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Study I II III IV

Cohort JECS
Sub Cohort

JECS
Main Cohort

Sample size 71,682
(Boys: 36,714 / Girls: 34,968)

72,203
 (Boys: 36,784/Girls: 35,419)

4,653
 (Boys: 2,363/Girls: 2,290)

77,612
(Boys: 39,690 / Girls: 37,922)

Research 
Question

Pre-/perinatal optimality
 and 

Neurodevelopment

Birth month
and 

Gross motor development

Vitamin D
 and 

Neurodevelopment

ESSENCE-Q
 and 

NDDs

Study design Cross sectional study Validation study 

Exposure 
(I,II,III)

Screening 
tools (IV )

Pre-/perinatal optimality
(25 items) Birth month Vitamin D (serum 25OHD)

(2 y)
ESSENCE-Q (2.5y)

J-ASQ-3 (2.5y)

Outcome
Parental observation of 
child development (1m)

NDD diagnosis (3y)

Gross motor development 
assessed with J-ASQ-3

(6m & 12m)
KSPD (2y) NDD diagnosis (3y)

Prospective birth cohort study

JECS
Main Cohort
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Continuous Categorical  (cut-off <70)

Continuous
(ng/mL) Spearman correlation

Wilcoxon
Kolmogorov-Smirnov

independent sample t-test

Categorical
Deficient (< 20ng/mL)

Insufficient (≥ 20 & < 30ng/mL)
Sufficient (>30ng/mL)

Kruskal-Wallis Logistic regression

 KSPD DQ (P-M, C-A, L-S, Overall)

25(OH)D2
+

25(OH)D3
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TOTAL P value P value

N=72,203n=14,960 (20.7) n=10,260 (14.2)
Birth month <0.001 * <0.001 *

January 5,594 704 (12.6) 592 (10.6)
February 5,109 491 (9.6) 591 (11.6)

March 5,571 537 (9.6) 715 (12.8)
April 5,539 591 (10.7) 826 (14.9)
May 5,781 896 (15.5) 949 (16.4)
June 5,518 1,316 (23.9) 1,017 (18.4)
July 6,408 1,799 (28.1) 1,178 (18.4)

August 7,275 2,329 (32.0) 1,169 (16.1)
September 7,467 2,322 (31.1) 1,012 (13.6)

October 6,849 1,869 (27.3) 895 (13.1)
November 5,622 1,146 (20.4) 684 (12.2)

Latitude <0.001 * <0.001 *
≥ 40N, < 45N 5,907 906 (15.3) 720 (12.2)
≥ 35N, < 40N 42,540 9,433 (22.2) 6,322 (14.9)
≥ 30N, < 35N 23,164 4,556 (19.7) 3,179 (13.7)
≥ 25N, < 30N 592 65 (11.0) 39 (6.6)

December 5,470 960 (17.6) 632 (11.6)
Vitamin D < 7μg (Daily intake during 1st trimester) * 0.734 0.971

< 7μg 55,641 11,544 (20.8) 7,908 (14.2)
≥ 7μg 16,562 3,416 (20.6) 2,352 (14.2)

Vitamin D < 7μg (Daily intake during 2nd/3rd trimes 0.710 0.708
< 7μg 58,404 12,085 (20.7) 8,313 (14.2)
≥ 7μg 13,799 2,875 (20.8) 1,947 (14.1)

Prenatal Vitamin D supplement 0.112 0.136
No 72,014 14,912 (20.7) 10,226 (14.2)
Yes 189 48 (25.4) 34 (18.0)

Prenatal multivitamin supplement 0.929 0.384
No 68,550 14,201 (20.7) 9,723 (14.2)
Yes 3,653 759 (20.8) 537 (14.7)

Prenatal multi supplement 0.197 0.091
No 68,501 14,162 (20.7) 9,699 (14.2)
Yes 3,702 798 (21.6) 561 (15.2)

Independent 
variables

ASQ @ 6m, 
Gross Motor 

score < 22.25

ASQ @ 12m, 
Gross Motor 

score < 21.49

* The cut-off for vitamin D: in accordance with a guideline by the Ministry of Health, Labour, and Welfare.  
https://www.mhlw.go.jp/file/04-Houdouhappyou-10904750-Kenkoukyoku-
Gantaisakukenkouzoushinka/0000041955.pdf 



TOTAL P value P value

N=72,203n=14,960 (20.7) n=10,260 (14.2)
Birth month <0.001 * <0.001 *

January 5,594 704 (12.6) 592 (10.6)
February 5,109 491 (9.6) 591 (11.6)

March 5,571 537 (9.6) 715 (12.8)
April 5,539 591 (10.7) 826 (14.9)
May 5,781 896 (15.5) 949 (16.4)
June 5,518 1,316 (23.9) 1,017 (18.4)
July 6,408 1,799 (28.1) 1,178 (18.4)

August 7,275 2,329 (32.0) 1,169 (16.1)
September 7,467 2,322 (31.1) 1,012 (13.6)

October 6,849 1,869 (27.3) 895 (13.1)
November 5,622 1,146 (20.4) 684 (12.2)

Latitude <0.001 * <0.001 *
≥ 40N, < 45N 5,907 906 (15.3) 720 (12.2)
≥ 35N, < 40N 42,540 9,433 (22.2) 6,322 (14.9)
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≥ 25N, < 30N 592 65 (11.0) 39 (6.6)

December 5,470 960 (17.6) 632 (11.6)
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Vitamin D < 7μg (Daily intake during 2nd/3rd trimes 0.710 0.708
< 7μg 58,404 12,085 (20.7) 8,313 (14.2)
≥ 7μg 13,799 2,875 (20.8) 1,947 (14.1)

Prenatal Vitamin D supplement 0.112 0.136
No 72,014 14,912 (20.7) 10,226 (14.2)
Yes 189 48 (25.4) 34 (18.0)

Prenatal multivitamin supplement 0.929 0.384
No 68,550 14,201 (20.7) 9,723 (14.2)
Yes 3,653 759 (20.8) 537 (14.7)

Prenatal multi supplement 0.197 0.091
No 68,501 14,162 (20.7) 9,699 (14.2)
Yes 3,702 798 (21.6) 561 (15.2)

Independent 
variables

ASQ @ 6m, 
Gross Motor 

score < 22.25

ASQ @ 12m, 
Gross Motor 

score < 21.49

* The cut-off for vitamin D: in accordance with a guideline by the Ministry of Health, Labour, and Welfare.  
https://www.mhlw.go.jp/file/04-Houdouhappyou-10904750-Kenkoukyoku-
Gantaisakukenkouzoushinka/0000041955.pdf 
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p p p p
(Boys)

25(OH)D (ng/mL) 0.476 0.030 0.029 0.007
< 20  (n = 541,22.9%) 38 (7.0) 37 (6.8) 62 (11.5) 38 (7.0)

≥ 20 and < 30 (n = 1,196, 50.6%) 91 (7.6) 53 (4.4) 100 (8.4) 48 (4.0)
30 ≥ (n = 626, 26.5%) 38 (6.1) 23 (3.7) 45 (7.2) 22 (3.5)

(Girls)
25(OH)D (ng/mL) 0.567 0.150 0.853 0.250

< 20  (n = 607, 26.5%) 39 (6.4) 21 (3.5) 24 (4.0) 20 (3.3)
≥ 20 and < 30 (n = 1,189, 51.9%) 75 (6.3) 56 (4.7) 46 (3.9) 48 (4.0)

30 ≥ (n = 494, 21.6%) 25 (5.1) 14 (2.8) 22 (4.5) 12 (2.4)

(n = 139, 6.1%) (n = 91, 4.0%) (n = 92, 4.0%) (n = 80, 3.5%)

KSPD DQ

(n = 167, 7.1%) (n = 113, 4.8%) (n = 207, 8.8%) (n = 108, 4.6%)
P-M < 70 C-A < 70 L-S < 70 Overall < 70
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 Male  
(n = 39,690) 

Female 
(n = 37,922) 

Total  
(n = 77,612) 

NDDs 625 (1.6) 229 (0.6) 854 (1.1) 
     MD 145 (0.4) 79 (0.2) 224 (0.3) 
     ID/DLD 415 (1.1) 152 (0.4) 567 (0.7) 
     ASD 273 (0.7) 76 (0.2) 349 (0.4) 

ASD, autism spectrum disorder; ID/DLD, intellectual disability and/or developmental language disorder; 
MD, motor delay; NDDs, neurodevelopmental disorders 
Data given as n (%)  
 

 
Number of 
diagnoses 

Number of 
cases 

diagnosed 

 
(%) (Total, 

77,612) NDD diagnosis 1 2 3 
MD 44 - - 224 (0.3) 
ID/DLD 301 - - 567 (0.7) 
ASD 242 - - 349 (0.4) 
MD + ID/DLD - 160 - -  - 
MD + ASD - 1 - -  - 
ID/DLD + ASD - 87 - -   
MD + ID/DLD + ASD - - 19 -   
Number of children with any NDDs 587 248 19 854 (1.1) 
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 Male  
(n = 39,690) 

Female 
(n = 37,922) 

Total  
(n = 77,612) 

NDDs 625 (1.6) 229 (0.6) 854 (1.1) 
     MD 145 (0.4) 79 (0.2) 224 (0.3) 
     ID/DLD 415 (1.1) 152 (0.4) 567 (0.7) 
     ASD 273 (0.7) 76 (0.2) 349 (0.4) 

ASD, autism spectrum disorder; ID/DLD, intellectual disability and/or developmental language disorder; 
MD, motor delay; NDDs, neurodevelopmental disorders 
Data given as n (%)  
 

 
Number of 
diagnoses 

Number of 
cases 

diagnosed 

 
(%) (Total, 

77,612) NDD diagnosis 1 2 3 
MD 44 - - 224 (0.3) 
ID/DLD 301 - - 567 (0.7) 
ASD 242 - - 349 (0.4) 
MD + ID/DLD - 160 - -  - 
MD + ASD - 1 - -  - 
ID/DLD + ASD - 87 - -   
MD + ID/DLD + ASD - - 19 -   
Number of children with any NDDs 587 248 19 854 (1.1) 
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 NDDs MD ID/DLD ASD 
AUC 0.91  0.91  0.90  0.93  
Sensitivity 84.89% 88.39% 84.83% 89.97% 
Specificity 84.83% 84.27% 84.57% 84.39% 
Youden index 69.72% 72.66% 69.40% 74.37% 
PPV 5.86% 1.60% 2.54% 2.54% 
NPV 99.80% 99.96% 99.95% 99.95% 
LR (+) 5.60 5.62 5.50 5.77 
LR (-) 0.18 0.14 0.18 0.12 

Cut point Sensitivity Specificity LR+ LR- Youden Index 
( ≥ 0 ) 100.00% 0.00% 1.00      0.00% 
( ≥ 1 ) 96.37% 50.07% 1.93 0.07 46.44% 
( ≥ 2 ) 91.10% 72.63% 3.33 0.12 63.73% 
( ≥ 3 ) 84.89% 84.83% 5.60 0.18 69.72% 
( ≥ 4 ) 73.07% 91.22% 8.32 0.30 64.29% 
( ≥ 5 ) 60.89% 94.82% 11.75 0.41 55.71% 
( ≥ 6 ) 47.66% 96.97% 15.73 0.54 44.63% 
( ≥ 7 ) 36.18% 98.20% 20.10 0.65 34.38% 
( ≥ 8 ) 25.64% 99.01% 25.80 0.75 24.65% 
( ≥ 9 ) 14.75% 99.43% 25.86 0.86 14.18% 
( ≥ 10 ) 7.85% 99.69% 25.63 0.92 7.54% 
( ≥ 11 ) 3.63% 99.83% 21.27 0.97 3.46% 
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AUC 0.91  0.91  0.90  0.93  
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Youden index 69.72% 72.66% 69.40% 74.37% 
PPV 5.86% 1.60% 2.54% 2.54% 
NPV 99.80% 99.96% 99.95% 99.95% 
LR (+) 5.60 5.62 5.50 5.77 
LR (-) 0.18 0.14 0.18 0.12 

Cut point Sensitivity Specificity LR+ LR- Youden Index 
( ≥ 0 ) 100.00% 0.00% 1.00      0.00% 
( ≥ 1 ) 96.37% 50.07% 1.93 0.07 46.44% 
( ≥ 2 ) 91.10% 72.63% 3.33 0.12 63.73% 
( ≥ 3 ) 84.89% 84.83% 5.60 0.18 69.72% 
( ≥ 4 ) 73.07% 91.22% 8.32 0.30 64.29% 
( ≥ 5 ) 60.89% 94.82% 11.75 0.41 55.71% 
( ≥ 6 ) 47.66% 96.97% 15.73 0.54 44.63% 
( ≥ 7 ) 36.18% 98.20% 20.10 0.65 34.38% 
( ≥ 8 ) 25.64% 99.01% 25.80 0.75 24.65% 
( ≥ 9 ) 14.75% 99.43% 25.86 0.86 14.18% 
( ≥ 10 ) 7.85% 99.69% 25.63 0.92 7.54% 
( ≥ 11 ) 3.63% 99.83% 21.27 0.97 3.46% 
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 NDDs 
 Total participants   Boys    Girls  

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,112 129 65,241  32,139 93 32,232  32,973 36 33,009 
Positive 11,646 725 12,371  6,926 532 7,458  4,720 193 4,913 
Total 76,758 854 77,612  39,065 625 39,690  37,693 229 37,922 

            
 MD 

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,215 26 65,241  32,216 16 32,232  32,999 10 33,009 
Positive 12,173 198 12,371  7,329 129 7,458  4,844 69 4,913 

Total 77,388 224 77,612  39,545 145 39,690  37,843 79 37,922 
            
   ID/DLD 

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,155 86 65,241  32,169 63 32,232  32,986 23 33,009 
Positive 11,890 481 12,371  7,106 352 7,458  4,784 129 4,913 

Total 77,045 567 77,612  39,275 415 39,690  37,770 152 37,922 
            
   ASD 

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,206 35 65,241  32,205 27 32,232  33,001 8 33,009 
Positive 12,057 314 12,371  7,212 246 7,458  4,845 68 4,913 

Total 77,263 349 77,612  39,417 273 39,690  37,846 76 37,922 
ASD, autism spectrum disorder; DLD, developmental language disorder; ID, intellectual disability;  
MD, motor delay; NDDs, neurodevelopmental disorders 



 NDDs 
 Total participants   Boys    Girls  

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,112 129 65,241  32,139 93 32,232  32,973 36 33,009 
Positive 11,646 725 12,371  6,926 532 7,458  4,720 193 4,913 
Total 76,758 854 77,612  39,065 625 39,690  37,693 229 37,922 

            
 MD 

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,215 26 65,241  32,216 16 32,232  32,999 10 33,009 
Positive 12,173 198 12,371  7,329 129 7,458  4,844 69 4,913 

Total 77,388 224 77,612  39,545 145 39,690  37,843 79 37,922 
            
   ID/DLD 

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,155 86 65,241  32,169 63 32,232  32,986 23 33,009 
Positive 11,890 481 12,371  7,106 352 7,458  4,784 129 4,913 

Total 77,045 567 77,612  39,275 415 39,690  37,770 152 37,922 
            
   ASD 

ESSENCE-Q − + Total  − + Total  − + Total 
Negative 65,206 35 65,241  32,205 27 32,232  33,001 8 33,009 
Positive 12,057 314 12,371  7,212 246 7,458  4,845 68 4,913 

Total 77,263 349 77,612  39,417 273 39,690  37,846 76 37,922 
ASD, autism spectrum disorder; DLD, developmental language disorder; ID, intellectual disability;  
MD, motor delay; NDDs, neurodevelopmental disorders 



a) Boys (n = 39,690) 
 NDDs MD ID/DLD ASD 

AUC 0.90 0.90 0.89 0.92 
Sensitivity 85.12% 88.97% 84.82% 90.11% 
Specificity 82.27% 81.47% 81.91% 81.70% 
Youden index 67.39% 70.43% 66.73% 71.81% 
PPV 7.13% 1.73% 4.72% 3.30% 
NPV 99.71% 99.95% 99.80% 99.92% 
LR (+) 4.80 4.80 4.69 4.92 
LR (–) 0.18 0.14 0.19 0.12 

 
b) Girls (n = 37,922) 

 NDDs MD ID/DLD ASD 
AUC 0.91 0.91 0.91 0.95 
Sensitivity 84.28% 87.34% 84.87% 89.47% 
Specificity 87.48% 87.20% 87.33% 87.20% 
Youden index 71.76% 74.54% 72.20% 76.67% 
PPV 3.93% 1.40% 2.63% 1.38% 
NPV 99.89% 99.97% 99.93% 99.98% 
LR (+) 6.73 6.82 6.70 6.99 
LR (–) 0.18 0.15 0.17 0.12 

ASD, autism spectrum disorder; DLD, developmental language disorder; ID, intellectual disability; MD, 
motor delay; NDDs, neurodevelopmental disorders; PPV, positive predictive value; NPV, negative 
predictive value; LR (+), positive likelihood ratio; LR (-), negative likelihood ratio 
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a) Boys (n = 39,690) 
 NDDs MD ID/DLD ASD 

AUC 0.90 0.90 0.89 0.92 
Sensitivity 85.12% 88.97% 84.82% 90.11% 
Specificity 82.27% 81.47% 81.91% 81.70% 
Youden index 67.39% 70.43% 66.73% 71.81% 
PPV 7.13% 1.73% 4.72% 3.30% 
NPV 99.71% 99.95% 99.80% 99.92% 
LR (+) 4.80 4.80 4.69 4.92 
LR (–) 0.18 0.14 0.19 0.12 

 
b) Girls (n = 37,922) 

 NDDs MD ID/DLD ASD 
AUC 0.91 0.91 0.91 0.95 
Sensitivity 84.28% 87.34% 84.87% 89.47% 
Specificity 87.48% 87.20% 87.33% 87.20% 
Youden index 71.76% 74.54% 72.20% 76.67% 
PPV 3.93% 1.40% 2.63% 1.38% 
NPV 99.89% 99.97% 99.93% 99.98% 
LR (+) 6.73 6.82 6.70 6.99 
LR (–) 0.18 0.15 0.17 0.12 

ASD, autism spectrum disorder; DLD, developmental language disorder; ID, intellectual disability; MD, 
motor delay; NDDs, neurodevelopmental disorders; PPV, positive predictive value; NPV, negative 
predictive value; LR (+), positive likelihood ratio; LR (-), negative likelihood ratio 
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