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1. Neale Analysis of Reading Ability (NARA)
2. MacArthur-Bates Communicative Development Inventories (MB-CDIs)
3. Clinical Assessment of Language Fundamentals Preschool (CELF-P)
4. Preschool Language Scale-revised edition Test (PLST)
5. Peabody Picture Vocabulary Test (PPVT)

Fenson L, Brookes Publishing , 2007
http://www.healthline.com / access :10 December 2020
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1. Wechsler Intelligence Scale for Children (WISC st
: ( ) ‘ ‘ o4 LY.
2. Stanford . Binet Intelligence Scales e bPSoBev®
L R R i
3. Woodcock — Johnson WA A ]
@00 |MH?] H
4. Kaufman Assessment Battery for children
5. Neuropsychological Test (NEPSY)
6. Bayley Scales of Infant Development (BSID)
7. Snijders-Oomen Nonverbal intelligence tests (SON)
8. Trial Making Test (TMT)
9. N-back
http://www.healthline.com / access :10 December 2020 18
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1. Strengths and Difficulties Questionnaire (SDQ)
2. Child Behavior Checklist (CBCL)

Villalobos M et al , An. de Psicol ,2018
Charlotte L, BJN, 2019
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400 ng/day 2.4 ng/day 425 mg/day

600 pg/day 2.6 ng/day 450 mg/day
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Mahan , L . Krause's Food and the Nutrition Care Process .2017
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18 mg/day 150 pg/day

27 mg/day 220 pg/day
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Table 4. Unadjusted and adjusted regression analyses of the
association between infant neurodevelopment at 18 months
and maternal plasma methyl donors at 16 weeks of gestation.
Unadjusted Adjusted”
B= SE P B= SE P
Cognitive
Cholime a.589 1.932 o.L0T9* | 6.0549 2.283 Lo M Dol g
Betaine 5.3606 1.723 DO F .3 50 19323 WO OO 2%
Cimethylglycine 2134 1095 0053 2. 169 1219 0.078
Receptive language
Choline 0,054 1.460 0.971 0.e67 1.466 0.650
Betaire 0291 1.315 0.825 0309 1.247 0.804
Dinmmethylghycine T1.1217 Q. 790 0.158 0659 D737 0.373
Expressive
language
Cholirne — 1004 1.508 0.507 —0.509 1.667 0. 750
Betaine — 1.7491 1.384 0.2711 —2.242 1.427 o119
Dimethylglycine 0941 0.832 0.259 1.422 0.842 0.094
Fimne motor
Cholime —o. 198 1017 0.846 — 00277 1.174 o.814
Betaine o.aaes8 0920 0.855 0406 1.071 0.689
Dimmethylghyvcine —0.289 0558 0606 —0.507 0.598 0.398
Gross motor
Choline 1.304 1.420 0.260 2.855 1.472 0.055
Betaine 1.849 1.286 0153 2495 1.271 0.052
Dimethylghycine 0874 0785 0268 0.829 o.7aer 0.281
'"Adjusted for maternal intelligent quotient, infant sex, breastfeeding duration,
maternal ethnicity, maternal age, and matermnal red blood cell
phosphatidylethanolamine docosahexaenoic acid at 16 of
gestation.
2B Regression coefficient from the bivariate (unadjusted) or multivariate
regression analysis.
|| *Significant lewvel {(p-<2-0.05).

Brian T, PLOS ONE ,2012 39
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Figure 4. Scatter plots to show the relationship between infant
cognitive scores and maternal plasma choline metabolites.
Plasma metabolite concentrations were normalized by a single natural
log transformation (A, B and C). Infant cognitive development was
assessed using the Bayley Scales of Infant Development lll. The antilog
of the natural log is equivalent to the exponential of the natural log
value, that is 2.718 to the exponential of the value plotted on the x axis
or €%, The results were analysed for 154 mother-infant pairs using
Pearson correlation analysis, A. choline r=0.190, p=0.019, B. betaine
r=0.288, p=0.0003, C. dimethylglycine, r=0.157, p=0.053.

Brian T, PLOS ONE ,2012 40
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Table 2. Maternal pregnancy folate levels and child brain volumes at ages 6-8 years (n 256)t
(B coefficients and 95 % confidence intervals)

Model 1 Model 2 Model 3
B 95 % CI P B 95 % CI P B 95% CI P
Global brain volume measures (cm®)
Total brain —40-20 -73.2, -7-2 0017 ~33-34 —66-7, 0-02
Grey matter (GM) -21.37 —42.54, -0-19 0-048 ~18-43 ~39.85, 3.00 0-00: 2.24 -3.43, 7-90 0-439
Cortical GM —17.55 —36-27, 1-17 0-066 —14.94 -33.95, 4.08 0-124 2.98 —3.28, 9-23 0-351
Subcortical GM -3.82 -0-28, 7-91 0-068 -3.49 ~7.91, 0-62 0-096 —0.74 ~3-86, 2-38 0-642
White matter ~12.85 —26-24, 0-54 0-060 ~11-69 ~25.31, 1.93 0-093 0.92 ~4.40, 6.24 0-736
Ventricles (cm®)
Total ventricular volume -1.32 —2-88, 0-25 0-100 =111 —2-71, 049 0175 -0-62 -2-16, 0-92 0-432
Volume of specific brain regions (cm?®)
Thalamus —0-43 -0-80, —0-07 -0-37 —0.74, 0-01 0-05 013 —0-43, 0-16 0-378
Caudate —0-44 079,010  |0:011 —0-40 —0.75, —0-05 —019  -047,009 0174
Putamen -0-23 —0-61, 0-16 5 5AG -0-19 ~0-58, 0-20 0-336 0.02 -0-32, 0-35 0-921
Hippocampus 021 -0-45, 0-04 0-093 -0-18 —0-43, 0-07 0-152 —0-07 -0-29, 0-15 0-549
* Significant P values (<0-05) for the fully adjusted model.
1 B, bvalue (unstandardised). Results of the multiple linear regressions in the imputated data set. Pooled effect estimates are displayed. Folate level in early pregnancy was divided
into two groups and defined as normal plasma folate concentration >8 nmol/.|Model 1 is adjusted for sex and child's age at the time of MBI scanl Mode! 2 is additionally adjuste

for breastfeeding status at 6 months and for maternal characteristics: age at enrolment, smoking duri nancy, nancy BMI and education level)] Model 3 is
additionally adjusted for total brain volume.

45

Charlotte L, BJN, 2019
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Table 4. Maternal pregnancy folate, total homocysteine (tHcy) and
vitamin B, levels and child intelligent quotient (IQ){(B coefficients and
95 % confidence intervals)

Child intelligence

B 95 % CI P
Folate (n 244)t
Model 1% —1-84 —5.73, 2.05 0-355
Model 2§ —1-50 —5.34, 2.34 0-444
Model 3| —1.28 —5-16, 2-59 0-517
IHCY (n 2400
Model 1% —-8.02 —12.11,-3-93 0-000*
Model 2§ —7-05 —11.04, —3-06 0-001*
Model 3 || —6-91 —10-92, —2-90 0-001*
Vitamin B> (n 226)1t
Model 1% —0-56 —4.27, 3-16 0-768
Model 2§ —0-27 —3-85, 3-31 0-883
Maodel 3 || —0-23 —3-82, 3-36 0-899

2, & wvalue.

Results of thhe multiple lilnear regressions in the imputated data set. Pooled effect
estimates are displayaed.

= Significant A values (=0-050) for the fully adjusted model.

1+ Folate lewvel in earhy pregnancy was divided into two groups and defined as mornmald
plasma folate comncentration =8 mnmolfl.

¥ fModel 1 is adjusted for sex and the child’s age at the time of testing.

S Modael 2 is additionally adjousted for matermal characteristics: breast-feeding
{(month=s), age at enrolment, smoking durnnmng pregrnancy, pre—pregrnancy BRaAal,
APM score (as proxy for maternal KO and educational lewel.

Il Model 3 is additionally adjusted for total brain volurme.

9 Homocysteine level in early pregnancy was divided into two groups and defined as
mnornmal plasma tHoywy concentration <91 prmeolfs

Tt Low witamimn By was defined as plasma concentration <150 prrmcl.

(aalol ) g0 5958

46
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Table 5. Matarnal pragnancy folate, total homocyateine (tHoy) and vitamin By g lewels and WEFEY- parformanca
(8 cosfficients and 95 % confidence intarvals)

MEPSY tfotal Language Attanticn Memony/learming Hansory motar Visuospatial
g8 88 % Cl P 8 25 % Cl P 8 85 % Cl P 8 25 % Cl P 8 85 % Cl P 8 a5 %5 Cl I
Folate (n 248)1
Model 1% 022 —044,001 0O0G0 026 —049,-003| 00267 006 033 020 0832 —026 —0-48, 005 |0017| 004 —034, 026 0734 —028 —053,-003| 0.026°
Model 2 020 —042, 002 0076 D28 —082, —0.05| 00157 003 030,024 0833 —026 —047 004 |00189 007 —036, 023 0633 028 —052, —008| D012°
oo 3] 016 -038, 005 0140 -028 -0.52,-0.04| 0.0207 003 —0-30, 024 0833 -023 —O-4d, —0.02 | 00354 011 041,019 0481 027 —0.50, 004 0.021°
n
Modsl 1% 026 050, 002 |00a3| 033 087, 008| 0008 010 038,018 0495 016 038,008 0188 022 —010, 054 0477 —043 068,017 0001
Modsl 2 020 -043, 003 DUS4 031 -056,-006| 00147 004 -033, 024 0767 -0-11 -0-34, 012 0358 017 -0-15,0.50 0800 -0-37 —061,-0-13| 0.003"
oVosers] .. 018 041,005 0132 031 -086,-00| 0014 D02 031,025 0€7T2 00B 031,014 0453 015 017,048 0360 036 080011 DoOE
LEm n
Model 15 010 —032,011 0832 019 —041,008 0087 -003 —028 021 0788 —012 032, 008 0252 007 —035 021 0620 —000 —033,014 0428
Moo 2§ 007 -027,013 0503 018 -040.005 0118 -002 -0-26 023 0808 -008 -0-28, 011 0362 -0.03 -031, 025 0840 -003 024,018 0802
Mods 3 007 027,013 0404 018 040,005 0120 —0O1 026 023 0809 —008 —029. 010 0355 —003 —031, 025 0838 —003 —O24 019 0801
B bkyvakis

Rasuits of the multiple linass regressions in the impalated date set Posled alfes! ealimates are displayed.
* Sigrificant P values (<0.0E0) for Be fuly adjusted madal,
# Felate lavel in aarly pregnancy was divided into twa graugs and defined as rarmal plasma folate concentration =B rrmold.
£ Madel 1 i adjusted for sex and the childs ape at the fime af lesfing.
Madel 2 s addfonaly adjusted lor malernal charssiedstiss: breast-lesding (manthe), age & enralmard, smoking durng pregrarcy, pre-pregrancy B, APM score (&s praxy tar materral imelligeat qustient) ard acucatianal level
h Medal 3 is addiionally adjusted for lolal Braln veluma,
T Hamocyadaine level in sarky pregnancy was divided Irlo two groups and defned as normal plasma Hey concenlration <9.1 pmall,
4+ Low vilamin Byg was defined as plasma concantrafian <160 pmall,

47

Charlotte L, BIJN , 2019
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Figure 2. Association of maternal iodine status in pregnancy with child nonverbal IQ score. (a) Continuous association, depicted as the mean
child nonverbal 1Q score (black line) with 95% CI (gray area) using pooled data. Models were adjusted for gestational age, child sex, maternal
ethnicity/country of birth, maternal education, parity, maternal age, prepregnancy body mass index, and smoking during pregnancy. The P value
was provided by an ANOVA test of the null hypothesis that mean child nonverbal 1Q score was similar across the whole range of the natural
logarithm of UVCreat. (b and <) Forest plots of (b) UV/Creat <150 pg/g ("deficiency™) and (c) UVCreat =500 pg/g ("excess”) compared with

the reference group of UKCreat =150 to <500 pg/g (“sufficdent”), depicted as effect estimate {dot) with 95% CI per cohort and overall as

estimated by random-effects meta-analysis (diamond). Coef, coefficient.
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Figure 3. Association of maternal iodine status during pregnancy with child verbal 1Q score. {(a) Continuous association, depicted as the mean
child verbal 1Q (black line) with 95% CI (gray area) using pooled data. Models were adjusted for gestational age, child sex, maternal ethnicity/
country of birth, maternal education, parity, maternal age, prepregnancy body mass index, and smoking during pregnancy. The P value was
provided by an ANOVA test of the null hypothesis that mean child verbal 1Q score was similar across the whole range of the natural logarithm of
Ul/Creat. (b and c) Forest plots of (b) UKVCreat <150 pg/g (“deficiency”) and (c) Ul/Creat =500 pg/g ("excess”) compared with the reference
group of UVCreat =150 to <500 pg/g ("sufficient”), depicted as effect estimate (dot) with 95% CI per cohort and overall as estimated by
random-effects meta-analysis (diamond). Coef, coefficient.
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Table 1. General characteristics of the studies selected.

Author, year Country Design Sample  Sample, gestational age  Assessment Neurodevelopment Neurodevelepment test Conclusions
(weeks) and method of eval- age assessment areas
vating the levels of 25(0OH)D
Darling et United Cohort 7065 Maternal blood, 6-42 Fine motor, gross The maternal status of wita-
al 2017 Kingdom =22 weeks’ gestation months motor Strengths and Difficul- min D dunng pregnancy 1s
and 7, 8,9 Behavior ties Questionnaire associated with neurodevel-
HLPC years (SDQ) opmental variables.
Intelligence quo-  Wechsler Intellizence
tient (1Q)) Scale for Children
Reading (WISC)

Neale analysis of reading

ability (NARA)

Gale etal, United Cohort 440 Maternal blood, 32.6 weeks” 9 years 10 Wechsler Intelbigence | Exposure to higher concen-
2008 Kingdom gestation Seale for Children trations of 23(OH)D (=75
Behavior (WISC) nmolf’L}l has no influence on
RIA Strengths and Difficul-| growth, cogmitive function,
ties Questionnaire psychological health or car-

(5DQ) diovascular system.
Gould et al., Australia Data 337 Umbilical cord, delivery. 18 months Mental Bayley scales (BSDI IIT) Vitamin D levels in the um-
2017 from an and 4 Motor Differential abality scales bilical cord were positively
RCT LC-MS/MS years Social-emotional (DASTI) associated with language de-
Language Clirucal assessment of  velopment at 18 months (p=

language fundamentals 0.04) and at 4 years (p=
preschool (CELF-P2)  0.03).

Hanieh et al Vietnam Cohort 960 Maternal blood, 32 weeks® 6 months Mental Bavley scales (BSID III}) Low concentrations of wvita-
2014 gestation. Motor (translated mto Viet- min D during pregnancy are
Social-emotional namese) associated with language dif-

LC-MS/MS Language ficulties in the child.
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Anthor, vear Country Design Sample

Sample, pestational age

Aszzeszment Neurodevelopment Neusodevelepment test

Conclosions

= " / :jv:\f_-e'lssghz.t;d.:&]ﬂz&?d E,;f:;_-[;al];] ags ATTESSANENT Areas
vating the le of 25( }
u%/” df/ r"i du u/"/ / Kem et al, United Cohost 363 Dlateznzl blood, 8 months Mlental Bayley zcales (ESID I) Poszitive azsociztion betwean
2014 States =206 weeks” gestation. and 4 and Thlotor Stanford-Buinet Intellh- maternal status of vitaman I
Tears e} gence and IQ and school perfor-
RIA Wechszler Intelligencs mance between 4 and 7
School performance Scale for Children vears. INegatrve assocation
TS with imternalization  prob-
Eehawor lems at 4 yearss.
Laird et al,, Seychelles Cohort 189 DRlaternal blood, debvery 3 years Language Preschool Languags High concentratons of wit-
2017 Seale - revized edition amin [ are not a limiting
Zchool performancs (PLS-TL) factor for growth or nevro-
LC-MIZ /NS Woodoock-Johnzon development in the first 3
Eehawor scholastic achievement - years.
ite] second edition
Child Behavior Checkli=t
[CBCL)
Eaufman Bref Intelli-
ace Test (E-BIT)
Llorales et Spamn Cohomt 1320 Mlatesnzl blood, 13.5 weeks” 14 months Alentzl Motor Bayley scales (BSID IT) Higher concentratons of
al, 2012 gestation Z5(0OH)D in pregnancy are
aszoctated with improved
HIPC mental and psychomotor
development in infants.
Trlzvzkr et United Cohort 1020 MNMarernal blood, second tn- 24 months Langnage Barley seales (BSID IIT) Higher concentratons of
al, 2015 States mester of gestation Z5(0OHD in the second to-
mester are positvelr related
Ela to the development of re-
. o
“eena et al,, India Cohost 468 Dlatesnzl blood, INA 9-10 years Copnitve function Faufman Assesment The maternal status of vita-
2017 Barttery for children min [} was: not zelated to
RIA cognitive function in chil-
dran.
Whitehoose Avstrala Cohost 743 Dlateznzl blood, 15 weeks” 2, 5,8, 10, Behawvior Child Behavior ChecklistVitarmm [} mnsufficiency in
eral, 2012 mrastation 14 and 17 Language [CBCL) pregnant Cavcasizn women
Tears Peabody picture vocabu-is associated with language
EIA and LC-MS/MIS lary (PEV'T-R) difficultes in thewr children.
Zho etzl, China Cohost 363 TUmbilical cosd, delivesy. 16 and 18 DMlentzl Bayley scales for China A non-lnear association was
2013 months Alotor population (BSID-CR)  foond bersreen neonatal wit-

RIA

amin [} concentrations and
NEVFOCOEHNTITE devealop-
MmEnt.

Z5(0OH)D, 253-hvdromyvitamin; ELISA, enzyme-lnked immunozorbent assay; CLILA, chemilominescence immunoassay; RIA, mdicimmuncazzay; LC-
LIS/ NS, iquid chromatography-tandem mass spectrometey; HPLC, high performance hquid chromatography; ELA, enzyme immuncassay; ECLLA, electro-
chemiluminesce inmmunozssay; NA, not available; ATSPAC (The Avon Longitodinal Stody of Parents and Children, 2007) ; BEID (Bayley, 1993); SDQ
(Goodman, 1997); WISC [Wechsler, 1999; INARA MNeale, 1997); Stanford-Binet [Terman & Merell, 1960); DAS (Cokn, 1990); CELF (Wig, Secord &
Semel, 2004); PLS (Zimmermzn, Steiner & Ewvert, 2011); Woodeock-Johnzon Scholastic Achievement (Woodeock, MeGrew 8 Mather, 20017 K-BIT
(Elaufman & Kaufman, 2004); CBCL [Achenbach & Edelczockl987; Achenbach, 1991 %; FFVT-E (Duan £ Dunn, 1951)
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Table 3. Neuropsychological scores in children aged 7-8 years according to serum ferritin (SF) levels
(ng/L) measured in the first period of pregnancy. INMA cohort study, Spain 2003-2008.

Groups of SF (ug /L) p Posthoc
<12.03 12.0-60.0® >60.0 ¢ Analyses
Median (IQR)  Median (IQR)  Median (IQR)
MN-Back Test
d’ numbers 1-back 3.4(3.3-3.6) 3.4 (3.4-3.5) 3.5 (3.4-3.6) 0.744
d’ numbers 2-back 16 (1.4-1.8) 1.9 (1.8-1.9) 1.9 (1.7-2.1) 0.037 0.029 2
d’ numbers 3-back 1.0 (0.86-1.17) 1.1 (1.0-1.1) 1.1(1.0-1.3) 0.691
Trail Making Test
Response time TMT A 78.8 (70.9-86.7) 71.5(69.3-737) 72.1(68.1-76.1) 0.050 0.041 2

Response time TMT B 779 (71.5-84.3) 739(71.7-76.2)  74.0(69.0-79.1) 0.413

p-values are from Kruskal-Wallis test; IQR: Inter Quartile Range; HRT SE: Hit reaction time standard error; * Ferritin
levels in the first period of pregnancy <12.0 ug/L; ® Ferritin levels in the first period of pregnancy 12.0-60.0 pg/L; ¢
Ferritin level in the first period of pregnancy >60.0 pg/L; * Differences between groups.

63
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Table 4. Neuropsychological scores in children aged 7-8 years according to total daily iron intake
(mg/day) assessed in the second period of pregnancy. INMA cohort study, Spain 2003-2008.

Tertiles of Total Iron Intake (mg/day)

Posthoc
0.0-14.5% 14,5-30.0 >30.0 ¢ P Analyses
Median (IQR)  Median (IQR)  Median (IQR)
N-Back Test
d’ numbers 1-back 34 (33-35) 3.5 (3.4-3.6) 3.4 (3.3-3.5) 0.587
d’ numbers 2-back 17(16-18)  20(18-207)  18(1.7-19) 0.014 2
d’ numbers 3-back 0.9 (0.9-1.0) 1.1(1.0-1.2) 1.1(1.0-1.2) 0.131
Trail Making Test
Response time TMT A~ 70.3(67.4-733) 752(71.6-789) 72.0(67.9-76.0) | 0.014 0.004
Response time TMT B~ 73.2(70.3-76.1) 754 (72.0-787) 74.6(69.7-794) 0467
p-values are from Kruskal-Wallis test; IQR: Inter Quartile Range; " Total

iron intake in the second period of pregnancy 0.0-14.5; ® Total iron intake in the second period of pregnancy
14.5-30.0; ¢ Total iron intake in the second period of pregnancy >30.0; *® Differences between groups.

64
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Table 5. Regression models for predicting neuropsychological outcomes in children aged 7-8 years
according to serum ferritin (SF) levels (mg/L) measured in the first period of pregnancy and total iron
intake (mg/day) in the second period of pregnancy. INMA cohort study, Spain 2003-2008.

N-Back Test o Trail Making Test A
d’ numbers 2- back B 95%CD) b Response lime in seconds B (95%C1) P
SF (<12 pg/L vs. 12-60 pg/L) 0.4 (0.1-0.7) 0.011 SF (<12 pg/L vs. 12-60 pg/L) (-1 4_5?_'El1 1) 0.017
SF (<12 pg/L vs. >60 pg/L) 0.5 (0.1-0.8) 0.013 SF (<12 pg/l vs. =60 pg/L}) —6.9(-15.4-1.7) 0.114
N-Back Test N-Back Test
d’ numbers 2- back d’ numbers 3- back
Total iron intake (T1 vs. T2) 0.3 (0.1-0.5) 0.014 Total iron intake (T1 vs. T2) 0.1 (-0.1-0.3) 0.189
Total iron intake (T2 vs. T3) 0.3 (0.1-0.5) 0.016 Total iron intake (T2 vs. T3) 0.2 (0.1-0.4) 0.024

ArijaVetal , MDPI , 2019

SF levels and tertile categories of total iron
intake (T1: 0.0-14.5 mg/day; T2: 14.5-30 mg/day; T3: >30 mg/day).
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