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Anthropometric and Body Compositional Measurements and Pregnancy Outcomes

Lee, Jong-Im - Lim, Hyeon-Sook - Cho, Young-Sook*

Department of Food and Nutrition, Chonnam National University, Kwangju 500-757, Korea
Department of Food and Nutrition,* Sunchiin National University, Sunchiin 540-742, Korea

ABSTRACT

Anthropometric and body compositional changes and the outcomes of the pregnancies of 90
healthy Korean women were investigated in a longitudinal study. Their weight increased from
51.3+5.9kg to 65.1+7.8kg during their pregnancies. The total weight gain was 13.8 +4.5kg,
and therefore, weekly weight gain was 340+ 110g during the entire period of the pregnancy.
The weight gain was composed of approximately 50 — 60% fat mass and 40 - 50% fat-free mass.
Skinfold thicknesses, both of triceps and subscapular, increased during the pregnancies. The fat
mass calculated from skinfold thickness and that measured with bioelectrical impedance analysis
went on increasing during the pregnancies. Although there was a considerable difference with
respect to the fat mass observed using the three methods, fat mass gain was 5.0 — 6.1kg and fat-
free mass gain was 4.0 - 5.3kg from the first trimester to the third trimester of pregnancies. -
There were significant correlations between maternal anthropometric parameters and indices of
pregnancy outcomes. Especially, the infant's birth weight was associated with maternal pre-
pregnancy weight and weight gains during the pregnancies. The infant's birth length was
related to the maternal weight observed at term(p <0.05) and weight gain during the entire
pregnancies (p<0.05). Neither increase of fat mass nor fat-free mass affected the outcomes of
pregnancy. These results show that maternal weight gain during pregnancy is led by increments
of approximately above 50% fat mass. The fat mass increase scems to be larger in central areas
than in subcutaneous areas. Maternal weight gain during pregnancy, especially during late
pregnancy, is a factor affecting the birth weight and length of infant. On the basis of the body
compositional changes, it can be predicted that the additional energy requirement for pre-
gnancy in Korean women is more than 200 - 230 M] (64,500~76,250kcal). (Korean J Nutri-
tion 31(6) : 1057~1065, 1998)

KEY WORDS : weight gain - body composition - pregnancy outcome - bioelectrical imped-
ance analysis.
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Aol ATl dFE T 82U S JAF 43
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FFA E 3ol 1996 1978 199749 4974

el s A e g AR e A
E oM 2 A7 HAdl Fghe 90 AR
AroAtE AAsiint. aeu A7UIkE 4%
B A B Aoz oMY, TE YL
SARAY B A A7) 2o AT oAt
= YA o)Al 159, ARl e 63

ol
2. {Eay

1) MY E R NAFNS ME

AFigRte] A7e A WA Martin?] 21784 (Si-
ber Instrument Co., London) 0.lcm 9 & AZ
stgion o YA AFE ATFdYANA B 7]
Zalqit. As5d depASA ey AgE
SRR A7IME AR RS 7 E7eit
FA819 1, AFS FE A3 NERE Qo= A
atdrt. Al G719 FE ASAE YAl 9(6~
13) Fo)d3m, o) AE7)E 20(15~26) Folion, A
HE71E 34(28~38) FolAth AFE A ABA
(Tanita Co.. Japan)Z 0.1kg @912 4z, F51A
W27+ Skyndex caliper(Skyndex system 1, Ca-
ldwell, Justiss & Company Inc., Fayetteville,
USA)E o|£3t9 0.1mm T2 FAH3I9 gAlF
Z AZTMEE B ATl A AFE 3
ste 8t A FFX5(body mass index : BMID)
= A3} AFA2HE Feo)

2) MY B8 R NYENTY HAYZNG MNE
AT 3R Az AV B gt T
gglrh. &, sk AAA 854 7] (Bioelectrical im-
pedance analyzer : BIA, GIF-891. Gil Woo Trad-
ing Co., Seoul, Korea)& ol&3le] Az, oh& &
Ue ZEAETAAE o4t Aatsigen, viA|
o A%, AF E AAARReR K AN
o At BIAE o423 M2 A 1247 FEA
9] AFYHRE HYY 2o F3]2 h9 A+S
EE &E £5 15 2 95 BNz T v
[e]

A

LS TN o, = A~ =

F(50kHz, 800pA)E FoAIA ASS AAATES
Ha2g Az Bz g Aol
A G FAXZRE & ofeo} 2& FAP oz A
Z2| & (percent of fat mass ; PFM)& 739z ol2
He Az vz gikslgdon, A
F, A% 2 ARG 2R E = UE T 2& AP
o Az e} v A YA Fg Fact

o2 fo



PFM®(%)=1.33x (SUM) - 0.013x (SUM)?

- 2.5(if SUM<35mm). or 0.546

X (SUM)+9.73Gf SUM>> 35mm)
{SUM=triceps skinfold thickness{(mm)

+subscapular skinfold thickness(mm)}

FFM*(kg)=6.51+0.38 weight(kg)

+0.274 height(m?)/resistance (&)

from bioimpedance

3) YN Hap TN

Qe Ane dehlEs gRoz Az Aol
o] A9 2 Apgar scoreZ ZALIGT}. AE)7)z1e 3
T 47 URYE B 717he e Ay
S o] 83T, Aok A AT AT 2L 2T
5% Apgar scorex B9 Ao} 7158 o] &3t}

4) A=

£ A7 3= SAS(Statistical Analysis System)
package™& o|-&3l FAANSGT YR EE
7t ZAXE Hid FFEUAE Farhon, Ay
718 2t SRBAE] HFe Aol wEEY Auo) 2
A2 (ANOVA of repeated measures) 0.2 E74)3]
#ste] p<0.05914 Fo4S AFsldan. YAE7E
Rgle] A8 motslr] fa ohaEAlE-4 (polyno-
mial trend analysis)& HA|5ch T3 Jalie)
2 A L AMzgR e gale] Aote] 4L Pear-
son® 4#ATR HEFeTt

L g

1. QRO RS UMALY

£ A7odRte] dwalage Table 134 2t 9
H2 275432491, E98E 1540532 37%

Table 1. General characteristics of the pregnant women
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7t ZARAT G7IRES 39.5+1.2 Folr). A3
& 158.9%5.0cmelAx, YAA HFL 51.3+5.9%g
ojem, dilH BMIE 20.3+2.301th. o594 ¢

oo EEAAT O Hja] A
TEI A

PA7IME AFddate] AF sl Table 1 2
Fig. 13} st} Jald 51.3+5 9kgolAd AFo]
A QAR olaHE ] 2 A Ol 242 52.8+7.0.
56.1+6.5 @ 62.7+8.5kg0 & Z7}E Y3 B Ao
£ 65.1£7.8kgo] =T YA AaFE7)o] YA R
THG e 5ol ALY o= dalx 99
o HE7Eel o A Hl Ae|H Fgoz olsd
o dA71F e AFF7E FEe 134E AHFA(y=
0.42x+48.70, p=0.0001)°1%1t}. 4 ANE7)7HA
o] AFZ57 e (kg)S 1.46+0.12010 3, o427 717
o FAMNFTZT/HES 4.88+0.13010.07], 2FE7)7)
28] FANFZNFEL 11.45+0.500]Q05, Bz}
A9 FHAFTTIHES £ 13.81£0.41% 7128
(Fig. 2). ol AANEH AFZ71k(kg)o] 247 1,
46+0.12. 3424252 2 6.57+2.620]™  AHat7] o]
T BeRARE 2.3651.0498 YERITEH o2 &
g AFFE(kg/wk) 22 JERIE, Al AAHE7)
0.17£0.2010 2, ©]AHE71E 0.33+0.250190.01,
AE71E 0.4720.18010 1, AHAHEY] o] F Babzal-
7A€ 0.5310.26010}. webs & YN712 F BF
T2 AFE7HFE 0.34+10.11010HFig. 2).

& A7 AlF F ASETUIES dEHe
Z gAR9) AFEHE 71EXE AFEEo] 2 Hyt-
ten®¢] 12.5kgHc} ¥t} 28y F 7127} 1950
ool e A5l Yo HAE 72 sl 0}

0.

rlr

Age (y) 27.5+3.2 (21 - 36)
Parity 1.5+05 (1- 2
Length of gestation (wk) 395+1.2 (37 —42)
Height (cm) 1589+5.0 (147.0-171.0)
Prepregnancy BMitkg/m®  20.3+2.3  ( 16.0- 25.6)
Weight (kg)
Prepregnancy 51.3+5.9° (40-70)
1st trimester 52.8+7.0° 36-70)
2nd trimester 56.1+6.5¢ 45-71)
3rd trimester 62.7+8.5" (51-83)
Term 65.1+7.8° (51 -88)

Values are mean +standard deviation(range)
Values with different superscript(s) in a column are sig-
nificantly different(p <0.05)

90 [ -

®
80 [} .
70

60 -

Weight (kg)

0 15 30 45
weeks of pregnancy (wk)

Fig. 1. Changes of weight during pregnancy.
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Fig. 2. Cumluative and weekly wieght gain during preg-
nancy.

AGAths de Azsbd AFte] Aolwuks IY
Aefe) atal AR A Al Ao 2 odFe}. 1980
ol mjel RS itz =AY 4He 133
kgol1®, 1986130l 2AME Pl HAa5F YR
A& 14.85kgelRem®, 1990 d ol ARE vl=<l
YR E gato e st 2ALE AL 14.3kg™ T 15.
Ike@ol2lth, o|5 19900l ZALE W] Ty
ANME 7kt dAl 36~38F E 365 AFoA A
AZL e 2 AFS7IEe] AFHUE vl B9 A
AFES Ao ojng o 28 AFS/HERE
vehligeglgl 250t o2 AHEL dilF Al
Z37hg0] A Z7E AlNY Folg nofEd @
A E A7 AL 2 JalRe ) maud g
Hlws] B HEx9 daRo) 1986d HuxQl 12.4
ke 2 199439 12.2kg®HTt %oy diTRY
QAR 1993 B X 13.5kg® e ZAMIE L, Ul
AAG QNEE o s wud 199749 14.6kg™
Hph= goir} olggl zlels F AFF7 ey A&y
W, gAalRe] oA AEa YAF ol P
ol 2 g E e 53] gafel Al AFe 37
tatel A ol 7128w e Ao 7]9e Ei ¢
AR AFo] AA] AFL wdsin] 1 AWAdo] FEF|
o Ra¥9g 7|Roz o) B A7 Ay
o8 Aot Addn B0 7l 5Pe 77 Bl

az
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Al 37~40 ] AFA QA AFS
2ol F AFZtEe] @A AEHATER
Je) 3} 595 g3zl T B Aol A
AN A AFS 73t A&
1 AFENEY AFFTHEEEE o
BHE F4 A7I7F B3] I
t ol glon} FEXY YrRE
a4 B9 TA| AAES JAFE 2AG
s 509 AH3 A2 ZAsIET. vl
NAS(National Academy of Sciences)*9] ¢J41+-9]
Qddde 2 AFF7 2993 (Subcommitte on
Nutritional Status and Weight Gain During Pre-
gnancy)dAE g4l oliEr9] AFFIt £EE 0.
45kg/wkE, AAFEAE 0.40kg/wkE FFsA e,
B AT HFL o9 T2 S BT F oiHE
71& 0.33kg/wkZ 2o} AHHE71E 0.47kg/wk=
2358 Edn AHETIe AF EFA olF WA
0.53kg/wkel 713 & £E2 AFo] FrEe] 4l
AR AFE R 2AFA 3 ASHLR
Z71e e Bt o)ed Aol B AT AHute
2 #iAs] o eyt £ At didae] Ae ¢
710l ¥e] AR FHo| & Aoz FEHTH

3. IBAIY S et

JAI F Aot AFA A WS
Table 29} gttt AtFutge] o3l 852l (mm)
= olalBrsda ZHz7 125442, 14.1+4.8 2 15.3+
4308 Z7islo] AHEr9 AsAUTAAE YiE
710l Hlate] o5 E=JoHp<0.05). ARZsH-4
AL FA (mm)E FANEEE 22 111138,
13.5+4.9 % 158+5.72 75 o] YA &7l F9f
& 2] (p<0.05)F BHT & F9 HaAgTFA =
T 18 ABFAZ ZFEAHy=0.11x+11.68(3
TRy 9 y=() 19x+9.57(ALFEH), p=0.0001}.
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Table 2. Changes of skinfold thickness during pregnancy

Ist trimester  2nd trimester  3rd trimester

(n=90) (n=75) {n=63)
Triceps(mm) 125442 14.1+48" 153+43
Subscapularmm) 11.1+3.8° 135+49° 158+57°

Values are mean +standard deviation.
Values with different superscript(s) in a row are signifi-
cantly different(p <0.05)



olE % Edlz ARG Mol 1]5o} 7S
Ko Ho]g ¥ HE ZHET i Z7jo] B 7
Az Az Qalo] WERA o Hele) v
SA7t B Z7bE A QA0 mAle Agzd
o] Ak AR RN BE Z71RE ehje] o},
aEY & QA|E F9 SjetAwSa) 7)) A
FEEREE 0.12mm/wkella, ARE = 0.19
mm/wk® A72aRe HeuEA S7hgo] AE
MR u T o} AZHEe) Auk2a] Z7)eko] AR R
o} Behe-2 AXFal FUt) of= A% K 2R
(AZZa) o) AWEH Z7p} A4 dek(gFuka

F)ET ok Villar 599 43 A8,

4. MiZY9 Hg}

B A7dAe) A AR o AR 7R 9
PAF A2A A3Hs Table 37 29kt BIAgM S
AZE AgzaF(ke)E SANE7EE 7H2} 12.443.
4, 145+3.1 2 18.5+4602 Erurh £olsHA(p
<0.05) F/HEIR oM, F F71 6.1kgoI T, BIA
Wz A2 (kg)S 47 40.3+3.1, 41.6+4.4 2L 4.3+
542 GA] £7)vttt 28t (p<0.05) F7HE9T &
F7HEL 4.0kgo|SiTh. Az ) v beA S 7
T 144 H¥83A y=0.29 x+8.68(A =A%) 2
y=0.16 x+38.64(RIA WA ), p=0.0001}2 57}
HArk F4EEL 27.9+42.4kg, 30.4+3.3kg 2L 32.
434.0kgo 2 7t 23kl (p<0.05) F7HER
3, F 7S 4.5kegoiih. 3 AsAFANS
ol-gat Ate AWEAF (kg 27 114404,
13.5+0.4 2 16.4+0.52 £7luit} folstA 27189

Table 3. Changes of body composition during pregn-

ancy

Trimester of

pregnancy FM (kg) FFM (kg)  TBW (kg)
Measured by BIA

1st 124+3.4°  40.3+£3.1° 27.9+2.4°

2nd 145+3.1° 416+44° 304+3.3°

3rd 18.5+4.6° 443+54" 324440
Calculated by skinfold thickness

1st 114404 413442

2nd 13.5+04° 426+4.1°

3rd 16.44+0.5* 46.3+9.9°
Calculated by ht, wt, & resistance

1st 13.3+42° 395+3.8"

2nd 15.34+4.0° 408+3.7°

3rd 189446° 438+46°

Values are mean =+ standard deviation
Values with different superscript(s) in a column are sig-
nificantly different(p <0.05)
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1 % FUHFE 5.0kgelen, HXza Z(kg) &
Z}7} 41.3+4.2, 42.6+4.1 2 46.31£9.98 AdrH 7)o}
o[l HlE] AAEA - FEA FE, &
S7HES 5.0kgolTt. 3 AF A 9 A Ak
o 28 &g AUzAF (kg 7 YAlEs|ER
13.3+4.2, 15.3+4.0 € 18.9+4.608 ¥7nic} 59
A F/HEIN A F SUMEES 5.6kge)len. HA%
ZA % (kg)> Z+7 39.5+3.8, 40.8+3.7 ¥ 43.8+4.
622 A4HE7]9} o]AHE o HlE) AR 7ol fojst
A SR, F F73E 4.3kgolT oleid 23
€ Az Z30yel uel xuzd g v)=ikz
Ao] Th27) HriE F 98-S UehEth B Ay
NA ARRRE H7EA] WY B A2 F71Ee BIAY
o ozl 7 A vebte s, A YEAAE o) &
g A&l o3 A Jepda, A% AF 2
AAAZgE ol 58 A4EPL 2 Fge eI
ok BIAY S ZA$ Axejdzto] I FEE AR
o gt EbgAdol AFHA gsten FaANEAR
9] AL-E FiFo| wAe e JAZuI o) AAr} 3
gt 249 = Adoks EAA-el NAHED Y, &®
g A, AT 2 NGRS ol e 18
GAdo] viddAlej ol 7]zxsle] AT el A
7E WY 2% BAEE X3 gvka B o}
A B AFdgRe] A A AR oA bR
717MA Y 22 F71EL 5.0~6.1kgo|w HIRWR
AS7HEE 4.0~5.0kgd Ao A9} og A
AL T FelA By AHES} TA g2 &
Ut F, Villar 92 th7)o}s A8 A7 T
et A4S thdo B Al 1050A 37~42F747] A
g AF L AAAELGE ol g8 73 A2y}
o] 6.23kgoln HIAWRAZIIFE 527kgol L
3929, Forsurm §72 A%4% 2dd g4 it
o2 QAAHNM YA 36571 AFE, AR D )
U ZEFRE o8-8 13 Xtz Frtko) 5 1kgol
Avn HuEs 1w, Poxton £ Durnin® Wom-
ersley®9] v £919] HFALFARE o] &35 AL
of 93] o]l YK Xtz eke] YAl 14759 A
3753744 5.2kgolitha el A BIAMo) 23]
239 AFE571F 4.5kge & AFF7)V 59 45.4%
o] a3t} o]= Hytten™¢] 62%0l vls) A33] W&
< goz YR AxAdS BIAYOR F4sh= 7
% Akz2 Fo| B FrhEE Aol ohdyl Aztkdtt.

2 A943 dold U4l UHEIIRE AR
2 F7HE Az g ux)ghxaF Yo o




1062/ A et AzxA 9 JAale At

€ dux deFe gk 42 90~110 MJ (37,500~
45,750kcal) @} 60~70 MJ(14,000~17 500kcal) 2 &
150~180 MJ(51,500~63,250kcal) Z A+&5HY SH
A GA AFEZIAR] D YA A7) 0] F E7HA
7HA 8] Z2AF7MEE neEjshd & AV 8
He U ok} oF 50 MJ(13,000kcal) =
=L 200~230 MJ(64,500~76.250kcal) o}zl 4
g, Aol FrtH ez Q7 HE Uil B o
oA ABH 9HLS FFe xlolE Holx it F,
Durnin®9] 281 MJ%E van Raaij®9 286 MJ,
Prentice 52} 334 MJ, Picciano 59| 335 MJ,
2 Forsum 529 489 MJ S|t} o}8]§ Aol= &
A 2ol b2 3ol AzET. AN
9] 7490 vre 28 B9 Durnin® van Raaij®9|
d7e Al 10774E 71HeR 39 a, w2 S B
9} Prentice 5“3 Forsum 57 gAAE 7|2
sttt 2A4hge] Ao Durnin®® van Raaij®
T FEFA EA4F FRALTFA SRS ARSI
3L, Prentice 5" whole-body calorimetry= &%
5%oH, Forsum 57 A%, A5E% 2 AU Z2F
FRg o83t AzARe A& R
B o] A gko] i EE duf BrE £ Jal
Pa71F AASFEE B oA F&o] Wl of
T FAF] Aol2 P A8FHE AR a7l
2ol & Hol= A 2Tt

0
rfL.l_J_;
o JAe
> ind

=

5.
B Jabe] 9Jale] Aab= Table 494 2SIt
ol Zo A EAe AAJole] A Hote] Af AF
& 3.361+£325g01T AAE 51.1+1.5cme|gle,
ojote] A4 AES 33504339010 AFL 51.2+
1.5cmol %t o]e gt A& g iopd-S R FX](1992)

Table 4. Outcomes of pregnancy

Dol w3 Fojol F3] AFH Y BT w3t AlH
71748 dol= 39.5+1.1 Fo| e ool 396114
Folgx, 4% 5% Apgar scorex Folot 2F 10
o2 Jeht BE AFdidAb} A7 wrjelE vt
52 Ve FUT

6. YN BMIZ 2NF F MZFUZ R Aot Mg

AFYALY] dAH BMIOl WE dAE & AEZE
Jleks AAole]l A$)E Table 59 29kth YAA
BMIE= 200 §2¢) oJA o) REAYPE 7|Fo2 ¢
A1 BMI9) 90%vIRHe AHA(<18.6)E, 90~110%
2 AA9(18.6~22.8)2, 110%0)4S 1 (> 22
8)2 TR YA BMIZF Aol &3 oia
Aol YA & AEZ7 k) S 17.916.991Q43, B
A ele] A9E 12944401008 YY) ALE
12.0+1.62% d4ld A BMITo] ¢gAd 34 BMI
#¥ 3 BMITol Hlate) fel8kA Erhp<0.05).
A" A BMIZNA oyt A1oke] A& (cm) 3 A
Z(g)& Zt7} 49.7+1.5, 3,157+5382, INH A4
BMIZ9) 51.2+1.6, 3,514+396 ¥ ¢AIA 1 BMI+
9] 51.3+1.3% 3.440+1820] v]&) S-J3HRI= Yt
U ggith oledt A Qade] ok SlE
A& AgeiAel W daFel o B AF57S

o] Agsolo} et UG Hs) FUrk,

7. M9 R YA YU B Y

Palite] A 2 Az ASRe Aol At
& Table 63 Z3tth 9414 2 G715 94

o AF & AFS7HFE Aot A falz 4
M B3t & 9Ad AF(p<0.0D)E wFEd
A A7 (p<0.05). ©lAHE7](p<0.01), A
71(p<0.001) B E3A] AF(p<0.001)7 Al A4t

Males(n=35) Females(n=28) Totalin=63)
infant birth weight (g) 3,361+325 3,350+339 3,356+332
Infant birth length (cm) 51.1%1.5 51.1+1.5 51.0%£2.2
Length of gestation (wk) 39.5+1.1 39.6+1.4 39.5+1.2
Apgar score at 5 min 10.0+00 10.0+00 10.0x£0.0

Values are mean +standard deviation

There are no significantly different values in each row(p <0.05)

Table 5. Total weight gain and infant birth height and weight by prepregnancy BMI

Prepregnancy BMl(kg/m’)

Total weight gain(kg)

Infant birth height(cm) Infant birth weight(g)

Low(<18.6) (n=11) 17.0+6.9°
Normal(18.6 — 22.8)(n=44) 12.9+4.4°
High(> 22.8)(n=8) 12.0+1.6°

49.7+1.5° 3,157+538°
51.2+1.6° 3,514+396°
513413 3,440+ 182°

Values are mean +standard deviation

Values with different superscript(s) in a column are significantly different{p <0.05)



Table 6. Correlation coefficients between the maternal
anthropometric variables and the pregnancy

outcomes
Birth weight Birth length
Height ns ns
Weight, prepregnancy 0.2895** ns
1st trimester 0.2982* ns
2nd trimester 0.4488** ns
3rd trimester 0.5155%** ns
term 0.4887*** 0.2734*
Weight gain
0 - Tst trimester ns ns
1st — 2nd trimester ns ns
2nd - 3rd trimester 0.4334** ns
3rd—term 0.5247** ns
0—term 0.5062*** 0.3085*

ns=not significant, *p <0.05, ** p<0.01, *** p<0.001
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1064/ Aok Az % JAS At

ZAn) oA g2 200~230 MJ(64.500~76,250kcal)
AEoH. '
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