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English translation 7,‘737@ ° ﬁ%‘é ° ?E‘ljﬂ

HL™ LA PEAT ol AC A5 BT 5L (2021 48)

WHE ORI KRR B4t FEME KTFE OHIL
b EERBSHEIHERSLERELER A
PEEFHAILERES LER AT AINE R EFES
P E S RLH R ESFLEN 4

(LAAFXKFE=ZERILA, b7 100191; 2. BITKFW B4 )UE BER/E T T4 SR £ )L,

WA 361003; 3. A B KFHEIVHERHS AL, L 201102; 4.7 MNTFa)LEEST P

WGRBHRA, RSN 510623; 5. FPdaXFHE_ERILEES P AILER, Hakiy 410011;
6. A ERERFXEFFOAN—ILFERHAILA, LT 100700)

[HBE] 77U EER (metabolic bone disease of prematurity, MBDP) & FHURESHE GGGl S 2080~
Pyl i g0 i 4 BV iR . FRIE HATA MBDP i 2 SR AT FIRGEINR, TEIG R T TAATEIR Z A
Wb BT ENAMACHITE, R AR HEE 0 2 n T4l o il S0 5735 (Grading of Recommendations
Assessment, Development and Evaluation) , ﬁ?]fﬁ MBDP Il K& LRG0, NMBDP s B % . A2 Wr . il

RIS B S BT S A Dy B I AERE R L, B AR ASCMOL A BB MBDP I R A BRI, DA
MBDPE@&E&E&%/B}J&@%@@EO [FREHRILMRE, 2021, 23 (8): 761-772]

(KA | AU L2O6R SR B ERER; =L

Expert consensus on clinical management of metabolic bone disease of prematurity
(2021)

CHANG Yan-Mei, LIN Xin-Zhu, ZHANG Rong, LIU Xi-Hong, TONG Xiao-Mei, CHEN Ping-Yang, FENG Zhi-Chun;
Nutritional Committee of Neonatology Branch of Chinese Medical Doctor Association; Neonatal Nutrition and Health
Management Group, Professional Committee of Child Health, Chinese Medical Doctor Association; Editorial Committee of
Chinese Journal of Contemporary Pediatrics. Department of Pediatrics, Peking University Third Hospital, Beijing 100191,
China (Tong X-M, Email: tongxm2007@126.com)

Abstract: Metabolic bone disease of prematurity (MBDP) is a systemic bone disease with a reduction in bone
mineral content due to disorder of calcium and phosphorus metabolism. There is still a lack of in-depth research and
systematic understanding of MBDP in China, and there are many irregularities in clinical management of this disease.
Based on relevant studies in China and overseas, Grading of Recommendations Assessment, Development and
Evaluation was used to develop the expert consensus on the clinical management of MBDP, which provides
recommendations from the following five aspects: high-risk factors, screening/diagnosis, prevention, treatment, and post-
discharge follow-up of MBDP, so as to provide relevant practitioners with recommendations on the clinical management
of MBDP to reduce the incidence rate of MBDP and improve its short- and long-term prognosis.

[Chinese Journal of Contemporary Pediatrics, 2021, 23(8): 761-772]
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LGRS ] B, &, #d%, Fmail: tongxm2007@126.com; BRF7E, %, #4%, Email: wyepyfu@ 163.com; #fii4l, 5, #Hi¥z,

Email: fengzc81@sina.com,

- 761 -



523 % 5 8 i
202148 A

o+ E 44 )UAH &

Chin J Contemp Pediatr

Vol.23 No.8
Aug. 2021

W6 8 A= JLEAE M 37 B AR K A B 4 &
K 2 A AR BE (very low birth weight,
VLBW) Fil#E AKX th 4 /& . (extremely low birth
weight, ELBW) R JUARLAROAAAE, 520 =T
T 1 PR 45 Jd AR OG5 IEE a7 J LA B s
(metabolic bone disease of prematurity, MBDP) Z#7
SHEMLASCH: . MBDP 248 th T LR NS .
PSRN A= e U A = AN I ST
L w Py on & w288 AN SE e m Ak g FEIE
i — 2R B BN . HAR TR L L E )
eI R EIE R AR KT, Al R A= 1k
AR s, VR I e 8 B0 T Il I
FEEO A RSB SER . HATE N4
it = MBDP fifi 5 . 2 Wi K PG f 58 —brifE, &
MBDP B U1K 5 A TEAE 20 41 MBDP R K )
2R, AR LA R S A e,
WA E AME R RTINS . WP 2= 4
S N R RE S ECE A RN L B R I R
Dy T B BUBAARE S A RS A

2014 4 36 [ % 246 KB £ L EIE W =
(neonatal intensive care unit, NICU) ) 338 24814
JUBHEE I J& 1 —IEE %F MBDP #1236 [ 46 R x|
S50 WoR Im R S bk = R Bt , RZBEIMEADA
I R 28 90 AT AR DGR 7 v [l R U 25 JL 28 £
el 22 2 A )L 37 5 A B A B 2 2 1 — i
2 [E 57 )L MBDP 22 vt [B1 B 8 4 0 f& g — 0
FE NS 7 s, TETRT . A Xi2yT 7
IS5 A A E AN RIS, s 1 1T ) MBDP I /R
EHR LI, e W A e L, K&
IR BCE Fi i, 203% MBDP 193 . TS .

AR g Ay b [ B P 28 A LR R Uil
ERLNZEG 2 PEE P2 JLEAR L)
LR HALE SR SRS MRl P ESAL
PloebgmiZ L m AGR, Sl E R m
JE 1A 2 LR B e/ LT ) i JE 4 DR A e AAARAIE 5 8 B

PLa AL E (HEES . KY-2020-084), FRAE
I ARG T O I (hittpe/Awww. chictr.org.
en), TEMHS ChiCTR2100042195. f#d LR, L
HAORRE IR EFERE . DEIEBE A . AT A A
P 2 2%k B AR SR ) T KA 2 PR T
R, @it E 2R, &R

B
,

TARHF W, LB, BAR AR ™
o THRIB K B AR B2 2 TARRE . B A: LR
B, JLE DR ERIEI, BRIEI, BRI, 4
D7 DR TAEF FIAH G BB . ARILRE 7R
AR ML 5L A MBDP I PRAE AL

AFE T “bone., neonate, infant” 3~ JCHH
TRVKE B8 S SOk, K 3% A )% 41 45 MEDLINE |
PubMed. Web of Science, UpToDate., BM]J Clinical
Evidence . National Guideline Clearinghouse., Joanna
Briggs Institute Library, Cochrane Library 55 . i i3
NN U N AW = S AN 0 A N = A S
K7 S OCHR R R SCCHk, KR BE S
Pl AR W B o SCHR IR 95 R 8 . T L 5 5 s
JERE o P A SCRRIE R R T 20204F 12 H T H . XX
BRI VIR DL 1 SCERIESE ACF FIHERE S5 2R H]
UEH A F 2 PR AL L i E 5 PEAY (Grading of
Recommendations  Assessment,  Development and
Evaluation, GRADE) Y77k, W ubds i o0 h &
(A). H (B), Mk (C) FRAL (D) 4554,
TEIREE S R AErE (1), SiErE (2) Aim Bl
RS 75 A (good practice statement, GPS) 374
g (k1)

HE 34T SCHR (n=3 369) :
UpToDate (n=15) , National Guideline Clearinghouse (n=17) .BMJ Clini-
cal Evidence (n=5) ., Cochrane Library (n=12) , Embase (#=873) | Joanna
Briggs Institute Library (n=10) .MEDLINE (#=825) . Web of Science (n=
821) .PubMed (n=513) .M 6 A=y 12~ SCHR A 55 AR 58 (n=97) (PP T

(n=71) J1 75 Bl (n=110)
R (n=775)

I 5 A7 SR (n=2 594) \

5 TEAE LRI R SCHR -
WM GATT A (n=628)
FMATFE (n=576)
W ARG (n=369)

»

A4
[ skt 021)

Bl 824 SCHERR SCiik :

‘ Tk (n=11)
MEHEFRATT £ (n=488)

FHERIE (n=20)

JRHEPEAR A G (1=409)

WS S0k (n=9)

R

PSR (n=102) :
UpToDate (n=8) . National Guideline Clearinghouse (n=7) . Joanna
Briggs Institute Library(n=8) .Embase(#=7) .BMJ Clinical Evidence(n=
4) \MEDLINE (#n=5) . Cochrane Library (n=6) , PubMed (n=9) . Web of
Science (n=8) . 1" [ A= ) I 2 SCHR R 55 R 58 (n=8) . R TR (n=17)
1778l (n=15)

1 Xk R E
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251 FUAHk
IR B 2
7 (A) FEH AR BB LS
(B) XPWREHEA P AR . EEA P REHEE ELHE, EdA AT RE2E SRR
ik (©) XMEEAHE R AR . WA AT eSS S E A TRIE 5
Hefik (D) XPEHE LT BT 84 . LB -5 FLSHH T REA IR 22 5
EAEDR T2
5 (1) W o T B R R T s T A
% () FRBAN I 5 TIC I TRk ey UK 14 E A1 429 8075 AR B A 4
GPS SETE IR R SR I 2 R T

e [GPS] mimchtlf REE B

1 BEZE

W W —: 204 R DAL, (6
FREE>S d. MR ThRE A4 BN R . kT
SR A LB AR 1 A2 FRATSE: MBDP 977 iy = fo I 2
(CYEHE, 5944 )

WerEm L= B Baib<32 R Aek A R R
<1500 g /MR AR L7 L. 45/ 4 R
DAMFEA R | FRAlBEZLI SR JE MBDP (194 )5 i i K]
# (CYurdE, 394,

WAHEEW = RLEIFZREMERTAR .
WG ZE A 2 . IRTHIREUE TR A, (b
AR . PR RS . RERIRT . R
Fb% . RZOENs, MERESTINESE, NS
FEIAIT I [R] >4 JE R sh>4 J& , X 2L & MBDP A3
RGN E (BYOEdE, SRR .

5 LB N 80% 1) Ji fith 5 & A 7 4 Uk 24~40
J, e 348 s B AN, 7Y TGRS
2520 g (PURFE K %EH 100~120 mg/kg) . #2410 g
(PR K45 H 50~65 merke) > BaIL4EAZ DY
AT BRI 25 AL Z D [25(0H)D ] K
o, R H B4R R D ALEE BB AR K E B 50%~
70% . EEN AN E SRS IEIRE R " 4R
h, ZEgEERDAH AR (<600 1U/d) ., TR 22
J& IG5 K AN FEAG ) <2 o Je 2 1 31 il O TR 6
(>5~7d) s&MBDP S fEH &R G AIE N E
FECERR R | BRI REAS 4 a0 e I A= K sZ BR AR
IR RS TIReZ i, MILEEd, S3E
J& MBDP &A= XU 3 i

BN MR L BRAS 3R SCRAR  HUR 55
MR Z (parathyroid hormone, PTH) ¥i¥E, nJfgik
EPIR= (IRZE NS S S i = ¢ B 1 il A = <P

B, BT T R R S A . TR L
PRI A, WL E Sk B, SR KO- BR AR
Ak, A JE R N AN E RS . BERAEEE DY
ANFEAS R BAEGE HLBAS 2Y, LA R4S B I RE R )
B BRI D AR, IR <32 AR LI
B R A LK 25%~70%,  FLAGIE )N,
R AR OBOK . MBDP & R R M R JE
gl ENAMASERFSE R, ELBW 7 LAY
MBDP (555 % 4 50% £ 475 VLBW .7 JLiY MBDP
S FEN 20%~30%, FHH 17%~34% W] A H R
R s T T A, BV K B A
AN BRI R A AHIR T, B /NS Bl HE I
PR RSO /b, T ) e MBDP

FERLh 4R 2R D & A 25~50 IU/L, R&5ik
fEEREFLE SR (4 H 180~200 mI/kg) Hfgfefit
[ AGIE IR LES B B RIS 2 173, BEZLh sk
HABEW L RS R . PR BN, AR
OB TR = L T R4l b LI SR 34 MBDP
KRN A0%, T = LA W 3% % MBDP &k
FAUN16% > " FNZ LA R YR, Hig
<32 JE =LAl bERL . Ak BEEL . R LBCOT .
1B A IR % 20 MBDP & A #5351 R 27.8% . 19.4% .
13.4% ., 21.8% ' i & A JLEC 7 3 s At A 5
RS . BEANZEAE 28 D RARRERIC )y WM IR SR8 S G n
MBDP [} &z 3 15 20

S 7= JLRE BT IR U G SRAEE /N A 4
R REANG . AEMEE ARGk
B BEANAEAE 2D WO BRI ARSI RS0
Washg st fe v, T2 uE AL, EEA
R . BC 2k AN [R) SR AR B 1 55 2 Fh R R 1Y
SO, 04 A ) P R X DA 4 A S Ak
T LA B I A 11 2 W TR S A AE 4R 5 e ]
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PN RS ROR, B A ANE SRR TT >4 R L
JUE B AR S R X BRALA 1045, i 200
R, S AR TS T, RN F A
FEE0 Y S A/ N A Y — B2 antE
B AR . R R N SIS 2 W RN R R ) A T 3
TR B A s, B G e, W B
TE XS W e, AR E /N S A HEE . R EL L
Fe o ARG RTHTIN25(0H)D Ao A, AAInid
T MBDP [ 4 A= XU 2

WF5E B, NICUH = Lk sh>4 i, Bl
FRP2 LR E T HEE WXL T 5 BEW 3 iz gl
i O N T Do = e e 7 W 1V = i R R o
SEECHE TR ORI RS HE S, 5 R
By B D 11%  (P=0.06) #114% (P=0.02) ,
fifi MBDP & A= XU 34 i

Y ast

F 0 &5

WA I — . MOk PEBE PR A (alkaline phos-
phatase, ALP) >900 IU/L, ¥4 Ifi #f <1.8 mmol/L
= 478 MBDP, 42 3 & J 1fi. PTH>180 pg/ml.,
P I W <1.5 mmol/L, 275 ™ H MBDP (C % ilF
Wi, S9HERE)

WAL ALK 25(0H)D /A MBDP [
ZWHKHE (GPS).

WEFE W = RN HE TR O I RURE X 2 W e ik
(dual energy X-ray absorptiometry, DEXA) 1E N
MBDP & Ui A2 (A EYE, 5RIEEE) o

WP LY . HAT MBDP (&1 P 2509 ™ L
WHEFT MBDPfifidr (GPS).

MBDP (IZWras Lr G L . IR, B4k
TRPRFIRAR 2 FAAY . H AT MBDP 112 £ 3k T LAY
PG RN X R R B, (R0 P %
W TR, MBDP RUHARIREREE , Jo4—finiL
Wir ik, DRt Rk SRS WA o IR . A b
MBDP Fri R AN TG, X EA f e =
JLEAT O A o0 1 K B A L ek
DUV AL HG A AR R AR AR A
2.1 IMmAEIERR

e AR FH B LA AL A8 A5 R LV 45 . 8% . ALP.
PTH F125(0H)D.,

A PN 8% 7K SF- 37 B 5 25 I PTH 2L [R5 . il
FEREARAET , HLARTE PTH RS T @ 1 3h 52845 4k 45
M85 7K P, 2 HL AR R85 s I 5 nT GE 5 B0

MBDP B 58 55 it £ FE g B A LR BIM A5 5 AIG,  Fr A
M55 %7 MBDP H Wi ToAN A . i Bk B AT 4 e
BB G A RO, MBS R R AR R B AR
I TR 0 AU 384 2, 1l % <1.8 mmol/L $2 7~
B2 B RSB N 96% , (B RELEAL N 50%, A
T RIE W 2

ALP & Z R LM A, £/0F 4
Flle] TR . BT AR LR N 90% Y ALP K IR T 8% ,
VR — b B 4B A B IS AR A, BRI
e B AR PIR DL . ALP 7648 J5 2~3 JA S AR MR R R
T MRNT YR E = A ALP 3 — 25 T m A %
JEMBDP {21 . T 246 AR R BUE | JER e
g = R RZ WS FEALPHY &, MiFEs=
7 B Bz i R ] S ECALP R M R R, T
P IRHAIWT . CTF ALP 27515 T MBDP (127 )
BV, AP EE AR . Hung 55 2 BF9E &
W, FERGEY <34 R )Ld, R AETE X 2 Wi
MBDP, Ifil ALP>700 TU/L A2 Wi N 73%, HF
SN 74%., Viswanathan 25 ) {E—I 40 A 230 4
JIG 1% <30 J& (1) ELBW 77 JL A BB 53 B v & B0,
ALP>500 IU/L 5 MBDP #H 3¢ . Figueras-Aloy 55 %
X336 1] VLBW = JLi#AT T DEXA K, DLl
ALP., FS5FIBHERORI, &3 ALP>500 IU/L Y
KRBT Y FRBEAL ., Backstrom %5 > K, AR
DEXA # 7 4% ALP>900 IU/L ¥ A il %%
<1.8 mmol/L 2 W MBDP [ 7 S 5 FlRy 5 B2 40 il ik
100% F171%. ALP /K- (3 75 5 MBDP 4 & 4= 4
K, ARG AR A B

PTH (1) 43 W6 3 2 32 1 28585 25 Ve B2 1y, 3l
1 By D3R T A AR TR N A 1 R R AR
iR £ R, AERRm 5K . B A LG R
JL TEG—hY PTH IE# (B H . Matejek 55 ' 4%
R T 13445 VLBW B LAY I PTH 575 2%
T2 15.1~87.7 pg/ml, LM ASFE{H, Moreira
A DO o AL A3 Ay 8RR AR AR <1 250 g 1Y L
JLH A S 3 JE i PTH>180 pg/mL 2 Wi 5 & MBDP [
RWE R T1%, ¥¢ 57 E R 88%, Wk G il B
<1.5 mmol/L [ 12 Wi 7 0 B FN e 55 8 43 ) b ot =
100% F194% .,

25(0H)D 2 4 A= R D 7 I i) FE 28 i P
K, IEH MYEAEZR D KF I 0 O 45 Al i s i i
P&, EEPN WA LN 25(0H)D K&
¥ 7€ 50 nmol/L. (20 ng/mL) DA "7, FE L=
(0~14 %) L7 25(0H)D 7K F-Z % 3 [l 4 37.5~
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250.0 nmol/L. (15~100 ng/mL) >, MBDP i = B9
RLEAGHEBL = , 1 25(0H)D if E % . BRI
i, P 25(0H)D AMES MBDP B2 WG 5 -

2.2 FREIERR

FRAACTEPR LG RS | JRBE . IRAS/ILEF . JR
WELEF A B /NS B R KGR (tubular reabsorption
of phosphorus, TRP), PRES | pRuEHEM 58 A LA
AR T MY (RIRA . M) A
K, BRI, T ELBW B2 LB ER
ik, BRI S, 5n] AR hHEME RS . TRP
MR AR TRP (%) = [1- (R8I
BF) x I UUEF/IM@E) ] x 100, 8128 5 Ak
U8 3 e R SO O S R LA s Aotk R R
254 85%~95%., TRP>95% {185 F M AL A #E
Be=; TRPIEH ok B AR PTH 3 = nl GEHE /R HLIAR
gz P, T IRAEACFR R MBDP 2 W 0 (L1 A
RAERBAEAEFIL, H AR IR A= {4
b H T2 W MBDP
2.3 ®gE

MR ERETHTYREENNE, £
PAFE X LA . DEXA, & CT G i ik
(quantitative ultrasound, QUS).

MBDP 1) X £k 7~ AT & 304 K 5 AR g Jo s 7
T AR O RE S B, W AR R, B
R T RS . XERAGE A2 Wi W i i
BiAA S B AT 9™ 8 MBDP, X} B 5 08 /0 <20%~40%
() H RS ANRURR ™, RS X R T2
W MBDP F e 5 BEAR &, (HANE T 5 2 W
DEXA Z2Wr 8 s &6 bR, sk 2w
TR, (HORRE S WU B ST R o B DEXA # L
JHF MBDP 1 i & AF FE R R, A G4 T 47
PR BB . PR el . SR
RORF RIS F AR JLAIE R . TS & T
JrAE, WA DY 2 CT IS
SN S AR, HEAT 5 DEXA R )R
B o

QUS & -t 4 )\ - AEAR R A & 1) —For AL 12
Wi AR, AU BB Y %, A mT R s il
SERG B E A AR B AR R . ZOT IR TR AT,
B FTRZFREERE, 75 MBDP G RIZ W b HAT 1R
RAEH . ARIMIFFEUE SR QUS S 405 B 5 ¥ i
FHSE, LM P BRI S DEXA PEAG 1)
HU W —3 ™ B QUS S HUZ 7 L 7
JE (speed of sound, SOS). 2018 FEXT By L

HQUSZWiI R aegridbti i, SOS ks . kK
FIRIEADC; SOS KA H e 2 PR, T
R BE S HAI S A G SOS Sl . 4% MYt %
DK FRIFAE, 5ALP MM, SOS&#REM
R LI EBCRS, SET YRS EA &
A B HATE P2 JLSOS B = 48— hn S %
JuREl, Pt QUS ZEGTiA: A2 KT MBDP A [ (L i A
L, MR R L, HQUSTER L (1 I %
Buss, A R rIG RN T

H 6t = 48 —pnifE 195 JL MBDP i 25 i .
Rayannavar 2§ ' @I A = )LWAE S5 4~6 JE T 4R
B 1~2 JEAG I IS . B ALP; X ELBW A/zk
VLBW H. 77 JL4E MBDP & fa ABE, R 17 X £k
F KA . R ALP>800 IU/L, 8{ ALP>500 IU/L H.
£ RIS, FEEIREE A, % 2E 1T PTH A1 TRP
eril, AR A P 2R e AR 1 25(0H)D 7KK .
Chacham %5 ' g 806 HAT & fa R 2 B9 A= LA 5
B4 R MAS . BEFIALP, FZE 6 H#; it
WHE—ATIM PTH, 25(0H)D FlQUS A&, A2
WA B B & fa & ™ LiE 1T MBDP i
& (K2).

T71E MBDP i fa K 2 9 7= LA
Ji 2~4 JTF AR 045 AN ALP

[

ALP>500 TU/L H A | Fhas,
FV/EfL#<1.8 mmo/L

[

5 =]

ARLE RIS 2~4 T
W i B ALP

@1 PTH . 25(0H)D il
JRTRP;
QB X LBt

[

YRLEAERE 1~2 ]
MR M5 BRI ALP

I

DA B ER D
QB 1~2 J8 52 A5 145 |
W ,ALP .PTH, JX TRP

E 2 MBDPE&imizE [MBDP] 7= JLACHE
[ALP] BRYERERRES; [PTH] HURZZIRIEAZE; [25(0H)D] 25%

W5
WA D [TRP] B/ IVEBFR IR,

3 Tk

Wetf B W—: MBDP & fE LA J5 HHHER 2 1 A1
Ui 3 (parenteral nutrition, PN) HHJa], HoGZE 45
24~40 mglkg, TG Wi 18~30 me/kg, 55 1~1.3:
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1 () ; MPNIAEeRE)G, JUEM HRE 65~
100 mg/kg, JCE B H bRt 50~80 me/kg, 55 LAl
F1.7 1 (CHAEYE, RIEE) .

W WL —: MBDP&IEJLiIANEERG, &
H 4555 A i 100~160 mg/kg, WA 2 60~90 mg/kg,
FEWEH 1.6 0 1~1.8 : 1 (BYGEYE, smifids); mid
SRAREFL R LIy kb e A R A (CHUIE
W, TRIETE)

HEFE R L= . MBDP & )L B Ja W R 2L ig Ak
B IR W R B E R T Bk A I PR
Jo5 I MBDP RS (CHOEHE, wRHELE) .

BN, B LEHBELEZDBARE
400~1 000 1U, A J5 1~2 JAJF bhai o i Lo 1k
L LEC WA= 2 Dl TE, TR B
W 13 25(0H)D A9 iR B DL 4 37 L 7K S >50 nmol/L
(CYEHE, SRR .

HEFF R UL MBDP /e LIS B 2 N R SRS
A HEAT H R s I 2R LT MBDP (B 243iE 4
SRIESE)

FLr L A B SR R R R
B, EFERIER AR, FRER, B
FPILA G SR SCOR 5 HIE L A5 B FLRER
NEMFEA B R IEAHDC, [RIA S22 4842 2 D K520
VLBW m ELBW F. 7= JLA: J5 o S Pl o PN b 7845
W, HEFERIE L2 0 2IFEALY B 5E 1Y
R RPN R &g H AN RS . B SRR A (OoRES

75 mg/kg, JUER B 44.1 mgkg) HIEFEH (LR
BE 45 mg/kg, JCZ M 26.5 mglkg) AHLL, BEA R
B = JLMBDP iy &2 - SEE A Az N E SR
23 H12005 WU LB SN E 3246 r B = L
PN BRI R 1.7 + 1 (B bk) ™, 2018
AR LR A SN E S T8 s i T R LA S 1R
PN AR LL 1~13 : 1 (i bb) AHE, Lkt
o 5 I SRE VOB IRE 19 & A 2 P PN P s g il
FH L 10% 8 2 BEERES A1 10% HimBkie e . &+
4T U G B i LA DA 6 Al 1 5 R 3 A 6 A T
W, R LAk B 4 i P W SR A RS 4 A
100~160 mg/kg, B H B #E 7 4 60~90 merkg, I
DLl IR E K TR R 5, I8/ MBDP &
Ae g el A VEBW/ELBW H 77 ) LGP i 14 7 oK
AIRETE S, AR LN E T R VLBW
Fpm Ik 3] 4 gy PR DR 3 sl 46 ol 110 2 0 A B DL 5
3l EERE L EB S B R, R EE
BRI R SR S L 1.6+ 1~1.8 1 1
(L), BEAARAIR B TS @,

&®2 VLBWE=)LEZSNE SRS B TIE

5 (13 H mg/kg) 24~40 65~100
W (43 H mg/kg) 18~30 50~80
FEE LG (Tt ) (1~1.3) : 1 17:1

W [VLBW] MefikiiAfkE; [TPN] £MoheEst.

*®3 MEXIEESH VLBWRFILAEARFTRS, B, SERDHIEENE ™ <«

i H Klein 20021441 Tsang 200511 Rigo 2007!"! Agostoni 20104!  Abrams 2013 Koletzko 201417
45 (53 H mg/kg) 150~220 120~200 100~160 120~140 150~220 120~200
W (5 H mg/ke) 100~130 70~120 60~90 60~90 75~140 60~140
Yk F D (1U/d) 90~225 200~1 000 800~1 000 800~1 000 200~400 400~1 000

e [VLBW] MR AR s #5703 me 350 mmol R TREELL 405 BHIT2 mg 3553 B mmol B 75 R LA 31,

B 7L 5 A 70 % 5 B35 T 3 R L LR BT A
ok . MBDP 5 /6 JL O EEFLIE I kK 4 H S0~
80 mL/kg I, NI AR A INREFLSRAL ) . Ao
ARBCEEFL, WA Lss AL B SR 05, AR
AR BB A S fid 72, B MBDP ()& 2,
er‘%%“' [43, 47, 50]0

4 BUARTEERESMHE. BOSE (HR
1B 25454 H 160 mL/kg) [ 47 5
B )L

HBeE
B 7

210~234 125~144
117~129  74~80
194~384 125~127

Wil R
)i W

prifER Al

TR B

BEFL

37
21
2.4

50
28
400

192~197
103~110
189~253

55 (BEH mg/kg)
W% (53 H mg/kg)
Y= Z D (1U/d)
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e s, B e 4k Sl F sk 8 R g =
S B0 Rl I o8 1K = g 95 E S I SR O AN i
W4 1 7 ) LA P R A 2 R AR R e B ) 9 T8 78 4R
. HHTEI MBDP & & JLAE A B I F B Je 2
DRRRALE R EFIER A, — B EIHFIE3~4 A
%, A AN I LA AR R L I PR
T4 I MBDP FIESR

— I/ N A T AT G BRI 9 R, 50%
AR <1 250 ¢ 1 MBDP 57 JLAEA I 6 JRI I, I i
25(0H)D 7K - E A FAE MBDP 2L . [E Py 4h
Fe AR P AR AT 1~2 J5] EL P PR 5% v i 32
TS OL T BN G b 4 AR R D, AR A i 400~
1000 TU/d, 75 22 5 30 Wil i v 4 4= R DK, LA
PRAE L 25(0H)D ¥ FE 35 50 nmol/L LA | >
PIL4EAE R D YR H R T R A sl . R
JLRETT W5 Je e = DR 5. EEDLR
W, FrARRZIESE | IRA SRR R EZE D
Bt 7 34 H M IR /2 800~1 000 mL/d I, [ AMFE
YA F D 270400 [U/d B MBDP (1) & A 14

B O A (R AT 2 B R PT  2E K R
WAL . Moyer-Mileur 55 ™ JF & 1 LA DU A5Gy
Sk v LB Bh A R R i 32 B Y — B g s R I k30
H, M5 JILiA 25 H N E SRR >110 keal/kg
BEFF R IEAT, BT . M. JE . M. BRI
ST B S A R R S W, A R FRLR 4 5~
10 min, BR1K, HREBHES d. 20145 RS
CERYN A BRI SE 11T, g AR i 26~34 JE
() )L 324 461, 3 ek AR AR BE B R EA T DG T Bl sl
B EhiFe3~8 8, AR R ILET YR G .
WP 5% B AN B T AR A
4 BIT
WAF B W — . 7EsRAb B IR BT WSR3 I
T BN TEAS . B e R DI (C b,
SRR ) o

WEE W = TRBEE G &8 10~
20 mg/kg, HAGFE AEEH 40~50 mg/kg; TCREGE
U RN A H 20 mg/kg, K FI R A H 70~
80 mg/ke; 4k R DA &= b A H 400~1 000 1U
(CYLFHE, SRR .

WEAE R W = MM B E IE R, I3 ALP
<500 TU/L HA B, 7T 2% s R s uin T
(CYEHE, SRR,

MBDP & L7 RGPS S B i . 1697
SR A A 5 IR I 0 VR R ) S Atk B FE A
W R i Z DHIF], DMRIEES . B, iR DA
HiEASmIRE Hirat, R EMRBEE . 46 %
PERUR S IR IhRETTE . AR D B = S 5w AR
WA

MBDP 8 LI i A A el A28 f e DUIC A I S 4
TEPE AR o AN UAE RE S A7 AR, B W i3
I, 2B WE RS HEMERR SRR N, R B RE
ARAS 7 PAal b FumEdI ], n o A P B A
SRR R MER S IR DR TLHE, I B R AR
PRsm i, XFFMBDP &L, Ri7ELG Tom b s IR L
TSR SLAE b, BRAMRN TR SR P 0, R
AR LA N A H 10~20 me/kg, HR R T 52475 10 1
IR (5 H 40~50 mg/kg), ] HEPEBERR AN E)
T TR 11 e R 80 kg 1 Ml R R 2 A IR s e ER
FEEGA R R4 H 20 me/ke, MR 217 1001 % ft
KA (B H 70~80 mg/kg) 5 1T 58 FHICHLES il 71
SRR PSS

MBDP LT R #h 4 2 D, lw - h4aEH
400~1 000 TU, DIMESERGIE ST EERE AL, 241l R
A7 AE A 22 D e = BOUEYE B IE I B 45108 Mg
iF, A% T4 DG PEE RD 1,25-(0H),D,,
TG IT IR T WD I A% . 045 . 25(0H)D. PTH
R RS FR B, BRI Ir e, e B4
TN TR 7 N = 0 (VAR 260 51 LY (UL 73
Y ZDIRITE, WEBEIAEJCHGE, HALP /K
UL Th im0 5 I 2 A A7 A At i R BT S0 B
PRI

MBDP &) il 4 inia N siia s b P sish s, 41
JEJG T WA GE . TRYTIA 6~8 JEIT, AldE AR
SR TR — BAE R GE B e o
Prim A oE m IS, A1E 2~4 JE s DS A
Wth e, MBI EIER, IiF ALP<500 IU/L H
AREAGESAET, AR RRYT s

5 WHEEEMA

AR DL — . WARYE MBDP 55 1 PR 2 Al XU 72
i e MBDP j™ 8 42 B il 1T oy Wil o+, W msf
ATy HBERTs HBEE EL 0 1 a2 6
1R AMIE 1~6 WA 1k &1E7~12 A il
B2 1 A0F 13~24 A NA 3N 1R 4
1E24 A5 R-FAE 1R (GPS),
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MR s W) CPLBREMEMBENS . 20 — b3 QUS. DEXA S Bt CT 453047 41

VAW 36 Aiy) WG Atk e br ot
PEAIAITRICR, WER AT 454 QUS I DEXA 251 7
HEENE (GPS),

HEFE R L= MBDP Bt f5 & I ik s | &
Koo 3k B AR AR K AR AR IT HEA T Bk 1 3 55 VEA
HHES (GPS).

T 3 LA 0 A A2 B MBDP - K 4h 38 L 5 1)
B BEMYAEA R D, ZEIMBDPIEBITE 2 % IR
sAATIHIR Y, WS R4, M T ELBW 3 VLBW A
LR B> R L T Al E G 40 R A A,
DA, ATRELL T I RE

(1) B RERN1T%~34%, ZWLT4%
JEEE 6~12 8, EE KA ESME. (2) #Hil
TRIME s DR A Bl A el 1 ok e P i 3 B
o B AN AR S AT IR R B R I, TR
FUALIRIXE 5 18 7T B3 fin e S S AT e st 1), 184 fn i
WA B L RE M E B A RGN, H£E
IR AL AR A S, (3) AN AR IR
A A 489 6 DR 3 B0 B — o sl 22 o 4 O 2 1
Wi . (4) A5 FRECRREL I B, AL
Al RESE B0 Y BT & b 5 R A Sk R L A
R R R R R AN B e R T R BOE L. (5) AERK
REKIE . BIRELBW 5 VLBW F 7= JLLE H B
Jo BB A K, (H MBDP ] S350 L7 LR KR
ZBH, 4> MBDP (8 LZEZHIE A iy 18~24 4 H a5
Ml MM R E kB kG . FEIME
SN IRV R0 AT R 28 12 %, HE T B3 H W4
Hr L S &R E L2 A L. (6) B ITH -
FEFLEFE A= LR 2 2 B BT v ARk bn, i
= LR R IR b T 25 6 % 22 A A RE IR B S5 M
NAES R H LA E B AL Y. Tinnion 55 ™ &
o LR IEHE . B L TR R G SRR AL B
YRS R R R R H LR, B E R AR R Y
R SCEAERT B ERRAS, ED MR TR

MBDP HilJ5 2 Z M Fsg i, anfigis . Bk
&, OJFRSE. ZYRAIE SRS, R MBDP If &
i, PR T e IS ALt AR K, XHEAE MBDP
e e R 2 A L Lo R BIRE G S ), AR
BB AR A5F IE 1 I8 R I B, ol i B ) PR A
Hewt s DR RF AR A B | (A H ALk B A5 48 A
K,

(1) & AW B A A e g b, ands | B
ALP, TRP, PTHZ%§, # 2K ALP>800 IU/L, Nt

Mg o

(2) EFRAL S W . MBDP A] H A K 2%
18, Rl B E i KT fE . JF HaX R A
ROV AT HFLE 2 8~12 % 4 {H H IR £ X
MBDP MY E FRVPAG 55, AR S L By
BRI LR SM 2R, Ry MBDP & LS 7™
ILZREMETAR—H, HETRER™IL,
HOG MBDP £8 LTE S B J5 15 TR PP Al N 28 FAs 38 AT
Z IR LSRR B A RS TR B L IR
Lo CRL7UARE TAERLIE) ), e I EA T IRA% 2R
KVEAh . AEAPPAG | R R I SR B b A%
FERR A BR v ] 4 Fenton £ (24 1E RS 40~50
JE77) . 2016 WHO JLEE A K bR e (http://www.who.
int/childgrowth/standards/en/) ¥ 2018 H [ JL T 5 E
(AENGE 40 JAJ5)

(3) Ffiv; 5 Wy e et B S
FAETHRENE 210G 2IE1~6 Al NEEA 1
W SNET7~12 Al a2 A A 10 2iE13~24 A
WBNEE3 AN H 1R 20 24 A5 B2E4E 1R 2
BRI RSE R NAE . BT AR LR 3,

(4) HRBEfs T A . 12 MBDP [ 5.7 L,
e B SRV R, — BRSNS,
WM IR SEGEA R D S R AME S, 4
BB ST JF AT MR B IR R SRR
T (ZF RO AR E L RS RS
L),

6 ZiE

B I R EE I %) MBDP UGREZHTIR A, FHE
X MBDP #EA 7 [A] AL BG4S B . AR H
[ NSRBI I S AR TR, AR 4E GRADE Jy ik 47
W9, A Z2AR0R TAEH & ZIAHTHE
JETE R . AR IAT 19 &g L, Hrp A g
%, BH3%, CH10%, GPSS5%k, EMILEW
5. AP UTRR: (1) BTFrEREAE
IRAFGRED, R, e R DA AR (2)
Bz JLRHMCIR N WL RN S5, Wk
ZRILEK A S TAEE R W, AIRS 5
B—IK, ERFHT IR 5 & & KL, Ik
il T S B b AT 78 0L, R B S DR 5 i
P, AR T A PR S0 B S mE W A Ak B AT
BT
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MBDP &/ L
2K MBDP £ )L
I | ]
FJRIPAG
v v
R !
AAF ks H b I R
BRI B S EAE 1 AR 12 | | 25(0H)D ALP . Ca. P, IR HT
AE 1~6 8 1 0 s 20 1F 7~12 % PTH. TRP, 7] %5 & PEAG AR A S AR 0]
1R2HAIE13~24 Al 13 H 810 | | DEXA, QUS, & BRI L BPD R4
24 F IR 1 DPRRAR CT BRAS FR IR SIS
e EREIEa
v ; 3 v SRR (T
ST Ca P || PANESD | | HETRES | | gkghE | | AR E LIRS
VitD Wz | | weEse || mm R SEG
B3 BKEisS s EE [25(0H)D] 25 B HEHE/EZ D; [ViD] 4L 2 D; [ALP) GRPEBEIREE; [Cal 45;
[P] W; [PTH] HUARSEIREEZ; [TRP] P/ MEBEE IR ; [DEXA] MAEX LMk [QUS] Mk,
*5 MBDIfKREEERLIRHEREER
X EHR SR S
I e U s
T s Hepea
OZEREAR DA HAMKRESS d. BEfens s, EBEBR . JIRFRAGILE NAERKZER »
. SR MBDP Y= fE I R
6]
fa QW JRl<32 IR R <D 500 o, 450 R EZ DANEARE , BRAiREFIRSEE MBDP (4 5 faH 2 2C
O ILEIZEM AT AR . WIEH/NmLE % . BRTHIABUE S, (R R 2 . L w nd
- 2y, RERIRF . R R | KRN RSN E SR, ANEFRIGT TN A >4 R A sh>4 H & 2B
MBDP f5 B i /R &
" DIfiL ALP>900 TU/L, A [l1#<1.8 mmol/Li5FEHE R MBDP, Hi4: 3 FJS 1 PTH>180 pe/mL, FEA Ifl#<1.5 mmol/L, e
I‘H?T? 275 8§ MBDP
1 QAR 25(0H)D /E A MBDP 2 W 4L Ges
T @A DEXA fi: MBDP H AL 25 K 1A
 @HEA5 MBDP i 2 957 LT MBDP i 8 GPS
(OMBDP &G LA 5 543 PN 4 1a] HJGZ 45 24~40 mg/kg, TLEME 18~30 merkg, FHBELL (1~1.3) ¢ 1 (Hik: 1C
) SPNIASRSE, JCES HbRrf65~100 mgkg, JCEME HFRT 50~80 me/kg, A5HEHLATE 1.7 : 1 ’
Q@MBDP & &Lk 4l NS, £ H 453 AT 100~160 mg/kg, B A 60~90 mg/kg, 5L 1.6 : 1~1.8: 1B 1C
i 1(1B); i AR FL al = JLIE 7 Wb FE A5 A (1C) ’
i OMBDP e L B 5 RS i A7 R0y W 3% 25595 1F A 9 550 25 5 066 PR Wl JE 45 37 MBDP O IE# 1C
@R L4 H 462 R DA 400~1 000 TU, AEJ5 1~2 FJT M S L amab ) . 5 LBy el 4k % 1
DFIFIHNTE, T A2 I IS 25(0H)D (13 B LA K F->50 nmol/L ’
(OMBDP 16 )Lk 2 2 N VSR J5 T 204 T H % Bl sl 2: LA MBDP 1B
OB EFRE T EFRIER b, Tr BB S | i S 24 2 D il 57 1C
e QULEBHRLGFIENEH 10~20 mgke, e KFIE A H 40~50 mg/kg; TORFELGFIE A H 20 mg/ke, i
i Kl A H 70~80 me/ke; 44K DA NAEH 400~1 000 [U
@M MBI 5, M ALP<500 TU/L ELA RGBT, 72 s RS piE T 1C
" (DRARYE MBDP 15 18 R 2 14 XU 2 B Je MBDP 7™ 52 A8 B 1 22 BE U7 W -5, SRRl /80y . et
i&% BeJm ZAIE 1 AN 2 1 SIE 1~6 ARNEEA 1 MIE7~12 AN Ea 24 A 11k 4I1E 13~24 A GPS
= MR 1R BIIE 24 RS R4 1R
% Qe G A AL FEAR I AR IR TR, AT 254 QUS A DEXA S5 117828 B ) 2 GPS
GMBDP H B AT | B | Sk BSR4 KA PRIFUE T Lk 078 FHTAL IS 5 GPS

E: "AL B. C DAMRIFORIER SR m . R B 1

253 S B R SRR R SRR 5 GPS 2805 1o o Ak ek R 52 B P

[MBDP] R JLATERR; [ALP] SRPERERRAG; [PTH] HURZFMINES; [DEXA] WEEXZLMOE; [PN] AMESR; [QUS] ErblA k.
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FE TR R AR (), bEKF
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WAER (E2/4%), AZXFREILAER (4
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e (SRHE), LEXRBRFEFREREHELE
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#) . BN RFWEEXILE BRI Fashikit
(B, BINMTXFAETAFR (F 1), #
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Expert consensus on clinical management of metabolic
bone disease of prematurity (2021)°

CHANG Yan-Mei', LIN Xin-Zhu’, ZHANG Rong’, LIU Xi-Hong',
TONG Xiao-Mei', CHEN Ping-Yang®, FENG Zhi-Chun’
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Abstract:Metabolic bone disease of prematurity (MBDP) is a systemic bone disease with a reduction in bone mineral content due
to disorder of calcium and phosphorus metabolism. There is still a lack of in-depth research and systematic understanding of MBDP in
China, and there are many irregularities in clinical management of this disease. Based on relevant studies in China and overseas,
Grading of Recommendations Assessment, Development and Evaluation was used to develop the expert consensus on the clinical
management of MBDP. This consensus provides recommendations from the following five aspects: high-risk factors, screening/
diagnosis, prevention, treatment, and post-discharge follow-up of MBDP, so as to provide relevant practitioners with recommendations

STANDARD-PROTOCOL-GUIDELINE

on the clinical management of MBDP to reduce the incidence rate of MBDP and improve its short- and long-term prognosis.

Key words: Metabolic bone disease; Expert consensus; Osteopenia; Bone mineralization and growth; Preterm infant

[Chinese Journal of Contemporary Pediatrics, 2021, 23(8): 761-772]

With the continuous development of neonatal intensive
care technology, more and more very low birth weight
(VLBW) and extremely low birth weight (ELBW) preterm in-
fants have been treated and surviving. Promising strides have
been taken to improve their short and long-term outcomes,
such as those involving complications like metabolic bone dis-
ease of prematurity (MBDP). MBDP is a type of bone disease
characterized by reduced bone mineral content (BMC) and in-
complete mineralization of osteoid material due to insufficient
calcium, phosphorus and organic protein substrates or distur-
bances in bone metabolism in preterm infants. The essence of
the disease is that the BMC of preterm infants cannot meet the
requirements of normal bone growth and development, which
may be accompanied by imaging of skeletal mineralization de-
ficiency and biochemical changes in blood, such as hypophos-
phatemia and hyperalkaline phosphatasia'’. The exact preva-
lence of MBDP is unknown because of the lack of uniform cri-

teria for screening, diagnosis, prevention and treatment of the

[Received] June 1, 2021; [Accepted] June 29, 2021

disease in China and other countries”. MBDP can affect the
skeleton health and quality of life of preterm infants. Complica-
tions include extrauterine growth retardation, ventilator depen-
dence and even fractures in the near term. In the long term,
MBDP may lead to more adverse outcomes such as short stat-
ure, reduced peak bone mass, and susceptibility to osteoporo-
sis® ¥,

A survey on the diagnosis and treatment of MBDP among
338 neonatologists in 246 neonatal intensive care units
(NICUs) in the United States in 2014 showed a lack of homo-
geneity in clinical practice, with most doctors making deci-
sions related to MBDP based on their personal clinical experi-
ence. A national multicenter retrospective survey of MBDP in
preterm infants by the Neonatal Nutrition and Health Manage-
ment Group of Professional Committee of Child Health of Chi-
nese Medical Doctor Association and a single-center study
showed that there were widespread irregularities in prevention,

6-7]

screening, diagnosis and treatment®”, and there is an urgent
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inconsistency between the Chinese version and its English translation.
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need to develop an expert consensus on the clinical manage-
ment of MBDP in China. Regular monitoring, screening for
high-risk infants, and providing timely interventions are vital
to improve the overall prognosis of MBDP'™.

This expert consensus is co-sponsored by the Nutritional
Committee of Neonatology Branch of Chinese Medical Doctor
Association, Neonatal Nutrition and Health Management
Group of Professional Committee of Child Health of Chinese
Medical Doctor Association, and Editorial Committee of Chi-
nese Journal of Contemporary Pediatrics. It is registered with
the Chinese Clinical Trials Registry (http://www.chictr.org.cn)
with registration number ChiCTR2100042195, and it has been
reviewed and approved by the Human Research Ethics Com-
mittee of the Women and Children's Hospital Affiliated to Xia-
men University /Xiamen Maternal and Child Health Hospital
(approval number: KY-2020-084). Experts in the fields of neo-
natology, child health, clinical nutrition, evidence-based medi-
cine, and epidemiology, accompanied by editors of medical
journals, have formed a multidisciplinary consensus working
group, and this consensus was finally reached after several
rounds of discussion, revision, and consideration by the team.
The target population is preterm infants, while the planned ap-
plication is for perinatal medicine practitioners, neonatologists,
child health practitioners, orthopedists, dietitians, community
health care workers, and related caregivers. It is intended to
provide recommendations on the clinical management of
MBDP.

For this consensus, the literature in English was assessed
via the three keywords, "bone and neonate or infant", in aca-
demic platforms such as UpToDate, BMJ Clinical Evidence,
National Guideline Clearinghouse (NGC), Joanna Briggs Insti-
tute Library (JBI), Cochrane Library, and the like. Chinese lit-
erature was also assessed by searching the five keywords "cal-
cium, phosphorus, metabolic bone disease, osteopenia, and
bone mineralization and growth", in SinoMed, CNKI, Wanfang

Online, and others. The search for literature was concluded on
December 1, 2020. The flowchart of literature screening is
shown in Figure 1. The level of evidence and recommendation
grade of the literature were assessed using the Grading of Rec-
ommendations Assessment, Development and Evaluation
(GRADE) method, which classified the quality of evidence as
high (A), medium (B), low (C) and very low (D). Moreover,
the strength of recommendation was classified into three lev-
els: strong recommendation (1), weak recommendation (2) and
good practice statement (GPS) (Table 1)°'",

Initial screening to obtain literature (n=3 369):

UpToDate (n=15), National Guideline Clearinghouse (n=17), BMJ
Clinical Evidence (n=5), Cochrane Library (n=12), Embase (n=873),
JBI Library (n=10), MEDLINE (n=825), Web of Science (n=821),
PubMed (n=513), SinoMed (#=97), CNKI (»=71), Wanfang Database
(n=110)

P Repeated literature (=775)
v
Literature obtained after eliminating
duplicates (n=2 594)

Read the title and abstract to exclude literature:
) Study subjects do not match (n=628);

Themes do not match (n=576);

Study designs do not match (7=369)

Literature obtained after primary
screening (n=1 021)

Read full text to exclude literature:

Full text not available (n=11);

Observed indicators do not match (n=488);
Repeated reports (n=20);

Quality rating as failure (#=409)

Retrospective references (n=9) »

Ld

v

Included literature (n=102)

UpToDate (n=8), Natonal Guideline Clearinghouse (7=7), JBI Library
(n=8), Embase (n=7), BMJ Clinical Evidence (n=4), MEDLINE (n=
5), Cochrane Library (n=6), PubMed (n=9), Web of Science (n=8),
SinoMed (n=8), CNKI (n=17), Wanfang Database (n=15)

Figure 1 Flow chart of literature screening

Table 1 Grading quality of evidence and strength of recommendations

Rank

Definition

Quality of evidence

High (A)

Very confident that the observed value is close to the true value

Medium confidence in the observed value: the observed value may be close to the real value, but it may also

M te (B
oderate (B) be very different

Low (C)

Limited confidence in the observed value: the observed value may be very different from the real value

Little confidence in the observed value: there may be a great difference between the observed value and the

Very low (D) real value

Strength of Rrecommendation
Strong (1)
Weak (2)

GPS . .
experience and expertise

To do (or not to do) where the benefits clearly outweight the risk (or vice versa) for most, if not all patients
Where benefits and risk are more closely balanced or are more certain

Point Not backed by sufficient evidence; however, a consensus reached by working group, based on clinical

Note: GPS, good practice statement.
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1 High-risk factors

Recommendation 1: The Pregnant women with low vita-
min D levels, use of magnesium sulfate >5 d, placental insuffi-
ciency, chorioamnionitis, pre-eclampsia, and fetal intrauterine
growth restriction are high prenatal risk factors for MBDP (lev-
el C evidence, weak recommendation).

Recommendation 2: Male infants, infants born with less
than 32 weeks of gestation, VLBW and ELBW infants, inade-
quate supplementation of calcium, phosphorus, and vitamin D,
and exclusive breastfeeding are postnatal high risk factors for
MBDP (level C evidence, weak recommendation).

Recommendation 3: The preterm infants complicated by
bronchopulmonary dysplasia, necrotizing enterocolitis, choles-
tatic liver disease, treated with glucocorticoids, methylxan-
thines, loop diuretics, phenobarbital, phenytoin sodium, de-
layed establishment of enteral nutrition, the duration of paren-
teral nutrition therapy >4 weeks, and immobilization >4 weeks
are pathologically high risk factors for MBDP (level B evi-
dence, weak recommendation).

The 80% of mineral deposits in the fetus occurs from 24
to 40 weeks, with a peak at 34 weeks. By full term, the mineral
reserves are approximately 20g of calcium (deposition rate of
100-120 mg/kg per day) and 10 g of phosphorus (deposition
rate of 50-65 mg/kg per day)"”. Fetal vitamin D reserves are
dependent on maternal 25(OH)D levels, with vitamin D reach-
ing only 50% to 70% of the maternal level at full term™. The
American Society for Parenteral and Enteral Nutrition Clinical
Guidelines " stated that inadequate maternal vitamin D supple-
mentation (less than 600 IU/d), calcium supplementation with
less than 2 g per day after 22 weeks of gestation, and long-term
use of magnesium sulfate during pregnancy (more than 5-7 d)
are high risk factors for MBDP. Placental inflammation, such
as chorioamnionitis, placental insufficiency such as intrauter-
ine growth restriction and pre-eclampsia also impair placental
function and reduce fetal bone mass, leading to an increased
risk of MBDP after birth.

An intrauterine environment with the higher level of estro-
gen and calcitonin and the lower of parathyroid hormone
(PTH) promotes a high fetal blood calcium state, which facili-
tates bone structure and subcortical bone formation, and conse-
quently leads to a sustained and efficient increase in bone min-
eral density (BMD). The bone mineral density of preterm in-
fants born with less than 32 weeks of gestation is 25%-70%
lower than that of term infants. This is because of the sudden
interruption of mineral transport, the abrupt changes in hor-
mone levels, the complications affecting metabolism of calci-
um, phosphorus, and vitamin D, and the inadequate supplemen-
tation of these minerals through parenteral and enteral nutrition
or inappropriate calcium-phosphorus ratios. Additionally, the
shorter the gestational age and the lower the birth weight, the
higher the incidence and the more severity of MBDP™*'", Ac-
cording to studies in China and other countries, the prevalence

el

of MBDP in ELBW infants is about 50% and in very low birth
weight (VLBW) infants it is 20%-30%. 17%-34% of them may
procure spontaneous rib or long bone fractures®*"". Further-
more, male infants with relatively immature kidney develop-
ment and low estrogen levels are more susceptible to MBDP
due to increased renal tubular phosphorus excretion and re-
duced reabsorption’ """,

The vitamin D content of breast milk is only 25-50 IU/L.
Unfortified adequate breastfeeding (180-200 mL/kg/day) pro-
vides only a third of the intrauterine acquisition of calcium and
phosphorus in fetuses at the same gestational age, so the calci-
um and phosphorus contents of breast milk do not meet the
bone mineralization requirements of preterm infants. Studies
have shown that the incidence of MBDP in preterm infants,
who should be indications by fortification, is 40% because of
exclusive breastfeeding, while the incidence of MBDP in pre-
term infants fed with preterm formula is only 16%"™'”. The re-
sults of a multicenter survey in China showed that the incidenc-
es of MBDP in preterm infants(less than 32 weeks gestational
age) were 27.8%, 19.4%, 13.4%, and 21.8% in the exclusive
breastfeeding, fortified breast milk, preterm formula, and
mixed feeding groups, respectively®. The incidence of MBDP
was increased with the use of formula for full-term infants or
other specially formulated milk, which are not fortified with
calcium, phosphorus, and vitamin D®*",

Preterm infants suffering from cholestatic liver disease,
necrotizing enterocolitis especially after surgery, and broncho-
pulmonary dysplasia can encounter malabsorption and in-
creased consumption of calcium, phosphorus and vitamin D.
During the implementation of parenteral nutrition, the bioavail-
ability of calcium and phosphorus is insufficient to maintain
adequate bone mineralization requirements due to various fac-
tors such as low solubility of calcium and phosphorus, unstable
temperature, different preparation methods and fluid restric-
tion. Calcium gluconate packaged in glass bottles is also sub-
ject to aluminum contamination”". In relation, a study showed
that preterm infants treated with parenteral nutrition for more
than 4 weeks, had aluminum in their bones10 times more than
the controls. Moreover, it was found that excessive aluminum
deposition on the epiphyseal surface affected osteoblast activi-
ty and could reduce adolescent spinal bone mineral content and
trabecular bone area"’. A number of drugs such as glucocorti-
coids, methylxanthines, and loop diuretics can increase osteo-
clast activity, inhibit osteoblast proliferation, reduce calcium
absorption from the gastrointestinal tract, and promote calcium
excretion from the renal tubules. Phenobarbital and phenytoin
sodium can also increase the catabolism of 25(OH)D, thus
rised the risk of MBDP™,

Another study showed that preterm infants in the NICU
who are immobilized for more than 4 weeks and are more like-
ly to develop MBDP due to the loss of active motor stimulation
in utero against the uterine wall, which inhibits osteoblast pro-

liferation and increases osteoclast activity. The factors lead to a
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higher risk of MBDP linked to increased bone resorption and
urinary calcium excretion, with 11% (P=0.06) and 14% (P=
0.02) reduction in BMC and BMD, respectively™.

2 Diagnosis and screening

Recommendation 1: The serum alkaline phosphatase
(ALP) >900 IU/L with serum phosphorus <1.8 mmol/L is high-
ly suggestive of MBDP. Serum PTH >180 pg/mL at 3 weeks af-
ter birth with serum phosphorus <1.5 mmol/L is suggestive of
severe MBDP (Level C evidence, weak recommendation).

Recommendation 2: The serum level of 25 (OH) D is not
recommended as a diagnostic basis for MBDP (GPS).

Recommendation 3: Dual energy X-ray absorptiometry
(DEXA) is not recommended as a routine screening test for
MBDP (Level A evidence, strong recommendation).

Recommendation 4: Screening for MBDP is recommend-
ed for preterm infants with high risk factors for MBDP (GPS).

The diagnosis of MBDP requires a comprehensive assess-
ment of medical history, clinical manifestations, biochemical
indicators and imaging tests. At present, the diagnosis of MB-
DP is mostly based on typical clinical manifestations and radio-
graphic findings, but at this point, BMD has already signifi-
cantly decreased. Early symptoms of MBDP are insidious and
there is still no clear and uniform diagnostic method, so prelim-
inary detection and diagnosis are difficult. To reduce the poor
prognosis associated with MBDP, it is important to screen and
manage preterm infants with high-risk factors at earlier stages.
The ideal methods for evaluating the bone quality status of
newborns include biochemical indicators and imaging tests.

2.1 Blood biochemical indicators

Commonly the used clinical blood biochemical indicators
are serum calcium, phosphorus, ALP, PTH and 25(OH)D.

Serum calcium in the body is regulated by both calcitonin
and PTH. When serum calcium is reduced, the body maintains
blood calcium levels by mobilizing bone calcium under the reg-
ulation of PTH. Serum calcium can be normal or high when
the body is calcium-deficient, and only when bone calcium re-
serves are depleted at the late stage of MBDP will serum calci-
um decrease. In light of this, serum calcium is not valuable for
the early diagnosis of MBDP. In relation, serum phosphorus
concentration can better reflect the status of bone phosphorus
reserves, and a persistent decrease in serum phosphorus sug-
gests inadequate phosphorus intake and an increased risk of os-

teoporosis™.

When the serum phosphorus is lower than
1.8 mmol/L, it suggests the low BMD with a specificity of
96%, but a sensitivity of only 50%, which is not suitable for
early diagnosis™.

ALP is a glycoproteinase secreted by a variety of tissues
and has at least four isozymes. 90% of ALP in neonates comes
from bones, which can reflect bone metabolism well as an ac-

tive marker of osteoblast maturation. ALP is physiologically

e4d

mildly elevated in the first 2 to 3 weeks after birth; the diagno-
sis of MBDP is only considered when mineral deficiency is ac-
companied by further elevation of ALP. It should be noted that
cholestasis, infections, copper deficiency, and other related fac-
tors can also lead to increased ALP, while zinc deficiency or
glucocorticoid application can result to decreased ALP respon-
siveness. The amalgamation of these factors can all interfere
with clinical judgement. Numerous studies have varying re-
sults regarding the applicability of ALP to the diagnosis of MB-
DP and the threshold range. Hung et al.”determined a diag-
nostic sensitivity of 73% and specificity of 74% for serum ALP
higher than 700 IU/L in the diagnosis of MBDP in preterm in-
fants less than 34 weeks gestational age using a forearm X-ray.
Viswanathan et al®”. found that the serum ALP, higher than
500 IU/L , is associated with MBDP in a retrospective analysis,
which included 230 cases of ELBW with gestational age less
than 30 weeks. Figueroas-Aloy et al””. tested and evaluated
DEXA, serum ALP, calcium and phosphorus indicators in 336
cases of VLBW and also found the serum ALP, higher than
500 IU/L, to be associated with low BMD. Backstrom et al**.
found a sensitivity and specificity of 100% and 71% for the di-
agnosis of MBDP based on DEXA findings when the serum
ALP higher than 900 IU/L with serum phosphorus lower than
1.8 mmol/L. Overall, increased serum ALP levels can precede
the onset of clinical symptoms and influence the development
of MBDP"™".

Regulated by serum calcium ion concentration, the nor-
mal secretion of PTH maintains serum calcium levels by mobi-
lizing osteolysis, which promotes calcium reabsorption by re-
nal tubules and phosphate excretion. Research has shown that
PTH is more sensitive than ALP in the diagnosis of MBDP.
However, it must be noted that there is no uniform range of
normal values for PTH in neonates, especially in preterm in-
fants. Matejek et al. ®tested serum PTH in 134 consecutive
cases of VLBW and came up with a reference range of about
15.1 to 87.7 pg/mL, which is close to adult reference values.
Moreira et al®™. found by retrospective analysis that in preterm
infants with birth weight <1 250 g, the serum PTH higher than
180 pg/mL at 3 weeks after birth had a sensitivity of 71% and a
specificity of 88% for the diagnosis of severe MBDP. Addition-
ally, the sensitivity and specificity increased to 100% and 94%
when combined with lower than
1.5 mmol/L.

Finally, 25(OH)D is the primary form of vitamin D trans-

serum phosphorus

ported in the blood, and normal vitamin D levels are a prerequi-
site for ensuring proper calcium and phosphorus absorption.
The American Endocrine Society recommends serum 25(OH)D
levels >50 nmol/L (20 ng/mL) in infants”". In relation, the refer-
ence range of serum 25(OH)D levels for children (0-14 years)
in China is 37.5-250.0 nmol/L (15-100 ng/mL)®*. The main eti-
ology of MBDP is calcium and phosphorus deficiency, and se-
rum 25(OH)D can be normal, decreased or even increased, 25
(OH)D is not used as a diagnostic indicator of MBDP.
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2.2 Urinary biochemical indicators

Urinary biochemical indicators include urinary calcium
and phosphorus, urinary calcium/creatinine, urinary phospho-
rus/creatinine, and tubular reabsorption of phosphorus (TRP).
The urinary excretion of calcium and phosphorus is highly vari-
able in relation to neonatal maturation, feeding practices, and
medications involving diuretics and hormones. Due to the low
renal phosphorus threshold of ELBW, phosphorus can still be
excreted through urine in spite of decreased blood phosphorus
in the body. TRP (% )=[1- (urinary phosphorus/urinary creati-
nine) x (blood creatinine/blood phosphorus)] X100, which re-
flects the phosphorus reserve status of the body by detecting
the reabsorption of phosphorus after filtration by the kidneys,
has a normal value of about 85%-95%. TRP>95% with blood
phosphorus decline suggests phosphorus deficiency in the
body, while normal or reduced TRP with increased PTH may
indicate calcium deficiency™. The results of various studies on
the diagnostic value of urinary biochemical indices for MBDP
are controversial, and the use of urinary biochemical indices
alone for the diagnosis of MBDP is not recommended at pres-
ent™,
2.3 Imaging

Imaging is based on the measurement of BMD and main-
ly includes methods such as X-ray, DEXA, quantitative CT and
quantitative ultrasound (QUYS).

The characteristic changes of X-rays in infants with MB-
DP may show thinning at the end of the long bones, cupping or
burr-like changes at the metaphysis, swelling of the rib ends,
and subperiosteal new bone formation or fracture. The X-ray is
only to the diagnosis of severe MBDP with significant osteopo-
rosis or fractures since it is not sensitive to osteoporosis as the
bone loss less than 20% to 40%"'. Therefore, although an X-
ray is highly specific for the diagnosis of MBDP, it is not suit-
able for early diagnosis. DEXA is the gold standard for the di-
agnosis of osteoporosis. However, it can only reflect the two-
dimensional area density of the bone, not the three-dimension-
al density of the bone. There are also technical difficulties in-
volved in the routine use of DEXA for screening of MBDP, in-
cluding operational feasibility, radioactivity, timing of the ini-
tial scan, frequency of repetition, normal values for newborns
of different gestational ages, intervention cut points, interven-
tion modalities, and more similar factors which require further

[3.34]

study Quantitative CT has the advantage of measuring

bone stereoscopic density, but has the same limitations as

e5S

DEXA.

QUS is a new diagnostic technique developed in the early
1980s that reflects not only BMD, but also bone microstruc-
ture, bone elasticity, and strength properties. This method of-
fers a lot of practical advantages in terms of clinically diagnos-
ing MBDP since it is non-radioactive, non-invasive, and easily
performed at the bedside. In vitro research, it has confirmed
that forearm QUS parameters correlate significantly with bone
strength, and these parameters have been shown to be consis-
tent with bone mineral conditions assessed by DEXA in pediat-
ric researches™. The commonly used QUS parameter is the
speed of sound propagation (SOS). A systematic review, con-
ducted in 2018 on the application of QUS diagnosis in preterm
infants, stated that SOS was positively correlated with the ges-
tational age and the birth weight. SOS tended to decrease with
the age to increase, and the decrease was negatively correlated
with the gestational age. Moreover, SOS is positively correlat-
ed with serum phosphorus, serum calcium and vitamin D lev-
els and negatively correlated with the level of serum ALP. Gen-
erally, SOS measurements could reflect the skeletal status of
newborns and are highly correlated with BMD®. At present,
there is a lack of a standard reference range for SOS in preterm
infants due to many influencing factors, so the threshold of
QUS in screening and diagnosing MBDP has not been deter-
mined. However, the application of QUS in preterm infants is
highly advantageous and has good clinical application pros-
pects.

Currently, there is not a standardized screening proce-
dures for MBDP in preterm infants. Rayannavar et al”. recom-
mended testing serum calcium, phosphorus, and ALP every 1
to 2 weeks starting at 4 to 6 weeks postnatally in all preterm in-
fants. For those with high risk of MBDP, such as ELBW or
VLBW, X-rays are recommended. If the serum ALP is higher
than 800 IU/L or higher than 500 IU/L with an increasing
trend, accompanied by hypophosphatemia, serum PTH and
TRP need to be examined. At the same time, the serum 25(OH)
D also have to be tested selectively in view of risk factors. Cha-
cham et al”. recommended testing the serum blood calcium,
phosphorus, and ALP every 4 weeks until 6 months after birth
in newborns with high risk of MBDP. It is also encouraged to
further evaluate serum PTH, 25(OH)D, and QUS for infants
with abnormalities during the initial screening. This consensus
recommends screening for MBDP in preterm infants with high
risk factors (Figure 2).



523 % 5 8 i
2021 4% 8 A

o+ E 44 )UAH &

Chin J Contemp Pediatr

Vol.23 No.8
Aug. 2021

Serum calcium, phosphorus, and ALP were tested starting 2 to 4
weeks after birth in preterm infants with risk factors for MBDP

l

ALP>500 IU/L with an increasing trend, and/or serum phosphorus
<1.8 mmo/L

Continue to monitor serum

1. Serum PTH, 25(OH)D and

urinary TRP.

2. X-ray if necessary
[

1. Calcium, phosphorus or vitamin

D supplementation.

calcium, phosphorus, and

ALP every 2 to 4 weeks

Normal

Continue to monitor serum
calcium, phosphorus, and
ALP every 1 to 2 weeks 2. Serum calcium, phosphorus,
ALP, PTH, urinary TRP are re-mea-

sured every 1-2 weeks.

Figure 2 Flow chart for the screening of MBDP
MBDP, metabolic bone disease of prematurity; ALP, alkaline phospha-
tase; PTH, parathyroid hormone; 25(OH)D,25 hydroxyvitamin D; TRP,

tubular reabsorption of phosphorus.

3 Prevention

Recommendation 1: In the early postnatal period, partial
parenteral nutrition (PN) in infants with high risk of MBDP,
the recommended doses of elemental calcium is 24-40 mg/kg
and the elemental phosphorus is 18-30 mg/kg per day, with a
calcium-phosphorus ratio of 1-1.3:1 (mass ratio); In the stage
of using TPN, the target recommended doses of elemental cal-
cium is 65-100 mg/kg and elemental phosphorus is 50-80 mg/
kg, and the calcium-phosphorus ratio can be upped to 1.7: 1
(Level C evidence, strong recommendation).

Recommendation 2: When the infants with high risk of
MBDP achieve total enteral feeding, the recommended daily
calcium intake is 100-160 mg/kg and phosphorus intake is 60-
90 mg/kg, with a calcium to phosphorus ratio of 1.6:1 to 1.8:1
(Level B evidence, strong recommendation). For preterm in-
fants, supplementary calcium and phosphorus intake through
fortified breast milk or formula are recommended (Level C evi-
dence, strong recommendation).

Recommendation 3: Infants with high risk of MBDP
should continue fortified formula feeding after discharge until
corrected full term or until regular clinical monitoring is free of
evidence of MBDP (Level C evidence, strong recommenda-
tion).

Recommendation 4: Preterm infants should receive 400-
1000 IU of vitamin D daily, supplemented with breast milk
fortification, preterm formula, or vitamin D preparations begin-
ning at 1-2 weeks after birth, with regular monitoring of serum

25(OH)D concentrations to maintain it higher than 50 nmol/L

e6

(Level C evidence, strong recommendation).

Recommendation 5: Infants with high risk of MBDP can
be trained through daily passive exercises to prevent MBDP af-
ter achieving full enteral feeding (Level B evidence, strong rec-
ommendation).

The management of bone health in preterm infants focus-
es on providing adequate calcium and phosphorus intake to
promote normal bone growth. Studies have shown that postna-
tal calcium and phosphorus absorption rates in preterm infants
are positively correlated with age, calcium, phosphorus, lac-
tose, and fat intake. They are also influenced by vitamin D lev-
els. ELBW and VLBW preterm infants should be supplement-
ed with calcium and phosphorus by PN as soon as possible af-
ter birth, and the recommended doses are shown in Table 257,
Two randomized controlled studies have both shown that daily
calcium and phosphorus supplementation in early PN in the
high-dose group (elemental calcium 75 mg/kg, elemental phos-
phorus elemental phosphorus 44.1 mg/kg) was effective in pre-
venting MBDP in preterm infants compared to the low-dose
group (elemental calcium 45 mg/kg, elemental phosphorus
26.5 mg/kg)“**". Both the A. S. P. E. N clinical guidelines and
the guidelines on Paediatric Parenteral Nutrition of ESPGHAN
in 2005 recommend an optimal calcium-to-phosphorus ratio of
1.7:1 (mass ratio) in PN fluid for preterm infants"***, The ESP-
GHAN guidelines in 2018 emphasize that a calcium-to-phos-
phorus ratio of 1 to 1.3:1 (mass ratio) in PN fluid for 1 week af-
ter birth is appropriate for preterm infants to avoid hypercalce-
mia and hypophosphatemia®. In China, 10% calcium gluco-
nate and 10% sodium glycerophosphate are often chosen as cal-
cium and phosphorus preparations in PN. Based on the accu-
mulation rates of calcium and phosphorus in the fetus during
late gestation, along with the intestinal absorption rates of calci-
um and phosphorus in preterm infants who reach the recom-
mended daily calcium dose of 100-160 mg/kg and the recom-
mended daily phosphorus dose of 60-90 mg/kg under total en-
teral feeding, it is possible to meet the minerals required for
weight gain and reduce the incidence of MBDP™*!, Some
ELBW and VLBW infants may have higher calcium and phos-
phorus requirements, and the recommended calcium and phos-
phorus intakes for VLBW infants reaching total enteral feeding
are shown in Table 3"****", The calcium-to-phosphorus ratio al-
so affects the degree of bone mineralization, and a study by
American authors recommended a calcium-to-phosphorus ratio
of 1.6:1 to 1.8:1 (mass ratio) for enteral feeding, with higher in
vivo retention of phosphorus™’,

The calcium and phosphorus in breast milk fortification
can meet the bone mineralization needs of preterm infants™.
Breast milk fortification should be initiated when breastfeeding
reaches 50-80 mL/kg per day in infants with high risk for
MBDP"™. If breast milk is not available, a fortified nutritional
formula for preterm infants should be used, which can effec-
tively promote bone growth and mineralization processes and
prevent MBDP (Table 417",
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Table 2 Recommendations for TPN on the daily intake of calcium and phosphorus for VLBW infants

137-39]

Indicator TPN (Initial quantity) TPN (The liquid volume reaches 140-150 mL / kg per day)
Calcium (mg/kg) 24-40 65-100
Phosphorus (mg/kg) 18-30 50-80

Calcium/Phosphorus ratio (mass ratio)

(1-1.3):1

1.7:1

Note:VLBW, very low birth weight; TPN, total parenteral nutrition.

Table 3 Recommendations for enteral nutrition on the daily intake of calcium, phosphorus and vitamin D for VLBW infants

[124347)

Indicator Klein 2002*  Atkinson 2005 Rigo 2007 Agostoni 2010 Abrams 2013 Koletzko 2014%"
Calcium (mg/kg) 150-220 120-200 100-160 120-140 150-220 120-200
Phosphorus (mg/kg) 100-130 70-120 60-90 60-90 75-140 60-140
Vitamin D (IU) 90-225 200-1 000 800-1 000 800-1 000 200-400 400-1 000

Note:VLBW, very low birth weight; Ca mg to mmol needs to be divided by 40, P mg to mmol needs to be divided by 31.

Table 4 Intakes of calcium, phosphorus, and vitamin D from various enteral nutrition feedings at 160 mL/kg per day***"*"
Indicator Unfortified human milk Normal infant Preterm Formula  Transitional Formula Fortiﬁed. Human
formula Milk
Calcium (mg/kg) 37 50 210-234 125-144 192-197
Phosphorus (mg/kg) 21 28 117-129 74-80 103-110
Vitamin D (IU) 2.4 400 194-384 125-127 189-253

A study showed that continued use of fortification strate-
gies after hospital discharge to full term is beneficial for
growth and bone health®™ . However, there is no sufficient basis
to determine the ideal duration of fortification for preterm in-
fants with small for gestational age. It is currently recommend-
ed that infants at high risk of MBDP continue fortification dur-
ing hospitalization and after discharge at least until corrected
full term, typically until 3 to 4 months of corrected age. This
should last until clinical monitoring shows improved infant
growth, along with no evidence of complicated MBDP.

A small-sample prospective randomized controlled study
showed that 50% of MBDP preterm infants weighing <1 250 g
had significantly lower serum 25(OH)D levels than infants in
the non-MBDP group at 6 weeks postnatally™. Both national
and international guidelines recommend starting vitamin D sup-
plementation in preterm infants at 1 to 2 weeks postnatally and
when enteral feeding is tolerated, with a recommended intake
of 400-1 000 IU/d. Additionally, serum vitamin D levels need
to be monitored regularly to ensure that serum 25(OH)D con-
centrations reach 50 nmol/L or higher**. The daily demand of
vitamin D in preterm infants can be supplemented with forti-
fied breast milk, preterm formula, and vitamin D preparations.
The American Academy of Pediatrics recommends that all
breastfeeding, mixed feeding, and use of fortified vitamin D
formula at less than 800-1 000 mL/d should be supplemented
with at least 400 IU/d of vitamin D for the prevention of
MBDP™*,

Mechanical pulling stimulation at the bone joints has also
been found to promote bone growth and bone mineralization

e’/

processes. Moyer-Mileur et al®”. developed a passive exercise
training program centered on passive extension and flexion ex-
ercises of the extremity joints. This regimen was started once
preterm infants reached a daily enteral nutritional energy more
than 110 kcal/kg, with five rounds of passive extension and
flexion of the wrists, elbows, shoulders, knees, ankles, and hip
joints per session. The entire procedure lasted about 5-10 min,
and the series of exercises was performed once a day, 5 days
per week. A systematic review in 2014 included 11 single-cen-
ter studies with a total of 324 preterm infants between 26 and
34 weeks of gestational age, and the growth of BMC, BMD
and bone area (BA) in preterm infants was promoted by per-
forming joint passive gymnastic exercises for 3-8 weeks during

hospitalization®™,

4 Treatment

Recommendation 1: Additional calcium, phosphorus and
vitamin D preparations are needed on the base of fortified nutri-
tional formula feeding (Level C evidence, strong recommenda-
tion).

Recommendation 2: The starting dose of elemental phos-
phorus is 10-20 mg/kg per day and the maximum dose is 40-
50 mg/kg per day. The starting dose of elemental calcium is
20 mg/kg per day and the maximum dose is 70-80 mg/kg per
day. Vitamin D intake is 400-1 000 IU per day (Level C evi-
dence, strong recommendation).

Recommendation 3: Consider discontinuing calcium and
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phosphorus therapy when the serum phosphorus level returns
to normal and serum ALP is <500 IU/L with a trend toward re-
duction (Level C evidence, strong recommendation).

Infants with MBDP require comprehensive nutritional
management measures. The key to treatment is supplementa-
tion with calcium, phosphorus, and vitamin D preparations
based on fortified nutritional formula feeding to guarantee that
the daily intake of these substances reaches the target amounts.
This also ensures that abnormal metabolic states such as hypo-
phosphatemia, secondary hyperparathyroidism and vitamin D
deficiency are corrected as soon as possible.

Biochemical alterations in the blood of children with MB-
DP are first characterized by hypophosphatemia. When hypo-
phosphatemia persists, both bone resorption and calcium excre-
tion via the kidneys increase, resulting in a state of calcium de-
pletion™. Supplementation with phosphorus preparations
alone can exacerbate the imbalance of calcium and phosphorus
in the body (manifested as hyperphosphatemia and hypocalce-
mia), leading to secondary hyperparathyroidism and exacerbat-
ing skeletal lesions. Therefore, it is encouraged that infants
with MBDP should be given additional supplementation with
calcium and phosphorus preparations on the basis of fortified

P14 The starting dose of elemental

nutritional formula feeding
phosphorus is 10-20 mg/kg per day, which can be increased to
a maximum dose of 40-50 mg/kg per day as tolerated, either in
the intravenous form of sodium or potassium phosphate or in
the oral phosphate complex. The starting dose of elemental cal-
cium is 20 mg/kg per day, which can be increased to a maxi-
mum dose of 70-80 mg/kg per day as tolerated. Inorganic calci-
um salt preparations or liquid organic calcium can also be used.

Infants with MBDP require concomitant vitamin D supple-
mentation of 400-1 000 IU daily to promote intestinal absorp-
tion of calcium and phosphorus. When there is evidence of vi-
tamin D deficiency upon clinical monitoring in cases of chron-
ic conditions such as liver and kidney diseases, the active form
of vitamin D, i.e., 1,25(OH), vitamin D, can be considered. Se-
rum phosphorus, serum calcium, 25(OH)D, PTH, and urinary
calcium and phosphorus indicators also need to be monitored
regularly during treatment to efficiently adjust the therapeutic
regimen and avoid adverse effects such as calcium and phos-
phorus overload™*!. After adequate calcium, phosphorus, and
vitamin D therapy, if hypophosphatemia does not improve and
ALP levels continue to rise, the presence of other factors caus-
ing metabolic diseases of the bone must be identified.

In infants with MBDP, improvement in imaging can be ob-
served after several weeks of increased enteral or parenteral min-
eral supplementation. The efficacy of treatment can usually be
determined by imaging after 6 to 8 weeks. Once biochemical pa-
rameters improve and imaging shows signs of fracture healing
or increased bone mass, calcium and phosphorus supplementa-
tion can be gradually reduced over 2 to 4 weeks. Overall, discon-
tinuation of treatment can be considered once serum phosphorus

returns to normal and serum ALP is <500 IU/L with a reducing

el

trend™.

5 Follow-up

Recommendation 1: Based on the degree of high-risk fac-
tors and the severity of MBDP, a follow-up monitoring plan
should be developed with the following timeline: at discharge,
once every 2 weeks from discharge to 1 month old, once every
month from 1 to 6 months old, and once every 2 months from
7 to 12 months old; once every 3 months from 13 to 24 months
of age; once every six months after correction at 24 months of
age (GPS).

Recommendation 2: Regularly monitoring (optional at dis-
charge, correction at 1 month, 3 months and 6 months) bio-
chemical indicators of bone metabolism and assessing the ef-
fect of treatment of MBDP. The detection of bone densitometry
in combination with QUS and DEXA is necessary (GPS).

Recommendation 3: Regularly monitoring physical
growth indicators such as weight, body length, head circumfer-
ence, and MBDP infants should be given professional nutrition-
al assessment and guidance after discharge (GPS).

With early screening and diagnosis of MBDP, combined
with timely and adequate calcium, phosphorus and vitamin D
supplementation, most infants with MBDP recover or resolve
on their own by the age of 2 years old™. Since most of the
bone loss in preterm infants with ELBW and VLBW occurs
around 40 weeks of corrected gestational age, it can be easily
overlooked and leaded to the following complications.

(1) Fractures™: There is 17% to 34% incidence, most of-
ten in the 6th to 12th postnatal week, usually in the long bones
or ribs. (2) Difficulty in ventilator weaning': thoracic instabili-
ty due to rib osteomalacia and/or spontaneous rib fractures, as
well as respiratory distress due to post-fracture pain, can lead
to difficulty in ventilator weaning. It may also increase the
number of days of oxygen inhalation and hospitalization and
heighten the increase the risk of apnea, infections, bronchopul-
monary dysplasia, and even mortality™. (3) Rickets or skeletal
21391 clinical manifestations of rickets and one or
skeletal
(4) Myopia®™: with or without retinopathy, the mechanism un-

deformities"

more secondary deformities may be present.
derlying myopia may be due to reduced bone mineral content
causing long head deformity of the skull, short frontal axis de-
formity, and ocular ellipsoidal deformity. (5) Growth and devel-
opment retardation®: although catch-up growth occurs after
discharge in cases of ELBW or VLBW, MBDP can lead to im-
paired growth rates in preterm infants. Some infants with MB-
DP may have abnormal or lagging neuromotor development at
the age of 18 to 24 months of corrected age or later. The risk of
short stature can persist up to 12 years of age, and some pre-
term infants still do not catch up to full-term infants in height
even until adolescence. (6) Osteoporosis: preterm infants with
breast feeding had not reached the standard of bone mineraliza-

tion until 2 years of age, and formula feeding of preterm in-
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fants also took until about 6 years of age to achieve bone min-
eralization comparable to that of full-term infants at the corre-
sponding age"™. Tinnion et al®”. found that preterm infants had
lower BMC and BMD in different parts such as the lumbar
spines, forearms, and hips compared to those of full-term in-
fants, thus even affecting BMD in adulthood and skeletal ho-
meostasis in old age. The increased susceptibility to osteoporo-
sis is apparent.

MBDP prognosis is influenced by a myriad of factors,
such as gestational age, birth weight, complications, medica-
tions, and nutrition. To reduce MBDP complications and im-
prove the near- and long-term prognosis and linear growth of
affected individuals, regular follow-up and monitoring is em-
phasized for preterm infants with risk factors for MBDP. The
management goals include maintaining normal serum calcium
and phosphorus, as well as avoiding excessive urinary calcium
excretion, so as to maintain ideal growth in indicators such as
length, weight, and head circumference.

(1) Regularly monitoring biochemical indicators of bone
metabolism, P, ALP, TRP, and PTH. If
ALP >800 IU/L occurs 2 times, further bone densitometry such
as QUS, DEXA and quantitative CT should be selected*"*".

(2) Nutritional assessment and monitoring: MBDP can

such as Ca,

present with slow growth (typically lagging height increase),
and this growth-impeding effect can persist until 8 to 12 years
of age"**. However, there is no individualized nutritional as-
sessment method for MBDP, and most infants with MBDP are
high-risk preterm infants, as is bronchopulmonary dysplasia in
preterm infants, according to the classification of nutritional

risk level at discharge™. In light of this, the expert consensus

on nutritional management of bronchopulmonary dysplasia in
preterm infants and health care for premature infants can be

-1 for the content and frequency of nutri-

used as references'
tional assessment for infants with MBDP after discharge. Regu-
lar physical growth assessment, biochemical assessment, clini-
cal manifestations, and dietary analysis should also be carried
out. The criteria for assessment of physical indicators can be
selected from the Fenton curve (before age corrected 40-50
weeks), 2016 WHO Child Growth Standards (http://www.who.
int/childgrowth/standards/en/) (40 weeks after correction) or
the 2018 China Nine Cities Standards'”.

(3) Frequency of follow-up and monitoring: Based on the
degree of high-risk factors and the severity of MBDP, a follow-
up mornitoring plan should be developed with the following
timeline: at discharge, once every 2 weeks from discharge to 1
month old, once every month from 1 to 6 months old, and once
every 2 months from 7 to 12 months old; once every 3 months
from 13 to 24 months of age; once every six months after cor-
rection at 24 months of age, respectively”'. Nutritional assess-
ment can continue into adulthood. The flow chart for follow-up
and monitoring is shown in Figure 3.

(4) Post-discharge interventions: The preterm infants with
MBDP should receive vitamin D, calcium, and phosphorus sup-
plementation during post-discharge follow-up once abnormali-
ties are identified by assessment and monitoring. Enhanced out-
door activity combined with passive movement and touch are
also recommended. Individualized nutrition and feeding in-
structions may be utilized as well (refer to the post-discharge
feeding recommendations for preterm, low birth weight in-
fants'™").

Infants with high risk of MBDP;
Infants diagnosed with MBDP

[

v

v

’ Bone mineralization-related indicators

’ Nutritional assessment

’ Frequency of monitoring

’ Monitoring indicators ‘

v

¢ v

From discharge to 1 month old: once every 2
weeks;

From 1 to 6 months old: once every month;

From 7 to 12 months old: once every 2 months;
From 13 to 24 months of age: once every 3 months;
After correction at 24 months of age: once every

Serum 25(OH)D, ALP, Ca, P,
PTH, TRP can be combined
with DEXA, QUS, quantita-
tive CT, urinary calcium, and
urinary phosphorus

Includes physical indicators, clinical
presentation, and dietary analysis.

The assessment criteria and frequency
refer to the expert consensus on nutri-
tional management of BPD in preterm
infants'®")

six months.

{

’ Abnormal

’ Normal ’ Normal ’ Abnormal

e 3 y

Ca, P, VitD Outdoor
supplementation || activities;

Passive

activities

Nutritional Continue Refer to post-discharge feeding
guidance; monitoring recommendations for preterm,
Fortified low birth weight infants”!
nutrition

Figure 3 Chart of follow-up and monitoring

25(0OH)D,25 hydroxyvitamin D; VitD, vitamin D; ALP, alkaline phos-

phatase; PTH, parathyroid hormone; TRP, tubular reabsorption of phosphorus; DEXA, Dual energy X-ray absorptiometry; QUS, quanti-

tative ultrasound.

e9
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6 Concluding remarks

With the continuously deepened understanding of MBDP
among clinicians, it grows more and more evident that there is
a need for the homogenized and standardized management of
MBDP. These guidelines are based on the best evidence that
can be obtained in China and other counties so far, according
to the GRADE method. Moreover, the guidelines were formed
after careful discussion by experts in the multidisciplinary con-
sensus working group, in the hopes of providing a solid founda-
tion for clinical practitioners. There are 19 recommendations in
this set of guidelines, including 1 grade A, 3 grade B, 10 grade

C, and 5 GPS recommendations. The specific summary is

shown in Table 5.

One of the limitations is that these guidelines had a low
level of recommendations because of the scarce number of
high-quality clinical studies. In addition, the consensus devel-
opment process lacked the participation of pediatric metabolic
endocrinologists and the opinions of the infants' parents and so-
cial workers. This consensus is proposed to be updated once
every five years by consulting with experts after retrieving new
evidence, collecting opinions from the affected populations
and stakeholders. Finally, a consensus update decision evi-
dence table is formed, which followed the reporting entries of

the health care practice guidelines.

Table 5 Clinical management expert consensus recommendation on MBDP

Quality of evi-
. dence and
Category Recommendations T
mendations ”
(DThe pregnant women with low vitamin D levels, use of magnesium sulfate >5d, placental insufficiency, cho- e
rioamnionitis, pre-eclampsia, and fetal intrauterine growth restriction are high prenatal risk factors for MBDP.
(2Male infants, infants born with less than 32 weeks of gestation, VLBW and ELBW infants, inadequate sup-
. . plementation of calcium, phosphorus, and vitamin D, and exclusive breastfeeding are postnatal high risk fac- 2C
High-risk fac-
tors for MBDP.
tors
(3)The preterm infants complicated by bronchopulmonary dysplasia, necrotizing enterocolitis, cholestatic liver
disease, treated with glucocorticoids, methylxanthines, loop diuretics, phenobarbital, phenytoin sodium, de- B
layed establishment of enteral nutrition, the duration of parenteral nutrition therapy >4 weeks, and immobiliza-
tion >4 weeks are pathologically high risk factors for MBDP .
(DThe serum ALP >900 IU/L with serum phosphorus <1.8 mmol/L is highly suggestive of MBDP. Serum e
5 is and PTH >180 pg/mL at 3 weeks after birth with serum phosphorus <1.5 mmol/L is suggestive of severe MBDP.
iagnosis an
screening (@The serum level of 25 (OH) D is not recommended as a diagnostic basis for MBDP. GPS
(3)DEXA is not recommended as a routine screening test for MBDP. 1A
(@Screening for MBDP is recommended for preterm infants with high risk factors for MBDP. GPS
(DIn the early postnatal period, PN in infants with high risk of MBDP, the recommended doses of elemental
calcium is 24-40 mg/kg and the elemental phosphorus is 18-30 mg/kg per day, with a calcium-phosphorus ra-
tio of 1-1.3:1 (mass ratio); In the stage of using TPN , the target recommended doses of elemental calcium is 1C
65-100 mg/kg and elemental phosphorus is 50-80 mg/kg, and the calcium-phosphorus ratio can be upped to
1.7:1.
(2When the infants with high risk of MBDP achieve total enteral feeding, the recommended daily calcium in-
take is 100-160 mg/kg and phosphorus intake is 60-90 mg/kg, with a calcium to phosphorus ratio of 1.6:1 to IB: 1C
) 1.8:1 (1B). For preterm infants, supplementary calcium and phosphorus intake through fortified breast milk or ’
Prevention  formyla are recommended (10).
(DInfants with high risk of MBDP should continue fortified formula feeding after discharge until corrected full Ic
term or until regular clinical monitoring is free of evidence of complicated MBDP.
(@)Preterm infants should receive 400-1000 IU of vitamin D daily, supplemented with breast milk fortification,
preterm formula, or vitamin D preparations beginning at 1-2 weeks after birth, with regular monitoring of se- 1C
rum 25 (OH) D concentrations to maintain it higher than 50 nmol/L.
(3Infants with high risk of MBDP can be trained through daily passive exercises to prevent MBDP after B
achieving full enteral feeding.
(DAdditional calcium, phosphorus and vitamin D preparations are needed on the base of fortified nutritional Yo
formula feeding.
(2)The starting dose of elemental phosphorus is 10-20 mg/kg per day and the maximum dose is 40-50 mg/kg
Treatment  per day. The starting dose of elemental calcium is 20 mg/kg per day and the maximum dose is 70-80 mg/kg 1€
per day. Vitamin D intake is 400-1 000 IU per day.
(3Consider discontinuing calcium and phosphorus therapy when the serum phosphorus level returns to normal Yo

and serum ALP is <500 IU/L with a trend toward reduction.
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Continued to Table 5
Quality of evi-
. dence and
Category Recommendations T
mendations”
(DBased on the degree of high-risk factors and the severity of MBDP, a follow-up monitoring plan should be
developed with the following timeline: at discharge, once every 2 weeks from discharge to 1 month old, once GPS
every month from 1 to 6 months old, and once every 2 months from 7 to 12 months old; Once every 3 months
from 13 to 24 months of age; once every six months after correction at 24 months of age.
Follow-
oTowp (2Regularly monitoring biochemical indicators of bone metabolism and assessing the effect of treatment GPS
ofMBDP. The detection of bone densitometry in combination with QUS and DEXA is necessary.
(3Regularly monitoring physical growth indicators such as weight, body length, head circumference, and MB- GPS

DP infants should be given professional nutritional assessment and guidance after discharge.

Note:"A, B, C and D refer to high, medium, low and very low recommended quality grades respectively; 1 and 2 refer to strong and weak recommendation respective-

ly; GPS, good practice statement; MBDP, metabolic bone disease of prematurity; ALP, alkaline phosphatase; PTH, parathyroid hormone; DEXA, dual energy X-ray ab-

sorptiometry; PN, parenteral nutrition; QUS, quantitative ultrasound.
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