  
 

99.7  

1.5 years 1-3 35.21  2,367  2.55  24.8  54.84  2,368  0.36  24.8  50.46  2,364  0.70  24.8  43.53  2,342  1.34  24.6  49.52  2,363  1.91  24.8  

 
4-7 33.86  17,431  1.20  65.6  54.85  17,434  0.37  65.6  50.19  17,427  0.43  65.6  43.10  17,278  0.91  65.0  48.60  17,424  0.99  65.6  

  8 32.65  46,745    99.9  54.49  46,761    100.0  49.76  46,734    99.9  42.19  46,513    99.5  47.61  46,741    99.9  

2 years 1-3 45.71  1,719  0.72  18.0  54.29  1,717  0.56  18.0  50.42  1,720  0.68  18.0  49.42  1,710  0.60  17.9  47.14  1,714  0.91  18.0  

 
4-7 45.30  21,067  0.31  79.3  53.75  21,066  0.02  79.3  49.94  21,048  0.20  79.2  48.80  20,982  -0.01  78.9  46.52  21,028  0.29  79.1  

  8 44.99  46,755    99.9  53.73  46,759    99.9  49.74  46,710    99.9  48.82  46,654    99.8  46.23  46,693    99.8  

2.5 years 1-3 52.41  1,217  -0.62  12.8  54.66  1,217  -0.12  12.8  47.09  1,200  -0.23  12.6  50.68  1,206  0.12  12.7  50.75  1,211  0.77  12.7  

 
4-7 52.70  19,941  -0.33  75.0  54.69  19,945  -0.09  75.0  47.08  19,809  -0.24  74.5  50.44  19,873  -0.11  74.8  50.21  19,912  0.22  74.9  

  8 53.03  46,741    99.9  54.78  46,753    99.9  47.32  46,588    99.6  50.55  46,670    99.8  49.98  46,686    99.8  

3 years 1-3 52.96  1,369  -0.29  14.4  55.69  1,374  0.21  14.4  49.17  1,355  -0.12  14.2  52.17  1,336  0.29  14.0  51.13  1,365  0.89  14.3  

 
4-7 52.98  21,417  -0.26  80.6  55.44  21,462  -0.03  80.8  49.06  21,339  -0.22  80.3  51.70  21,184  -0.18  79.7  50.47  21,406  0.22  80.5  

  8 53.25  46,680    99.8  55.48  46,730    99.9  49.29  46,597    99.6  51.88  46,387    99.2  50.24  46,633    99.7  

3.5 years 1-3 53.78  1,080  -0.31  11.3  56.25  1,078  -0.20  11.3  52.58  1,077  -0.53  11.3  53.88  1,065  -0.70  11.2  54.51  1,079  -0.15  11.3  

 
4-7 54.13  19,641  0.04  73.9  56.41  19,618  -0.05  73.8  52.93  19,593  -0.18  73.7  54.44  19,480  -0.13  73.3  54.83  19,613  0.17  73.8  

  8 54.09  46,726    99.9  56.46  46,702    99.9  53.11  46,691    99.8  54.58  46,595    99.6  54.66  46,666    99.8  

4y ears 1-3 53.77  909  0.01  9.5  54.40  912  0.09  9.6  51.30  913  -0.46  9.6  53.99  899  -0.57  9.4  53.36  913  -0.12  9.6  

 
4-7 53.93  17,807  0.17  67.0  54.41  17,900  0.09  67.3  51.51  17,895  -0.25  67.3  54.42  17,862  -0.14  67.2  53.63  17,946  0.14  67.5  

  8 53.76  46,446    99.3  54.32  46,614    99.7  51.76  46,621    99.7  54.56  46,550    99.5  53.49  46,646    99.7  

*Difference in the mean scores from those of the offspring tested all at each point. **Percentage of total group population. 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what 
was done and what was found

2, 3, 4

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

5, 6

Objectives 3 State specific objectives, including any prespecified hypotheses 6, 7

Methods
Study design 4 Present key elements of study design early in the paper 3

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

7

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

7, 8Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

7–9

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 
and effect modifiers. Give diagnostic criteria, if applicable

8–10

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods 
if there is more than one group

7–11

Bias 9 Describe any efforts to address potential sources of bias 8–10

Study size 10 Explain how the study size was arrived at 7, 8

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 
applicable, describe which groupings were chosen and why

10, 11

(a) Describe all statistical methods, including those used to control for 
confounding

10, 11

(b) Describe any methods used to examine subgroups and interactions 10, 11

(c) Explain how missing data were addressed 10, 11

(d) If applicable, explain how loss to follow-up was addressed  Not 
Applicable

Statistical methods 12

(e) Describe any sensitivity analyses Not 
Applicable

Results
(a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in 
the study, completing follow-up, and analysed

7, 8

(b) Give reasons for non-participation at each stage Not 
Applicable

Participants 13*

(c) Consider use of a flow diagram 7, 8

(a) Give characteristics of study participants (eg demographic, clinical, 
social) and information on exposures and potential confounders

11, 12

(b) Indicate number of participants with missing data for each variable of 
interest

15, 16

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 7
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Outcome data 15* Report numbers of outcome events or summary measures over time 13–16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and 
their precision (eg, 95% confidence interval). Make clear which confounders were 
adjusted for and why they were included

10, 16–17

(b) Report category boundaries when continuous variables were categorized  Not 
Applicable

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

 Not 
Applicable

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

 Not 
Applicable

Discussion
Key results 18 Summarise key results with reference to study objectives 18

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias

19–21

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

18–19

Generalisability 21 Discuss the generalisability (external validity) of the study results 22

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

24

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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