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Effects of maternal exercise during pregnancy on neonatal weight and subcutaneous fat thickness
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partment of Data Science and Big Data Technology, School of Medical Devices, Shanghai University
of Medicine & Health Sciences, Shanghai 200135, China; 2. Department of Environmental Health,

School of Public Health, Shanghai Jiao Tong University School of Medicine, Shanghai 200025, China)
Abstract:

[Background] Exercise during pregnancy is closely related to maternal and infant health. Previous
studies in developed countries have linked maternal exercise during pregnancy with newborn
body weight as well as subcutaneous fat thickness. However, the relevant studies in China are
limited, and the conclusions remain inconsistent.

[Objective] To investigate the effects of maternal exercise during pregnancy on neonatal weight
and subcutaneous fat thickness.

[Methods] Based on the Shanghai Birth Cohort, 959 maternal-infant pairs were included in this
study. The International Physical Activity Questionnaire was used to collect average weekly fre-
quency and daily minutes of walking in the first and second trimesters, and entropy weight
method was used to calculate the cumulative exercise index in the two trimesters. Birth weight
was measured using a calibrated weigh scale. Subcutaneous fat thickness was measured at ab-
domen, scapula, and triceps with a Harpenden skinfold caliper for all newborns and the sum of
the thickness for the three sites was then calculated. A multiple linear regression model was em-
ployed to estimate the relationships of cumulative exercise index during pregnancy with neonatal
body weight and subcutaneous fat thickness. Subgroup analyses stratified by pre-pregnancy
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body mass index (BMI) and sex of newborns were also performed.

The mean age of pregnant women was (28.5+3.8) years, and the pre-pregnancy BMI was (21.443.0) kg-m . Newborn boys were
slightly more than newborn girls (54.3% vs 45.7%), and the neonatal weight was (3374.0+427.5) g. The means of newborns' abdominal,
scapular, and triceps subcutaneous fat thickness were (4.4+1.3), (5.4+1.4), and (6.0+1.5) mm, respectively, and the sum of subcutaneous
fat thickness was (15.8+3.9) mm. In the first and second trimesters, 77.3% and 88.7% of pregnant women walked 4 d per week and more,
respectively; the daily minutes of walking was (36.9+27.2) min and (43.3+26.3) min, respectively; the cumulative exercise index was 25.6+
17.7 and 35.9421.1, respectively. The results of multiple linear regression analysis showed that the cumulative exercise index in the second
trimester was negatively associated with newborns' abdominal (b=-0.006, 95%Cl: -0.010--0.003), scapular (b=-0.005, 95%CI: -0.009-
-0.002), triceps (b=-0.006, 95%CIl: —0.010--0.002), and their sum of (b=-0.018, 95%C/l: —0.028--0.007) subcutaneous fat thickness
(P<0.05); in the first and second trimesters, however, the relationship between maternal cumulative exercise and newborns' body
weight was not significant. The results of stratified analyses showed that the negative associations between maternal cumulative exercise
index and newborns' subcutaneous fat thickness for the second trimester remained significant in the subgroups of boys and neonates

whose mothers had normal pre-pregnancy BMI (P <0.05).

Cumulative exercise index in the second trimester is negatively correlated with the neonatal thickness of subcutaneous fat,
and the association may be altered by neonatal sexes and maternal pre-pregnancy BMI levels.

exercise during pregnancy; subcutaneous fat thickness; weight; newborn; cumulative exercise index
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Table 1 Basic characteristics of pregnant women (n=959)

E4F1E (Basic characteristic) X+ 5/n(%)
Fli%/% (Age/years) 28.5+3.8
Z5RIBMIS) & (Pre-pregnancy BMI level)

{7 (Underweight) 17.5£0.8

IE% (Normal) 21.3+1.7

FBEALAE(Overweight and obese) 27.742.4
Z2HAAES (Weight gain during pregnancy)/kg 15.1+4.9
BB 7K (Highest education level)

=2 LT (High school and below) 85(8.8)

KEFZF}(College and undergraduate) 771(80.3)

Bt 4 B2 Lk (Graduate student and above) 103(10.9)
F=)R (Parity)

#7=(Nulliparous) 827(86.2)

227 (Pluriparous) 132(13.8)
IR JE (Smoking)

ARIRIH(No) 944(98.5)

%A (Yes) 1(0.1)

LARG IR AR (Quit) 1(0.1)

BT AR (Passive smoking) 13(1.3)
Z= B2 HARERR B & (Sleep quality in the first trimester)

1%(Good) 899(93.7)

—f&(Fair) 47(4.9)

% (Bad) 13(1.4)
ZrhHRRERR B = (Sleep quality in the second trimester)

%% (Good) 848(88.4)

—R%(Fair) 102(10.7)

Z(Bad) 9(0.9)

®R2 WHE)LGFE. SKMETEBEE xts, n=959)

Table 2 Weight, length, and subcutaneous fat thickness of
newborns (x £ s, n=959)

p ) - B&(Total) B2 (Boy) Z2(Girl)
EAHFAE (Basic characteristic) (n=959) (n=521) (n=438)

{KE(Birth weight)/g 3374.0£427.5 3408.4+345.2 3334.2+414.2
&1 (Birth length)/cm 49.9+1.3 50.0+1.4 49.7+1.3
2 T BERAE E (Subcutaneous fat thickness)/mm
BEEB(Abdominal) 4.4%1.3 4.4%1.3 44413
/BHR(Scapular) 5.4+1.4 5.4+1.4 5.4+1.4
BE=3kH(Triceps) 6.0+1.5 6.1+1.5 5.9+15
&1t(Sum) 15.8+3.9 15.9+3.9 15.7¢3.9
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NE#E) LR TREBEEFENEXXE. T2FH,
RitEahs S H %) LAESR(b=-0.006, 95%CI: -0.010~
-0.003) . /8 F# (b=-0.005, 95%Cl: -0.009~-0.002) . Al
=3k AN(b=-0.006, 95%CI: -0.010~-0.002) F1FZ T Asif
[E E Z #(b=-0.018, 95%Cl: -0.028~-0.007) £ fatB%
(P<0.05), B5FENXEKERITFEN; HRUWE
HNEBEHNESHME) L EENE TREIEENX
BERITFER N WK 4,

&3 ZPAZBERMNZHEAREEIIRR (n=959)
Table 3 Exercise of pregnant women in the first and second
trimesters of pregnancy (n=959)
Z 54

(The first
trimester)n(%)

Z2rhiR
BEIRITE (Exercise status) (The second

trimester)n(%)

FEP1TINZ (Average weekly frequency of walking)/d

0 80(8.3) 0(0)
1~ 138(14.4) 108(11.3)
4~ 223(23.3) 206(21.5)
7 518(54.0) 645(67.2)
F/RP1TEHE(Daily minutes of
) L 36.9+27.2 43.3426.3
walking)/min (X £ s)
KiHiEEhgE(Cumulative
25.617.7 35.9+21.1

exercise index)(x £ s)

231 MRIDEMRT M BHARERER, B2H
HEMS5HE) IR TEBEENXEKNESEF
ENMEX, BMEZHPHZARITEHEHIEM, B
2 B9 RS EB B2 T Bg BA /2 EE(b=-0.009, 95%Cl: -0.013~
-0.004) . JBFRRZ NREREEE( b=-0.010,95%CI: -0.015~
-0.004) . A =3k AL KZ T BE B /2 £ (b=-0.010, 95%CI:
-0.016~-0.005) . FZ FAERREE Z F( b=-0.028, 95%CI:
-0.043~-0.014) 38, /L (P<0.05) ; 1B R M 2= &
S5ZBNGRENE TEBEENXBEERITFERX
DLER 56
232 ZHIBMI DEFT 2E BMI DB RER
B, ZH s 5HE) LR TRIEEEN X NE
Zgi BMI IEENZEAD M E) LR 218X, lEE
2R IHE e #E 10, 2281 BMI IEE 25
o B9 £ )L RS 38 K2 T A5 B IE E(b=-0.006, 95%CI:
-0.010~-0.001) . [BFRRZ TAERAZ E (h=-0.005, 95%CI:
-0.009~0)« A& =kANLKZ T RERAE B (b=-0.005, 95%CI:
-0.009~0). RZ T Bg B B E Z 1 (b=-0.015, 95%CI:
-0.026~-0.003) ¥9)8 /L (P<0.05) ; BIE B EZHIRE
HBEAEENHE) LR, RN B EZHESHE
JUAENE TRBEENXBEERITER N WK 5

x4 Ritiahis S LAENR TEEERXE [b(95%C)) , n=959]

Table 4 The relationships of cumulative exercise index with neonatal weight and subcutaneous fat thickness [b (95%Cl), n=959]

BBz TRERNEE
ZH8(Trimester) {REE (Birth weight)

fat thickness)

(Abdominal subcutaneous

BREETEBEE
(Scapular subcutaneous
fat thickness)

BE=3KANEZ FRERDEE
(Triceps subcutaneous
fat thickness)

B FAEREE Z M
(Sum of subcutaneous
fat thickness)

Z2 B HA(The first trimester) -0.474(-1.708~0.760) -0.003(-0.010~-0.003)

Zath#ff(The second trimester) -0.683(-1.731~0.366) -0.006(-0.010~-0.003)*

-0.001(-0.006~0.003) -0.003(-0.007~0.002) -0.007(-0.019~0.005)

-0.005(-0.009~-0.002)*  —-0.006(-0.010~-0.002)*  -0.018(-0.028~-0.007)*

[ 3£ 1*: P<0.05,
[Note]*: P<0.05.

x5 RitiaohisSR SRR/ AEZE BMI Z2E0HE) LAENR TREHEENXER [b(95%C) , n=959]

Table 5 The relationships of cumulative exercise index with neonatal weight and subcutaneous fat thickness by newborn sex
stratification/pre-pregnancy BMI stratification [b (95%Cl), n=959]

REERRZ TRERNE
(Abdominal subcutaneous (Scapular subcutaneous
fat thickness)

Z2H8(Trimester) n {REE (Birth weight)

BRETREWREE M= kML TEHEE ETEBEEZM
(Triceps subcutaneous (Sum of subcutaneous

fat thickness) fat thickness) fat thickness)

5193 B (Newborn sex stratification)
Z2 B2 (The first trimester)

5 (Boy) 521 0.366(-1.341~2.073)
Z(Girl) 438 -1.252(-3.603~0.558)
ZathHA(The second trimester)

2 (Boy) 521 -0.084(-1.601~1.434)

Z(Girl) 438 -0.683(-1.731~0.366)

-0.003(-0.009~0.002)

-0.002(-0.009~0.004)

-0.009(-0.013~-0.004)*

-0.004(-0.009~0.001)

-0.001(-0.007~0.005)  -0.003(-0.009~0.003)  -0.007(-0.024~0.009)

-0.001(-0.008~0.005)  -0.002(-0.009~0.005)  -0.006(-0.024~0.013)

-0.010(-0.015~-0.004)* -0.010(-0.016~-0.005)* -0.028(~0.043~-0.014)*

-0.002(-0.008~0.003)  -0.003(-0.008~0.003)  -0.009(-0.024~0.006)

wWww.jeom.org


www.jeom.org

#445-5523: &% | Journal of Environmental and Occupational Medicine | 2022, 39(10) 1087

R 5

REERRE TRERNEE
n  {KE(Birth weight) (Abdominal subcutaneous (Scapular subcutaneous (Triceps subcutaneous (Sum of subcutaneous
fat thickness)

Z2Hf(Trimester)

BRRTEBEE B=kXTEREE KRTEBEEZM

fat thickness) fat thickness) fat thickness)

ZEHIBMI43 & (Pre-pregnancy BMI stratification)

Z2 24 (The first trimester)

{8 (Underweight)

1E& (Normal)

FBEFNBLRE(Overweight and obese)

Z=rhifff(The second trimester)

R (Underweight)

1E (Normal)

HBE LR (Overweight and obese)

126 0.011(-4.460~4.481) -0.008(-0.022~0.006)
741 -0.224(-1.575~1.128) -0.001(-0.006~0.004)

92 -2.214(-7.132~2.703) -0.008(-0.022~0.006)

126 2.065(-1.780~5.909) -0.003(-0.015~0.009)
741 -0.785(-1.936~0.365) -0.006(-0.010~-0.001)*

92 -0.159(-5.678~2.539) -0.010(-0.022~0.002)

-0.005(-0.022~0.011)
-0.001(-0.005~0.005)

-0.008(-0.024~0.009)

-0.006(-0.020~0.011)
-0.005(-0.009~0)*

-0.010(-0.023~0.004)

-0.007(-0.025~0.010)
-0.001(-0.006~0.004)

-0.010(-0.027~0.006)

-0.007(-0.023~0.009)
-0.005(-0.009~0)*

-0.013(-0.027~0.001)

-0.020(-0.065~0.024)
-0.002(-0.016~0.012)

-0.026(-0.069~0.017)

-0.016(-0.054~0.023)
-0.015(-0.026~-0.003)*

-0.032(-0.068~0.004)

[ ¥ 1*: P<0.05,
[Note]*: P<0.05.

RRRD T RERA X MX N R HHEE)
WREHE) EENE TREBEERNXE, £REW,
ZHHARItEIERS A LE TRRIFEEERZ
AMEX, BXEXEBREE BN S5 BMI EEEN
ELHFEEFRITFEE N

S5EIMNMARXT LI, ANARFE) L EEEKE
(3374.0 g) (R F 4P (3491.0 g) “HI5%E (3390.0 g) ™!
ERNAAERIIRE, BEFHARR(3026.58) *%
W) LRVREER. B, BE=kAEZ AR EE Z A Al
BFEitHE) N8BS E, @RFREEREZ I
TEF A LEFRESH— N EEM N FEIBIRY, &6
RIEJLEE. BR. IE=XE TERIEEEZM
(15.8 mm) KT HPEL(18.2 mm) PHYIRIE, X ATHER
FREAER. MXMMHENEESIIRERFAH.

BEE R A, ZERS XS # ) LIAER L T A5
FEEREFEE—ENFm, BERH R —HK, Chia
ZPREIA T 1051 BRI MBRZE, RUEHiE
ShBY (ElfI, ) LI = KA R TRER EE 2
F#4/)\( b=-0.15,95%CI: -0.26~-0.05) o TE—IRFEHISFHY
FIERFT A, 140 BREFEZERE 4 X, /X 20 min
BTN, RRMTFIEFE) L SXRANEKES
FZHENEERY, U ELHRERSAHARKR—H. B
2, Wang FPHRET —INT IR, AZE 300 BHEE
MREZYE, A MPEZ RS EA 3 /R 8% 30 min
BEN TG, #rE) LW E AR ERR, XeTfE5H R
it BREXRNERRE X,

KRR D EANERETR, Ritinohisihs
R TREREERES B R B NEXKER, Xr]gEER
NBBERIEPZ D BEEHRRBNEER, T
BEEENBEE. NIEEHSEN TZERS, 5%
REFMENREEES ™, RRRENFHIETHATE
EINT ZEEFFERE, BB RERABRISEERD,
SBE TEREEER L. U EERRREITE
XHTE) LIRS R BRI R e E A E R

Zgi BMI DR MERE R, £2FH, Ritiz
R SHME) LR TEMEENAEXXRERRE
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