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ABSTRACT. We examined the correlation between maternal prepreg-
nancy body mass index (BMI) and newborn weight, length, BMI, and
gestational order, in singleton and twin births. The sample comprised 381
mothers of multiple babies (562 twins), and 7979 singleton pregnancies,
used as controls. The Mann-Whitney non-parametric test was used to
compare the values between the two groups, and the Spearman’s corre-
lation test (r

S
) was applied to the quantitative variables. A significant

positive correlation was found with singleton baby variables: the higher
the maternal BMI, the higher the newborn’s BMI, weight, length, and
gestational order. However, no significant correlation was found between
maternal BMI and any of these variables in twins. Maternal weight gain,
in the twin group, showed a significant positive correlation with the new-
born gestational order (r

S 
= 0.154; P = 0.002), weight (r

S
= 0.493; P <

0.001), length (r
S 
= 0.469; P < 0.001), and BMI (r

S 
= 0.418; P < 0.001). In

singletons, the correlation was positive with all the variables, except
for the gestational order. The newborn BMI was significantly higher
in twins born by C-section than those born by vaginal birth (Z = -4.974;
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P < 0.001). Mothers of singletons delivered by C-section had a signifi-
cantly higher BMI than those of singletons born by vaginal birth (Z = -
1.642; P < 0.001); however, no significant differences were observed in
mothers of twins. Prepregnancy maternal BMI in twin births would not
be  predictive of newborns weight, length and BMI in this population.
Maternal weight gain during pregnancy proved to be the most adequate
for predicting the weight, length and BMI of twins delivered by C-sec-
tion.

 Key words: Prepregnancy BMI, Gestational age, Maternal weight gain,
Maternal obesity

INTRODUCTION

A woman’s nutritional condition has been considered as an important indicator of the
perinatal result. There is a direct correlation between maternal nutritional condition and weight
at birth, thus, the body mass index (BMI = weight/height2) has been used as an epidemiological
factor predictive of fetal growth (Lizo et al., 1998; Merchant et al., 1999; Bolzan and Guimarey,
2001).

A low prepregnancy BMI is one of the strongest predictors of adverse perinatal results,
such as premature birth and fetal growth restrictions (Neggers and Goldenberg, 2003). New-
borns to mothers with a BMI one standard deviation below average were smaller, and their
relative risk of presenting intrauterine growth restriction was twice as high (Bolzan and Guimarey,
2001). An impaired maternal nutritional condition, as indicated by low weight, height and BMI, is
associated with small babies, with smaller cephalic perimeters (Thame et al., 1997). On the
other hand, the BMI increased with advanced maternal age, higher parity and increased gesta-
tional age (Wolfe et al., 1991). Risks of developing maternal obesity, gestational diabetes, pre-
eclampsia, fetal macrosomia, and shoulder dystocia are comparatively predictable, either by
maternal weight or by BMI (Wolfe et al., 1991). In the long run, both maternal weight and BMI
explain the association between weight at birth and BMI at an adult age (Parsons et al., 2001).

On the other hand, the factors that affect both birthweight and adult BMI are partly
genetic and partly non-shared environmental (Whitfield et al., 2001). Generally, the BMI esti-
mates of heritability show values between 0.24 and 0.40, when derived from family data, and
0.70 when derived from twin data (Schousboe et al., 2003). According to Allison et al., 2003, this
happens when non-additive effects (gene-gene or gene-environment interactions) are impor-
tant, which most likely is the case for BMI.

Prepregnancy BMI in the gestation of multiple fetuses has been studied, particularly to
determine the ideal maternal weight gain and weight of twin newborns, to allow for specific
recommendations to this population (Lantz et al., 1996), or even to analyze its usefulness in
predicting maternal diseases (Jensen et al., 2003).

Our objective was to determine if there was an association between maternal
prepregnancy BMI and some anthropometric characteristics of the newborn, these being, weight,
height and BMI, in single and twin gestations, in a high-socioeconomic level population.
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MATERIAL AND METHODS

Prepregnancy BMI (weight/height2) was calculated in 381 mothers of multiple babies
and was compared to the weight at birth, length and BMI of their respective twin babies (562
newborns) in a high-socioeconomic level population, classified according to the degree of edu-
cation (Zurayk et al., 1987; Alonso et al., 1997). This study used data retrospectively collected
from the obstetric records of twin gestations and the respective newborns, from 1990-1999.
The control group included 7979 singleton gestations that occurred in the same study period.

The data on maternal prepregnancy weight were obtained from the mother, and the
newborn’s weight was recorded immediately after birth. The newborn’s length was measured
with an anthropometric ruler, at the Neonatal Unit, between 6 and 12 h after birth, according to
the standards in place at the institution.

The data were collected from medical records, so it was not necessary to obtain in-
formed consent.

The statistical analyses performed were the following non-parametric tests: Mann-
Whitney test (Z) for every comparison between two groups, the Kruskal-Wallis test (χ2) to
compare more than two groups, and the Spearman correlation test (r

S
) for the quantitative

variables: BMI, weight, length, and gestational order. The software used was SPSS,V11.5 (Sta-
tistical Package for Social Sciences).

RESULTS

A comparison was made of BMI values between the singletons and twins (Table 1).
There was no significant difference between the BMI of mothers of singletons and twins (P =
0.12); however, the singletons’ BMI was significantly higher than that of twins (P < 0.001), as
would be expected.

The Mann-Whitney (M-W) test was used to compare the singleton and twin groups.

N Mean Standard Minimum Maximum M-W Probability
deviation (Z)

Maternal BMI
Singletons 7979 22.08 3.20 14.15 45.70

-1.555 0.120
Twins 381 21.80 2.99 17.19 42.34

Neonate BMI
Singletons 7979 13.20 1.29 3.81 17.67

-26.237 ~0
Twins 381 10.92 1.45 6.00 14.53

Table 1. Means, standard deviations, maximum, and minimum values of maternal and neonate body mass index
(BMI).

Spearman’s correlation coefficients between maternal BMI and the variables, newborn
BMI, weight, length, and the gestational order were calculated (Table 2). There was a signifi-
cant positive correlation with all variables in singletons, that is, the higher the maternal BMI, the
higher the newborn’s BMI, as well as the higher the weight, length and gestational order. How-
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ever, there was no correlation between maternal BMI and any of these variables in twins, that
is, the twins’ BMI, weight and length did not depend on maternal BMI. Likewise, the gestational
order, in the case of the twins, also did not prove to be correlated with the maternal BMI.

BMI Birthweight Length Gestational order

Singleton maternal BMI
r

S
0.122 0.109 0.048 0.053

P ~0 ~0 ~0 ~0

Twin maternal BMI
r

S
0.058 0.032 0.018 0.057

P 0.257 0.525 0.724 0.262

Table 2. Spearman correlation coefficients (r
S
) and respective probability values (P) for maternal body mass index

(BMI) and neonate variables (BMI, birthweight, length) and gestational order.

We examined these correlations at different gestational ages, which are normally lower
in twins. Up to and including the 36th week of pregnancy, there was no significant correlation in
both single and twin births. However, when the 37th week of pregnancy was included in the
analysis, a significant correlation was observed between maternal BMI and that of the newborn
(r

S
 = 0.073; P = 0.017) only in singletons.

We then focused on the correlation between maternal weight gain and the following
variables: prepregnancy maternal BMI, gestational order, and the newborn’s weight, length and
BMI. There was a negative correlation in singletons (r

S
 = -0.033; P = 0.003) with the gestational

order and a positive correlation with the newborn’s weight (r
S
 = 0.230; P < 0.001), length (r

S
 =

0.165; P < 0.001) and BMI (r
S
 = 0.212; P < 0.001). In the twin group, there was a significant

positive correlation with all these variables: gestational order (r
S
 = 0.154; P = 0.002), weight (r

S

= 0.493; P < 0.001), length (r
S
 = 0.469; P < 0.001), and BMI of the newborn (r

S
 = 0.418; P <

0.001). On the other hand, the average maternal weight gain was higher in women who had
cesarean deliveries (C-sections), both for singletons and twins.

In order to study the association between prepregnancy maternal BMI and the type of
delivery (vaginal or C-section), the means were calculated and the Mann-Whitney test was
used on maternal and newborn’s BMI values, comparing between singleton and twin births.
Mothers of singletons born by C-section had a significantly higher BMI than the mothers of
singletons born by vaginal birth (Z = -1.642; P < 0.001; Table 3). However, the BMI of mothers
of twins was not significantly different between those who had vaginal deliveries versus C-
sections. On the other hand, when the newborn’s BMI was examined, it was noted that, in the
case of singletons, there was no difference in the BMI of babies born by vaginal birth or C-
section, but in the case of twins, a significantly higher BMI was observed in babies born by C-
section (Z = -3.974; P < 0.001).

Since the weight reflects the gestational age, these newborn gestational ages were
initially analyzed according to the type of delivery. It was found that in singletons the average
gestational age for vaginal birth was 38 6/7 weeks, and in C-sections it was 38 4/7 weeks, a
significant difference according to the Mann-Whitney test (Z = -6.469; P < 0.001). In twins,
however, the situation was the opposite; the mean gestational age for twin babies born by
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vaginal birth was 34 weeks, significantly lower than that of those born by C-section, with a
mean of 36 weeks (Z = -3.954; P < 0.001).

Subsequently, the newborn gestational age was compared, using the Kruskal-Wallis
test, for four groups of prepregnancy maternal BMI: low weight, normal weight, overweight, and
obesity (Table 4A); there were significant differences (χ2 = 18.50; P < 0.001). Obese mothers had
babies with a significantly lower gestational age than that of the other three groups, which did
not differ significantly from each other. In the case of mothers of twins, there was no significant
difference between the four groups for gestational age (χ2 = 3.75; P = 0.290; Table 4B).

N Mean Standard deviation M-W (Z) Probability

Maternal BMI
Singletons

Normal 2312 21.44 2.59 -11.642 ~0
C-section 5614 22.30 3.27

Twins
Normal 42 21.02 2.03 -1.574 0.116
C-section 349 21.89 3.06

Newborn BMI
Singletons

Normal 2312 13.20 1.22 -1.377 0.169
C-section 5614 13.21 1.32

Twins
Normal 42 10.02 1.53 -3.974 ~0
C-section 344 11.04 1.40

Table 3. Maternal and newborn body mass index (BMI) values for singletons and twins, separated according to the
type of delivery (normal or C-section).

Mother N Mean Standard deviation Minimum Maximum

A Underweight 458 38.65 1.765 26 42
Normal 6483 38.69 1.662 20 42
Overweight 811 38.58 1.701 25 42
Obesity 203 38.29 1.829 26 42
Total 7955 38.67 1.678 20 42

K-W = 18.50; P < 0.001

B Underweight 30 36.23 2.300 32 39
Normal 323 35.88 2.783 21 40
Overweight 32 35.47 2.125 31 39
Obesity 6 36.50 1.049 35 38
Total 391 35.88 2.682 21 40

K-W = 3.75; P = 0.290

The Kruskal-Wallis test (K-W) was used to compare the groups.

Table 4. Gestational age (in weeks) for four body mass index categories of mothers of singletons (A) and twins (B).

The Mann-Whitney (M-W) test was used to compare these two groups.
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When the four BMI groups were compared, it was found that the proportion of mothers
of singletons who underwent C-sections increased significantly with BMI classification, starting
with 61.7% in the underweight group, 69.8% for normal weight, 80.9% for overweight, and
85.6% in the obese mothers (χ2 = 82.90; P < 0.001). In mothers of twins, a similar result was
also observed (80.0, 89.2, 86.9, and 100%), though the tendency was not significant, perhaps
due to the small number of mothers classified as underweight or obese.

DISCUSSION

Maternal BMI has been used as an epidemiological factor predictive of fetal growth
(Bolzan and Guimarey, 2001). On the other hand, the factors which affect both birthweight and
adult BMI are partly genetic and partly non-shared environmental (Whitfield et al., 2001). We
examined the correlation of prepregnancy maternal BMI with anthropometric characteristics of
the newborn, in single and twin gestations, among mothers from a high-socioeconomic level
population, based on their level of education (Zurayk et al., 1987; Alonso et al., 1997); all moth-
ers had prenatal follow-up. We found pregnant women who were classified in all BMI classes.

Prepregnancy maternal BMI showed a positive association with the newborn’s weight
and length and the gestational order for singletons. This association was also noted by several
other authors (Wolfe et al., 1991; Thame et al., 1997; Luke et al., 1997; Bolzan and Guimarey,
2001; Parsons et al., 2001; Jensen et al., 2003; Szklarska and Jankowska, 2003).

However, in the twin gestations we examined, no association was found between
prepregnancy maternal BMI and the variables newborn weight, length and gestational order,
which differs from the conclusions of Luke et al.  (1977). Luke et al., 2003, found that optimal
rates of fetal growth and birth weights in twins are achieved at rates of maternal weight gain
that vary by period of gestation and maternal prepregnancy BMI status. The optimal weight
gain of twins corresponded to a gestational age equal to or greater than 36 weeks. Conse-
quently, we tried to determine whether the gestational age could have an influence, since in twin
gestations it was significantly lower than for single gestations. In fact, the behavior in single
gestations was similar to that of twin gestations up to the 36th week, that is, no association was
found. From the 37th week on, this association was present only in singletons. The fact that
there was an average gestational age of twins of 36 weeks in our study, could explain the
difference between the findings.

On the other hand, Beiguelman et al., 1998, found that the pattern of twin fetal growth
rate was delayed when compared to that of singletons, regardless of the socioeconomic level of
the inpatients. They also found that the fetal growth rates of twins and singletons were similar
up to about 28 weeks of gestation, and from this age on a slower twin intrauterine growth began;
this difference then progressively increased. Recently, Colletto et al. (2004), in a study of three
different socioeconomic level hospitals, found that up to 36th week of gestation, the birthweight
of twins did not differ, and only from then on, the growth curve of the highest socioeconomic
level hospital began to show a higher birth weight.

Another factor studied was the type of delivery; it was found that, prepregnancy mater-
nal BMI was higher for those mothers who underwent C-section in single gestations, which
could be related to maternal obesity, since C-sections are more frequent in obese mothers
(Loverro et al., 2001; Jensen et al., 2003). There was no significant difference in prepregnancy
maternal BMI according to the type of delivery for twin gestations, since the indication for C-
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section would be related to the nature of the twin gestation itself, and not to a specific maternal
condition, that is, obesity.

For single gestations, maternal weight gain up to delivery was significantly higher in C-
sections than in vaginal births. Moreover, a positive association was found with the newborn’s
birthweight and length, only for vaginal birth (higher than that in C-sections), but not with the
newborn’s BMI. The gestational age also varied significantly according to the type of delivery;
it was higher for vaginal birth than for C-sections.

In twin gestations, maternal weight gain was significantly higher in C-sections than in
vaginal births, showing a positive association of this type of delivery with the newborn’s weight,
length and BMI. Kanadys and Oleszczuk (2000) found that vaginal birth is associated with
smaller maternal weight gain rates in twin births. Another explanation for this fact could be the
finding of a significant difference in gestational age, which was higher in twins born by C-
section, close to term, compared to frequent prematurity for twins born by vaginal birth. Ac-
cording to Riese et al., 2003, maternal weight gain is associated with the weight at birth of twins
at term and of the female gender, but not for pre-term twins of the male gender.

Finally, in the analysis of the newborn gestational age according to the four groups of
prepregnancy maternal BMI, that is, low weight, normal weight, overweight, and obesity, there
were significant effects in the group of mothers of singletons. Obese mothers had babies with a
significantly lower gestational age than mothers in the other three groups, indicating interven-
tionist obstetric behavior involving obese mothers of singletons. However, in the case of twin
gestations, no significant differences were observed.

CONCLUSIONS

In twin gestations, no association was found between prepregnancy maternal BMI and
the variables newborn weight, length, BMI, and gestational order. There was no significant
effect of prepregnancy maternal BMI on the type of birth in twin gestations; however, differ-
ences were found in the case of singletons. In twin gestations, maternal weight gain was signifi-
cantly higher in C-sections than in vaginal deliveries, showing a positive association with the
newborn’s weight, length and BMI for C-sections. Thus, prepregnancy maternal BMI in twin
gestations cannot be considered as predictive of the newborn’s weight, length and BMI in this
population. Maternal weight gain during pregnancy proved to be more adequate to predict the
twins’ weight, length and BMI in the case of C-section delivery.
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