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clinical outcomes of newborns has been described.
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METHODS—Using statewide birth certificate data, this retrospective, matched-control cohort
study compared paired birth weights and complications of infants born to women before and after
Roux-en-Y gastric bypass surgery (RYGB) and to matched obese non-operated women in several
different groups. Women who had given birth to a child before and after RYGB (group 1; 7= 295
matches) and women with pregnancies after RYGB (group 2; 7= 764 matches) were matched to
non-operated women based on age, body mass index (BMI) prior to both pregnancy and RYGB,
mother’s race, year of mother/s birth, date of infant births and birth order. In addition, birth
weights of 13 143 live births before and/or after RYGB of their mothers (/7= 5819) were compared

(group 3).

RESULTS—O0dds ratios (ORs) for having a large-for-gestational-age (LGA) neonate were
significantly less after RYGB than for non-surgical mothers: ORs for groups 1 and 2 were 0.19
(0.08-0.38) and 0.33 (0.21-0.51), respectively. In contrast, ORs in all three groups for risk of
having a small for gestational age (SGA) neonate were greater for RYGB mothers compared to
non-surgical mothers (ORs were 2.16 (1.00-5.04); 2.16 (1.43-3.32); and 2.25 (1.89-2.69),
respectively). Neonatal complications were not different for group 1 RYGB and non-surgical
women for the first pregnancy following RYGB. Pregnancy-induced hypertension and gestational
diabetes were significantly lower for the first pregnancy of mothers following RYGB compared to
matched pregnancies of non-surgical mothers.

CONCLUSION—Women who had undergone RYGB not only had lower risk for having an LGA
neonate compared to BMI-matched mothers, but also had significantly higher risk for delivering
an SGA neonate following RYGB. RYGB women were less likely than non-operated women to
have pregnancy-related hypertension and diabetes.

INTRODUCTION

Long term, sequelae of obesity include an increased risk for female infertility, maternal and
perinatal pregnancy complications such as miscarriage, cesarean section (C-section),
gestational diabetes, hypertension and fetal macrosomia.l=® Increased pregnancy-related
health risks are especially apparent among severely obese women.>8 Maternal overweight
and obesity and/or excess weight gain during pregnancy have also been associated with
increased obesity and metabolic risk in offspring.’~12

Severely obese women who have undergone bariatric surgery represent an ideal population
to appraise whether or not pre-pregnancy voluntary weight loss reduces maternal pregnancy
complications, macrosomia and other fetal complications. Bariatric surgery results in
significant and sustained weight loss; 1314 however, during the period of major weight loss
(within the first 12 to 18 months following surgery) and perhaps thereafter, food intake
restriction and/or malabsorption may inhibit maternal nutrient intake and compromise fetal
growth.*15 In addition, offspring of mothers exposed to malnutrition have increased risk of
cardiovascular disease and type 2 diabetes.16 Therefore, greater understanding of the
benefits and risks associated with pregnancy following bariatric surgery is clinically
important. It is especially relevant in light of the increasing number of women who have
become pregnant after having undergone bariatric surgery, as bariatric surgery is increasing
in popularity.17-19 Approximately 80% of all bariatric surgeries are performed on
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women;20:21 and a significant percentage undertaken during the female’s reproductive
4
years.

This study builds upon previously reported investigations of pregnancy and bariatric surgery,
which have employed wide variation in methodological approaches.22-33 Using a large
cohort of post Roux-en-Y gastric bypass surgery (post-RYGB) women and a unique and
representative population-based, non-surgical matched cohort, the aim of this study was to
further test the association between mothers’ body mass index (BMI), the newborns’
gestational age and birth weight and pregnancy complications before and following RYGB.

MATERIALS AND METHODS

Study subjects and groups

Two primary study populations were included in this study, surgical patients and non-
surgical subjects. The surgical cohort consisted of a consecutive series of 5819 female Utah
residents who underwent RYGB between 1979 and 2011 (performed by six bariatric
surgeons representing a single Utah surgical practice, Rocky Mountain Associated
Physicians, Inc.) and their live births (7= 13 112). These surgical patients were linked with
the Utah Population Database (UPDB), which holds Utah records for nearly eight million
individuals connected from various sources, including genealogy records, inpatient hospital
and ambulatory surgery records, driver’s license records and birth and death certificates.3*
Once linked, births of all surgical women were ascertained both before and after RYGB for
the purposes of matching and statistical analyses. Non-surgical severely obese controls were
selected from Utah females (n= 525 653) and their live births (n7=1 071 767) and whose
data were also part of the UPDB (see Supplementary Figure 1).

A primary study group was defined using extensive matching criteria on both pre- and post-
surgical variables (Figure 1). This matching allowed control for the age, race, BMI, and
parity of the mother and the birth order and birth year of the newborns in order to prevent
confounding of the results. Because of the strict matching criteria, this group was limited in
sample size. We then added a second group with matched women who had newborns only
after surgery. Finally, we added a third group who had newborns either before or after
RYGB surgery without any matched women to further increase the sample size and to
compare with the other two groups. Group 1 consisted of RYGB mothers who had births
both before and after RYGB. Using the UPDB birth certificate records, non-surgery women
and their respective fertility data were matched one-to-one to these RYGB mothers and
births. The following matching criteria were used: mother’s birth year; mother’s race (white/
non-white); birth year for the last neonate born before the mother’s RYGB and birth year for
the first neonate born after the mother’s RYGB; birth order for the two deliveries; total
parity; birth multiplicity (that is, singletons and twins); and pre-pregnancy BMI (kg m~2) on
the birth certificate of the RYGB mother for the birth just prior to her RYGB. Categories
used for matching pre-pregnancy BMI were: 18.5-24.9, 25.0-29.9, 30.0-34.9, 35.0-39.9,
40-49.9 and = 50. Group 1 had the advantage of allowing comparisons of neonates of
RYGB mothers before and after RYGB with neonates of control mothers and also paired
comparisons of neonates born to the same mother before and after their mothers’ RYGB.
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Study group 2 included all of the mothers from group 1 plus mothers who only had a
pregnancy after RYGB and where a matched mother was available (groups 2a and 1; Figure
1). Group 2 allowed a greater number of post-surgical newborns to be included. Birth
certificate data of the mother and her live birth associated with the first pregnancy that
occurred after her RYGB were matched with the data of a non-surgery mother and her
neonate as was done for group 1. Since group 2a had their first birth following RYGB, there
was no pre-surgical birth certificate to obtain a presurgical BMI (kg m=2) to be used for
matching. Therefore, we used the mother’s BMI measured just prior to her RYGB at the
surgeon’s office for matching with the non-surgical mother’s pre-pregnancy birth certificate
BMI.

Group 3 did not involve matching, thereby greatly increasing the sample size (Figure 1).
Rather, this group included all live births of all RYGB women that had occurred prior to
their surgery compared to all live births of all RYGB women following their RYGB.

Data extraction

Pre-pregnancy height and weight was not reported on birth certificates in Utah prior to 1989
and as a result, non-surgical women could only be selected from births occurring after 1989.
When the RYGB mother’s newborn was a twin or triplet, all newborns in the set of multiple
births were used, but they were required to match to corresponding non-surgery multiple
births. The initial matching attempt of RYGB- to non-surgical-related subjects, resulted in
97% of RYGB women in group 1 successfully matched for categories other than age.
Another 158 women did not match within + 1 year, but were matched after relaxing the age
criteria to £ 3 years. In addition to age, changes in criteria included combining the two BMI
groups of 40-49.9 and =50 (four additional matches) and, grouping parity and birth order
into one group if =5 (six additional matches).

Following the matching of patients and their births with non-surgery mothers and their
births, pregnancy-related information and complications were extracted from the respective
birth certificates. Data on birth weight, gestational age at birth, Apgar scores at 1 and 5 min,
C-section deliveries, use of forceps or vacuum pump deliveries, chronic hypertension,
pregnancy-induced hypertension, pre-existing type 2 diabetes and gestational diabetes were
obtained for all pregnancies/births. Additional maternal information extracted from the birth
certificate included: self-reported weight gain during pregnancy, smoker (yes or no) and self-
reported maternal height and weight prior to becoming pregnant. Neonate complications
included respiratory complications, sepsis or infection, congenital anomalies, birth injury,
jaundice, feeding difficulties and intraventricular hemorrhage. Two sets of criteria were used
to clinically evaluate the birth weight of newborns and are described in the Supplementary
Material.35:36

Statistical analysis

A ttest was used to assess how well the RYGB subgroups were matched with the non-
surgical groups (that is, age of mothers, birth year of babies, and mothers’ BMI) and the
variables that were used for matching were presented as means + s.d. A chi-square test was
used to compare frequency differences between the RYGB and non-surgical women with
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regard to maternal race (white/non-white), ethnic group (Hispanic: yes/no) and smoking. For
matched analyses of groups 1 and 2, conditional logistic regression was used to determine
the odds ratios (ORs) and 95% confidence intervals for birth weight differences between the
two exposure groups (with and without adjustment for gestational age at birth), gestational
age at birth and pregnancy complications. Covariates in the model included concordance of
sex of the neonate and, when comparing the post-surgical variables, the study group
differences of the pre-surgical neonate. For group 3, which did not involve matching,
unconditional logistic regression, adjusted for sex of neonate, mother’s age at delivery,
number of previously born children (that is, birth order), mother’s race and repeated
measures for multiple pregnancies was used to test for birth weight and gestational age at
birth. Significance level was set at £< 0.05 and the study data were analyzed using SAS 9.3
(SAS, Inc., Cary, NC, USA).

RESULTS

Table 1 details the number of matched mothers and live births for groups 1 and 2 and non-
matched RYGB mothers and live births for group 3. When comparing the neonates born to
matched surgical and non-surgical women in group 1 before RY GB, there were no
differences in OR for birth weight or gestational weeks categories (Table 2). However in
group 1, the first births following RYGB surgery were significantly less likely to be born
>4000 g (OR 0.28, 95% CI 0.11-0.61; £=0.003) and had a lower risk to be born large for
gestational age (LGA; OR 0.19, 95% CI 0.08-0.38; < 0.0001) compared to neonates of
non-surgical mothers. There was also a trend for neonates born following RYGB to have a
greater risk for being born small for gestational age (SGA; OR 2.16, 95% CI 1.00- 5.04; P=
0.059) or born with a birth weight < 2500 g (OR 1.69, 95% CI 0.81-3.70; £=0.17).
Because there is greater risk of complications for neonates born with a weight <1500 g
compared with 1500-2500 g, we reran the birth weight analyses using these two subgroups.
However, the ORs were similar in the two subgroups, the number of neonates <1500 g was
small, and the results were consistent with the combined group ORs shown in Table 2.
Group 1 RYGB mothers had significantly greater risk for having a forceps or vacuum
delivery and pregnancy-induced hypertension compared to non-surgical mothers for the
pregnancy priorto surgery (OR 2.54, 95% CI 1.30-5.26; £=0.005) and (OR 2.2, 95% ClI
1.14-4.50; P=0.016). However, for the first pregnancy following RYGB, the surgical
mothers demonstrated significantly lower pregnancy-induced hypertension (OR 0.31, 95%
Cl1 0.14-0.65; P=0.0009) and gestational diabetes (OR 0.33, 95% CI 0.13-0.77; 2= 0.005).

Post-RYGB pregnancies in group 2 were significantly less likely to extend beyond 42 weeks
gestation compared to pregnancies of non-surgical mothers (Table 3; OR 0.53, 95% CI 0.30-
0.91; P=0.024). Pre-term births were not different between the two groups. In addition to a
significantly smaller mean birth weight for neonates of surgical mothers compared to non-
surgical born neonates (3092 + 568 vs 3292 + 696 g; £< 0.0001), neonates born to surgical
mothers also had a significantly lower risk for a birth weight >4000 g or being born LGA (P
< 0.0001). However, the risk for having an SGA birth was significantly greater for the
neonates born to RYGB surgical mothers compared to non-surgical born neonates (OR 2.186,
95% CI 1.43-3.32; £=0.0003).
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Group 3 results (Table 4), contrasting neonates born before surgery to those born following
RYGB, showed that while neonates born after RYGB were at a significantly lower risk for
gestational age >42 weeks (OR 0.23, 95% CI 0.19-0.28; A< 0.0001) compared to pre-
surgical neonates, the post-surgery neonate deliveries were at a significantly greater risk to
occur < 37 weeks (OR 1.93, 95% CI 1.62-2.31; P< 0.0001) compared to pre-surgical
deliveries. The post-surgical neonates were significantly less likely to weigh > 4000 g than
the pre-surgical neonates compared to the referent neonate weight of 2500-4000 g (OR 0.19,
95% CI 0.15-0.24; £< 0.0001). However, there was a greater risk for post-surgery neonates
to have low birth weights (< 2500) than the pre-RYGB surgical neonates when compared to
the before and following surgery referent weight neonates (OR 2.63, 95% CI 2.17-3.18; P<
0.0001).

We investigated further possible underlying mechanisms for increased incidence of SGA
neonates born to post-RY GB mothers in group 3, by assessing pregnancy weight gain for all
women in all groups, stratifying by LGA, AGA and SGA live births (Table 5). Although
mothers giving birth to LGA neonates prior to their RYGB had significantly greater weight
gain compared to weight gain of pre-RYGB mothers giving birth to AGA neonates (P =
0.0008), no other associations were significant. In groups 1 and 2, pregnancy weight gain in
mothers after RYGB was lower when giving birth to SGA neonates compared to pregnancy
weight gain of post-RYGB surgery mothers having AGA neonates, but these differences
were not significant (P=0.07 and P= 0.08, respectively). We also tested for the relationship
of the RYGB mothers’ pre-pregnancy BMI on the LGA, AGA and SGA status of their
newborns. There were no significant differences among the pre-pregnancy BMI for either
pre-surgery or post-surgery LGA vs AGA or SGA vs AGA.

A separate analysis to remove possible selection biases was conducted where only the
infants born before and after to the same RYGB mother of group 1 were compared (that is,
no matched control mothers included). If the same mother in group 1 had a high-birth-
weight baby (> 4000 g) or an LGA baby for her pregnancy just prior to her RYGB then the
ORs for her first neonate following RYGB being > 4000 g or LGA were 0.25, 95% CI 0.09-
0.57; P=0.002 and 0.17, 95% CI 0.06-0.41; £ =0.003, respectively (data not shown).
Further, for group 1 RYGB mothers who had an SGA or low-birth-weight baby (< 2500 g)
for the pre-RYGB pregnancy, the OR for their first neonate following RYGB being < 2500 g
or SGA was 2.90, 95% CI 1.35-6.92; £=0.010 and 1.70, 95% CI 0.87-3.47; P=0.13,
respectively.

Although the number of C-sections were fewer in the post-RYGB surgical mothers
compared with the matched controls, the difference was not significant (OR 0.79, 95% CI
0.55-1.12; Table 2). One- and five-minute Apgar scores did not differ between RYGB and
non-surgical deliveries for group 1 either pre-surgery or post-surgery (Table 1). However,
significantly better 1- and 5-min Apgar scores were seen in group 2 for the newborns of
post-RY GB mothers compared to newborns of non-surgery mothers (7.7 £ 1.4vs 7.4 £ 1.7,
P<0.001and 8.8+0.9.4vs 8.7+ 1.0, P<0.025 for Apgar 1 and 5 min, respectively). The
1-min Apgar score was significantly worse in group 3 for the newborns of RYGB surgical
mothers (7.5+ 1.4 vs 7.6 £ 1.3; P=0.009).
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There were no significant differences in neonatal complications for the first pregnancy of
mothers following RYGB compared to matched pregnancies of the non-surgery mothers for
group 1 (Supplementary Table 1). The change in fetal deaths (before and after RYGB)
among the RYGB and non-surgery groups for group 1 did not differ. Prior to RYGB, there
were two and three fetal deaths among the RYGB and non-operated groups, respectively,
and following RYGB, there were one and two fetal deaths among the RYGB and non-
operated groups, respectively (Supplementary Table 1).

Group 1 fetal deaths are also discussed in the Supplementary Material.

DISCUSSION

In view of the increased number of bariatric surgical procedures now undertaken in the US,
with nearly 80% of all surgeries performed on females, there is an important clinical need to
understand potential benefits and risks of pregnancy to women and their children following
bariatric surgery. This study of women who had undergone RYGB found that following
surgery the risk of giving birth to a LGA neonate is significantly lower when compared to
neonates born to matched, non-operated mothers. However, we also found that post-RYGB
women were at a greater risk to deliver an SGA neonate, even though women post-RYGB
had a greater pregnancy weight gain. The study also demonstrated that mothers who had
RYGB were significantly less likely to have pregnhancy-induced hypertension or gestational
diabetes and that there were no differences in neonatal-related complications for their first
pregnancy following RYGB compared to neonates born to the matched non-surgical
mothers.

In a recently published systematic review and meta-analysis of 45 studies comparing pre-
pregnancy normal-weight mothers to pre-pregnancy obese mothers, there was a reported
increased risk for LGA in the obese mothers (OR 2.08, 95% CI 1.95-2.33), with similar
ORs for high body weight.1! The incidence of LGA for live births in the US in 2008 was
6.6%.37 The incidence of LGA reported among the Utah RYGB patients prior to their
having had surgery was 11.9% (35/295; LGA neonates/total neonates), and is somewhat less
than the 16.4% LGA births reported by Getahun er a/,38 in a longitudinal study of over 12
000 live births born to obese women.

In addition to maternal complications related to LGA, infants born with the diagnosis of
LGA are at a greater risk for a wide variety of comorbidities,3? including an increased
metabolic risk profile in childhood,111240 during adolescence*142 and into adulthood.*3
Thompson et al., tracking the National Growth and Health Study population to adulthood,
reported children with reported obesity onset prior to age 12 years were 11 to 30 times more
likely to present with obesity as adults. In addition to increased obesity risk, the overweight/
obese National Growth and Health Study children had a greater incidence of hypertension,
hyperlipidemia and metabolic syndrome as adults.**

Studies have reported that even a minimal reduction in an obese woman’s BMI may result in
improved health status as well as lower risk for pregnancy-related complications,234° and
that reduction in pre-pregnancy BMI can reduce the risk for LGA.3846 A longitudinal
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retrospective study by Getahun et al. examined the first two consecutive singleton live births
(n =146 227) to determine the association between pre-pregnancy BMI and LGA. When a
mother’s first pre-pregnancy BMI was in the obese range and subsequently reduced to the
overweight or normal pre-pregnancy BMI for the second pregnancy, the overall risk of her
having a birth that was LGA was reduced.38

If minimal weight reduction has been shown to improve pregnancy-related outcomes, then it
should follow that weight loss from bariatric surgery would also result in reduced pregnancy
complications for the mother and the newborn. We found a significantly lower risk (P <
0.0001) for high-birth-weight neonates (that is, >4000 g) and for LGA neonates comparing
pregnancies of women who had undergone RYGB with matched pregnancies of non-
operated women (groups 1 and 2), and when outcomes for live birth weights were compared
between pregnancies that occurred before and after RYGB (group 3). This represents a 67—
84% reduction in risk for LGA births among the post-RY GB mothers, robust to our several
different approaches to select matched mothers. A study by Kjaer et a/22 compared
singleton deliveries following bariatric surgery (1= 355 women with at least one live birth
following surgery; 83.5% RYGB surgical procedures) to non-bariatric surgical women,
matched for pre-pregnancy BMI, maternal age and date of delivery. They found a 69%
reduction in LGA risk.

Interestingly, in group 1 of our study, there were no significant differences in neonatal-
related complications (listed in Supplementary Table 1) between the first babies born to
mothers following their RYGB compared to the babies of non-operated mothers. There was
a significantly lower risk, however, for a mother developing hypertension or gestational
diabetes during her first pregnancy following RYGB compared to the pregnancies of non-
surgical mothers.

We also found a greater risk for SGA births for post-RYGB pregnancies significant for
groups 2 and 3 and borderline significant for group 1 (P = 0.054). The ORs for SGA of 2.20,
2.16 and 2.25 between post-surgical neonates and BMI-matched non-surgical neonates for
groups 1, 2 and 3, respectively, of the Utah study are very similar to the OR of 2.3 reported
by Kjaer et a/22 who compared the first pregnancy following bariatric surgery of 339
women BMI-matched to non-surgery mothers. SGA birth has been shown to be associated
with a greater future risk for both diabetes and the metabolic syndrome for these babies.*”:48
Many SGA births appear to be associated with intrauterine growth restriction, a condition
that results from the fetus failing to receive adequate nutrients and oxygen for appropriate
growth processes.*?

RYGB results in an anatomical bypassing of all but a small pouch of the stomach, the entire
duodenum and the proximal part of the jejunum resulting in the potential risk for nutritional
deficiencies of the mother and the fetus. However, there were no significant differences
between pregnancy weight gain of mothers who had SGA neonates compared to pregnancy
weight gain of mothers delivering AGA babies. Long-term outcomes of SGA-born neonates
after bariatric surgery have not been described. However, a study by Smith et a/%0 that
followed 111 siblings (age 2.5-26 years) who were born before and following maternal
bariatric surgery (biliopancreatic diversion, a malabsorptive procedure) reported the children
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born following the surgery had a more favorable metabolic risk when compared to the
children born before surgery. Further, Guenard et a/°! analyzed the impact of maternal
weight loss resulting from biliopancreatic diversion by analyzing differential methylation in
glucoregulatory genes (that is, potential pathways involved with improved cardiometabolic
processes) and markers for insulin resistance between offspring born before and after their
mothers biliopancreatic diversion (7= 25 before and 25 after surgery; ages 2—-25 years). The
after-surgery sib had lower HOMA-IR, insulin and blood pressure compared to before-
surgery sibs, with over representation of physiologically favorable gene expression changes
in glucoregulatory, inflammatory and vascular disease pathways.>! Finally, a recent meta-
analysis of 45 studies contrasted pre-pregnancy underweight, normal weight and overweight/
obesity of women with SGA and LGA.11 Overweight/obese pre-pregnancy increased the
risk of LGA and high body weight, whereas pre-pregnancy underweight was reported to
increase the risk for SGA as well as low body weight. However, the likelihood of post-
RYGB women reaching a BMI considered to be underweight is minimal. However protein
malnutrition, and micronutrient and vitamin deficiencies have been described in women
after RYGB,%2-55 especially iron-deficiency anemia in pre-menopausal women. These
deficiencies occur while their BMI remains in the obesity or overweight range. Whether the
risk of compromised nutritional status in pregnant overweight and/or obese post-RYGB
mothers is comparable to that of underweight or normal weight malnourished, unoperated
mothers is not known. However, it is reassuring that neonatal complications (including
death) did not significantly differ between the RYGB and the non-operated groups.

Although Apgar scores were similar and not significant between the RYGB and non-surgery
women in group 1, group 2 showed a significant improvement in babies born after RYGB
surgery compared with non-surgery women and group 3 showed a significant improvement
for the 1-min score following RYGB. The larger numbers in groups 2 and 3 enabled small
differences to become significant, and it is not clear if any of the Apgar score differences in
any of the groups are clinically meaningful.

A limitation of this study is that the maternal pre-pregnancy BMI obtained from birth
certificates may be self-reported, and therefore may be less than the actual pre-pregnancy
BMI. However, this potential bias may be equally operative for both RYGB and non-surgery
women in group 1. Likewise, the same bias is likely to exist in group 2 because the RYGB
women with measured pre-pregnancy weights were matched to non-surgery women who
only had a reported pre-pregnancy BMI. The clinical variables of the patients and subjects
were also self-reported and limited to birth certificate extraction (that is, recorded by the
delivering physician, nurse or allied health professional). We have no reason to believe that
this limitation would be differential with respect to a history of RBYB surgery.

The lack of a significant improvement in C-section rates for post-surgical deliveries may
have been influenced by hesitancy to allow vaginal births after a prior C-section has been
performed. Inclusion of twins and triplets in the study, who might be expected to have much
lower birth weights, might alter our results. However, the number of multiple births was very
small, the multiple births were matched to other multiple births, and these matched pairs
were analyzed with the conditional model. Exclusion of the few multiple births had no effect
on the results. Finally, we had no biological markers of metabolic disease in the mother

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Adams et al.

Page 10

and/or in their offspring, which would have indicated if an LGA or SGA birth had important
consequences.

To our knowledge, this study represents the first study to compare pregnancy outcomes in
RYGB women and matched non-RY GB women using both the pregnancy closest to and
before surgery and the first pregnancy after surgery. In addition, this study is larger than
most previous studies, with a high statistical power to detect differences in pregnancy
outcomes before and following surgery (group 3). The use of the UPDB to provide matching
between RYGB patients and population-based, non-surgical subjects and their pregnancies
(that is, 525 653 mothers and 1 071 767 live births) is a strength of this investigation.

In conclusion, following RYGB, women are at a significantly reduced risk for having an
LGA live birth. The short- and long-term clinical benefits of this reduced LGA risk are
likely to be substantial. However, post-RYGB mothers are also at a significantly greater risk
to deliver an SGA neonate. The increased risk for SGA delivery may raise clinical concerns
related to potential surgery-related nutritional deficiencies for the mother and the developing
fetus. Women in childbearing age after bariatric surgery should be cared for by
multidisciplinary teams to ensure optimal nutritional status prior to conception and during
pregnancy, and that there is appropriate weight gain during pregnancy. Further research
investigating underlying mechanisms that may account for the increased SGA risk following
RYGB as well as clinical surveillance of development and health outcomes of children born
to RYGB mothers is warranted.
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Refer to Web version on PubMed Central for supplementary material.
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Group 1: Mothers who had children born before and after Roux-en-Y gastric bypass surgery (RYGB)

Matching by:
Mother A’s pre-
pregnancy BMI
(from birth
certificate of last
child before
RYGB), age, race,
parity, birth order
before and after
RYGB

Mother A: RYGB

###m##

l—l Birth year matched

TIYY W

Mother B: No RYGB

Group 2: Mothers who had children born only after RYGB surgery (Group 2a) combined
with the children born after RYGB to mothers in Group 1 above (see dotted line).

Mother A: RYGB

Matching by:
BMI of Mother A
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before RYGB
surgery, age,
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: Gastrlc %
Bypass

I Birth year matched
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Mother B: No RYGB
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Group 3: All children born before or after their mother’s RYGB surgery. No
matched controls selected.

All RYGB

Mothers \

Figure 1.

Gastrlc
Bypass

Schematic description of groups 1, 2 and 3 used for study analysis. For groups 1 and 2,
matching schemes are also depicted.

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 04.



Page 15

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 04.

Adams et al.

spunod
A 44 o ‘uref ybram
¥9°0 =N VST +5.2 pBELEN G LTFLLC  10000> OGTF.TZ 09TF88Z T10000> LSTIF02 E£STFblz T0000> VSTF62C 69TF88C [eusae
8T'0 80788 60788 5200 0TF.8 60788 z€0 L0788 0TF.8 09°0 90788 80%88 ulw g Jebdy
600°0 eTF9L YIFGL 1000°0 LTF¥L YIFLL €50 YIFLL GTF9L 290 rT1F9. €TF9L uiw T sebdy
u ‘K1abins
a1043q 1snl
Aoueubaid
WN ISTF95C 29T FV9C WN T 1 ¥6'0 9TTF20E LOTF66C ¥6°0 YTTF96T O90TFv6'T  JOJapioyuig
(%) v 'sypng
} i S18S UIM) S18S UIM} S18S UMY S18S UIMY 185 UIW} 185 UIM} a|dninw
10000 > (§9) 1L (82 g9r7 WN 9'T>)9  9'T>9 WN 9'@) 9 9'@) 9 WN 1T5)T  T'0>)T 40188
1000°0 > 9TFC¢E LTF8¢€ 7\ €T¥ 6T €TFG7 WN FAE ZTFEE VN ZTFEE ZT¥ee v ‘fued jeoL
AK1sbins
pue A1anljep
usamaqg
WN L'SF8Y SLFTTT WN EFCY EFLY wN 8TFLT §TF9¢ WN vZFLe £278¢ SIBOA
(%) v
‘saA ‘oluedsiH
€50 (8'9) 67T ('S) 095 WN (8)6S (8)6S VN (T1) 2€ (t1) 2e VN (T7) 2¢ (T7) 28 ‘leutare
(%)
U '9a)lym ‘adel
7000 ('56) 6972 (9°96) 0v66 WN (96) 02 (96) 0gL VN (¥6) 8.2 (6) 8.2 VN (v6) 822 (v6) 822 [eusaley
N|E
By ‘Aoueubaud
26022 o -a.d ‘|INg
1000°0 > =N ‘T9+562 pSWE=N VLFLVE  10000> Q9F0Or LS¥98 T0000> [LLFLOE GGFOLC TO000> C9FTSE  GOFTOE [eusalely
sieak
‘Kanijap 1e
1000°0 > €SFY0E TSFYOT 6T°0 TSFGSLT TSF9ULL €50 TYF0OTE  TYFOTE €50 TY¥9S7  Tv¥Gsc  obe [euwsiey

#9L=N) (9L=N) (G6c=N) (S62=N) (G62=N) (S62=N)

Gomw S9JeUOBN SoJeuceN SoJeUoBN SOJeUBN SoJeuceN SoJeuUoaN

= H) SereuoeN (Z¥¥0T = N) SS1eUoeN #92=N)  (9L=N) (G62=N) (S62=N) (G62=N) (G62=N)

(#/ST=N)SBYION  (T867 = N)SBYION SBYION SBYION SBYION SBYIoN SBYION SBYION

uswom Uswiom uswiom
AbBins Kb Ins Kb ins USWIOM Awebins USWIOM AbBIns USWIOM
aneA-d  Blje LBWOM gOAY  810j8g UBWOM §OAY  8nfead -UON g9Ad anfeA-d -UON g99AY anfea-d -UON g9Ad
ARDINS gOAY PUY ARDINS g9 Ay 9.1ojeg
¢ dnoio z dnolig T dnoio so|gelten
€—T sdnoub Joj sonsiigoeleyd pajejal-Aoueubaid pue [eulsien
T 8lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 16

Adams et al.

'$19s 19|dnipenb g pue 18s 181d 111 T ‘S18S UIM | mwu

"18s 191dnupenb T pue s18s 19]du € ‘18 UM Z§T

q

Buipeay a|qe} sy} ul paiuLp!

SIBLIOW 10} A/ [€10) U} UBY) SS3] SI [ING POPJ09aI 81BI1HIS YLIG UMM SISUIOW J0J A/ [210) By} INSal e Sy “686T Jae Ajuo ureb ybiam pue ||Ng AdueuBald-aid [eulaiew papn|oul se1edliIe0 IR

‘SanjeA-4 9le|ndjed 01

dnoJB yoes 10} pasn sem [apow [eINSIIEIS TBYM JO UoRdLIOSSP € 10§ UOIIBS SPOYISIA pue sjeLisiely 89S ‘A1abins ssedAq o1nseB A-Us-xnoy ‘GO AY ‘a|qealjdde 10u "N xapul ssew Apog ‘[IAIG :SUORIAIGQY

(%)
10000 > (§2) v61 (o) ete 880 (z'6) 0L (1'8) 29 980 (z11) €e (8'9) 0z 650 (z6) 1z (T9)8T v 'sah ‘ajows
#9L=N)  9L=N) (6z=N)  (S62=N) (6z=N)  (S62=N)
G@@N S9JeUcSN S9JeUcaN SoJeUOBN S9JeUBN S9JeUoaN SoJeUoaN
= H) soleuosN (Z¥70T = N) S9reuoaN #92=N)  “9L=N) (S6z=N) (S62=N) (G6z=N) (S62=N)
(#/ST =N)SBYION  (1€61 = N)SBYION SPYION SBYIONW SPYIONW seYION SBYION SPYIoN
uswoMm Uuswiom uswom
ABIns K16 Ins A1eBIns USIOM A1eBins USLIOM A1eBins USLIOM
aneA-d  Jole UBWOM gDAY 9100 LBWOM GOAY  anfeA-d -UoN g9AY anfeA-d -UON g9 anfeA-d -UoN g9AY
ARDINS gHAY BUY ABDINs g9 Ay alojeg
¢ dnolo Z dnolo T dnolo so|gelten

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 04.



Page 17

15914 paited
q

'PasN S[SPOL [UONIPUOD 3Uj 10} UOHI3S SPOIAI PU SIELIBIEIN 335,

"abe Jeuoireisab 1oy |[ews ‘woS ‘A1ebins ssedAq oLiaseb A-Us-xnoy ‘gOAY !

17eJ SPPO ‘YO ‘abe [euolyelsab 1o abie| ‘O ([eAla1ul 8dUspIIU0D ‘D ‘abe euoirelsalb oy srelidoldde ‘woV :suoneInIgay

0T (8'5-90'0) L9'0 (To) L0z 140) (e'92-T1'0) S2°0 (20)z ns unsut-uou (95) ¢ ‘sajaqelp ?_Hw_xww_w“
5000 (L20-€T0) €€0 (88) 92 (re) ot €0 (9%'1-€2°0) 09°0 (r'5)9t (re) ot (%) U ‘seroqeIp [eUONEISED
6700 (66'0-L0°0) TE'0 (LT (1) 0T (zv-ve0)eT 2L (L2 8 (%)  ‘uoisuapadAy o1uoIyD
60000 (S9°0-v1°0) TE'0 (6'1T) S5€ (rv) €T 9100 (0sv-v11) 2 (T'8)ve (6€T) TV (%) v ‘uoisuauiadAy paonpul-Aoueubald
S9°0 (¥6'€-05°0) 8E'T (Te)s (Tv)er 5000 (9z's-0eTIVSC (T8)ve (6v7) vv (%) v *dwind wnnen 1o sdadioy Jo asn
610 (zT'1-95°0) 6L°0 ('1v) Czt (6'5€) 90T 0T (Lr'1-890) 0T (8'0¢g) 16 (80e) 16 (%) U ‘seliaAI|3p UOINDES UEaIesa)
6500 (¥0'5-00'T)9T'C (Tv)et (8'8) 92 850 (c2'1-2€°0) 18°0 (L9)1 (') 9T (%) v (% WoT>) VoS
— T (L'62) g€C (8'28) 65¢ — T (e8) 9ve (L28) vve (%) U (%68-TT) VOV
1000°0 > (8€'0-80°0) 6T°0 (e'91) 8% (7'e) o1 1€0 (6€'2-9L°0) ¥E'T (g01) ¢¢ (6'TT) S€ (%) v (% W0o6<) VO
LT0 (0L'€-18'0) 69'T (8'9)L1T (zot)og 170 (92'9-28'0) 022 (22) 8 (L) vT (%) u '6 0052 >
— T (L28) ve (¥'98) 552 — T (T'98) 15¢ (¥'58) 25e (%) v ‘6 00050052
€000 (T9°0-11°0) 82°0 (STT)PE (¥'e) o1 120 (9z'1-21'0) £L°0 (z'em)oe (8'6) 62 (%) v ‘6 000%<
410000> — £29 7 08€E 8YS ¥ 0TE q810 — 98 ¥ ZGvE 215 ¥ 2688 6 Brom yuig
060 (92'1-€5°0)96°0 (672T) 8€ (6€T) TV 1600 (¥8'€-26'0) ¥8'T (rv) €T (s8) G2 (%) U "o L€ >
— 1 (L'18) TV2 (r'e8) 9ve — T (2'18) 652 (8'v8) 0S¢ (%) U ‘S9N Ty—L€
S2°0 (S¥'1-220) 850 (rrg)at (L8 880 (L2T-15°0)96'0 (8 €z (89) 0z (%) U *sYPaM 2 <
gseco — 087 7 178 szz¥l08e  gOv00 — 98'T ¥ 9T'6E 9T'Z ¥ 28'8E yeam ‘abe [euonelsso
(19 g6z = (19 56z =

anen-d  %G6) HO PEBNIPY U ‘poresodo-UON  G6Z = U‘GOAM enpad  %S6)edOPOBNIDY  ymopiedo-uoN 62 = U GOAM

99AY PYesylIg a9 AY 2.0pqsylig SBWo0INO

Adams et al.

SUJIOQMBU J19Y) PUB SJBUI0W [041U09 paydlew ‘siayiow ssedAq oLinsed A-us-xnoy Jo suonealjdwod pue Sawodno yuig ;1 dnoio

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Int J Obes (Lond). Author manuscript; available in PMC 2017 January 04.



1duosnuey Joyiny

1duosnuen Joyiny

Adams et al. Page 18

Table 3

Group 2: birth weight and gestational age of infants from Roux-en-Y gastric bypass mothers’ first neonate
born after surgery, compared to infants born to matched non-surgical mothers

Neonatal outcomes Births after RYGB
RYGB,n=7642 Non-operated, n=7642 Adjusted ORP (950 c|)  P-value

Gestational age, weeks 38.38£2.34 38.31+2.92 0.0578

> 42 Weeks, /7 (%) 15 (2.0) 27 (3.5) 0.53 (0.30-0.91) 0.024

37-41 Weeks, 11 (%) 650 (85.4) 626 (82.3) 1 —

< 37 Weeks, 7 (%) 96 (12.6) 108 (14.2) 0.81 (0.59-1.13) 0.22
Birth weight, g 3092 + 568 3292 + 696 <0.00012

> 40009, 7 (%) 30 (3.9) 83 (10.9) 0.33 (0.21-0.52) <0.0001

2500-4000 g, 77 (%) 652 (85.4) 611 (80.0) 1 —

< 2500, 11 (%) 82 (10.7) 70 (9.1) 1.13 (0.78-1.64) 0.51
LGA (=>90th %), 77(%) 33 (4.3) 99 (13.0) 0.33 (0.21-0.51) <0.0001
AGA (11-89%), 11 (%) 636 (83.6) 619 (81.3) 1 —
SGA (<10th %), n 92 (12.1) 43 (5.7) 2.16 (1.43-3.32) 0.0003

Abbreviations: AGA, appropriate for gestational age; Cl, confidence interval; LGA, large for gestational age; OR, odds ratio; RYGB, Roux-en-Y
gastric bypass surgery; SGA, small for gestational age.

a . . .
Gestational age data were missing for three neonates born to RYGB mothers and three neonates born to non-surgical mothers. As a result, the total
N for gestational age data was 761.

b .
Paired ~test.
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Table 4

Group 3: birth weight and gestational age of all neonates born before or after surgery of all Roux-en-Y gastric
bypass mothers; odds ratios of outcomes after surgery compared with before surgery

Neonatal outcomes RYGB before, n =10447 RYGB after, n = 2666 Adjusted OR® (95% ClI) P-value
Gestational age, weeks 39.15+2.22 38.26 £2.44 <0.00012

> 42 Weeks, 11 (%) 1875 (18.0) 127 (4.8) 0.23 (0.19-0.28) <0.0001

37-41 Weeks, 77 (%) 8021 (76.8) 2232 (83.7) 1 —

< 37 Weeks, 7 (%) 551 (5.3) 307 (11.5) 1.93 (1.62-2.31) <0.0001
Birth weight, g 3482 + 598 3067 + 592 < 000018

> 40009, 17 (%) 1676 (16.0) 95 (3.6) 0.19 (0.15-0.24) <0.0001

2500-4000 g, 77 (%) 8309 (79.5) 2201 (82.6) 1 —

< 25009, (%) 462 (4.4) 370 (13.9) 2.63 (2.17-3.18) <0.0001
LGA (90th %), 11 (%) 1892 (17.9) 268 (1.7) 0.22 (0.18-0.27) <0.0001
AGA (11-89%), 1 (%) 8121 (76.8) 2232 (83.7) 1 —
SGA (10th %), 1 (%) 551 (5.3) 307 (11.5) 2.25 (1.89-2.69) <0.0001

Abbreviations: AGA, appropriate for gestational age; CI, confidence interval; LGA, large for gestational age; OR, odds ratio; RYGB, Roux-en-Y
gastric bypass surgery; SGA, small for gestational age. No repeated measures adjustment for multiple pregnancies due to small sample size.

a .. . . . . . . .
Logistic regression adjusted for sex of neonate, mother’s age at delivery, number of previously born children (i.e., birth order), mother’s race
(white or non-white) and repeated measures for multiple pregnancies.
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bPaired ttest.
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