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Abstract

Our objective was to systematically review the data interrogating the association between
gestational weight gain (GWG) and maternal and child health among women with twin gestations.
We identified 15 articles of twin gestations that studied GWG in relation to a maternal, perinatal,
or child health outcome and controlled for gestational age at delivery and prepregnancy body mass
index. A positive association between GWG and fetal size was consistently found. Evidence on
preterm birth and pregnancy complications was inconsistent. The existing studies suffer from
serious methodological weaknesses, including not properly accounting for the strong correlation
between gestational duration and GWG and not controlling for chorionicity. In addition, serious
perinatal outcomes were not studied, and no research is available on the association between
GWG and outcomes beyond birth. Our systematic review underscores that GWG in twin
gestations is a neglected area of research. Rigorous studies are needed to inform future evidence-
based guidelines.
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Introduction

Maternal weight gain during pregnancy may have important implications for maternal and
child health. Women with excessive gestational weight gain (GWG) are more likely to have
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high postpartum weight retention, which in turn can lead to prepregnancy obesity in future
pregnancies and long-term maternal obesity (1-4). High GWG also increases the risk of
gestational diabetes, cesarean delivery, macrosomia and childhood obesity (1, 2).
Nevertheless, there are concerns that inadequate GWG increases the risk of infant mortality,
preterm birth, and fetal growth restriction (1, 2). As maternal BMI modifies the association
between GWG and health outcomes, determining the optimal range of GWG for women in
each BMI category that balances the risks associated with low and high gain for maternal
and child health is a public health priority (1).

There is a particularly urgent need to understand optimal GWG among women with twin
gestations. The number of twin births in the United States has dramatically risen over the
last 3 decades (5). This is a concern because twin pregnancies experience a disproportionate
number of poor perinatal outcomes and obstetrical complications that are linked with low
GWG in singletons (1), including a 2.7-fold increased risk of fetal death (6), 4-fold
increased risk of death in the first month of life (7), and a 3.5-fold increased risk of small-
for-gestational-age birth (8). Growth restriction in twins has been linked with long-term
risks including higher adult fat mass (9). At the same time, mothers with twin gestations
gain more weight during gestation than mothers of singletons (1), and more commonly
experience diabetes, preeclampsia, and cesarean deliveries (10, 11)—outcomes typically
associated with excessive weight gain. A greater accretion of maternal tissues and products
of conception is expected in twin pregnancy, but, it is unknown whether the higher GWG in
twin gestations is the result of enhanced physiologic and metabolic adaptations to pregnancy
(12), and whether GWG patterns differ by chorionicity. For these reasons, singleton GWG
guidelines are likely inappropriate for twin pregnancies.

Our objective was to systematically review the data interrogating the association between
GWG and maternal and child health among women with twin gestations and to identify gaps
in our understanding of this association.

Materials and Methods

Search strategy

We based the methodology of our systematic review on the PRISMA guidelines (13). In
collaboration with a research librarian, we developed an electronic search strategy, which
was then peer-reviewed by a second research librarian using an evidence based checklist
(14). We searched Ovid MEDLINE, Embase, CINAHL and clinicaltrials.gov databases
(Supplemental Digital Content). Advanced search criteria limited the search to humans and
to English language papers. No restrictions were placed on study design. “Explosions” were
used on the following MeSH terms: ‘weight gain’, ‘pregnancy’, ‘twins’, and ‘multiple
pregnancy’. Keyword terms were: ‘maternal weight gain’, ‘gestational weight gain’, and
‘pregnancy’ within 2 words of ‘weight gain’. We also hand searched the bibliographies of
selected studies.
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Study selection

Two authors (L.M.B., S.J.P.) independently reviewed abstracts and titles for inclusion,
classifying them as ‘relevant’, ‘potentially relevant’, and ‘not relevant.” The same two
authors reviewed the full text of ‘relevant’ and “‘potentially relevant’ articles for inclusion.
Avrticles were included in the systematic review if they met the following criteria (1): studied
GWG in twin pregnancies as an exposure variable (2) examined maternal, perinatal, or child
health outcomes, such as birth weight (including small-for-gestational age), length of
gestation (including preterm birth), cesarean section, preeclampsia, gestational diabetes
mellitus, stillbirth, infant death, maternal postpartum weight retention, and offspring obesity,
in relation to GWG in twin pregnancies. Disagreements were resolved through consultation
with a third author (J.A.H.). Two authors (L.M.B., S.J.P.) then independently abstracted
author names, publication year, sample size and characteristics, measurement of GWG and
prepregnancy body mass index (BMI), outcomes, covariates, and results for all studies that
met inclusion criteria. A third author (J.A.H.) evaluated the abstracted data for consistency.

Synthesis of study quality and findings

For each included article, we evaluated key components of study quality:

Did the measure of GWG account for length of gestation?—Women with longer
pregnancies have more time to gain weight. To disentangle the impact of low GWG on
maternal and offspring health outcomes from the impact of earlier gestational age at delivery
(i.e. increased risks due to preterm birth), the measure of GWG must account for this built in
correlation between gestational duration and total weight gain.

Did the study control for prepregnancy BMI?—BMI is a strong determinant of
GWG, and extremes of prepregnancy BMI are risk factors for a number of adverse maternal
and child health outcomes. As a result, it is critical that studies control for the potential
confounding effects of prepregnancy BMI.

Given the importance of gestational age and prepregnancy BMI as confounders of GWG
associations, we only summarized findings from studies that controlled for these covariates.
These variables could be controlled for by a) restriction, b) matching, c) stratification, or d)
adjustment. Controlling for gestational age through the use of a GWG measure that
accounted for gestational age (e.g. average rate of GWG or adequacy of GWG in relation to
the weight gain for gestational age recommended by the IOM) was accepted. The use of
ideal body weight in lieu of BMI was also accepted.

We evaluated studies based on five additional elements of quality, but did not require these
for studies to be included in our summary of results:

1. Were results presented separately for women in each prepregnancy BMI category?
BMI modifies the impact of GWG on maternal and child health outcomes (1). For
example, the relative risk of small-for-gestational age birth is greater with a low
weight gain in a lean woman than low weight gain in an obese woman. Therefore,
IOM weight gain guidelines differ by prepregnancy BMI category, with lower
weight gains recommended as prepregnancy BMI increases.
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2.  Was GWG based on self-reported or measured weight at delivery? The IOM
advocates for the use of measured weights instead of recalled weights in the study
of gestational weight gain to decrease potential measurement error and
misclassification bias (1).

3. Was pattern of GWG studied? While studying total GWG is useful, knowledge of
optimal timing and rate of GWG in twin pregnancies will enable clinicians to
provide effective prenatal GWG counseling.

4. Were chorionicity and assisted reproductive technol ogies examined as confounders
or effect modifiers? Approximately 20% of all twin gestations have monochorionic
placentation. Monochorionic twin are at greater risk for poor perinatal outcomes
compared with dichorionic pregnancies in large part due to the risk of twin-twin
transfusion syndrome and discordant fetal growth restriction (15). It is unknown
whether chorionicity influences GWG in twin pregnancies, and thus its role as
confounder and effect modifier needs to be evaluated. Likewise, little is known
about the potential role of assisted reproductive technologies (16) as a counfounder
or effect modifier in GWG research.

5. Did the study control for covariates other than gestational age and pregravid BMI
that may confound GWG-adver se outcome associations? Factors such as maternal
race/ethnicity, age, smoking, and socioeconomic indicators often act as
confounders in studies of GWG in singleton pregnancies, and should be evaluated
in twins as well.

6. Was gestational age confirmed by ultrasound? Accurate assessment of gestational
age is needed not only for determining preterm birth, but also for controlling for
length of pregnancy in the measurement of GWG, as noted above.

Given the heterogeneity of GWG measurements, populations and outcomes, we opted not to
perform additional analyses such as meta-analysis or meta-regression.

Of 351 articles retrieved using our search strategy, 28 articles met our final inclusion criteria
(Figure 1). No additional studies were retrieved through the review of study bibliographies.
All of these studies used cohort or case-control designs. There were no registered trials in
clinicaltrials.gov. Two articles (17, 18) were excluded because subsequent studies were
published examining the same study outcomes with an updated study population, leaving 26
studies (19-44).

Table 1 presents the descriptions of the 25 articles and assessments of their study quality.
Control for gestational age was performed in 18 of the 25 studies (19-22, 24-30, 32, 33, 35,
36, 38, 42, 45), for prepregnancy BMI in 17 studies (20-24, 26-28, 30, 32, 33, 35, 36, 38,
39, 42, 44, 45) (all of which defined BMI based on recalled prepregnancy weight),
chorionicity and/or assisted reproductive technologies in 3 studies (27, 32, 33), and other
covariates in 11 studies (20, 22, 24, 27, 32, 36-38, 41, 42, 44). Nine presented results
stratified by prepregnancy BMI categories (21, 22, 26-28, 30, 35, 39) (including one which
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presented results only for normal weight women (27)). Seventeen studies based their
measure of GWG on self-reported prepregnancy weight and a last measured prenatal weight
(19, 20, 25-27, 30-33, 35, 38-43, 45), and 9 studied pattern of GWG (19, 25, 30, 32, 35, 37,
38, 41, 42). Half of the studies reported using ultrasound-confirmed gestational age (20, 25—
27, 30-33, 37, 38, 43).

We summarized the findings of the 16 studies that controlled for both gestational age and
prepregnancy BMI in their evaluations of GWG in relation to adverse outcomes. Table 2
synthesizes these findings, while Table 3 (infant outcomes) and Table 4 (maternal outcomes)
provide detailed descriptions of the results.

Twelve articles reported on GWG and fetal growth, and they consistently demonstrated that
after accounting for differences in gestational duration, mothers with twin pregnancies who
gained less weight were more likely than those with higher weight gain to deliver infants
that were lighter at birth and were more likely to be SGA (20, 24, 27, 28, 36) (Tables 2 and
3). Similar findings were observed in the studies that stratified by prepregnancy BMI (21,
22, 26-28, 30), but results were not always statistically significant due to reduced sample
sizes. In general, a low rate of GWG in early and late pregnancy was associated with SGA
or reduced birth weight in all women (38, 42) or only among lean women (30). A positive
association between rate of GWG in early (<20 weeks), mid (20-28 weeks) and late (>28
weeks) pregnancy and ultrasound fetal measurements was noted in two studies (33, 45).

Preterm birth

Three studies examined the relation between GWG and preterm birth (Tables 2 and 3). Two
studied total GWG relative to many preterm birth phenotypes. One found that rate of total
GWG was positively associated with length of gestation in all BMI groups (28). The other
reported generally null findings, but small sample size likely limited their power to detect
effects (26). A third study (35) examined pattern of early (<24 weeks) and late GWG (=24
weeks) relative to preterm birth. They found that women with low GWG in both periods
were more likely to deliver preterm, while women with low early gain and high late gain
were less likely to deliver early.

Optimal neonatal outcome

Two studies were available on GWG relative to ‘optimal’ twin neonatal outcome, and each
defined ‘optimal’ differently (Tables 2 and 3). One study reported that having a low rate of
GWG in early pregnancy (<24 weeks) and a high rate of gain in late (=24 weeks) pregnancy
was associated with delivering liveborn infants at 35-38 weeks who weighed =10t
percentile and had <8 day hospital stays (38). A second study presented data on the range of
GWG rates at 0-20, 21-28, and =29 weeks among mothers with ‘optimal’ neonatal
outcomes (fetal growth 105-110 grams per week from 20-28 weeks, 155-161 grams per
week from 28 weeks to term and birth weight 2850-2928g at 36—-38 weeks), but did not
present data to support these conclusions (33).
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Adverse maternal outcomes

Three articles examined total GWG in relation to hypertensive disorders of pregnancy in
women with twin gestations (26-28) and results were mixed (Tables 2 and 4). However,
these authors examined GWG at the time of delivery rather than at the time of diagnosis, as
recommended by the IOM (1). As a result, the data are difficult to interpret because the
complications themselves are likely to influence total GWG. Only one study reported on rate
of GWG before the diagnosis of the pregnancy complication (<24 weeks). This article found
no differences in the rate of GWG in the first half of pregnancy among women who
subsequently went on to develop preeclampsia compared with those who did not develop
preeclampsia (35).

We performed a systematic review of the evidence linking GWG to maternal and child
health among women with twin pregnancies, and reviewed 15 observational studies that met
our minimum criteria of controlling for gestational age in their measure of GWG and
considering maternal BMI as a confounder. Most of this literature has focused on the
outcome of fetal growth and provides consistent evidence to support a positive association
between GWG and fetal size. However, relations were not always statistically significant
when stratified by prepregnancy BMI, often due to small sample sizes. Only a few studies
have examined other outcomes in twin pregnancies, such as preterm birth, gestational
diabetes, or hypertensive disorders, and findings of these studies have been inconsistent.

The available evidence is limited by several major methodological concerns. First, all
existing studies are observational. Although the findings from observational studies that we
summarized all controlled for prepregnancy BMI and gestational age, other factors that may
confound reported relations, such as use of assisted reproductive technologies, maternal
race/ethnicity, smoking, parity, maternal age, and socioeconomic position were often not
considered and confounding bias may result. Consequently, it is unknown whether weight
causes a poor outcome or whether it may be a consequence of an underlying pathology that
causes the poor outcome. Future studies must address the causality of GWG in twin
pregnancies because the publishing of GWG guidelines by the IOM and other groups
presupposes that modifying weight gain will improve health.

Second, none of the studies properly accounted for the strong correlation between
gestational duration and GWG. Women with longer pregnancies have more time to gain
weight. Studies linking total GWG to adverse pregnancy outcomes such as preterm birth or
fetal growth may therefore be biased because the impact of low total GWG on adverse
pregnancy outcomes cannot be disentangled from the impact of earlier gestational age at
delivery (e.g., increased risks of poor fetal growth may be due to preterm birth, not low
GWG@G). Calculating a rate of total GWG (GWG divided by gestational age) or a rate of
weight gain within the first half of pregnancy (<20 weeks or <24 weeks) does not remove
the correlation between gestational duration and total weight gain (46). This is because
GWG is not linear throughout twin pregnancy (women gain less weight in the first trimester
than in the second and third trimester (20)). Limiting to term pregnancies (e.g. 37-42 weeks)
does not resolve the issue either, as women will continue to gain weight throughout the term
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period. This approach also results in a highly selective sample because more than half of
twin pregnancies are born at <37 weeks (47). Methods recently developed to address the
correlation between gestational duration and GWG in singletons, such as maternal weight
gain for gestational age z-scores, should be explored in twins (20, 48).

Third, of the 12 articles that studied GWG in relation to fetal growth, absolute birth weight
(e.g. low birth weight <2500g, very low birth weight <1500g, or mean birth weight) was the
only outcome evaluated in four studies (21, 22, 28, 30) and was one of several other fetal
growth measures in five other studies (20, 26, 36—-38). Using absolute birth weight as an
outcome is problematic because it cannot separate infants who are small due to preterm
delivery from infants who are small due to intrauterine growth restriction (49). A better
approach involves using birth weight for gestational age percentiles. Importantly, no studies
used outcomes that reflect the complexity of fetal growth in twin pregnancies, such as twin
growth discordance (50).

Fourth, only 3 studies accounted for chorionicity in their analysis. Twin gestations with
monochorionic placentation are at higher perinatal health risk than dichorionic pregnancies
(15). Although it is unknown whether GWG differs by chorionicity, it is critical that studies
evaluate the potential for chorionicity to confound or modify effects on adverse maternal
and child outcomes.

Fifth, all studies of gestational diabetes and 3 of the 4 studies on preeclampsia reported on
total GWG at delivery, which fails to account for the temporality of the diagnosis.
Gestational diabetes and preeclampsia themselves are likely to influence total GWG (1, 51,
52). Studies that examine gestational diabetes or preeclampsia require data on the pattern of
GWG or GWG measured before the diagnosis of these conditions. Gestational diabetes and
preeclampsia have been linked with GWG before diagnosis in singleton pregnancies (1), and
this research question is important to explore in twins.

Finally, many studies were based on small sample sizes, and none of the studies provided
sample size justifications to determine if they had sufficient statistical power. For example,
one study of preterm birth in a sample of 297 women had only 29 obese women after
stratifying by BMI categories (26). As this and other studies were likely underpowered to
detect differences in rare outcomes such as preeclampsia, gestational diabetes, and early
preterm birth in subgroups, future studies with adequate statistical power will be required.
Increasing sample sizes either by taking advantage of vital records data, hospital databases
with large delivery volumes, or extending the duration of the study period may be
worthwhile pursuits.

To aid in the development of evidence-based clinical GWG guidelines for twin pregnancies,
we recommend that more attention be paid to key elements of study design. As detailed in
Table 5, the methodologic considerations to guide future research include accurate GWG
and gestational age measurements; sufficient sample size; adequate control for relevant
confounders; and stratification of results by prepregnancy BMI category. Moreover, studies
are needed to fill the following critical knowledge gaps:
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What is the effect of GWG on serious adver se perinatal outcomes? Suboptimal
GWG has been associated with increased risk of stillbirth and infant death in
singleton pregnancies after controlling for gestational length (1), but no rigorous
studies have been done in twins.

What are the consequences of high GWG in twin pregnancies on maternal
postpartum weight retention and childhood obesity? Despite the links between high
GWG and maternal and offspring obesity in singleton pregnancies (1, 3, 4, 53), not
a single research study has been published on this topic in twin gestations. With the
current epidemic rates of obesity in the U.S., and the higher weight gains observed
in twin pregnancies, an understanding of the role of this modifiable risk factor is
essential to ensure the health and well-being of mothers and offspring.

Is GWG in twins associated with other longer-term outcomes? Poor GWG has been
associated with offspring neurocognitive impairment in singletons (54) and may be
relevant to twins as well.

What are optimal GWG ranges for women with extremes of prepregnancy BMI
(i.e., underweight and severe obesity) who have twin pregnancies? Severe obesity
in U.S. childbearing-aged women has tripled in the past 30 years (55), and the risk
of adverse perinatal outcomes rise as obesity worsens (56, 57). Low GWG may
attenuate these risks in women with twin gestations, as some research has
suggested in singletons (58, 59). Yet, only one study in our review (21) evaluated
severely obese mothers with twin pregnancies and was substantially underpowered
to detect effects (n=33 mothers). Future studies should stratify results by severe
obesity with adequate sample size to inform the short- and long-term safety of
lower weight gain in this high-risk group. The IOM Committee had insufficient
evidence to provide even provisional guidelines for underweight women. Although
underweight is uncommon, these women are at risk of poor birth outcomes (1) and
understanding how GWG may modify these risks is important.

Associations between GWG and outcomes in diverse, population-based cohorts.
Research studies on twin GWG are primarily based on self-selected samples of
white mothers. Reports based on GWG in diverse cohorts are needed to ensure that
guidelines are generalizable and promote the health of all mothers and children in
the U.S.

Causality of associations. Randomized trials of GWG interventions are needed to
evaluate whether poor or excessive weight gains in twin gestations cause adverse
outcomes for mothers and children. But first, careful observational studies must be
conducted to inform the design of such trials. For instance, observational data in
twin pregnancies can be used to identify the BMI-specific GWG ranges, diet and
other lifestyle practices that are associated with optimal outcomes, which can then
be the targets for lifestyle interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Studies included
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Figure 1.
Study search flow chart
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Table 5

Methodologic considerations to guide the design of studies on gestational weight gain in twin pregnancies

1 Use a large enough sample size to provide sufficient statistical power to examine the study’s primary outcome.

2 Calculate gestational weight gain using the last measured weight before delivery and a reliable reporting of prepregnancy weight
2).

3 Describe gestational weight gain in relation to chorionicity and assisted reproductive technologies and control for these variables if
they are confounders.

4 In observational studies, control for key confounders, including prepregnancy BMI, gestational age at delivery, maternal race/
ethnicity, smoking, parity, maternal age, and socioeconomic indicators.

5 Stratify results by prepregnancy BMI category, including severe obesity.
6 Confirm gestational age using ultrasound.

7 When studying gestational diabetes and/or hypertensive disorders of pregnancy, study gestational weight gain before diagnosis.

J Perinatol. Author manuscript; available in PMC 2014 June 05.



