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Abstract

Aim: This study aimed to explore the association between maternal age of menarche (MAM) and
height standard deviation scores (Ht SDS) of children with short stature, and to analyze the dif-
ferences between the Bone age (BA) and age (CA) of children, as A(BA-CA), in different MAM groups,
so as to provide a clinical basis for the comprehensive assessment of the growth and development
of children with short stature. Method: A total of 529 children with short stature hospitalized in
the Department of Endocrinology, Affiliated Hospital of Jining Medical University from March 2013
to February 2019 were included in this study. General information such as gender, age, growth
history, height of parents, MAM, etc., anthropometric indicators such as height, weight, blood pres-
sure, etc., were collected, and Body mass index (BMI) and Ht SDS were calculated. Other laboratory
measurements such as liver and kidney function, lipid profile, fasting blood glucose, electrolytes,
hemoglobin, thyroid function, Growth hormone peak (GH peak), Insulin-like growth factor-1 (in-
sulin-like growth factor-1, IGF-1) and the Insulin-like growth factor-1 standard deviation score
(IGF-1 SDS) were calculated. The correlation between Ht SDS and MAM and other variables was
analyzed. According to MAM, the subjects were divided into 5 groups (213 years old, 14 years old,
15 years old, 16 years old, and 17 years old). The differences of A(BA-CA) between different groups
were compared. Results: The mean levels of Ht SDS and MAM were -2.63 + 0.59 and 14.8 + 1.7
years, respectively. Pearson correlation analysis showed that MAM was negatively correlated with
Ht SDS (r = -0.128, p = 0.003). After adjusting for other confounding factors, multiple linear re-
gression showed an independent negative correlation between MAM and Ht SDS (f = -0.115, p =
0.007). Anova analysis showed no significant difference in A(BA-CA) between different MAM groups
(F = 1.625, p = 0.167). Conclusion: MAM was negatively correlated with Ht SDS in children with
short stature. In addition, the study showed that there was no significant difference in A(BA-CA)
between MAM groups, that is, children in the latest MAM group did not lag significantly in BA, sug-
gesting that attention should be paid to the height assessment of children with late MAM.
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5 )L B AR BRI BB AR[1] [2]o R/ME, RAREAFE RIS T, MES mAER
SEERWE MR R I AR 1 B 2 MARHEZE(-2SD) AR TS = A A AL[3], FRRm ) LE LTI
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AR BRAL O IR (4], SRR R, B2 EZREMW, GREBERZR. B, BIR, B, Ao,
KB ESE . MR 22 K 255 [5] [6]. BE2E A &1 4F i (maternal age of menarche, MAM){E N —Fhigtf%
2R, Al AR & . (H2SHCT MAM 5ERE S ML RME -8k AHTRRE, &
I MAM 5 PRI FIFRRTA ¢, X7 SR EN & s, HREE S mBE7] [8]. JA
R, B MAM 5 7R &S SIMAETEA G, TR )G 1 & ] BeAK T-18H% H A% & @=i[8] [9]. it
SMEWTREY, MAM 5505 &6 R AT AEAEEHBIX 22 7 [10]. SRR AT MAM 5% /MiE L
HEmZMPRR. ik, EAFTES, HOBEMIBRANEILE MAM 5 H & SibadE 2 155 (Ht SDS)
FIAEDEE, R AR MAM 212 T8 8 # (BA)FI4E 5 (CA) BRI (A(BA-CA)) I 2 5

2. WRE5HFE
2.1. BHEIR

AWFRAMN T H 2013 4 3 A F 2019 4 2 H T T BE2EBi M 8 BB N /- BHME B REANVEE L3,
HiE(s Bk E GDDSD WA (IR EAEK KB IR: IHIBEUTHTF) [11]. DINIRE: FFEE/NERTZ W
PRAE[3]s HERRbRME: BIEEE TS, ROAFE. FHEEAR. HURIRIIREREMS . B L3
PR EES ME R B, LA MAM B B 1 o . A AT S &St gh N 529 151)(58 376 1, <t 153 41))
WBANE)LE, THFERN100+£36 %, WE 1.

Table 1. Baseline characteristics of the subjects

1 MR RERFHE L

All
Number 529
Sex (male, n, %) 376 (71.1%)
CA (years) 100+ 3.6
BA (years) 8.0+39
A(BA-CA) (years) —2.0 (-2.00~-1.3)
Ht SDS —2.63+0.59
MAM (years) 148+1.7
Mother’s height (cm) 155.0+5.5
Father’s height (cm) 167.8 £5.0
BMI (kg/m?) 16.77 £ 2.76
SBP (mmHg) 105.1+12.2
DBP (mmHg) 62.0+8.9
Hb (g/L) 130.33 + 10.46
ALB (g/L) 46.67 +4.18
ALT (U/L) 14.00 (11.50~17.60)
AST (U/L) 26.08+7.10
Cr (umol/L) 39.71£9.10
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UA (umol/L)
TC (mmol/L)
TG (mmol/L)
HDL-c (mmol/L)
LDL-c (mmol/L)
FPG (mmol/L)

264.82 + 71.96
3.86 +0.77
0.67 (0.53~0.89)
1.36+0.32
2.11+0.60
4.76 +0.62

E2 (pg/mL) 18.07 (11.80~25.10)
T (ng/mL) 0.23(0.12~0.42)
GH peak (ng/mL) 7.03 (4.48~10.77)
IGF-1 SDS —-1.01 (-1.84~-0.18)
FT3 (pmol/L) 6.43+1.24
FT4 (pmol/L) 17.73+3.21
TSH (mIU/L) 2.76 (2.07~3.81)
Ca (mmol/L) 247 +0.16
P (mmol/L) 1.52 £0.22

Pubertal stage
In prepuberty (n, %) 401 (75.8%)
In puberty (n, %) 128 4.2%)

2.2. NMEEFIERR

Gl & BTG GG L A A, A S m A (P VS5 R DU TS R A
Al), RZEFEMVEEDY 0.1 BOK. (RENE: WX REOG R LS, SHRRMERY), M FE—#tH
FFERGZ-120-RT &Y, HEVLI SR AMRAR), RERMIEE N 0.1 A, MENE: HFARxS
HAEAARE 5 min J5, FIMETH(ERE e HEM-7052,  H [ 3% )il & e 45 1 (Systolic blood pressure, SBP)
F#Y 5K 1 (Diastolic blood pressure, DBP). Ht SDS: LIH[E 0~18 % JLE A K 4 NS Wi H IR H[12]. &
HEH(BMI): %tk E(Ko) & E(m) AR5 . FFEMSM: 1% Tanner A TIRR 2, o2 ik
BUNT 4 mL (B LA TEFL S KB LN T B RDIRAS[13] [14]. ACEEES @Al MAM #5572 H 34k
HHT . R, HRHE MAM BBFFE N G55 9 5 20, Bl: <13 %(n =130 f4). 14 % (n =110 ). 15 ¥ (n =110
). 16 % (n 127 =92 f4il). =17 % (n =87 ).

2.3. SKIENEFIEIR

WA G I ER (A 2A 6 J5 RS — RIGEA MM . GH R FH AL JiE 2 EANEE 1 SRR R 56 VP, IR
b2 % 6155 (ACCESS2, Beckman Coulter, USA)5E GH K . GH peak # & SN TEAEAAT 8 & 1356 (1A A Hef
[] A AR R i 7K o IGF-1 W R AR 257 O #9285 092:(DPC IMMULITE 1000 73 H A%, 4 [ 75 [
F)o IGF-1 SDS /K& it B Arf3[15]. 140 & AW & (Hb) K A 4 3 3h MLk 43 HT A (XN-20 (Al), H A&
SYSMEX). I g $E S RHEEE(TC) Hh =BR(TG). =% FE AR 1 JH [E B2 (HD Le) AV 2 i A 25 1 JHL [
(LDLC); #fEIMAEFPG); HURARTHAE, CFGHE T3 (FT3). Wi T4 (FT4). 12 HURIREE(TSH): AFoh
Ae, OHFENAREAMALT). RERARDIEHHIAST) M EEH(ALB); 'BIhRe, BIENLEF(Cr)fIRER
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(UA); HLf#, GG (Ca)yfuiP), HEML BB HTLA(COBAS ¢ 702, #FIK, HE i), # —EE(E2)
RS2 R (T &~ 0 78 53 B 22 48 (ADVIA Centaur XP, fEE 76[7]1).
2.4. RBFMEIRHR

BA Ml & f#i [ X ot (AXIOM Multix MT 7, £ [ 74 ] 3 A F X F i, il — 2508 FE %
SRR A X ST B S BRAE S AR RIS L S ARYE G-P B VA TR A4 [16]
3. it

FTA Si vt I Gt A i A 26.0 (351E SPSS Inc)i#fT. IEA AR LA + SD ik, 3k
IES A E LA B (VA0 FE IR, 73 A& DA 7 Ledfiik . F Pearson. Spearman ¢ R EFN £ ok
PEIZ A [ H /3 AT RAS 3 MAM 5 Ht SDS A Ath AR & 2 (8] (A e M o 50 DR 3R 7 2 40 WT LU AN ] MAM 41
Z ] ABA-CAYHIZF. P AN < 0.05 i A5

4. R
4.1, BERIEPRFNE (CHFAE

WEFER R FERAF MU 22 1 Fn . SEUN 529 A 783 Z(71.1% 9 B 1), “FIJ4EES 10.0 £ 3.6 &,
BA 5 8.0+39 %, Ht SDS Al MAM “F37K T/ h—2.63 £ 059 #1 148 +1.7 % .

4.2. BEIESH Ht SDS 5&TERHEXM

W% 2 Fias, TR R AR S 20 M HE SDS 5 MAM K HAh AR & 1K) 5% & . 45 2% B, Ht SDS 5 IGF-1SDS.
A(BA-CA). 5. BEEH . Hb 2R F IEMHEP B <0.05), 5 MAM 283 51iAH55(r = -0.128, p =
0.03). 1fii HtSDS 5 BA. CA. %], BMI. SBP. DBP. ALT. AST. Cr. UA. TC. TG. HDLc. LDLc.
FPG. FT3. FT4. TSH. Ca. P. HHH. GH WEH. M . SEEHJCEZEFH M@ % > 0.05).

Table 2. Association between Ht SDS and anthropometrical and biochemical variables by univariate correlation analysis

F 2. Ht SDS 5 &N AF R L =N EFiatr) B ERE X2

Correlation coefficient P value

Sex —0.044 0.315

CA —0.041 0.343

BA 0.035 0.416
A(BA-CA) 0.228 <0.001
MAM —0.128 0.003
Father’s height 0.092 0.035
Mother’s height 0.112 0.010
BMI 0.055 0.205

SBP 0.045 0.299
DBP -0.053 0.222

Hb 0.104 0.018

ALB 0.004 0.924
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ALT 0.021 0.631
AST —0.033 0.482

Cr 0.039 0.376

UA —0.032 0.495

TC —0.058 0.193

TG 0.035 0.429
HDL-c —0.080 0.071
LDL-c —0.033 0.460
FPG —0.009 0.841

E2 0.035 0.447

T 0.078 0.089

GH peak —0.010 0.816
IGF-1 SDS 0.201 <0.001
FT3 0.024 0.579

FT4 -0.039 0.371
TSH 0.046 0.292

Ca -0.036 0.414

P 0.061 0.165
Pubertal stage —0.008 0.849

4.3. ZREMRDEVAFHRER MAM 5 Ht SDS BIR X%

RIFRFRAHRAIER, 4 MAM., BEEE R SRS . IGF-1 SDS. A(BA-CA). Hb i A HAE
o ZICRMEE L EIA T BoR(ILEE 3), MAM. BEE SR SRS . IGF-1SDS fl ABA-CA)EAN T
BB, Hr MAM, g: -0.115, p=0.007; BEEE G, p: 0.118, p=0.007: &, B: 0.100, p
=0.021; IGF1SDS, f: 0.182, p<0.001; XIT A(BA-CA), p: 0.171, p<0.001, ifi Hb AHEN [FIFHEEL,

Table 3. The independent correlation between Ht SDS and MAM by multiple linear stepwise regression
2 3. HtSDS 5 MAM Z T2k % BV 4

Unstandardized coefficients Standardized coefficients
B SE B t P
MAM —0.040 0.015 —-0.115 —2.712 0.007
Mother’s height 0.013 0.005 0.118 2.732 0.007
Father’s height 0.012 0.005 0.100 2.308 0.021
IGF-1 SDS 0.081 0.020 0.182 4112 <0.001
A(BA-CA) 0.082 0.021 0.171 3.879 <0.001
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4.4. FE MAM 4818 A(BA-CA)ELER

AW MAM 438 5 41, KIKA>13 5. 14 %, 15 %, 16 ¥ M1 17 . i% 5 411 ABA-CA) T
ERIN: —1.78 (-2.59~-1.22). —2.15 (-2.96~-1.17). —1.80 (-2.72~-1.28). —2.23 (-3.10~-1.35) ,—2.13
(—2.95~-1.32) (%), HIFZEHHExr EIRARE MAM 40 ABA-CA)E R L4 & X (F = 1.625, p =
0.167).

5. #ig

AW FUE WA T T MAM 5 AR/ NVEE JLEE Ht SDS Z MK R, A ERE MAM 5
Ht SDS 27 K R .

RESE T A W10 5 2] 8] o] 6 23 52 AR T B 1 e shi) 18], S 2852 M FAR AR & 5 @ [17] o B 90 IR SE R
MAM 57 REEFEBIN RGOS, HHRSH)LERIVEREA KR EIB%E. BT & rEHL[18].
AR S AR R, MAM 5 Ht SDS 2SR R H2, BATEAFR MAM 4175 ABA-CA)AT T
b, 2R ERAR MAM 4118] ABA-CA) % H & E R, 1Rt MAM IR —41id, BA A BFE
I

SBEE B moi TR B m s ) B 2RI 70% LA F[19]. FRATTHIE AR S A BRI B a5 R IVEE L
B G mZ MR EEEMICKR. FN, GH-IGF-1 #ixi i+ JLE A KL B R KL EE[20], AR
S5 R 7R IGF-1SDS 5% /MiE )L & iy B ML IEAH G K R

AW FAFAE— L RIRYE . B RZHEERA LB REL G5, FIUEERE MAM 5)LE S &1
AN o DRI FOKs 4k B2 E AT IR UG B 2 LB RRAE,  HE— 2D I0F MAM 57 & mAe et . itk
4, MAM [ERE&0F 506 RBEsE B ERARE 10, X ATRE S B T AR S S B2, SR, JeRt T FEiE
SET MR A Z AR AR AL AR HERR 1 [21] -

6. &R

Sk, B MAM 5%/ LEAR HE SDS A%, {HIE MAM M IFEE A T BA IR, #
ANTEIG IR BN EMZ R R G @ KR E B, WH T KRR iE. JLENERKRE R —
NG, ZZMEELW, M MAM 5755 & BA ZIEIHIE &R B HAE AL R Tt —2
W,

PR
BT R IR (RS E 5 ) FrE B AR HEEAT o 1B FRF 7 B2 22 B Y I I e A\ 2546 28
e IR AT 3 AR T A0 1 [R] &(2019C003, 7%, LI ZR).
EEWHE

IR SRR R H ——COL11A2 K = 7K IA 5 GHD JRIE O #CE 4 i A F (B 7%,
5. JI8KA281.
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o 4

BA, bone age—— & ##%

CA, chronological age—/E F4E

Ht SDS, height standard deviation scores——&f bRtk 22 #14>
MAM, maternal age of menarche——%}3% F 44 Wl 4E 12
Father’s height—%2 3% & &

Mother’s height——=E35 & &

BMI, body mass index——1& F 15 %

SBP, systolic blood pressure——s 4 &

DBP, diastolic blood pressure——%&F 7K [t

Hb, hemoglobin——IfL. 41 % 4

ALB, albumin—HEH

ALT, alanine aminotransferase——7% /4 % & fi§

AST, aspartate aminotransferase——4%3 B 5 Jiff

Cr, creatinine—— LT

UA, uric acid— R 2

TC, total cholesterol—— i JiH [# fig

TG, triglycerides——H i =g

HDL-c, high density lipoprotein-cholesterol—— = % & fig & 4
LDL-c, low density lipoprotein-cholesterol——{[% %5 /& i & (4
FPG, fasting plasma glucose——25 Jiff IfiL

E2, estradiol——iff %

T, testosterone——=2 i

GH, growth hormone——4 K &

IGF-1 SDS, insulin-like growth factor-1standard deviation scores——J# &% Z ke AL K K 7-1
FT3, serum free triiodothyronine——i# & T3

FT4, free thyroxine—i¥ 5 T4

TSH, thyroid-stimulating hormone——1i. FUIR i 2%

Ca, calcium——4%

P, phosphate——7
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