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Neonates born at 235 weeks of gestation
with a birth weight 22000 g in the National Center for
Maternal and Child Health (n=1846)

birth asphyxia (n=348)
respiratory distress (n=47)
NICU admission (n=43)
congenital infection (n=35)
no measurement (n=35)
.| Rh isoimmunization {(n=31)
jaundice within 24 h (n=86)
missing cases (n=2)
skin infection (n=1)
congenital spinal anomaly (n=1)
N

Total of 5084 TcB measurements
of 1297 neonates
(3487 TcB measurements were used)
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Title : An hour-specific transcutaneous bilirubin nomogram for Mongolian neonates.
Researchers : Moe Akahira-Azuma, Naohiro Yonemoto, Rintaro Mori

Key word : neonatal hyperbilirubinemia, transcutaneous bilirubin, nomogram, Mongolia

Abstract

1. An hour-specific transcutaneous bilirubin nomogram for Mongolian neonates.
Akahira-Azuma M, Yonemoto N, Mori R, Hosokawa S, Matsushita T, Sukhbat K, Nansal
G, Bavuusuren B, Shonkhuuz E.
ABSTRACT: Transcutaneous bilirubin (TcB) nomograms have been developed for different
populations. However, the TcB level, rate of rise and peak varies among countries and
ethnicities. The aim of this study was to establish an hour-specific TcB nomogram for healthy
term and late preterm Mongolian neonates during the first 144 h after birth. A total of 5084
TcB measurements from 1297 healthy neonates (gestational age >35 weeks, birth weight
>2000 g) were obtained from October 2012 to October 2013. All measurements were
performed using the Jaundice Meter, the JM-103 at 6 to 144 postnatal hours. Mongolian
infants had the following characteristics: 27.1 % were delivered by cesarean section, 17.8 %
had a birth weight >4000 g, and >90 % were being breastfed. TcB percentiles for each
designated time point were calculated for the development of an hour-specific nomogram. TcB
levels increased most rapidly in the first 24 h and less rapidly from 24 to 78 h, reaching a
plateau after 78 h for the 50th percentile. TcB levels of Mongolian neonates for each time
point were higher than those of previous studies.
CONCLUSION: The higher values of the TcB nomogram for Mongolian neonates may be due
to their Asian ethnicity and exclusive breastfeeding.
KEYWORDS: Neonatal hyperbilirubinemia, Transcutaneous bilirubin, Hour-specific
nomogram, Mongokian

(European Journal of Pediatrics 2015 14 April, DOI 10.1007/s00431-015-2536-2)
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Fig. 2 An hour-specific TcB nomogram for Mongolian neonates withsmoothed curves for the 5th,
10th, 25th, 50th, 75th, 90th, and 95th percentiles.

Numbers in parentheses indicate the number of TcB measurementsat each time point

2. Validation of a transcutaneous bilirubin meter in Mongolian neonates:
comparison with total serum bilirubin.
Akahira-Azuma M, Yonemoto N, Ganzorig B, Mori R, Hosokawa S, Matsushita T,
Bavuusuren B, Shonkhuuz E.
BACKGROUND: Neonatal hyperbilirubinemia, especially kernicterus, can be prevented by
screening for neonatal jaundice. The transcutaneous bilirubin (TcB) meter is a non-invasive
medical device for screening neonates. The study aimed to investigate the validity of a TcB
meter in a resource-limited setting such as Mongolia.
METHODS: Term and late preterm neonates from the National Center for Maternal and
Child Health of Ulaanbaatar in Mongolia who met the inclusion criteria (gestational age >35
weeks, birth weight >2000 g, postnatal age < 1 month) were enrolled in the study. We used a
TcB meter, JM-103 to screen for neonatal jaundice. TcB measurements at the infant's
forehead and midsternum were performed within 3 h of obtaining samples for total serum
bilirubin (TSB) measurement. We analyzed the correlation between TcB measurements and
T'SB measurements to validate the meter.
RESULTS: A total of 47 term and six late preterm neonates were included in the study. TcB
measured by the meter at both the forehead and the midsternum showed a strong correlation
with TSB measured in the laboratory. The correlation equations were TSB = 1.409+0.8655 x
TeB (R2=0.78871) at the forehead, and TSB = 0.7555+0.8974 x TcB (R2=0.78488) at the
midsternum. Bland-Altman plots and the Bradley-Blackwood test showed no significant
differences between the two methods at all measured ranges of bilirubin. The mean areas
under the curves of TcB at the forehead and midsternum at three TSB levels (>10 mg/dL, >13
mg/dL, >15 mg/dL) of TcB were greater than 0.9, and all had high sensitivity and specificity.
CONCLUSIONS: This study established the validity of the JM-103 meter as a screening tool
for neonatal jaundice in term and late preterm infants in Mongolia. Future studies are needed,
including the establishment of a TcB hour-specific nomogram, for more effective clinical
practice to prevent severe hyperbilirubinemia.
KEYWORDS: Bilirubin, Diagnosis, Hyperbilirubinemia, Kernicterus, Neonate
(BMC Pediatrics 2013 Sep 27;13:151. doi: 10.1186/1471-2431-13-151.)
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3. Potential correlates of young child development in Mongolia

Dagvadorj A, Ganbaatar D Takehara K, Bavuusuren B, Mori R, Akahira-Azuma M.
BACKGROUND: An increased risk of developmental disorders was observed for children exposed to
severe neonatal jaundice. Neonatal jaundice occurs in 60% of the term infants and up to 80% of premature
infants. Jaundice causes from increased blood serum bilirubin, and pathological blood serum bilirubin
levels rise due to imbalance of metabolism, which can lead to profound changes in the central nervous
system. The late diagnosis of neontal jaundice may cause developmental delay, physical and mental
backwardness including hearing problems, and visual impairments.
Previous studies on child development from developed countries, addressed associations of neonatal
jaundice, gestational age, fetal presentation, birth weight, apgar score, parental age, economic indicators,
maternal depression, and congenital malformation with child development. However, potential correlates
influencing child development is not studied well in developing settings, especially in Mongolia.
GOAL: Evaluate development of 1-2 years old Mongolian children who were measured their
transcutaneous bilirubin level after birth and study potential correlates of their development.
OBJECTIVES: To study potential correlates of child development and assess the association between
transcutaneous bilirubin level after birth and child development in their 1-2 years old
MATERIALS and METHODS: A total of 150 children participated at this cohort study. The study
subjects were randomly selected from the 1296 children who were involved at the study of infant bilirubin
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nomogram development conducted at the National Center for Maternal and Child Health between 2012 and
2013.

The development of children was evaluated with Mongolian Rapid Baby Scale (MORBAS). The potential
correlates of child development were assessed with the pre-tested questionnaire of 52 questions. Fisher’s
exact test and multivariate analysis were conducted using Stata version 13.0 (StataCorp LP, College Station,
Texas, USA).

RESULTS: Among the study participants, 17(11%) of them were at the risk of developmental delay. 56%
were male, and 43% were female. From the children who have risk of developmental delay, 11.76% were
preterm, and 58.82% had hyperbilirubinemia (transcutaneous bilirubin level of =10mg/dl). 29.41% of
mother were educated to higher level , 70.59% had middle and lower educational level, 5.88% of mother
used alcohol and tobacco during their pregnancy, 17.65% of mother were evaluated to have depression by
SRQ-20 test.

The moderate hyperbilirunemia (= 10mg/dl) was not determined to be associated with the child
development by multiple logistic regression analysis. However, we found out that lower educational level
of mother (AOR-13.76; p-0.007 ) and maternal depression (AOR-11.74; p-0.025) are associated with the
risk of developmental delay in young children.

CONCLUSION: Our study result is consistent with other similar studies showing that 11% of children
among the study participants were evaluated as at risk of developmental delay. Particularly, our study found
that the risk of child development delays are associated with lower educational level and depression among
mothers. This result highlights poor social and psychological condition of mothers in Mongolia possibly
lead to negative consequences of development in their children. Thus, this study provides valuable
information on making appropriate policy measures and intervention that could be directed toward mothers
who are less educated and emotionally unstable.

KEYWORDS: Child development, Neonatal jaundice, Hyperbilirubinemia, Transcutaneous bilirubin,
Maternal depression, Maternal education, MORBAS (Mongolian Rapid Baby Scale), SRQ-20 (Self
Reported Questionnaire)
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Characterisiie =1287 (%a)
L Sex Mala 662 (51.0)
Female 635 (49.0
2, Gestational Age 3236wk 16 1.2
3T wk 1230 (4.5
4142wk £l 3.9
3. Birth Weight 2000-2999g o 7.1
J000-3999g blr (721
40004999 118 (17.6)
=2000g 2 0.2)
4, Mode of Delivery Vaginal 945 (7.9
Cesarean Saction asz (27.1)
5. Duration of hospitalzation 1-2 day(s) o07 (69.9)
J-4days Ass 27.4)
4-Tdays 35 2.7
6 Maternal Age 1524 vears old 183 11.6)
1534 vearsold 748 (57.7)
3545 vearsold 136 (19.7)
7. Parity 1 320 (4.7
2 411 (31.7
3 158 (19.9)
4 169 (13.0
Zwd 139 (10,7
8. Grawidity 1 451 (M.8)
2 241 (41.7)
3 130 (17.7
4 60 4.6)
Zwh 15 1.2
9, Maternal Blood type o] 366 (28.1)
A 47 26.8)
B 426 (3.2
AB 116 3.9
Unknown 11 (0.8)
Nodescription 1 0.1}
10, Family History of sihlings First haby 446 (M4
Phototherapy 161 (11.4)
Exchange Transfusion 2 0.2
Nojaundies 688 (23.0)
11. Feedins (Before Discharge) Breastfeeding 1264 (97.4)
Formula 3 0.2
Mixed 30 2.5
12, Feeding (F ollow-up visit) No follow-up visit 160
Attended follow-up visit 1137
Breastfeading 1025 (80.1)
Formula 1 0.1}
Mixed 111 .8




MAKR2  mRNXERBOLEOT—IBEMBRIUNEDTHD, PERSEEEHIT D,
TV IIVICRITBIFEREE EFREERICRIEITZEIC DN TOHSE
Dagvadorj A, Ganbaatar D, Takehara K, Bavuusuren B, Mori R, Akahira-Azuma M.

BE  HEBICRITDAEATHATIE. ZEEIIMEMBOINES, HBEE, FEBDHEE « RECRRBEREEZRET
CEDRIBNTNS, LH L. EYINWEBEOREBICHBINT, TS5 UEKEBEICET IMMNSREITER CR o I2&THR
FIFEAERHBESIE, ESIC, BEFBOBEDWRRDAIE « CRINEFEEDEERI1EULEOFIE. FRERRICDNT
BELULCHARE. 2FLEETEREZTICEBTEDON TG, ZOEH. EYIIETIEH. HEROSEORFEDOIME. &
Nas&lC UEEBEDEEMIFEAELFT > TR, ZC T, #REVUIVEVDORIFE « SHEERRAICED AN TN
ZHIC. NENICEHEMERITITDICELIRIFTEEZHND.

ARRRETHIFESIE. 2010FEHB 11 FEICHITT, SISADEYTIAOHERERRIC, BEEVILEVEENDE
JIILEVEOREM &S L. BREVILEVEOZAMEASHIC LIz (BMC Pediatrics 2013 Sep 27;13:151. doi:
10.1186/1471-2431-13-1511), ZDHE. 1296 ADTY TILADFEREMRIC,. BREJILEVBEORIENE
{EDRIEEIZERIE (JETETS L) DEBZERHMIZ (European Journal of Pediatrics 2015 14 April, DOI
10.1007/s00431-015-2536-2), AHARTIE. ZOEEHFRORNSZLEMDRETZRCRL), EZEHROEZE
IWEYOREODERMZERLUIEL,

LEROZEUZEENITIICHID. REFEODEREOINEERDN, BEE. ARBHBSHEY IIOXILHERBEESE
B URREREY —I/IUMORBAS (Mongolian Rapid Baby Scale) ZBg& L. BSID-3 (Bayley Scales of Infant
Development 3rd edition) Z3—J)VRZAI VST — REUEHBRERCIEOIZ. ZOREDVREBEEREDSIEICKD,
MORBASDO RO =TV —)LEUTOEREIETI TICROSNTINDD, test-retestiC X DBIRMIFIESTTESNTRS T,
ZDEBHRDODSNTUVD (Acta Paediatr. 2015 Mar;104(3):€94-9. doi: 10.1111/apa.12884) ,

AARIE. EYVINVICRITIEEDERZEVIVEYDEEER 1 ~2FFORES - REORBICDNWTIREIITDICE, HERE
EOBEEZBEICATE CEDIREREY —)VUMORBASDO BN EFEM (test-retest reliability) Zi2ETDCEZBHNET D,
XK TR THD201 2FH 5201 3FICEY INVEUIBFEELZ VI —TREEVIIVEVREERIRE U2 1296 ADF
HBDOSHB150ANES VY AICHB URE,

AERE | WRICEBNRICIIEEEHA, HERE (MORBAS) ==L, FLEBEtEE (OB IREEETD) &
7o/,

BR  REDSIHB1T7E (11%) [CRVWTHEEERBD ADODH o2, MEIIBRS56%. LR44%THoOIE. FHEEFD
JUZDODBOIEBEDDHB. 11.76%IIRER. 588%IEELVIIIEVIETH I (MBEEVILEVRBEI1O meg/dIMT) T
HoIlz. 294%DBHIIBFET. 7T0.6%BIIPHSIESZETH O, 59BDBHITITIRPICTIVI—ILEREE L TULE,
17.6%DBEHENSRQ-20 TS DZERDELE. PEEOSEVILEVIME (10meg/dILT) IZBEDIC K > THREICEHES
BHholE, UHU. BOEELANIUDINS DIIREERICEEENHDEBHOHNIC,

55 - BEHOASN. BHRKENMEVNRSICIINRORECEDRFEES 2D, CNIIBFRBOMERIIREICE>TEA
BIBRTHO. CNSOBBADNADRBEBONIES,
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F—U—F  HAERTE, REEV LY RE, RIFPEERR (V27T L) BErEL
T2 % B : European Journal of Pediatrics IZ# LR a2 ITW B S 7-,

Akahira-Azuma M, Yonemoto N, Mori R, Hosokawa S, Matsushita T, Sukhbat K, Nansal G,
Bavuusuren B, Shonkhuuz E.

An hour-specific transcutaneous bilirubin nomogram for Mongolian neonates.
Eur J Pediatr. 2015 Apr 14. DOI 10.1007/s00431-015-2536-2)

W FAEROEEREIL, EY) 72O A CAS R ML /e K OIREIZ L W T TE 2K ETH
B, LMLEYIATIE, EEENRR L B 5 MR B EIRIEN S 2 WS TFEET 5, REE Y
VB URERHT, MR, Ny RV R CREICE RIETEE, AROEENR 2N EOR SRS
V. CKREVNERESIE, FAERBEOR Y ) —= 7 0JiEE LTHER L TnW5, FixiddTlc, &
VAW AFAERICBNT, BRECUALEVRENMELE VLVE U RERZEHEL LGE 0% SIS
WCEETE L. BAFZRAHRERIR A 7% L= (BMC Pediatrics 2013), L72cL. fREZE VLB LR R
HERB I AR AL 3 S 0 (Arch Pediatr Adolesc Med 2009) . <& =L A AE N ORR IR FAORE HE BRI
R, X RAA T LDF L TAVATIBNT, R E UL E R ORI R E R A R L 72,

R L FHHE 2012410 A 15 HE Y 20134F 10 A 4 HE C, ENiEy AR FERE X2 — (LIFR
T H—) THA LR 35 WL E, (K5 2000g DL EOFAER T, 1B ¥ —IHRMO Ao A0
HIKIZEET 5 23R Uiz, R E U L E RERIEICI, BRI E (JM-103, 2= X /L4 |
KBR) Z@EH Uiz, JEF L, AR 3L Al 3 EHIE L, TRENOHFREDEVIE D Z#%
e UNEREE Lic, BRAVEIL, FrERRIE, FERREE, N1 CUAPE, SeREG, HIE L
S7#F, BEBSRhatE, 2 ARELINOBIE, 165 GEMAR) | HrARGHZ | BT R
WK . BEEOR—HKoOETHD (K1) . BEOEEMERZHEROZHEE O L, HE
i PERIL FERRIES. AR, iRl A DB TOMIM, ROFE, EIREE, il
¥, RomER, RO EEOBE, RKEFEZNE L,

Neonates born at 235 weeks of gestation
with a birth weight 22000 g in the National Center for
Maternal and Child Health (n=1846)

birth asphyxia (n=348)
respiratory distress (n=47)
NICU admission (n=43)
congenital infection (n=35)
no measurement (n=35)
.| Rh isoimmunization {(n=31)
jaundice within 24 h (n=86)
missing cases (n=2)
skin infection (n=1)
congenital spinal anomaly (n=1)
N

Total of 5084 TcB measurements
of 1297 neonates
(3487 TcB measurements were used)

1. sgeprE Rt 7 m—

FER R 1ICRRoBEMEREZ R, BERILERN 0% EE EnoT-, RO SRR & 2s#iiE
MOTEENRE DR T 19.0%dH 77, BEFHREZ ) L e R~ (K2) .
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L AMCEITAFEREBE & RERBRICRIETHEIZOWVWTOME

Dagvadorj Al, Ganbaatar D, Takehara K, Bavuusuren B, Mori R, Akahira-Azuma M.

TR EEICR T A ITHIE TR, RN b . R 8. T E L ORE - iz
(A IR RIS Z Ao TS, LnL, BErauhloREEICBWT, 29 Lk
FIHIZBET DM 2T 2 08 Z e o T AT RIZIE L A E RS T 700, S BIT, HFEERFOEIE D
RBPE - ek ST 8 ORER 1 AFLL EO T, FERDUSOW T Lamiseix, & EET
FEBEETITEB DA TWARY, D7, o aAETIE, HEROEEORELHAMM, h
Zh LI LT RENEEOHATIFE A EIRE > TR, 2T, UV LECORIE - 3Hli%
IR AT 72012, B BEEEZRETT2 2 L I328B LB 265,

e EZ THDHREDIL, 2010 F2> 5 11 FITHT T, 53 ADF L IV AOFARZ 5510, &%
FreU e ALL M E Y L E AEOREMEZ R L, SR E Y LV EAEOZSHEEZH ST L
(BMC Pediatrics 2013 Sep 27;13:151. doi: 10. 1186/1471-2431-13-151.1), = D%, 1296 ADE
TV NOFAERZ R, R E Y LB R ORRFRZ(LORIE L AEHEMTR (€277 5) OFERK
%3 A-7- (European Journal of Pediatrics 2015 14 April, DOI 10.1007/s00431-015-2536-2), ZAAfF
ZECTIE, T OEMEMRO BN 2 24O 25 2720, RO L e Y v e ORlEDA A
PEERLTZV,

FRROZNE ARG T HICHIZ0 | FEREOFEMAVLIEL IR D08, WEEE, FRHIFELNE S
ANV R & B LT R ER A — /L MORBAS  (Mongolian Rapid Baby Scale) #BH¥EL.
BSID-3 (Bayley Scales of Infant Development 3rd edition) Z = —)L KR Z X — K& LT-WF%e%
BIlrolo, ZTORECRRER EOFRIZL Y, MORBAS DA 7 Y —=2 27— & L TOHHMEX
T TIZRO BTV DN, test-retest (28D HHMEIIMFTSINTE LT, TOEMAKRD LTS
(Acta Paediatr. 2015 Mar;104(3):e94-9. doi: 10.1111/apa.12884) .

AL, B MBI HEBEOREE U L E Ol & FER 1 ~2 ERFDIE « FEO Iz O
THRFT 5 Z &, HEREOR A FEICHE TX 2% EMAY — /L MORBAS O FHmE PG fE M
(test—retest reliability) ZMiEEd D2 &2 HEYE 9 3B,

R JEATHISE Tdr 5 2012 275 2013 FRICE & INVENLREFER B Z — TR E U L E U RE%
WE L7z 1296 AOFAERD S 6 150 A& T & M Lz,

M« R 7e 2/NRICIT B RGHAL, A (MORBAS) %580 L7, F-fmd{bmes (nI&E
IREE & T 5) 217072,

R MBEDOI L 174 (11%) ICBWTHERHFO U A7 RN -7, M 56%, &R 44%TH
ST, BEEBMOU AT NboST-EDH B, 11 T6%THENR, 58.8%EmE YV L EVME Th -7z (f%
FEU/LE U RE 10mg/dl L) Thotz, 29. DRI E 2R T, 70. 6%XH 0 HARFERETH - 72,
5. %D EEFIFEER I T v a3 — L LIRS A2 L Cuhie, 17, 6%DREELIAY SRQ-20 THI D &R 7=, 1%
EOEE U Ve VIME (10mg/dl LAT) X2 E DI L - THRZBICEE X2 » 72, L)L, BROHEE

LALLM 9 DI ICBE )R & 5 & b,
fER L BERLOALER, BB RIDMEW G ST NEORZEZICAOEEE 52 5, VIR
BRI EZHIZE > THRRERTHY . 26 ORB~OINANEHE L Ebhi-,
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