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Abstract

BACKGROUND—Interaction between maternal obesity, intrauterine environment and adverse 

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; n = 295 

matches) and women with pregnancies after RYGB (group 2; n = 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 (n = 5819) were compared 

(group 3).

RESULTS—Odds 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.1–6 Increased pregnancy-related 

health risks are especially apparent among severely obese women.5,6 Maternal overweight 

and obesity and/or excess weight gain during pregnancy have also been associated with 

increased obesity and metabolic risk in offspring.7–12

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;13,14 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.4,15 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 

years.4

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 (n = 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.34 

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 (n =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 t-test 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 P < 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 RYGB, 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; P = 0.003) and had a lower risk to be born large for 

gestational age (LGA; OR 0.19, 95% CI 0.08–0.38; P < 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; P = 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 prior to surgery (OR 2.54, 95% CI 1.30–5.26; P = 0.005) and (OR 2.2, 95% CI 

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% 

CI 0.14–0.65; P = 0.0009) and gestational diabetes (OR 0.33, 95% CI 0.13–0.77; P = 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; P < 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 2.16, 

95% CI 1.43–3.32; P = 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; P < 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; P < 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-RYGB 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; P = 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; P =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-RYGB mothers compared to newborns of non-surgery mothers (7.7 ± 1.4 vs 7.4 ± 1.7, 

P < 0.001 and 8.8 ± 0.9.4 vs 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 pregnancy-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.11 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 et al.,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,39 including an increased 

metabolic risk profile in childhood,11,12,40 during adolescence41,42 and into adulthood.43 

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.44

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,23,45 and 

that reduction in pre-pregnancy BMI can reduce the risk for LGA.38,46 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-RYGB mothers, robust to our several 

different approaches to select matched mothers. A study by Kjaer et al.22 compared 

singleton deliveries following bariatric surgery (n = 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 al.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.47,48 

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.49

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 al.50 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 al.51 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 (n = 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.51 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,52–55 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 
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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-RYGB 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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Figure 1. 
Schematic description of groups 1, 2 and 3 used for study analysis. For groups 1 and 2, 

matching schemes are also depicted.
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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 = 764a Non-operated, n = 764a Adjusted ORb (95% CI) P-value

Gestational age, weeks 38.38 ± 2.34 38.31± 2.92 0.057b

    > 42 Weeks, n (%) 15 (2.0) 27 (3.5) 0.53 (0.30–0.91) 0.024

    37–41 Weeks, n (%) 650 (85.4) 626 (82.3) 1 —

    < 37 Weeks, n (%) 96 (12.6) 108 (14.2) 0.81 (0.59–1.13) 0.22

Birth weight, g 3092 ± 568 3292 ± 696 < 0.0001b

    > 4000g, n (%) 30 (3.9) 83 (10.9) 0.33 (0.21–0.52) < 0.0001

    2500–4000 g, n (%) 652 (85.4) 611 (80.0) 1 —

    < 2500, n (%) 82 (10.7) 70 (9.1) 1.13 (0.78–1.64) 0.51

LGA (⩾90th %), n (%) 33 (4.3) 99 (13.0) 0.33 (0.21–0.51) < 0.0001

AGA (11–89%), n (%) 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; CI, 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 t-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 = 10 447 RYGB after, n = 2666 Adjusted ORa (95% CI) P-value

Gestational age, weeks 39.15 ± 2.22 38.26 ± 2.44 < 0.0001b

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

    37–41 Weeks, n (%) 8021 (76.8) 2232 (83.7) 1 —

    < 37 Weeks, n (%) 551 (5.3) 307 (11.5) 1.93 (1.62–2.31) < 0.0001

Birth weight, g 3482 ± 598 3067 ± 592 < 0.0001b

    > 4000g, n (%) 1676 (16.0) 95 (3.6) 0.19 (0.15–0.24) < 0.0001

    2500–4000 g, n (%) 8309 (79.5) 2201 (82.6) 1 —

    < 2500g, n (%) 462 (4.4) 370 (13.9) 2.63 (2.17–3.18) < 0.0001

LGA (90th %), n (%) 1892 (17.9) 268 (1.7) 0.22 (0.18–0.27) < 0.0001

AGA (11–89%), n (%) 8121 (76.8) 2232 (83.7) 1 —

SGA (10th %), n (%) 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.

b
Paired t-test.
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