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Limited data is available that estimates the effect of gestational weight gain on maternal and neonatal out-
comes in term twin pregnancies in obese women. A historical cohort study of 831 obese (BMI >30.0 kg/m?)
women in Missouri delivering 1,662 liveborn, term (=37 weeks gestation) twin infants in 1998-2005 was
conducted. Three gestational weight gain categories were examined: <25 pounds, 25-42 pounds, and >42
pounds. Adjusted odds ratios were calculated with multiple logistic regression, using the 2009 Institute
of Medicine provisional guideline of 25-42 pounds as the reference group. Significant increasing trends
with gestational weight gain were found for preeclampsia (p < .05), larger twin birth weight (p < .01),
smaller twin birth weight (p < .001), and infants weighing >2,500 grams (p < .001). Significant increasing
trends for preeclampsia and for cesarean delivery were found in concordant twin pairs (smaller twin >80%
of birth weight of larger twin). Women who gained >42 pounds had a borderline significantly higher odds
of preeclampsia than women who gained 25-42 pounds (adjusted OR 1.72; 95% Cl 1.00-2.99, p = .052).
No significant differences were found for 1-min Apgar score <4, 5-min Apgar score <7, or infant mortality
<1 year. Our study suggests that increasing gestational weight gain is associated with larger infants but
increased risk of preeclampsia and cesarean delivery in term twin pregnancies in obese women. Limiting
gestational weight gain could reduce the risk of preeclampsia and cesarean delivery. Prospective studies of
other study populations and maternal/infant outcomes are needed to evaluate the efficacy of the Institute
of Medicine guideline.
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Twins account for 3.3% of all live births in the United States
(Martin et al., 2012) and are associated with high infant
morbidity and mortality (Kogan et al., 2000; Mathews &
MacDorman, 2006). Maternal obesity has been found to
be significantly related to an increased risk of preeclamp-
sia and other adverse outcomes (Sebire et al., 2001; Weiss
etal., 2004). The Institute of Medicine (IOM) in 2009 issued
a provisional guideline for gestational weight gain of 25—
42 pounds for term twin pregnancies in obese women (BMI
>30.0 kg/m?) that reflected the interquartile range (25th—
75th percentile) of cumulative weight gain among obese
women who delivered twins at 37-42 weeks gestation (In-
stitute of Medicine and National Research Council, 2009).
Limited data is available, however, documenting the effi-
cacy of this provisional guideline on maternal/neonatal out-
comes. A study of 29 obese women found no difference in
adverse outcomes between women whose gestational weight
gain was below the IOM guideline and women whose gesta-

tional weight gain met or exceeded the IOM guideline (Fox
etal.,2010). Another study found no difference in outcomes
between women whose gestational weight gain was below,
equal to, or exceeded IOM guidelines; normal, overweight,
and obese women, however, were included in this study
(Fox etal., 2011). The purpose of this study was to estimate
the effect of gestational weight gain on maternal/neonatal
outcomes in term (=37 weeks gestation) twin pregnancies
in obese women using the IOM provisional guideline of
25-42 pounds as the reference group.

RECEIVED 31 October 2013; ACCEPTED 3 December 2013. First
published online 15 January 2014.

ADDRESS FOR CORRESPONDENCE: Jeffrey A. Gavard, Department
of Obstetrics, Gynecology, and Women’s Health, Saint Louis
University School of Medicine, 6420 Clayton Road, Suite 290, St.
Louis, MO 63117, USA. E-mail: gavardja@slu.edu

https://doi.org/10.1017/thg.2013.91 Published online by Cambridge University Press

127


https://doi.org/10.1017/thg.2013.91

Jeffrey A. Gavard and Raul Artal

Materials and Methods

A population-based historical cohort study was conducted
using data from the Missouri maternally linked birth and
fetal death certificate registry. The methods and algorithms
used within the Missouri vital records system have been pre-
viously described, are considered reliable, and have been
used to validate national data sets of the United States
that use matching and linking procedures (Herman et al.,
1997; Martin et al., 2003). The study population included
all obese pregnant women (BMI >30.0 kg/m?) residing in
Missouri who delivered liveborn, term (clinical estimate of
gestational age >37 weeks) twin infants without congenital
abnormalities in 1998-2005. Pre-pregnancy BMI was cal-
culated from self-reported weight and height recorded on
the birth certificate. Gestational weight gain was abstracted
from the medical chart or provided by the physician. Three
categories of gestational weight gain were examined: <25
pounds (includes women who lost weight), 25-42 pounds,
and >42 pounds. The 25-42 pound group served as the ref-
erence category for all comparisons, as it is the current IOM
provisional guideline for weight gain for term twin pregnan-
cies in obese women. The <25-pound group represented
women gaining less than the IOM provisional guideline
or losing weight during pregnancy, while the >42-pound
group represented women whose weight gain exceeded the
IOM provisional guideline.

Maternal and neonatal outcomes of this study included
preeclampsia, cesarean delivery, instrumental delivery (for-
ceps or vacuum), infant birth weight, infants weighing
<2,500 grams, 1-min Apgar score <4, 5-min Apgar score
<7, and infant mortality <1 year. Preeclampsia was de-
fined on the birth certificate as pregnancy-induced hy-
pertension occurring >20 weeks gestation that was char-
acterized by either blood pressure >140/90 mm Hg or
an increase in systolic blood pressure =30 mm Hg or
an increase in diastolic blood pressure =15 mm Hg over
baseline on two measurements taken six hours apart that
was accompanied by generalized and overt proteinuria or
edema. Potential confounders that could impact the risk of
the above maternal/neonatal outcomes that were adjusted
for in the study included maternal age (<25 years, 26—
35 years, >35 years), race (non-Hispanic white, black, His-
panic, other), education (<12 years, 12 years, >12 years),
pre-pregnancy body mass index (Class I Obese [>30.0—
<35.0 kg/m?], Class IT Obese [>35.0-<40.0 kg/m?], Class
III Obese [>40.0 kg/m?]), socio-economic status (using
enrollment in Medicaid; the Women, Infants, and Children
public health program; or food stamp programs as a proxy,
as income was not reported on the birth certificate), smok-
ing, parity (0, 1+ prior live births), diabetes, chronic hy-
pertension, and gestational age at delivery. Diabetes was de-
fined on the birth certificate as insulin-dependent diabetes
or other diabetes. The latter could be either pre-existing or
gestational diabetes. Women were combined into a single
diabetes group for purposes of analysis.

Continuous variables were expressed as medians due to
lack of normality of the distributions. Categorical variables
were expressed as numbers and percentages. Differences
in demographic characteristics, medical/obstetrical history,
and maternal/neonatal outcomes by gestational weight gain
categories were assessed using chi-square test for categorical
variables, including the linear-by-linear test for trend. The
non-parametric Kruskal-Wallis test was used for all contin-
uous variables. The multivariate predictability of gestational
weight gain categories for maternal/neonatal outcomes was
examined using multiple logistic regression. Multivariate
findings reflect adjustment for the above potential con-
founders in the model. Maternal/neonatal outcomes also
were assessed by gestational weight gain categories accord-
ing to concordant and discordant twin pairs. Discordance
was defined as birth weight >=20% according to the for-
mula: (birth weight of larger twin — birth weight of smaller
twin)/birth weight of larger twin x 100. The 20% level
for birth weight discordance was chosen because it is com-
monly used in twin studies and has been shown to be ap-
proximately the level above which perinatal morbidity sig-
nificantly increases (Amaru et al., 2004; Breathnach et al.,
2011). A p value of <.05 was used for statistical signifi-
cance. All analyses were performed using SPSS version 19.0
for Windows.

This research did not involve interaction with subjects
and the existing publicly available data contained no iden-
tifying private information. The Saint Louis University In-
stitutional Review Board deemed that this study did not
require formal review according to federal regulation 45
CFR 46.102.

Results

The study population of 1,662 twins was born to 405
(48.7%) Class I Obese women, 223 (26.8%) Class II Obese
women, and 203 (24.4%) Class ITII Obese women (Table 1).
Over 70% of the women were non-Hispanic white. Approx-
imately 60% of the women lived in poverty and 27.8% of
the mothers were nulliparous. Only 38.9% of the women
followed the Institute of Medicine’s provisional guideline of
weight gain during pregnancy of 25-42 pounds. The per-
centage of women gaining <25 pounds during pregnancy
was 30.8%, while 30.3% of the women gained >42 pounds.
Eleven of the 256 (4.3%) women in the <25-pound group
lost weight during pregnancy, with a range of weight loss
of 4-16 pounds and a median weight loss of 8 pounds.
Preeclampsia, cesarean delivery, and instrumental delivery
occurred in 10.5%, 68.0%, and 6.9% of the women, respec-
tively. Women who gained >42 pounds during pregnancy
were more likely to be non-white than women who gained
<25 pounds or 25-42 pounds. Women who gained <25
pounds were less likely to be Class I Obese and nulliparous
than women who gained 25-42 pounds or >42 pounds.

128

https://doi.org/10.1017/thg.2013.91 Published online by Cambridge University Press

TWIN RESEARCH AND HUMAN GENETICS


https://doi.org/10.1017/thg.2013.91

Gestational Weight Gain in Twin Pregnancies in Obese Women

TABLE 1
Maternal Characteristics for 831 Obese Women Who Had Twin Pregnancies in Missouri, 1998-2005

Maternal weight gain during pregnancy (Ib)

<252 (n=256) 25-42b (n=323) >42°(n=252)

Characteristic n % n % n % p value
Maternal age (years)

<25 79 30.9 11 344 98 38.9

26-35 145 56.6 183 56.7 139 55.2 .08

>35 32 12.5 29 9.0 15 6.0
Maternal race

White (non-Hispanic) 196 76.9 242 74.9 154 61.4

Black 47 18.4 72 22.3 86 34.3 <.001

Hispanic 6 2.4 5 1.5 8 3.2

Other 6 2.4 4 1.2 3 1.2
Maternal education (years)

<12 36 14.2 38 11.8 47 18.7

12 86 33.9 127 39.4 88 35.1 14

>12 132 52.0 157 48.8 116 46.2
Pre-pregnancy body mass index (kg/m?)

Class | Obese (=30.0-<35.0) 97 37.9 168 52.0 140 55.6

Class Il Obese (>=35.0-<40.0) 74 28.9 92 28.5 57 22.6 <.001

Class Ill Obese (=40.0) 85 33.2 63 19.5 55 21.8
Socio-economic status? 154 60.4 179 55.4 162 64.3 .10
Smoked during pregnancy 43 16.8 39 121 45 17.9 A2
Adequacy of prenatal care®

Inadequate 22 8.8 19 6.1 14 5.7

Intermediate 2 0.8 5 1.6 3 1.2 .66

Adequate 18 7.2 24 7.7 24 9.8

Adequate plus 207 83.1 265 84.7 204 83.3
Nulliparous 53 20.7 93 28.8 85 33.7 <.01
Anemia 10 3.9 3 0.9 8 3.2 .06
Cardiac disease 1 0.4 0 0.0 0 0.0 .33
Renal disease 0 0.0 0 0.0 1 0.4 .32
Diabetes (any type) 17 6.6 25 7.7 19 7.5 .87
Chronic hypertension 13 5.1 12 3.7 7 2.8 .40
Preeclampsia 21 8.2 30 9.3 36 14.3 <.05
Cesarean delivery 162 63.3 224 69.3 179 71.0 .06
Instrumental delivery (forceps or vacuum) 18 7.0 15 4.6 24 9.5 .27

Note:  Maternal race was unknown for one woman who gained <25 pounds during pregnancy; maternal education
was unknown for two women who gained <25 pounds during pregnancy; socio-economic status was unknown
for one woman who gained <25 pounds during pregnancy; adequacy of prenatal care was unknown for seven
women who gained <25 pounds during pregnancy.

b Maternal education was unknown for one woman who gained 25-42 pounds during pregnancy; adequacy
of prenatal care was unknown for 10 women who gained 25-42 pounds during pregnancy.

¢ Maternal race was unknown for one woman who gained >42 pounds during pregnancy; maternal education
was unknown for one woman who gained >42 pounds during pregnancy; adequacy of prenatal care was
unknown for seven women who gained >42 pounds during pregnancy.

9 Enrollment in Medicaid; Women, Infants, and Children’s Program; or food stamps.

¢ The Kotelchuck Index of Adequacy of Prenatal Care defines the levels as inadequate (<50% of expected
prenatal care visits), intermediate (>50%-<80% of expected prenatal care visits), adequate (>80%-<110% of
expected prenatal care visits), and adequate plus (>110% of expected prenatal care visits).

A significant increasing trend with gestational weight gain
was found for preeclampsia (p < .05). An increasing trend
with gestational weight gain for cesarean delivery was of
borderline significance (p = .06).

Significant increasing trends with gestational weight gain
were found for infant birth weight (p < .001), larger twin
birth weight (p < .01), smaller twin birth weight (p <
.001), and average twin birth weight (p < .001, Table 2). The
weight difference in twin pairs, however, was relatively con-
stant across gestational weight gain categories (p = .77). A
significant inverse trend with increasing gestational weight
gain was found for infants weighing <2,500 grams (p <
.001). No significant differences were found for 1-min Ap-
gar score <4, 5-min Apgar score <7, or infant mortality
within 1 year.

The incidence and multivariate findings for preeclampsia
and infants weighing <2,500 grams by gestational weight
gain category are given in Table 3. Women who gained
>42 pounds had a borderline significantly higher odds
of preeclampsia than women who gained 25-42 pounds
(adjusted OR 1.72; 95% CI 1.00-2.99, p = .052). Women
who gained <25 pounds had significantly higher odds of
an infant weighing <2,500 grams than women who gained
25-42 pounds (adjusted OR 1.74; 95% CI 1.28-2.36, p <
.001). Analyses by obesity class showed that women who
gained >42 pounds always had an elevated, although non-
significant, odds of preeclampsia than women who gained
25-42 pounds (data not shown). Class I Obese women
who gained <25 pounds had significantly higher odds of
an infant weighing <2,500 grams than women who gained
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TABLE 2
Outcomes for 1,662 Twins Born to 831 Obese Women in Missouri, 1998-2005

Maternal weight gain during pregnancy (Ib)
<25% (n=512) >42¢ (n = 504)

25-42° (n = 646)

Characteristic n % n % n %

p value
Median gestational age at delivery (weeks) 37 38 38 <.01
Median infant birth weight (grams) 2,718 2,835 2,835 <.001
Infant birth weight <2,500 grams 144 28.1 122 18.9 87 17.3 <.001
Median larger twin birth weight (grams) 2,863 2,977 2,977 <.01
Median smaller twin birth weight (grams) 2,580 2,665 2,715 <.001
Median difference in twin weight (grams) 225.5 227.0 221.0 77
Median average twin weight (grams) 2,712 2,835 2,851 <.001
1-min Apgar score <4 7 1.4 13 2.0 9 1.8 .61
5-min Apgar score <7 3 0.6 10 1.6 3 0.6 .98
Infant mortality <1 year 2 0.4 1 0.2 4 0.8 .33

Note: @ One-min and 5-min Apgar scores were unknown for one infant whose mother gained <25 pounds during pregnancy.
b One-min and 5-min Apgar scores were unknown for three infants whose mothers gained 25-42 pounds during pregnancy.
¢ One-min and 5-min Apgar scores were unknown for two infants whose mothers gained >42 pounds during pregnancy.

TABLE 3
Incidence and Multivariate Risk of Preeclampsia and Infant Birth Weight <2,500 Grams by Pregnancy Weight Gain for 1,662

Twins Born to 831 Obese Women in Missouri, 1998-2005

Incidence Trend Multivariate®
Maternal/neonatal Outcome Weight gain during pregnancy (Ib) n % pvalue Oddsratio 95%Cl p value
Preeclampsia <25P (n = 256) 21 8.2 0.88 0.47-1.66 .70
25-42 (n = 323) 30 9.3 <.05 1.00 Reference  Reference
>42 (n = 252) 36 14.3 1.72 1.00-2.99 .05
Infant birth weight <2,500 grams <25P (n=512) 144 28.1 1.74 1.28-2.36 <.001
25-42 (n = 646) 122 18.9 <.001 1.00 Reference Reference
>42 (n = 504) 87 17.3 0.75 0.54-1.06 .10

Note: @ Adjusted for maternal age, race, education, pre-pregnancy body mass index, socio-economic status, smoking, parity, anemia, diabetes,
chronic hypertension, adequacy of prenatal care, sex of twin, twin discordance, and gestational age at delivery.

b Includes women who lost weight during pregnancy.
Note: Cl = confidence interval.

25-42 pounds (adjusted OR 2.04; 95% CI 1.28-3.26, p <
.01). Class III Obese women who gained >42 pounds had
significantly lower odds of an infant weighing <2,500 grams
than women who gained 25-42 pounds (adjusted OR 0.39;
95% CI10.17-0.91, p < .05).

Significant increasing trends with gestational weight gain
were found for preeclampsia (p < .05) and cesarean deliv-
ery (p < .05) in concordant twin pairs (Table 4). Signifi-
cant inverse trends with increasing gestational weight gain
were found for infants weighing <2,500 grams in both con-
cordant and discordant twin pairs (p < .05). Only 73/831
(8.8%) of the twin pairs were discordant, likely rendering
the risk pattern of preeclampsia in discordant twin pairs
non-significant due to small sample size.

Discussion

This study focuses on the association of gestational weight
gain with maternal/neonatal outcomes in term (=37 weeks
gestation) twin pregnancies in obese women using the re-
vised 2009 IOM provisional guideline of 25-42 pounds.
Significant increasing trends across the three gestational
weight gain categories of <25 pounds, 25-42 pounds, and
>42 pounds were found for infant birth weight, larger

twin birth weight, smaller twin birth weight, and average
twin birth weight. A significant inverse trend with increas-
ing gestational weight gain was found for infants weighing
<2,500 grams. These findings are consistent with those of
other studies involving twin pregnancies in obese women
(Fox et al., 2011; Gonzalez-Quintero et al., 2012). Another
study noted that larger twin birth weight and smaller twin
birth weight increased in obese women whose gestational
weight gain met or exceeded the IOM guideline compared
to women whose gestational weight gain was below the IOM
guideline; the sample size of only 29 obese women, however,
precluded the finding of significant differences (Fox et al.,
2010). Only 38.9% of the women in our study followed
the Institute of Medicine’s provisional guideline of weight
gain during pregnancy of 25-42 pounds, which is similar
to that found in a national sampling of women in 28 states
and New York City participating in the population-based
surveillance system (PRAMS; Chu & D’Angelo, 2009).
Increased gestational weight gain is a significant risk fac-
tor for preeclampsia in obese women (Kabiru & Raynor,
2004). Preeclampsia also occurs with much higher fre-
quency in twin pregnancies than in singleton gestations.
In one multicenter trial examining the efficacy of low-dose
aspirin for the prevention of preeclampsia, the rates of
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TABLE 4

Outcomes by Twin Discordance? for 1,662 Twins Born to 831 Obese Women in Missouri, 1998-2005

Maternal weight gain during pregnancy (Ib)

<25 (n=256) 25-42 (n = 323) >42 (n = 252)

Characteristic n % n % n % p value
Twin concordance (birth weight >80%)?

Concordant twin pairs 230 89.8 293 90.7 235 93.3 .18

Discordant twin pairs 26 10.2 30 9.3 17 6.7
Preeclampsia

Concordant twin pairs 18 7.8 26 8.9 32 13.6 <.05

Discordant twin pairs 3 11.5 4 13.3 4 23.5 31
Cesarean delivery

Concordant twin pairs 142 61.7 200 68.3 166 70.6 <.05

Discordant twin pairs 20 76.9 24 80.0 13 76.5 .99
Instrumental delivery

Concordant twin pairs 16 7.0 14 4.8 23 9.8 .23

Discordant twin pairs 2 7.7 1 3.3 1 5.9 73
Birth weight <2,500 grams: Either twin

Concordant twin pairs 83 36.1 68 23.2 60 25.5 <.05

Discordant twin pairs 22 84.6 26 86.7 9 52.9 <.05

Note: 2 Twin discordance defined =20% in birth weight according to the formula: (Birth weight of larger twin — Birth
weight of smaller twin)/Birth weight of larger twin x 100.

preeclampsia were found to be 12.7% in twin pregnan-
cies and 4.9% in singleton gestations (Sibai et al., 2000). A
population-based study of birth certificates in Washington
state found that twin pregnancies had a 3.5 increased risk of
preeclampsia compared to singleton pregnancies (Coonrod
etal,, 1995). The combination of twin gestation and mater-
nal obesity could amplify the risk for preeclampsia. Efforts
to identify and minimize risk factors for preeclampsia in
twin pregnancies in obese women should be pursued. Such
factors may include limiting gestational weight gain in such
pregnancies.

Previous studies of twin pregnancies in obese women
have demonstrated that increasing gestational weight gain
is associated with larger infants without accompanying in-
creases in complications. The rate of gestational hyper-
tension and gestational diabetes did not significantly in-
crease with increasing gestational weight gain in one study
(Fox et al., 2010) and the rate of gestational hypertension,
preeclampsia, and gestational diabetes did not significantly
increase with increasing gestational weight gain in a sec-
ond study (Fox et al., 2011). The former study again in-
cluded only 29 obese women. The latter study included
170 women, of whom 117 had a normal pre-pregnancy
BMI and the remaining 53 women had an overweight or
obese pre-pregnancy BMI. Analyses were performed across
all three pre-pregnancy BMI classes simultaneously or only
in women with a normal pre-pregnancy BMI. The exact
number of obese women in the latter study was unknown
and a separate analysis relating gestational weight gain with
maternal and neonatal outcomes in obese women was not
performed.

A strength of our study was that we had a relatively
large sample size of 831 obese mothers and 1,662 twins
from which to calculate trends in maternal and neonatal
outcomes across gestational weight gain categories. A sig-

nificant increasing trend with gestational weight gain was
found for preeclampsia. Such a finding has not been re-
ported in previous studies. Women who gained >42 pounds
had a borderline significantly higher odds of preeclamp-
sia than women who gained 25-42 pounds. Elevated, al-
though non-significant, adjusted odds of preeclampsia were
found in all obesity classes for women who gained >42
pounds compared to women who gained 25-42 pounds.
It is likely that the small number of preeclampsia cases
rendered the study underpowered to detect significant dif-
ferences between gestational weight gain categories within
obesity classes. Prospective studies with larger sample sizes
are needed to determine if increasing trends with gesta-
tional weight gain for preeclampsia exist by obesity class, to
corroborate the increased risk of preeclampsia for women
gaining above the IOM provisional guideline of 42 pounds
in all obesity classes, and to further examine the associa-
tion between gestational weight gain and preeclampsia and
cesarean delivery by concordant and discordant twin pairs.

The risk of preeclampsia, cesarean delivery, and infants
weighing <2,500 grams was always much higher for dis-
cordant twin pairs than for concordant twin pairs at a par-
ticular level of gestational weight gain. This corroborates
earlier findings for discordant twin pairs on these and other
endpoints (Amaru et al., 2004; Breathnach et al., 2011).
The risk patterns for preeclampsia and cesarean delivery in
concordant twin pairs indicate that increasing gestational
weight gain is significantly associated with increased risk
for these outcomes in obese women when twins are sim-
ilar in size at delivery. The risk pattern for preeclampsia
in discordant twin pairs had an increasing trend with ges-
tational weight gain, but was non-significant due to few
preeclampsia cases. In contrast, the risk of cesarean delivery
was relatively constant across gestational weight gain cate-
gories in discordant twin pairs. The amount of gestational
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weight gain apparently is not significantly associated with
the risk of cesarean delivery in obese women when twins
are sufficiently dissimilar in size at delivery.

Additional strengths of our study include a historical co-
hort design that permitted calculation of incidence rates
of maternal/neonatal outcomes and the availability of and
adjustment for many potential confounding variables that
could impact maternal/neonatal outcomes. Limitations of
our study include those that are inherent with the use of
birth certificate records, such as incomplete or inaccurate
reporting of data; self-reported information, such as height
and weight; and potential under-reporting of medical con-
ditions, such as chronic hypertension, heart disease, and re-
nal disease. Preeclampsia has been found to match very well
between birth certificates with a check-box format (such as
used in Missouri), and hospital discharge data, with 85-97%
of the former being present in the latter (Frost et al., 1984).
This corroboration, and that repeated blood pressure mea-
surements with accompanying proteinuria or edema are
necessary for a diagnosis of preeclampsia, lessen the po-
tential of an inflated rate of preeclampsia due to artificial
elevation of blood pressure that is recorded when a stan-
dard size sphygmomanometer cuff is used in obese women
(Fonseca-Reyes et al., 2003). Self-reported maternal weight,
as appears on Missouri birth certificates and on which pre-
pregnancy BMI classes were based, also has been found to
be highly correlated with and similar to clinically recorded
weight (Lederman & Paxton, 1998). Self-reported BMI has
been found to match very well with clinically measured BMI
in obese (Brunner Huber, 2007) and combined overweight
and obese samples (Nawaz et al., 2001). Gestational age was
determined by clinical estimate, which has been found to
be a more accurate measure of gestational age at delivery
than length of pregnancy calculated using the last men-
strual period (Callaghan & Dietz, 2010). Our study only
examined the endpoints of preeclampsia, cesarean delivery,
instrumental delivery, indices of birth weight, Apgar scores,
and infant mortality. The impact of gestational weight gain
on other adverse short- and long-term maternal and infant
outcomes such as gestational diabetes, gestational hyper-
tension, neonatal intensive care unit admission, childhood
obesity, childhood cognitive performance, and post-partum
weight retention remains to be determined. Our study pop-
ulation consisted of liveborn, term (=37 weeks gestation)
twin infants free of congenital abnormalities, and our find-
ings may not be generalizable to other obese pregnant pop-
ulations. Only term infants were included in our study be-
cause the IOM provisional guideline of 25-42 pounds was
based on twin pregnancies in obese women who delivered at
37-42 weeks gestation. Other studies involving twin preg-
nancies in obese women have used a rate of weight gain
of 0.68 pounds/week that is based on the minimal IOM
provisional guideline of 25 pounds divided by the minimal
duration of 37 weeks for a term pregnancy, which enables
other maternal/neonatal outcomes, such as pre-term birth,

to be evaluated (Fox et al., 2010; Gonzalez-Quintero et al.,
2012). Diet, physical activity, and chorionicity were also
potential confounders that could not be assessed.

Our findings are consistent with other studies that report
larger infants with increased gestational weight gain in twin
pregnancies in obese women. Our study, however, found
that this occurred with an accompanying increased risk of
preeclampsia and cesarean delivery, particularly in concor-
dant twin pairs. Limiting gestational weight gain should
be considered in view of the significant complications of
preeclampsia and cesarean delivery. Our findings need cor-
roboration from prospective studies of twin pregnancies in
obese women that estimate the effect of gestational weight
gain on preeclampsia and cesarean delivery for composite
samples of obese women and by obesity class. Prospective
studies of other study populations and other short- and
long-term maternal and infant outcomes also are needed to
evaluate the efficacy of the IOM guideline.
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