
We used a prospective cohort to analyze the
effect of change in BMI rather than change in

weight, in mothers carrying dichorionic twins from a
population that did not receive any dietary interven-
tion. A total of 269 mothers (150 nulliparas and 119
multiparas) were evaluated. The average change (%)
from the pre-gravid BMI was 7.2 ± 6.1, 17.4 ± 8.2,
and 28.7 ± 10.8, at 12–14, 22–25, and 30–34 weeks,
respectively, without difference between nulliparas
and multiparas. The comparison between materni-
ties below or above the average change from the
pregravid BMI failed to demonstrate an advantage
(in terms of total twin birthweight and gestational
age) of an above average change from the pregravid
BMI, even when the lower versus upper quartiles
were compared. Our observations reached different
conclusions regarding the recommended universal
dietary intervention in twin gestations. A cautious
approach is advocated towards seemingly harmless
excess weight gain, as normal weight women may
turn overweight, or even obese, by the end of preg-
nancy, and be exposed to the untoward effects of
obesity on future health and body image.

Preterm birth and low birthweight are the most signifi-
cant complications of twin gestations. In the United
States, more than one of every four very low birth-
weight (VLBW) infants (< 1500 g) comes from a
multiple birth (Martin et al., 2005), and nearly one of
every five deaths within the first month of birth were
born in a multiple delivery (MacDorman et al., 2005).
Specifically, the 2002 clinical statistics from the United
States suggest that as many as 58.2% and 11.9% of
twins are born preterm (< 37 weeks) and very preterm
(< 32 weeks), respectively, and as many as 55.4 % and
10.2%, respectively, are low (< 2500 g) or very low
(< 1500 g) birthweight infants. (Martin et al., 2003)
These figures suggest that more risky groups of infants
— those delivered very preterm and/or with a VLBW
— are roughly 7 to 9 times more prevalent among twin
than among singleton gestations (Martin et al., 2003).
The significant contribution of twins to overall preterm
and low birthweight rates is further emphasized by the

fact that birth rates of twins are still increasing, as
opposed to the stabilized or even decreasing birth rates
of higher-order multiples (Blickstein & Keith, 2005).

Regrettably, there are no practical means to reduce
these adverse outcomes of twin pregnancies to the
comparable singleton levels. Indeed, it seems unrealis-
tic to expect that twin births would have similar
outcomes to singleton births. A more realistic
approach would be to focus on methods that may
reduce the more risky subgroup of twins, namely to
reduce the rates of very preterm and VLBW infants.
In this respect, the seminal work of Luke and her co-
workers seems to be of utmost importance. In both
retrospective and prospective cohorts, Luke and her
colleagues observed a significant increase in birth-
weight and gestational age in twins whose mother
gained enough weight during early (up to 24 weeks)
pregnancy. (Luke et al., 1991; Luke et al., 1993; Luke
& Leurgans, 1996; Luke et al., 1997; Luke, 1998;
Luke et al., 1998; Luke, Hediger, et al., 2003). The
general consensus among researchers who have evalu-
ated these twin guidelines is that to qualify as
‘enough’, total weight gain should be at least 40–45
pounds (18–20 kg), with an emphasis on adequate
weight gain before 24 weeks’ gestation (Luke,
Brown et al., 1998)

In a recent prospective intervention study, Luke,
Brown et al. (2003) observed that pregnancies in
women who participated in a specialized program,
which included twice-monthly visits, dietary prescrip-
tion of 3000 to 4000 kcal per day, multimineral
supplementation, and patient education, were associ-
ated with improved pregnancy outcomes, and lower
neonatal morbidity, and consequently reduced cost
per twin compared to nonparticipants.

Despite the potential benefit attributed to dietary
intervention as an important method of improving
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the outcome of multiple births, care should be taken
in interpretation of the data that led to the recom-
mended weight gains. In particular, it should be noted
that in many instances, extrapolations of weight gain,
rather than actual weight gain measurements in each
period of gestation, were used (Luke et al., 1991;
Luke et al., 1993; Luke & Leurgans, 1996; Luke et
al., 1997; Luke, 1998; Luke et al., 1998; Luke,
Hediger et al., 2003; Luke, Brown et al., 2003; Flidel-
Rimon et al., 2005). It should also be noted that
outcomes may differ according to the method used to
estimate weight gain, by the potential confounding
effect of prepregnancy maternal weight and body
mass index (BMI; Luke, Hediger, et al., 2003; Luke,
Brown et al., 2003; Flidel-Rimon et al., 2005; Flidel-
Rimon et al., 2006), as well as by the confounding
effect of unrecognized dietary intervention (Luke,
Brown et al., 2003), and chorionicity.

In order to circumvent these potential con-
founders, we used a prospective cohort to analyze the
effect of the change in BMI in mothers carrying
dichorionic twin gestations in a population that did
not receive any dietary intervention. This approach,
namely, the change in BMI rather than the change in
weight, has not been previously assessed in a prospec-
tive cohort.

Material and Methods
During the period September 1994-March 2006, we
followed and delivered 946 twin pregnancies at the
Maternidade Dr. Alfredo da Costa, Lisbon, Portugal.
This figure represents nearly 1% of all deliveries in
this hospital during the study period. During the
study, information about the pregnancy and delivery
was first registered on a preset form and then entered
into a computerized system. Because a significant pro-
portion of pregnancies were referred at an advanced
gestational age, complete data relating to maternal
height, pregravid weight, and longitudinal weight
measurements were available only for 360 mothers
who were followed throughout gestation. In order to
avoid the confounding effect of chorionicity, which
has a significant effect on fetal growth, we excluded
monochorionic twins and focused on 281 dichorionic
twin gestations.

Pregnancies were grouped by parity (nulliparas
and multiparas) and by body mass index (BMI) using
the Centers for Disease Control and Prevention (n.d.;
CDC) categories of underweight (BMI < 18.5), normal
(BMI 18.5–24.9), and overweight/obese (BMI > 25).
We used the CDC categories because they are the most
frequently used values in the literature. BMI was calcu-
lated from the formula weight(kg)/(height(m)2.
Following a preliminary assessment of the distribu-
tion of BMI, 13 cases of underweight mothers were
found and this very small group was also excluded
from the analysis.

The following maternal variables were considered
in the remaining 268 pregnancies: maternal pregravid

weight, maternal height, and maternal weight at each
trimester and at birth. Pregravid weight was recorded
from referral documentations; maternal height was
measured at our service; and finally, maternal weight
during each trimester and at birth was recorded from
our own measurements (1st trimester 12–14 weeks,
2nd trimester 22–25 weeks, and 3rd trimester 30–34
weeks). When two or more weight measurements
were available during a given trimester, an average
weight was calculated. All weights were rounded to
the first digit.

We derived the BMI-adjusted weight gain, which 
is defined as the change in BMI between the BMI
obtained in a given gestational age expressed as a
 percentage of the pre-gravid BMI (i.e., the larger the
percentage the greater the difference in BMI from a
given pre-gravid BMI). This method of presentation of
weight gains was used because a given weight gain is
expected to have a different meaning for different pre-
gravid BMI. The BMI-adjusted weight gain was
calculated for each trimester and then correlated with
the total twin birthweight (twin A + twin B) and gesta-
tional age at birth. These outcome measures were
chosen because they are the most likely to be influ-
enced by maternal weight gain. Finally, we derived
means and quartiles of the BMI-adjusted weight gain
differences to compare the outcome variables between
patients above or below the mean, and between
patients in the upper and lower quartile. This was
done separately for multiparas and nulliparas because
parity, per se, is a powerful determinant of birth-
weight in twins. (Blickstein, 2005).

The data were evaluated using Microsoft Excel
and we used True EPISTAT Software (Math Archives,
Round Rock, TX) to perform Student’s t tests for con-
tinuous variables. We derived p values, and these were
considered significant if greater than .05. The study
was approved by the local ethics committee.

Results
A total of 269 mothers (150 nulliparas and 119 multi-
paras) carrying dichorionic twins were evaluated. The
mean maternal age was 30.5 ± 5.0 years, the mean
height was 162.1 ± 6.7 cm, the mean pregravid weight
was 63.8 ± 11.4 kg, and the mean pre-gravid BMI was
24.3 ± 4.3 kg/m2. By the end of the first trimester, at
12–14 weeks, the average change (%) in pre-gravid
BMI was 7.2 ± 6.1, and was similar in nulliparas 
and multiparas (7.5 ± 6.2 vs. 6.9 ± 5.9, respectively).
At around mid-gestation, at 22–25 weeks, the average
change (%) in pregravid BMI was 17.4 ± 8.2, and was
again similar in nulliparas and multiparas (18.5 ± 7.7
vs. 16.0 ± 8.6, respectively). In the third trimester, at
30–34 weeks, the average change (%) in pregravid
BMI was 28.7 ± 10.8, and was once again similar in
nulliparas and multiparas (30.2 ± 9.3 vs. 26.7 ± 12.3,
respectively). These average changes in BMI increased
in a dose related fashion as pregnancy advanced
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(Figure 1); in addition, changes in BMI were some-
what higher in nulliparas.

The mean gestational age at birth was 36.0 ± 1.3
weeks, and the total twin birthweight was 4868 ±
644g. Table 1 shows the comparison of these outcome
measures between maternities below or above the
average change in pregravid BMI. The analysis failed
to demonstrate an advantage of an above average
change in pregravid BMI. Even when the tails of the
distributions (i.e., lower vs. upper quartiles) were com-
pared (Table 2), no significant differences were found.

Discussion
Dietary intervention resulting in maternal weight 
gain is believed to be the only effective prophylactic
treatment which improves outcomes in multiple
 pregnancies (Luke et al., 1991; Luke et al., 1993; Luke

221Twin Research and Human Genetics April 2008

Change in BMI and Twin Outcome

Table 1

Comparison Between Below or Above Average Change in BMI on Total Twin Birthweight and Gestational Age, by Gestational Period and Parity

Nulliparas (N = 150) Multiparas (N = 119)

Total twin birthweight (g) Gestational age (weeks) Total twin birthweight (g) Gestational age (weeks) 

Pregravid BMI
< average 4742 ± 641 35.8 ± 1.2 4968 ± 595 36.1 ± 1.2
> average 4746 ± 648 35.6 ± 1.5 5129 ± 642 36.4 ± 1.0

∆ BMI at 12–14 weeks 
< average 4807 ± 598 35.8 ± 1.4 5152 ± 568 36.3 ± 1.2
> average 4650 ± 697 35.6 ± 1.4 4861 ± 637 36.1 ± 1.1

∆ BMI at 22–25 weeks 
< average 4792 ± 624 35.8 ± 1.4 5039 ± 590 36.3 ± 1.1
> average 4691 ± 661 35.7 ± 1.4 5007 ± 649 36.1 ± 1.5

∆ BMI at 30–34 weeks
< average 4707 ± 656 35.5 ± 1.5 5028 ± 571 36.3 ± 1.1
> average 4783 ± 629 35.9 ± 1.3 5021 ± 669 36.1 ± 1.2

Note: Data are shown as mean ± SD. No significant differences were found.

Table 2
Comparison Between Lower and Upper Quartiles of the Change in BMI on Total Twin Birthweight and Gestational Age, by Gestational Period and
Parity 

Nulliparas (N = 150) Multiparas (N = 119)

Total twin birthweight (g) Gestational age (weeks) Total twin birthweight (g) Gestational age (weeks) 

Pregravid BMI
1st quartile 4813 ± 674 35.9 ± 1.2 4834 ± 612 36.2 ± 1.2
4th quartile 4827 ± 592 35.7 ± 1.4 5049 ± 580 36.3 ± 1.0

∆ BMI at 12–14 weeks 
1st quartile 4772 ± 636 35.5 ± 1.5 5153 ± 440 36.4 ± 0.8
4th quartile 4716 ± 718 35.6 ± 1.4 4908 ± 636 36.2 ± 1.2

∆ BMI at 22–25 weeks 
1st quartile 4813 ± 638 35.9 ± 1.5 5192 ± 485 36.6 ± 0.8
4th quartile 4683 ± 733 35.6 ± 1.5 5030 ± 618 36.1± 1.2

∆ BMI at 30–34 weeks
1st quartile 4713 ±677 35.6 ± 1.6 5102 ± 558 36.5 ± 0.9
4th quartile 4843 ± 675 36.2 ± 1.3 5051 ± 656 36.2 ± 1.3

Note: Data are shown as mean ± SD. No significant differences were found.

Figure 1
Change in BMI (%) by gestational period (wks) and parity.
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With these difficulties in mind, we conducted this
prospective analysis of the effect of the change in BMI
in mothers carrying dichorionic twin gestations in a
population that did not receive any dietary interven-
tion. Unlike previous studies, in this cohort we could
not find an association between weight gain, in terms
of change in BMI, and outcomes, in terms of gesta-
tional age at birth and total twin birthweight. Our
observations led to different conclusions regarding
recommended universal dietary intervention in twin
gestations and, therefore, universal recommendations
of early weight gain in twins should be confirmed by
intention-to-treat, randomized trials.

It should be remembered, however, that we
excluded from this study a small number of under-
weight mothers who might turn out to be the target
population for dietary intervention in multiple preg-
nancies. (Flidel-Rimon et al., 2006). It is thus possible
that inclusion of this group of twin mothers would
have shown different outcomes (Flidel-Rimon et al.,
2005). Additionally, it should be noted that our obser-
vations in twins may not apply to triplets, as potential
effects of weight gain in higher order multiple preg-
nancies were not considered in this study.

Finally, the cautious approach that we advocate to
the seemingly harmless recommendation of weight
gain is best appreciated by the possibility of many
normal weight women becoming overweight or even
obese by the end of pregnancy, and by the untoward
effects of obesity on future health and body image
(Flidel-Rimon et al., 2006).
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