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BACKGROUND
Maternal obesity is associated with increased risks of gestational diabetes, large-
for-gestational-age infants, preterm birth, congenital malformations, and stillbirth. 
The risks of these outcomes among women who have undergone bariatric surgery 
are unclear.

METHODS
We identified 627,693 singleton pregnancies in the Swedish Medical Birth Register 
from 2006 through 2011, of which 670 occurred in women who had previously 
undergone bariatric surgery and for whom presurgery weight was documented. For 
each pregnancy after bariatric surgery, up to five control pregnancies were matched 
for the mother’s presurgery body-mass index (BMI; we used early-pregnancy BMI 
in the controls), age, parity, smoking history, educational level, and delivery year. 
We assessed the risks of gestational diabetes, large-for-gestational-age and small-for-
gestational-age infants, preterm birth, stillbirth, neonatal death, and major con-
genital malformations.

RESULTS
Pregnancies after bariatric surgery, as compared with matched control pregnan-
cies, were associated with lower risks of gestational diabetes (1.9% vs. 6.8%; odds 
ratio, 0.25; 95% confidence interval [CI], 0.13 to 0.47; P<0.001) and large-for-ges-
tational-age infants (8.6% vs. 22.4%; odds ratio, 0.33; 95% CI, 0.24 to 0.44; 
P<0.001). In contrast, they were associated with a higher risk of small-for-gesta-
tional-age infants (15.6% vs. 7.6%; odds ratio, 2.20; 95% CI, 1.64 to 2.95; P<0.001) 
and shorter gestation (273.0 vs. 277.5 days; mean difference −4.5 days; 95% CI, 
−2.9 to −6.0; P<0.001), although the risk of preterm birth was not significantly 
different (10.0% vs. 7.5%; odds ratio, 1.28; 95% CI, 0.92 to 1.78; P = 0.15). The risk 
of stillbirth or neonatal death was 1.7% versus 0.7% (odds ratio, 2.39; 95% CI, 0.98 
to 5.85; P = 0.06). There was no significant between-group difference in the fre-
quency of congenital malformations.

CONCLUSIONS
Bariatric surgery was associated with reduced risks of gestational diabetes and ex-
cessive fetal growth, shorter gestation, an increased risk of small-for-gestational-age 
infants, and possibly increased mortality. (Funded by the Swedish Research Council 
and others.)
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In 2008, an estimated 300 million wom-
en worldwide were obese (body-mass index 
[BMI; the weight in kilograms divided by 

the square of the height in meters], ≥30).1 In 
2011–2012 in the United States, 36% of adult 
women were obese,2 and the majority of women 
in early pregnancy were either overweight or 
obese (BMI, ≥25).3

Maternal obesity is a risk factor for gestational 
diabetes, with attendant increased risks of mac-
rosomia, delivery complications, obesity in the 
offspring, and later development of type 2 diabe-
tes in the mother.4-6 Maternal obesity is also as-
sociated with an increased risk of stillbirth,7 pre-
term birth,8 and some congenital malformations9 
and a reduced risk of infants born small for ges-
tational age.7

Among obese persons with type 2 diabetes, 
bariatric surgery results in higher rates of short-
term10,11 and long-term12,13 diabetes remission and 
prevention of incident diabetes than does conven-
tional therapy for obesity.14 The effect of prepreg-
nancy bariatric surgery on gestational diabetes 
has been investigated in small studies with in-
conclusive results, and the majority of studies 
have not taken presurgery BMI into account.15,16 
Similarly, although systematic reviews have con-
cluded that the risks of neonatal complications 
may be lower after bariatric surgery, this conclu-
sion is based on studies with small sample sizes, 
heterogeneous study designs, and lack of match-
ing for presurgery BMI.15,16

We therefore conducted a population-based 
study using data from nationwide Swedish reg-
istries, including information on presurgery BMI 
among women who had undergone bariatric 
surgery. We investigated the risks of gestational 
diabetes and adverse perinatal outcomes among 
women with a history of bariatric surgery as com-
pared with women without such a history but 
with similar characteristics.

Me thods

Study Design and Data Sources

In Sweden, prenatal care and delivery care are 
tax-funded, and the participation rate in the 
prenatal care program is almost 100%. The first 
prenatal visit commonly takes place at the end of 
the first trimester.17 The Swedish Medical Birth 
Register includes information on more than 98% 

of all births in Sweden since 1973. Information 
is prospectively collected from standardized pre-
natal, obstetrical, and neonatal records.18

With the use of the unique personal identifi-
cation number assigned to each Swedish resident,19 
we linked data from the Medical Birth Register to 
the National Patient Register, the Scandinavian 
Obesity Surgery Registry (SOReg), the Prescribed 
Drug Register, and the Education Register. The 
study was approved by the regional ethics com-
mittee at Karolinska Institutet, Stockholm.

The National Patient Register includes diag-
nostic and surgical information on hospital ad-
missions and non–primary care outpatient visits, 
coded according to the Swedish versions of the 
International Classification of Diseases, 10th revision 
(ICD-10-SE) (for diagnostic information), and the 
Classification of Surgical Procedures (Nordic Medico-
Statistical Committee) (for surgical information). 
SOReg was established nationwide in 2007; lo-
cal data from a few hospitals were available be-
ginning in 2004. The registry covers approximately 
98.5% of all bariatric procedures in Sweden and 
includes presurgery and follow-up information. 
The nationwide Prescribed Drug Register was 
established in 2005 and includes all dispensed 
prescription drugs classified according to the World 
Health Organization Anatomical Therapeutic 
Chemical (ATC) classification system. The Swed-
ish Education Register includes information about 
the number of years of formal education.

Intervention Cohort

Between 2006 and 2011, there were 651,561 de-
liveries recorded in the Swedish Medical Birth 
Register. We excluded multiple-birth pregnancies 
(since they are associated with a higher occur-
rence of complications and differences in fetal 
growth20) and women without a valid personal 
identification number at the time of delivery, who 
could therefore not be linked to other registries. 
After these exclusions, 628,778 singleton preg-
nancies remained, of which 1755 were in women 
who had undergone bariatric surgery between 
1983 and 2011. Of these pregnancies, 670 occurred 
in women who had undergone bariatric surgery 
between 2004 and 2011, whose data were in-
cluded in SOReg, and whose data on presurgery 
BMI were available (Fig. 1). From SOReg, we re-
corded the date of bariatric surgery, so that we 
could calculate the time between bariatric surgery 
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and delivery, and the type of the most recent pro-
cedure (6% of women underwent reoperation). 
(Surgery codes are provided in Table S1 in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org.)

Control Cohort
We created a matched control cohort composed of 
pregnancies in women without a history of bar-
iatric surgery. Up to five control pregnancies were 
matched without replacement to each postsur-

Figure 1. Identification of the Study Population and the Matched Control Population.

The exclusions for multiple births and incorrect or missing maternal personal identification numbers do not sum to 
22,783 because there were 80 exclusions for both a multiple birth and an incorrect or missing maternal personal 
identification number. BMI denotes body-mass index, and SOReg Scandinavian Obesity Surgery Registry.

651,561 Births, from the Swedish
Medical Birth Register

(January 1, 2006, to
December 31, 2011)

628,778 Birth records linked to National Patient Register
(January 1, 1983, to December 31, 2011), SOReg

(June 1, 2004, to December 31, 2011), and Education 
Register (highest attained education as of 2012)

22,783 Were excluded
18,355 (2.8%) Were multiple births
4,508 (0.7%) Had incorrect or missing 

maternal personal identification 
number

628,778 Births to 480,917
mothers included in analysis

1755 Births to 1460 mothers after 
bariatric surgery

627,023 Control births
to 479,624 mothers

1085 Were excluded owing to
unknown presurgery weight

670 Births to 616 mothers
after bariatric surgery

627,023 Control births
to 479,624 mothers

74 Lacked matched controls 624,667 Births not included

596 Births to 554 mothers
after bariatric surgery

370 Had 5 controls per surgery
case

35 Had 4 controls per surgery
case

59 Had 3 controls per surgery
case

57 Had 2 controls per surgery
case

75 Had 1 control per surgery
case

2356 Matched control births
to 2278 mothers

Matching 1:5 for maternal
age, parity, presurgery BMI,
smoking history, educational

level, and delivery year

Matched Data

Unmatched Data
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gery pregnancy; once a pregnancy in a woman 
without a history of bariatric surgery was selected 
as a control, the same pregnancy could not be used 
as a control again. The matching factors were age 
(within 1 year older or younger), parity (nullipa-
rous or parous), presurgery BMI (defined as pre-
surgery BMI in the bariatric-surgery cohort and 
BMI during early pregnancy [i.e., at the first pre-
natal visit] in the control cohort; 30 to 34.9, 35 
to 39.9, 40 to 44.9, 45 to 49.9, or ≥50), early-
pregnancy smoking status (nonsmoker, smoker 
of 1 to 9 cigarettes per day, or smoker of ≥10 ciga-
rettes per day, or missing data), educational level 
(≤9 years, 10 to 12 years, >12 years, or missing 
data), and delivery year (2006 to 2011).

Covariates

Weight and height measurements at the time of 
surgery were used to calculate presurgery BMI. 
Measured weight and self-reported height at the 
first prenatal visit were used to calculate early-
pregnancy BMI; at that time, self-reported smok-
ing status was also recorded. Data on maternal 
educational level and the mother’s region of birth 
(Nordic [Sweden, Denmark, Norway, Finland, and 
Iceland] or non-Nordic) were retrieved and linked 
to data from other registries. A history of hospi-
talization for coexisting psychiatric, cardiovascu-
lar, or respiratory conditions (ICD-10 chapters V, 
IX, and X, respectively) and of substance abuse 
(ICD-10 codes F10 through F19) was identified 
with the use of the National Patient Register. In 
a subgroup of women, we had information on 
weight at delivery and could calculate weight gain 
during pregnancy (from the first prenatal visit).

Outcomes

Gestational diabetes was identified by the ICD-10 
code (O244) in the Medical Birth Register or the 
National Patient Register or by ATC code A10A 
(prescription of insulin during pregnancy) in the 
Prescribed Drug Register (ICD-10 and ATC codes 
are provided in Table S2 in the Supplementary 
Appendix). For analyses of gestational diabetes, 
we excluded women with a diagnosis of diabetes 
before pregnancy.

In Sweden, women generally undergo random 
testing of capillary blood glucose levels four to six 
times during pregnancy. Women with a plasma 
blood glucose level of 8.0 mmol per liter (144 mg 
per deciliter) or higher or women who belong to 

a risk group (e.g., women with obesity, previous 
gestational diabetes or macrosomia, or a family 
history of diabetes) undergo an oral glucose-tol-
erance test conducted with a loading dose of 75 g. 
The diagnosis of gestational diabetes is generally 
made (and was made in this study) on the basis 
of a 2-hour plasma glucose level of 10.0 mmol per 
liter (180 mg per deciliter) or higher during such 
a glucose-tolerance test (range among Swedish 
counties, 8.9 to 12.2 mmol per liter [160 to 220 mg 
per deciliter]) or a fasting plasma glucose level of 
7.0 mmol per liter (126 mg per deciliter) or higher. 
If oral glucose-tolerance testing is deemed unsafe 
(e.g., owing to the risk of the dumping syndrome 
[i.e., rapid gastric emptying]), fasting glucose 
levels and preprandial and postprandial glucose 
values are assessed instead.

Large-for-gestational-age infants were defined 
as those with a birth weight greater than the 
90th percentile for sex and gestational age, and 
small-for-gestational-age infants as those with a 
birth weight less than the 10th percentile.21 Other 
outcomes included low birth weight (<2500 g), 
macrosomia (>4500 g), preterm birth (<37 com-
pleted weeks of gestation), stillbirth (fetal death 
at ≥22 completed weeks of gestation on or after 
July 1, 2008 [97% of pregnancies ending in fetal 
death] and at ≥28 weeks before July 1, 2008 [<3% 
of pregnancies ending in fetal death]), neonatal 
death (death before 28 days of life), and major 
congenital malformations detected during the first 
year of life (divided into two categories: all malfor-
mations and malformations excluding chromo-
somal abnormalities) (ICD-10 codes are provided 
in Table S3 in the Supplementary Appendix).

The number of weeks of gestation was deter-
mined by ultrasound examination or, if ultraso-
nography was unavailable, by the recorded date 
of the first day of the last menstrual period. Since 
1990, Swedish women have been routinely offered 
an ultrasound examination, generally early in the 
second trimester, for the purpose of estimating 
the weeks of gestation; approximately 95% accept 
this offer.22

Information on large-for-gestational-age in-
fants, small-for-gestational-age infants, preterm 
births, stillbirths, and neonatal deaths was de-
rived from the Medical Birth Register. Major con-
genital malformations were identified from the 
Medical Birth Register and the National Patient 
Register (through the first year of life).
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Characteristic Before Matching After Matching

Pregnancies after 
Bariatric Surgery 

(N = 670)†

General-Population 
Pregnancies 

(N = 627,023)‡ P Value

Pregnancies after 
Bariatric Surgery 

(N = 596)†

Matched Control 
Pregnancies 
(N = 2356) P Value§

Surgery-to-delivery interval

Mean — yr 2±1 2±1

<1 Yr — no. (%) 47 (7.0) 42 (7.0)

1 to <2 Yr — no. (%) 342 (51.0) 305 (51.2)

2 to <5 Yr — no. (%) 279 (41.6) 247 (41.4)

≥5 Yr — no. (%) 2 (0.3) 2 (0.3)

Maternal age

Mean — yr 31±5 30±5 <0.001 31±5 31±5 0.19

13–24 Yr — no. (%) 64 (9.6) 91,695 (14.6) <0.001 57 (9.6) 221 (9.4) 0.64

25–29 Yr — no. (%) 197 (29.4) 180,274 (28.8) <0.001 182 (30.5) 744 (31.6) 0.64

30–34 Yr — no. (%) 222 (33.1) 218,441 (34.8) <0.001 195 (32.7) 779 (33.1) 0.64

≥35 Yr — no. (%) 187 (27.9) 136,610 (21.8) <0.001 162 (27.2) 612 (26.0) 0.64

BMI

Before surgery

Mean 44.5±5.8 43.7±5.4 41.8±4.8 <0.001¶

30.0–34.9 — no. (%) 15 (2.2) 15 (2.5) 75 (3.2) NA

35.0–39.9 — no. (%) 126 (18.8) 126 (21.1) 611 (25.9) NA

40.0–44.9 — no. (%) 262 (39.1) 250 (41.9) 1162 (49.3) NA

45.0–49.9 — no. (%) 149 (22.2) 127 (21.3) 394 (16.7) NA

≥50 — no. (%) 118 (17.6) 78 (13.1) 114 (4.8) NA

In early pregnancy‖

Mean 30.6±5.2 24.6±4.6 <0.001 30.3±4.9 41.8±4.8 <0.001

<18.5 — no. (%) 1 (0.1) 14,044 (2.2) <0.001 1 (0.2) 0 <0.001

18.5–24.9 — no. (%) 77 (11.5) 350,573 (55.9) <0.001 75 (12.6) 0 <0.001

25.0–29.9 — no. (%) 249 (37.2) 142,015 (22.6) <0.001 230 (38.6) 0 <0.001

30.0–34.9 — no. (%) 194 (29.0) 48,195 (7.7) <0.001 176 (29.5) 75 (3.2) <0.001

35.0–39.9 — no. (%) 79 (11.8) 14,834 (2.4) <0.001 65 (10.9) 611 (25.9) <0.001

≥40 — no. (%) 42 (6.3) 5476 (0.9) <0.001 30 (5.0) 1670 (70.9) <0.001

Mean change in weight and BMI 
from surgery to early 
pregnancy**

Weight loss — kg 38±13 37±12

Decrease in BMI — units 13.8±4.5 13.4±4.3

Smoking status — no. (%)††

Nonsmoker 543 (81.0) 560,059 (89.3) <0.001 513 (86.1) 2064 (87.6) NA

1–9 Cigarettes per day 75 (11.2) 31,525 (5.0) <0.001 59 (9.9) 214 (9.1) NA

≥10 Cigarettes per day 40 (6.0) 9401 (1.5) <0.001 22 (3.7) 75 (3.2) NA

Educational level — no. (%)‡‡

≤9 Yr 126 (18.8) 66,246 (10.6) <0.001 103 (17.3) 378 (16.0) NA

10–12 Yr 408 (60.9) 237,712 (37.9) <0.001 368 (61.7) 1432 (60.8) NA

>12 Yr 133 (19.9) 306,314 (48.9) <0.001 122 (20.5) 533 (22.6) NA

Table 1. Maternal Characteristics in Singleton Pregnancies in Sweden between 2006 and 2011.*
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Statistical Analysis

Singleton pregnancies in women with a history 
of bariatric surgery were compared with matched 
controls (singleton pregnancies in women with-
out a history of bariatric surgery). We estimated 
odds ratios for postsurgery pregnancies versus 
control pregnancies with the use of logistic re-
gression conditioned on the matching set, with 
each set consisting of one pregnancy after bariat-
ric surgery and up to five matched control preg-
nancies. Adjustments were made for a history of 
hospitalization of the mother for coexisting psy-
chiatric, cardiovascular, or respiratory conditions, 
as well as for a history of substance abuse and 
for the mother’s country of birth.

These analyses were performed on individual 
pregnancies, which made it possible for a wom-
an to contribute more than one pregnancy; there-
fore, risk estimation was also performed by the 
generalized-estimating-equation method (with the 
mother’s identification as a cluster and assuming 
an exchangeable correlation structure), with ad-

justment for the possible dependence in outcome 
that could be introduced by having repeated preg-
nancies in the same mother. In another sensitiv-
ity analysis, we restricted inclusion to one preg-
nancy per woman (and therefore excluded 42 
postsurgery pregnancies and 238 control preg-
nancies).

To assess the homogeneity of effects, we tested 
for interactions between bariatric-surgery status 
(surgery or no surgery) and parity (nulliparous 
or multiparous), as well as presurgery BMI, the 
interval from surgery to delivery, and the decrease 
in BMI from presurgery to early pregnancy (at or 
above vs. below the median levels for all three 
subgroups). The effect of weight gain during preg-
nancy was assessed in the subgroup of women 
for whom data on weight gain were available.

Data were analyzed with the use of SAS soft-
ware, version 9.4 (SAS Institute). Two-sided P values 
of less than 0.05 were considered to indicate sta-
tistical significance. No adjustment was made for 
multiple comparisons.

Characteristic Before Matching After Matching

Pregnancies after 
Bariatric Surgery 

(N = 670)†

General-Population 
Pregnancies 

(N = 627,023)‡ P Value

Pregnancies after 
Bariatric Surgery 

(N = 596)†

Matched Control 
Pregnancies 
(N = 2356) P Value§

Nulliparous — no. (%) 280 (41.8) 281,705 (44.9) <0.001 238 (39.9) 900 (38.2) NA

Coexisting conditions before 
pregnancy — no. (%)

Diabetes 20 (3.0) 4802 (0.8) <0.001 18 (3.0)§§ 62 (2.6)§§ 0.62

Cardiovascular disease 21 (3.1) 6216 (1.0) <0.001 17 (2.9) 38 (1.6) 0.12

Respiratory disease 79 (11.8) 23,359 (3.7) <0.001 71 (11.9) 172 (7.3) <0.001

Psychiatric disease 72 (10.7) 21,747 (3.5) <0.001 62 (10.4) 130 (5.5) <0.001

Substance abuse 9 (1.3) 2571 (0.4) <0.001 9 (1.5) 10 (0.4) <0.001

*  Plus–minus values are means ±SD. The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. 
NA denotes not applicable (P = 1.0 for all comparisons of categorical matching factors).

†  Data on presurgery weight were obtained from the Scandinavian Obesity Surgery Registry (SOReg).
‡  General-population pregnancies were those in women with no history of bariatric surgery.
§  Comparisons of continuous variables were performed with the use of two-way analysis of variance, and comparisons of categorical vari-

ables were performed with the use of conditional logistic regression (both conditioned on the matching set).
¶  The mean between-group difference in BMI (mean difference, 0.47; 95% confidence interval, 0.34 to 0.63) was conditioned on the match-

ing set. The matching was performed according to BMI categories; hence, mean BMI in each BMI category was slightly higher in the bar-
iatric-surgery group.

‖  BMI data were missing for 28 women in the bariatric-surgery cohort before matching and 51,886 women in the general population, as well 
as 19 women in the bariatric-surgery cohort and no women in the control cohort after matching.

**  Data on early-pregnancy weight and BMI were missing for 28 women in the bariatric-surgery cohort before matching and 19 women in the 
bariatric-surgery cohort after matching.

††  Data on early-pregnancy smoking status were missing for 12 women in the bariatric-surgery cohort before matching and 26,038 women in 
the general population, as well as 2 women in the bariatric-surgery cohort and 3 women in the control cohort after matching.

‡‡  Data on education were missing for 3 women in the bariatric-surgery cohort before matching and 16,751 women in the general popula-
tion, as well as 3 women in the bariatric-surgery cohort and 13 women in the control cohort after matching.

§§  Women with prepregnancy diabetes were excluded from analyses of gestational diabetes.

Table 1. (Continued.)

The New England Journal of Medicine 
Downloaded from nejm.org on August 24, 2021. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 



n engl j med 372;9 nejm.org February 26, 2015820

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

R esult s

Participant Characteristics

As compared with pregnant women in the general 
population, women in the bariatric-surgery cohort 
were older, had lower educational levels, and were 
more likely to be obese, to smoke, and to be mul-
tiparous (P<0.001 for all comparisons) (Table 1). 
These differences were eliminated by the match-
ing procedure, in which controls were identified 
for all but 74 (11%) of the 670 postsurgery preg-
nancies. In analyses of the matched cohorts, 
women with a history of bariatric surgery, as 
compared with women in the control cohort, 
had a slightly but significantly higher mean pre-
surgery BMI (mean between-group difference in 
BMI, 0.5) and a history of more hospitalizations 
for cardiovascular, respiratory, or psychiatric dis-
ease and of more substance abuse (Table 1).

Nearly 98% (582) of the bariatric-surgery pro-
cedures were gastric bypass, 2% (11) were gas-
tric banding, and less than 1% (3) were another 
procedure. Of the women who underwent bariat-
ric surgery, 14% had a history of diabetes before 
surgery. The median interval from surgery to de-
livery was 1.8 years (interquartile range, 1.4 to 2.5). 
The mean presurgery BMI was 43.7, and the mean 
weight loss between surgery and early pregnancy 
was 37 kg (mean decrease in BMI, 13.4) (Table 1, 
and Fig. S1 in the Supplementary Appendix).

Outcomes
Gestational Diabetes

Gestational diabetes was diagnosed in 1.9% of the 
postsurgery pregnancies and in 6.8% of the con-
trol pregnancies (odds ratio 0.25; 95% confidence 
interval [CI], 0.13 to 0.47; P<0.001; Table 2). Among 
women for whom information on the date of diag-
nosis of gestational diabetes was available (9 of 
11 [82%] in the bariatric-surgery group and 134 of 
157 [85%] in the control group), the median time 
of gestation at which the diagnosis was made was 
32 weeks in both groups.

Birth Weight and Related Measures
Postsurgery pregnancies, as compared with con-
trol pregnancies, were associated with a lower 
risk of large-for-gestational-age infants (8.6% 
vs. 22.4%; odds ratio, 0.33; 95% CI, 0.24 to 0.44; 
P<0.001) and of macrosomia (1.2% vs. 9.5%; odds 
ratio, 0.11; 95% CI, 0.05 to 0.24; P<0.001) (Table 2). 
However, postsurgery pregnancies were associ-

ated with an increased risk of small-for-gestational-
age infants (15.6% vs. 7.6%; odds ratio, 2.20; 
95% CI, 1.64 to 2.95; P<0.001) and a nonsignifi-
cantly increased risk of low-birth-weight infants 
(6.8% vs. 4.5%; odds ratio, 1.34; 95% CI, 0.88 to 
2.04; P = 0.17) (Table 2).

Preterm Birth, Congenital Malformations,  
and Mortality
Although postsurgery pregnancies, on average, 
had a shorter gestation than did control pregnan-
cies (273.0 days vs. 277.5 days; mean difference, 
−4.5 days; 95% CI, −2.9 to −6.0; P<0.001), the risk 
of preterm birth did not differ significantly be-
tween the groups (10.0% vs. 7.5%; odds ratio, 1.28; 
95% CI, 0.92 to 1.78; P = 0.15). The risk of the 
combined outcome of stillbirth or neonatal death 
was 1.7% in the postsurgery group and 0.7% in 
the control group (odds ratio, 2.39; 95% CI, 0.98 
to 5.85; P = 0.06). There was no significant be-
tween-group difference in the frequency of con-
genital malformations (Table 2).

Subgroup Analyses

In the four interaction tests, we found no sig-
nificant effect modification of bariatric surgery 
on gestational diabetes according to presurgery 
BMI, the interval from surgery to delivery, or the 
magnitude of reduction in BMI from presurgery 
to early pregnancy (at or above vs. below the me-
dian levels for all three subgroups) or according 
to parity (nulliparous or multiparous) (Fig. 2). 
There was also no significant effect modification 
of bariatric surgery on perinatal outcomes, except 
in 3 of the 16 interaction tests, which yielded the 
following significant interactions: a greater de-
crease in BMI was associated with a lower risk 
of large-for-gestational-age infants and a higher 
risk of preterm birth, and a longer surgery-to-
delivery interval was associated with a higher risk 
of small-for-gestational-age infants (Fig. 2).

Sensitivity Analyses

Data about weight gain during pregnancy were 
available for 33% of postsurgery pregnancies 
(219 of 670) and 33% of control pregnancies 
(209,265 of 627,023). Weight gain was similar in 
the two groups of women (8.8 kg in the postsur-
gery-pregnancy group and 9.0 kg in the control-
pregnancy group; mean difference, −0.2 kg; 95% 
CI, −1.1 to 1.4; P = 0.77). Adjustment for weight 
gain during pregnancy did not materially affect 
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the association between bariatric surgery and 
any of the outcomes (Table S4 in the Supplemen-
tary Appendix). Results were similar in analyses 
that included only one pregnancy per woman af-
ter bariatric surgery (Table S5 in the Supplemen-
tary Appendix) and in analyses with the use of a 
generalized-estimation-equation framework (ad-
justed for, instead of conditioned on, the matching 
factors) (Table S6 in the Supplementary Appendix).

Discussion

In this nationwide prospective cohort study, wom-
en with a history of bariatric surgery had a lower 
risk of gestational diabetes and large-for-gesta-
tional-age infants and an increased risk of small-
for-gestational-age infants and a shorter gestation 

than did women in a control group matched for 
presurgery BMI (with the use of early-pregnancy 
BMI in the control cohort). Previous studies have 
reported conflicting results regarding the effect 
of bariatric surgery on the development of ges-
tational diabetes; these inconsistencies are most 
likely explained by small sample sizes and hetero-
geneous study designs.15,16 In one previous study23 
in which, as in the present study, cases were 
matched to controls according to presurgery BMI, 
there were no cases of gestational diabetes among 
70 women who had a history of bariatric surgery 
and 21 cases among 140 matched controls; in our 
cohort, gestational diabetes was diagnosed in 
1.9% of the women who had undergone bariatric 
surgery and in 6.8% of matched controls. The pre-
vious study also reported perinatal mortality of 

Variable

Bariatric- 
Surgery Group 

(N = 596)

Matched Control 
Group 

(N = 2356) Risk Difference
Odds Ratio 
(95% CI)* P Value

no./total no. (%)
percentage points 

(95% CI)

Gestational diabetes†

Total 11/578 (1.9) 157/2294 (6.8) −4.9 (−6.5 to −3.4) 0.25 (0.13 to 0.47) <0.001

Insulin-treated 4/578 (0.7) 83/2294 (3.6) −2.9 (−3.9 to −1.9) 0.17 (0.06 to 0.49) <0.001

Large-for-gestational-age infant‡ 51/590 (8.6) 523/2336 (22.4) −13.8 (−16.6 to −11.0) 0.33 (0.24 to 0.44) <0.001

Macrosomia‡ 7/590 (1.2) 221/2336 (9.5) −8.3 (−9.7 to −6.8) 0.11 (0.05 to 0.24) <0.001

Small-for-gestational-age infant‡ 92/590 (15.6) 178/2336 (7.6) 8.0 (4.8 to 11.1) 2.20 (1.64 to 2.95) <0.001

Low-birth-weight infant‡ 40/590 (6.8) 105/2336 (4.5) 2.3 (0.1 to 4.5) 1.34 (0.88 to 2.04) 0.17

Preterm birth§ 59/590 (10.0) 176/2344 (7.5) 2.5 (−0.2 to 5.1) 1.28 (0.92 to 1.78) 0.15

Stillbirth¶ 6/596 (1.0) 12/2356 (0.5) 0.5 (−0.4 to 1.3) 1.89 (0.59 to 6.05) 0.28

Neonatal death <28 days after live birth§ 4/590 (0.7) 5/2344 (0.2) 0.5 (−0.2 to 1.2) 2.93 (0.57 to 15.14) 0.20

Stillbirth or neonatal death 10/596 (1.7) 17/2356 (0.7) 1.0 (−0.1 to 2.0) 2.39 (0.98 to 5.85) 0.06

Major congenital malformations§

Total 14/590 (2.4) 83/2344 (3.5) −1.2 (−2.6 to 0.3) 0.72 (0.40 to 1.29) 0.27

Excluding chromosomal 
abnormalities§

12/590 (2.0) 79/2344 (3.4) −1.3 (−2.7 to 0.0) 0.63 (0.34 to 1.18) 0.16

*  Odds ratios were conditioned on the matching set, including one pregnancy after bariatric surgery and up to five controls, with matching for 
maternal age, parity, presurgery BMI (with the use of early-pregnancy BMI in the controls), smoking, educational level, and delivery year; ad-
justments were made for history of coexisting conditions, history of substance abuse, and mother’s country of birth.

†  Analyses of gestational diabetes excluded women with prepregnancy diabetes (18 women [3%] in the bariatric-surgery cohort and 62 women 
[3%] in the matched control cohort).

‡  Analyses of large-for-gestational-age infants (>90th percentile), small-for-gestational-age infants (<10th percentile), macrosomia (birth 
weight >4500 g), and low birth weight (<2500 g) excluded stillbirths and births without data on birth weight. Analyses of large-for-gestation-
al-age infants and small-for-gestational-age infants also excluded births without data on gestational age. There were 6 exclusions in the bar-
iatric-surgery group (1.0%) and 20 in the matched-control group (0.9%).

§  Analyses of preterm birth, neonatal death, and congenital malformations excluded stillbirths and births without data on gestational age. 
There were 6 exclusions in the bariatric-surgery group (1.0%) and 12 in the matched-control group (0.5%).

¶  Stillbirth was defined as fetal death at 22 or more completed weeks of gestation on or after July 1, 2008 (97% of pregnancies), and at 28 or 
more weeks before July 1, 2008 (<3% of pregnancies).

Table 2. Gestational Diabetes and Perinatal Outcomes among Women with and Those without a History of Bariatric Surgery.
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5.7% among pregnancies in women with a his-
tory of bariatric surgery and a rate of 0.7% among 
the control pregnancies. Similarly, in our study, 
we noted a higher risk of the combined outcome 
of stillbirth or neonatal death among women with 
a history of bariatric surgery than in the controls 
(1.7% vs. 0.7%), although such events were un-
common and the difference was of borderline 
significance (P = 0.06).

We also found that women who had undergone 
bariatric surgery had a lower risk of delivering 
large-for-gestational-age infants but a higher risk 
of delivering small-for-gestational-age infants. 
Overall, they did not have a significantly higher 
risk of preterm birth, but subgroup analyses 
suggested that this risk may be increased among 
women with a greater decrease in BMI between 
surgery and early pregnancy. Similar associations 
were reported from two cohort studies in which 
cases and controls were matched for early-preg-
nancy BMI, although such a design addresses a 
different research question than does the current 
study.24,25 The between-group difference in fetal 
growth was expected, given that the women with 
a history of bariatric surgery had, on average, a 
decrease in weight of 37 kg (decrease in BMI, 13) 
after surgery. However, given the direct associa-
tion between BMI and the risk of preterm birth,8 
we expected that the risk of preterm birth would 
be lower, rather than higher, after bariatric sur-
gery. Our study showed a median surgery-to-con-
ception interval of 1.1 years, which suggested that 
many women may have been continuing to lose 
weight when they became pregnant. Continued 
weight loss may affect fetal nutrition and could 
influence the risk of preterm birth.

Despite known adverse effects of gastric bypass 

surgery on the metabolism of iron, vitamin B12, 
and folate,26 we found no significant effect of 
bariatric surgery on the overall risk of congenital 
malformations. Still, we cannot exclude the pos-
sibility that risks of specific malformations dif-
fered between the groups.

Although this nationwide study is, to our 
knowledge, the largest study to date comparing 
pregnancy outcomes between women with and 
those without a history of bariatric surgery, with 
matching for presurgery BMI, limitations of the 
study must be considered. The matching for pre-
surgery BMI and adjustment for other factors 
was intended to identify independent effects of 
bariatric surgery on pregnancy outcomes, but 
the observational design of the study makes it im-
possible to determine cause and effect. There may 
be residual confounding, because women who 
undergo surgery may have differed from women 
in the control cohort with respect to other factors 
not accounted for in the analyses. Also, there is 
a possibility of chance findings, since we inves-
tigated multiple outcomes.

Another potential limitation is selection bias. 
For example, with regard to prepregnancy diabe-
tes status, women with a history of bariatric sur-
gery may be followed more closely than women in 
the control cohort with similar characteristics. If 
women with unrecognized preexisting diabetes 
were overrepresented in the control group, this 
could lead to bias toward a lower risk of gesta-
tional diabetes in the bariatric-surgery group as 
compared with the control group. However, all 
pregnant women undergo glucose screenings 
starting at their first maternity care visit, and 
obese women commonly undergo oral glucose-
tolerance testing, since they are regarded as a 
high-risk group. Also, the majority of the diag-
noses of gestational diabetes were ascertained at 
approximately week 30, and it is unlikely that 
prevalent type 2 diabetes would go undetected 
for so long.

In addition, it is likely that some women with 
a history of bariatric surgery were infertile before 
surgery, whereas the control cohort consisted of a 
selected group of obese women who were able to 
conceive. The slightly lower BMI and rates of pre-
vious hospitalizations for respiratory and psychi-
atric coexisting conditions and of substance 
abuse in the control group suggest that this group 
may have been a healthier group overall.

Because the Swedish population is mostly 

Figure 2 (facing page). Odds Ratios for Gestational  
Diabetes and Adverse Perinatal Outcomes According 
to Presurgery BMI, Surgery-to-Delivery Interval, 
Change in BMI, and Parity in the Bariatric-Surgery  
Cohort versus the Control Cohort.

Odds ratios were estimated with the use of logistic re-
gression conditioned on the matching set (one preg-
nancy after bariatric surgery and up to five controls 
matched for maternal age, parity, presurgery body-
mass index [BMI], early-pregnancy smoking status, ed-
ucational level, and year of delivery) and adjusted for 
history of coexisting conditions, history of substance 
abuse, and mother’s country of birth. LGA denotes 
large for gestational age, and SGA small for gestational 
age.
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white, our findings cannot necessarily be gener-
alized to other races. In addition, our sample had 
a median surgery-to-conception interval of 1.1 
years and a maximum of 4.3 years and may not 
be generalizable to pregnancies with longer sur-
gery-to-conception intervals. Also, 98% of all pro-
cedures were gastric bypass surgery, and it is not 
known whether our results apply to other bariatric 
procedures.

In conclusion, this nationwide cohort study 
showed that a history of bariatric surgery was 
associated with reduced risks of gestational dia-
betes and large-for-gestational-age infants. How-
ever, increased surveillance during pregnancy and 
the neonatal period is warranted, since a history 

of bariatric surgery was also associated with 
small-for-gestational-age infants, a shorter length 
of gestation, and potentially an increased risk of 
stillbirth or neonatal death.
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Abstract

Bariatric surgery (BS) is regarded to be the most effective treatment of obesity with long lasting beneficial effects
including weight loss and improvement of metabolic disorders. A considerable number of women undergoing BS
are at childbearing age.
Although the surgery mediated weight loss has a positive effect on pregnancy outcome, the procedures might be
associated with adverse outcomes as well, for example micronutrient deficiencies, iron or B12 deficiency anemia,
dumping syndrome, surgical complications such as internal hernias, and small for gestational age (SGA) offspring,
possibly due to maternal undernutrition. Also, there is no international consensus concerning the ideal time to
conception after BS. Hence, the present narrative review intents to summarize the available literature concerning
the most common challenges which arise before and during pregnancy after BS, such as fertility related considerations,
vitamin and nutritional deficiencies and their adequate compensation through supplementation, altered glucose
metabolism and its implications for gestational diabetes screening, the symptoms and treatment of dumping
syndrome, surgical complications and the impact of BS on pregnancy outcome. The impact of different bariatric
procedures on pregnancy and fetal outcome will also be discussed, as well as general considerations concerning
the monitoring and management of pregnancies after BS.
Whereas BS leads to the mitigation of many obesity-related pregnancy complications, such as gestational diabetes
mellitus (GDM), pregnancy induced hypertension and fetal macrosomia; those procedures pose new risks which might
lead to adverse outcomes for mothers and offspring, for example nutritional deficiencies, anemia, altered maternal
glucose metabolism and small for gestational age children.

Keywords: Bariatric surgery, Pregnancy outcome, Pregnancy management, Narrative review
Background
There is a dramatic increase in overweight and obesity
worldwide. The WHO estimates that 39% of adults world-
wide are overweight (BMI ≥ 25 kg/m2) and 13% are obese
(BMI ≥30 kg/m2) [1]. It is widely known that obesity is
associated with numerous comorbidities such as hyperten-
sion, musculoskeletal disorders, cancer and type 2 diabetes
[1–3]. Likewise, overweight or obese pregnant women
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show an increased risk for gestational diabetes [4], pre-
eclampsia [5], spontaneous miscarriage [6], large for gesta-
tional age offspring and even fetal (neurological and
cardiovascular) malformations [7]. Children from obese
mothers may also develop health complications in later
life, such as hypertension, diabetes or cardiovascular dis-
ease, due to epigenetic changes [8].
Weight loss is associated with improved fertility rates

and pregnancy outcomes, [9], with BS having proven to be
the most effective treatment [10]. However, BS itself can
be a risk factor for the development of adverse pregnancy
outcomes and poses a challenge for obstetricians. In the
following narrative review, we will give a comprehensive
overview on the benefits and risks of BS on pregnancy
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outcomes, like risk of malnutrition, maternal anemia, de-
velopment of internal hernia, reduced risk of gestational
hypertension and GDM (Table 1) and higher risk of SGA
outcomes (Table 2).

Overview of bariatric procedures
Surgical techniques
Bariatric surgery might be indicated if other attempts of
losing weight have failed. It is the most effective way for
weight loss and the reduction of comorbidities like type
II diabetes mellitus [11] and hypertension [12] and has
favourable effects on cardiac function [13, 14]. Inter-
national guidelines stipulate that BS should be consid-
ered if a patient’s BMI exceeds 40 kg/m2, or in case of a
BMI between 35 kg/m2 and 40 kg/m2 with associated se-
vere comorbidities; in the case of coexisting diabetes
mellitus even in the case of a BMI between 30 kg/m2

and 35 kg/m2 [3].
BS is divided into restrictive and malabsorptive proce-

dures or a combination of both. The most widely used
surgical procedures are the Roux-en-Y gastric bypass
(RYGB), the sleeve gastrectomy and the adjustable gas-
tric band. Other techniques such as the biliopancreatic
diversion are not very common and will therefore not be
discussed in this review. RYGB (Fig. 1a) is a combined
malabsorptive and restrictive procedure which consists
of a horizontal partitioning of the upper part of the
stomach to create a gastric pouch. 75 to 150 cm of the
small intestine are used to create the alimentary limb
which carries ingested food to the bowel without the ad-
diction of biliopancreatic secretions which are carried
directly into the bowel through the biliopancreatic limb,
typically 30 to 60 cm in length [15].
Sleeve gastrectomy (Fig. 1b) is a restrictive procedure and

is performed as laparoscopic gastric resection which creates
a small gastric pouch. It can be combined with the
duodeno-ileostomy as part of a biliopancreatic bypass [15].
Adjustable gastric banding (Fig. 1c) is normally per-

formed as a laparoscopic procedure (LAGB) and consists
in placing a band 1 to 2 cm below the gastroesophageal
junction, creating an upper gastric pouch with a capacity
of 20 to 30mL. The degree of constriction of the stomach
can be adjusted by the introduction of saline through the
port [15].
Other less frequent procedures, such as the biliopan-

creatic diversion, will not be discussed in this paper.

Less invasive endoscopic techniques
By the endoscopic placement of intragastric balloons with
a volume of at least 400ml gastric space is occupied and
gastric motility is altered [16]. Compared to standard bar-
iatric surgery, bariatric endoscopy (BE) is considered to be
less invasive, more economic and associated with lower
morbidity and mortality. Depending on individual
circumstances, it might also be approved for patients with
a BMI between 30 and 35 kg/m2 [16, 17]. Furthermore,
the procedure can be repeated if necessary [17]. Bariatric
endoscopy is associated with beneficial metabolic effects
like reduced incidence of hyperuricemia, hypertriglyc-
eridemia, hypercholesterolemia and diabetes mellitus [18].
To our knowledge there is currently only one retrospect-
ive study that investigated if BE has potential benefits for
patients with obesity-induced infertility. The authors
showed that 15 out of 27 obese women conceived success-
fully after the placement of an intragastric balloon and
subsequent weight loss. All pregnancies were uneventful
and ended with life births; however, further research is
needed before concluding that BE is safe in reproductive
age and pregnancy [19].

Literature searching algorithm
The references for this review were obtained from
Pubmed and MedLine databases using the MeSH Terms:
“obesity”, “bariatric surgery”, “pregnancy and bariatric sur-
gery”, “obesity and fertility”, “obesity and pharmacology”,
“obesity and bariatric surgery”, “obesity and diabetes”,
“diabetes and pregnancy”, “gestational diabetes and hyper-
tension”, “obesity and hypertension”, “bariatric surgery and
hypertension”, “obesity and heart disease”, “bariatric surgery
and heart disease”, “gastric bypass and anaemia”, “gastric
bypass and hyperparathyroidism”, “bariatric surgery and
vitamin D”, “dietary supplements and gastric bypass”, “gas-
tric bypass and abdominal hernia”, “fetal macrosomia”, “in-
fant, small for gestational age, breastfeeding and bariatric
surgery”. We prioritized longitudinal observational studies,
cohort studies and meta-analysis. Furthermore, we used
clinical guidelines from the American Congress of Obstetri-
cians and Gynaecologists (ACOG) for the management of
pregnancy and delivery after bariatric surgery and the
Scientific Impact Paper on the role of bariatric surgery in
improving reproductive health by the Royal College of Ob-
stetricians and Gynaecologists.

Challenges and benefits of Bariatric Surgery before
pregnancy
Although obesity has become a major health care problem
within the last years along with increasing prevalence of
BS in women of childbearing age, there is no international
consensus about management of pregnancy after BS. Even
though BS seems to reduce obesity-related fertility issues
and adverse pregnancy outcomes [20–22], obstetricians
have to consider pregnancy related complications possibly
caused by BS [20, 23].
The standard recommendation of the ACOG for

women wishing to conceive after BS is to delay preg-
nancy for at least 1 to 1.5 years after surgery [23], which
is also supported by the obesity management task force
of the European Association for the Study of Obesity
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[24]. During the first post-surgical year a rapid weight
loss is to be expected and becoming pregnant in this
catabolic time frame could possibly lead to an altered
nutritional supply to the growing fetus [21]. However, in
contrast to these guidelines one recent study found no
evidence supporting this recommendation [25].
Pregnancies after BS, especially malabsorptive proce-

dures, are characterized by nutritional deficiencies such as
anemia, low protein and vitamin levels [26, 27]. Further-
more, a history of BS is associated with altered glucose
metabolism, impacting the diagnosis of hyperglycemia
[28]. Recent data also indicates a higher risk for SGA off-
spring [22, 29] and one study found a statistically not sig-
nificant trend towards higher rates of stillbirth or neonatal
death [29]. In addition, pregnant women with a history of
gastric bypass might be at risk to develop an internal her-
nia, potentially leading to severe consequences like bowel
necrosis or acute perforation, which might eventually lead
to acute C-Section [30]. Exceptional cases of maternal and
fetal death have also been described [31, 32]. These as-
pects will be addressed and discussed in detail in the fol-
lowing paragraphs.

Reproductive aspects
Obesity was shown to impact fertility on various levels by
affecting endometrial and ovarian function [33–35]. Insulin
resistance and compensatory hyperinsulinemia adversely
affect intraovarian follicle growth and oocyte maturation,
leading to oligo-/amenorrhea, hyperandrogenemia and
polycystic ovarian syndrome (PCOS) [36, 37]. Conse-
quently, a close interaction of impaired reproductive and
metabolic features can be observed in obese women [38].
Hence, even at a young age, assisted reproductive technol-
ogy (ART) is often required in obese patients to achieve a
live-birth. The accompanying technical procedures such
as ovarian ultrasound visualization or oocyte retrieval
might be complicated by excess body weight [35]. Even
when ART can be performed, obesity was associated with
impaired treatment outcome including less collected oo-
cytes after ovarian hyperstimulation, lower embryo quality,
reduced pregnancy and live-birth rates and high miscar-
riage rates. Although the available data is still inconclusive,
it seems that those impaired ART outcomes are attribut-
able to obesity and not to underlying pathologies such as
PCOS [39]. Therefore, in accordance with the general BS
guidelines [3] and depending on the individual patient’s
metabolic and reproductive profile, BS might be consid-
ered in infertile anovulatory patients with a BMI > 35 kg/m2

and no effect of life-style intervention for at least 6months
[40]. Bariatric surgery was shown to ameliorate hyperan-
drogenemia and PCOS in a majority of patients [41]. In
patients trying to conceive after BS, one meta-analysis re-
ported up to 58% spontaneous conception rates [42]. More-
over, self-esteem and sexual functioning are increasing
following BS induced weight-loss [43]. Even patients under-
going ART before and after BS showed increased numbers
of retrieved oocytes, improved oocyte quality and live-birth
rates [44]. However, risks and benefits of BS at childbearing
age should be carefully balanced, in order to improve ma-
ternal health and to reduce the risk of long-lasting health
consequences in the offspring [35]. BS should not be
regarded as a primary infertility treatment [23].

Nutritional aspects
Deficiency Anemia
During pregnancy, hemoglobin (Hb) and hematocrit
(Hct) levels decrease physiologically due to an expansion
of blood volume by approximately 50% and red blood
cell mass by only approximately 25% [45]. Pregnant
women need to mobilize additional iron to meet the re-
quirements of the growing fetoplacental unit, amounting
to 1,200 mg during the course of pregnancy [46]. Al-
though the absorption of iron is increased during preg-
nancy, it seems that an appropriate diet alone is not
sufficient to meet those requirements, especially for
women with a low pre-pregnancy iron status (Ferritin
level < 30 �g/L) [47]. Thus, iron-deficiency anemia (IDA)
is the most frequent form of anemia in pregnant women.
According to the WHO, anemia, defined as Hb levels of
< 11mg/dl in pregnant women, affects 41.8% of this
population subgroup worldwide, with iron deficiency ac-
counting for approximately 50% of cases [48].
There also seems to be a link between obesity and an

altered iron metabolism. Obesity is considered to be a
state of chronic inflammation, leading to increased levels
of the acute-phase reactant hepcidin which inhibits the
enterocyte iron absorption. Other factors such as
inflammatory-induced sequestration of iron to the retic-
uloendothelial system and higher iron requirements due
to larger blood volume add to the association between
obesity and hypoferremia [49].
Weight loss after BS results in falling serum hepcidin

levels and potentially improved iron status [50]. Patients
who underwent malabsorptive surgery, however, showed
an increase in anemia rates (anemia prevalence from
12.2% at baseline to 25.9% after 2 years, prevalence of low
ferritin levels from 7.9% at baseline to 23.0% after 2 years)
which can be attributed to a reduced caloric intake, in-
tolerance for red meat, reduced acid production of the
stomach and subsequently decreased bioavailability of
dietary iron and the bypass of food through the duode-
num [26]. A history of BS before pregnancy seems to in-
crease the risk for the development of IDA during
pregnancy [51, 52]. One study indicates that the rate of se-
vere anemia might be higher in pregnancies that occur
more than 4 years after RYGB surgery, leading to the con-
clusion that the time to conception might also be of im-
portance [53]. However, all studies on the topic have
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limitations and further research is required to reinforce
the currently available supplementation recommendations
for the prevention of IDA in pregnant women after BS
[22, 52, 54]. As IDA during pregnancy has adverse effects
on pregnancy outcome (e.g. an increased risk for preterm
delivery [55, 56]), prevention is however crucial. Also,
maternal iron deficiency seems to have long term health
effects on the offspring, mainly neurobehavioral abnor-
malities and an elevated cardiovascular disease risk [46,
57]. The ACOG recommends a daily intake of 27mg of
ferrous iron during pregnancy for patients without a his-
tory of BS [45], the WHO recommends 30 to 60mg of
elemental iron [58]. According to the current literature,
the recommended supplementation dose for the preven-
tion of IDA in non-pregnant women with a history of BS
is 45 to 130mg iron daily [59, 60], whereas the currently
available recommendation for pregnant women after
RYGB ranges from 40 to 600mg of ferrous iron daily [24,
61, 62]. Any dose within this range should therefore be ap-
plicable; however, frequent laboratory tests should be per-
formed and the dose adapted according to the results [61,
62]. The ACOG recommends a complete blood count and
measurement of iron and ferritin every trimester [23].
Folic acid and Vitamin B12 deficiency can also lead to

maternal anemia. The folic acid demand increases from
50 to 400 �g per day during pregnancy and cannot al-
ways be met by diet alone, leading to folic acid defi-
ciency being the most common cause for macrocytic
anemia (MCV > 100 fL) during pregnancy [45]. Folic acid
deficiency seems to be rare after all BS procedures [26, 63,
64]. The Endocrine Society Clinical Practice Guideline
recommends biochemical monitoring preoperatively and
6, 12, 18 and 24months after surgery and then in annual
intervals only for patients after malabsorptive or com-
bined procedures. A daily supplement of 400 �g of folic
acid should also be performed [59]. The American Associ-
ation of Clinical Endocrinologists also recommends pre-
and postoperative routine screening only for patients after
malabsorptive or combined BS and also a daily supple-
ment of 400 �g of folic acid for all women of reproductive
age [60]. Gascoin et al. compared non-obese pregnant
controls with pregnant women after gastric bypass who
took 800 �g/day of folic acid and did not observe folic acid
deficiency in the bariatric group [63]. Weng et al. could
also find no evidence of folate deficiencies in patients after
RYGB. They suggest that folate absorption occurs
throughout the entire small intestine and any deficiency
caused by inadequate dietary intake can therefore easily
be corrected by supplementation [26]. Jans et al. report
folate deficiency in 0 to 16% of pregnancies after BS with
no adverse clinical outcomes [54]. As there is still contro-
versy regarding the benefit of folic acid supplementation
on pregnancy outcomes [65], it seems prudent to follow
the general folic supplementation recommendations for
pregnant women and screen for folate deficiency every tri-
mester [60]; which is also supported by the ACOG [23].
Vitamin B12 deficiency anemia is mostly seen in women

after gastric resection or with Crohn’s disease [45]. The
additional requirement of vitamin B12 during pregnancy
is estimated to be 0.2 �g/day [66]. Vitamin B12 deficiency
seems to occur especially after malabsorptive or combined
BS as the secretion of intrinsic factor and gastric acid is
decreased and the duodenum, being the main absorption
site, is bypassed. Incidence of Vitamin B12 deficiency after
RYGB is reported to be between 4 and 62% [59, 67], with
a tendency to increase over the course of time, possibly
due to the fact that the body’s reserves are able to cover
the decreased absorption at early stages [26]. In pregnant
women after BS, the prevalence of Vitamin B12 deficiency
is reported to be between 48 and 53% [54], but not in bar-
iatric gravidas who received aVitamin B12 supplementation
of 4 �g/day and 1,000 �g/month [63]. The Endocrine Soci-
ety recommends biochemical monitoring preoperatively; 6,
12, 18 and 24months after surgery and then in annual in-
tervals only for patients after malabsorptive or combined
procedures. With regards to the supplementation dose,
recommendations for non-pregnant individuals range from
1,000 �g intramuscularly (im) every 3months to 1,000 �g/
week intranasally [59]. The American Association of Clin-
ical Endocrinologists recommends pre-operative and an-
nual screening for Vitamin B12 deficiency in patients after
malabsorptive and combined bariatric procedures and a
supplementation of 1,000 �g/day orally or 500 �g/week in-
tranasally or 1,000 �g/month parenterally [60]. For preg-
nant women after BS Kaska et al. recommend 350 �g/day
sublingually or 1,000 �g/month im [61] and Busetto et al.
recommend 350 to 500 �g/day orally or 1,000 �g/month im
or 3,000 �g every 6months im or 500 �g/week intranasally
[24]. Although the available data is still conflicting, vitamin
B12 deficiency seems to be associated with a higher risk of
preterm birth [68], recurrent abortion, low birth weight
(LBW), intrauterine growth retardation (IUGR), neural tube
defects and impaired cognitive development [69]. There-
fore, obstetricians should assess the Vitamin B12 status of
pregnant women after BS every trimester and treat defi-
ciencies accordingly [24, 60].

Vitamin D, calcium and bone metabolism
Several studies have examined the relationship between
post-BS pregnancy, calcium and vitamin D metabolism
and found a Vitamin D deficiency in 3% to over 70% of
pregnant women, depending on the BS procedure [51,
54, 70]. There is a physiological increase in the need of
vitamin D and calcitriol during pregnancy seemingly re-
lated to the calcium transfer to the fetus, particularly in
the last trimester [70].
Vitamin D is converted from 7-dehydrocholesterol by

the skin after exposure to sunlight or provided through
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diet (oily fish, mushrooms, fortified cereals, egg yolks and
dietary supplements). The ingested or converted vitamin
D has to be activated in order to exert its functions, like
increasing intestinal calcium uptake and promoting cal-
cium and phosphate mobilization from the bone [71, 72].
The altered anatomy of the intestinal tract occurring espe-
cially after RYGB could directly interfere with calcium ab-
sorption, possibly leading to maternal bone loss, reduced
calcium levels in breast milk or deficient fetal bone
mineralization [61]. A possible association between vita-
min D insufficiency during pregnancy and SGA offspring,
perhaps by the impediment of intestinal calcium absorp-
tion or increase of inflammatory cytokines and cellular
oxidative stress, is currently discussed [73–75].
Additionally, low vitamin D levels are often associated

with higher levels of parathormone, causing secondary
hyperparathyroidism and increasing the risk of accelerated
bone remodeling, leading potentially, among other factors,
to a lower bone mineral density in bariatric patients com-
pared to non-surgical controls [76].
Inadequate Vitamin D levels (< 29 ng/ml) were observed

in over 70% of pregnant women who underwent RYGB
surgery, through all three trimesters of pregnancy and
despite a supplementation with 600 IU of Vitamin D per
day. The prevalence of elevated PTH levels (> 65 pg/ml)
was highest in the third trimester with 32.6% of subjects.
However, no adverse pregnancy outcomes were detected
[70]. A large retrospective study conducted in Taiwan
pointed out that there is a high incidence of post-surgery
secondary hyperparathyroidism for all procedures (37.2%)
which could lead to a higher long-term fracture risk, how-
ever, the available data ins still controversial. Long term
follow up of the bone’s health in patients with a history of
BS should however be considered [77]. Nutritional assess-
ment, periodical blood examinations and aimed vitamin D
supplementation are pivotal in maintaining physiological
levels of vitamin D, calcium and PTH [24, 73, 74, 78]. The
current US daily consumption recommendation for vita-
min D is 600 IU and the toxicity limit is estimated to be
between 10,000 and 40,000 IU/day [79]. The supplement
dosage recommendations for post bariatric pregnant
women range from 1,000 IU / day to 6,000 IU / day, with
1,000 to 2,000mg of calcium citrate per day [24, 61]. Preg-
nant women should be screened for Vitamin D inad-
equacy at least once every trimester [23].
Protein deficiency
BS might be associated with protein deficiency as a con-
sequence of the restricted food intake and absorption.
Protein deficiency should be suspected in case of fatigue,
weakness and hair loss. [80]. It can be diagnosed through
clinical examination including muscle mass tests or, in
case of severe protein deficiency, low serum albumin
values [27, 80]. Patients occasionally develop edema and
in rare cases anasarca [81, 82].
A German study in non-pregnant patients after BS

provided evidence that 60 g/daily or even higher levels
of protein supplements increase body fat mass loss with-
out negative effects on the renal function [83].
The recommended protein intake for pregnant women

after BS is 60 g daily [24] and the ACOG guidelines sup-
port this recommendation [23]. There is only little evi-
dence for detrimental effects of maternal protein
deficiency on pregnancy outcome, mainly impaired fetal
growth [84]; however, pregnant women after BS should be
advised to adhere to the general recommendations for
post-surgery protein intake and the fetal growth should be
assessed regularly [23, 24].
Other nutrients
The American Guidelines for the perioperative support of
BS patients recommend routine screening for vitamin de-
ficiencies, in order to prevent long term complications.
For pregnant women, a screening every trimester is rec-
ommended [60].
Vitamin A deficiency was reported in 10% to 58% of

pregnant women after BS, depending on BS procedure
and gestational age [51, 61, 85].Vitamin A, alone or in
combination with other fat-soluble vitamins (D, E, K),
has to be supplied if deficiencies are present [60, 61].
Next to being an important antioxidant in the body,
Vitamin A is also involved in cell signaling pathways.
There is some evidence that antenatal Vitamin A sup-
plementation reduces the risk of maternal anemia and
the risk of maternal night blindness. Furthermore there
is only weak evidence that antenatal vitamin A supple-
mentation could reduce the risk of maternal infection
[86]. The vitamin A supplement dose should not ex-
ceed 5,000 IU/day due to its teratogenic effects and
should be administered in the form of beta-carotene
[24, 61, 87].
Gascoin et al. observed also vitamin E deficiency in

pregnant women with a history of gastric bypass, but no
adverse pregnancy outcome are described [63].
Next to selenium, which plays an important role in

several enzymatic reactions in the body, deficiencies of
Vitamins C, B1 and B9 in pregnant women after BS were
observed. Moreover, the offspring of mothers with a BS
history displayed lower cord blood levels of several
micronutrients such as Vitamin A, calcium, zinc and
iron, in contrast to a control group [63].
Because of the limited number of participants in the

available studies, no practical guidelines containing
thresholds or dosage recommendations for the treatment
of micronutrients deficiencies in post-surgical pregnan-
cies have been created so far [51], however, all available
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statement papers recommend the supplementation of vi-
tamins in pregnant women after BS [23, 24, 35, 61].

Glucose metabolism and gestational diabetes
Gestational Diabetes Mellitus (GDM) is defined as “dia-
betes first diagnosed in the second or third trimester of
pregnancy that is not clearly either preexisting type 1 or
type 2 diabetes” [88] and affects approximately 6% of
pregnancies in Europe [89]. Most recent guidelines rec-
ommend universal testing for GDM between 24 + 0 and
28 + 6 weeks of gestation by a 2 h 75 g oral glucose toler-
ance test (OGTT) [88]. The International Association of
Diabetes in Pregnancy Study Group (IADPSG) estab-
lished the following diagnostic thresholds: fasting plasma
glucose ≥5.1 mmol/l (92 mg/dl), or 1-h plasma glucose
≥10.0 mmol/l (180 mg/dl), or 2-h plasma glucose ≥8.5
mmol/l (153mg/dl) [90]. However, the diagnosis of GDM
still remains controversial, as other diagnostic algorithms
and thresholds are still in use [91], leading to heterogen-
eity in study results and epidemiologic data [89].
Obesity is a risk factor for the development of GDM.

Compared to normal weight women, the OR for GDM
was found to be 1.97 in overweight women (pre-preg-
nancy BMI 25 to 30), 3.01 in moderately obese (BMI 30
to 35) and 5.55 in severely obese women (BMI > 35)
[92]. The mechanisms which link obesity and GDM are
still a target of research, but the enhanced secretion of
pro-inflammatory cytokines by adipose tissue and subse-
quent systemic inflammatory and immune dysregulation
seems to increase the maternal insulin resistance [93, 94].
GDM is associated with a number of adverse pregnancy

outcomes, especially cesarean section, large for gestational
age, macrosomia and preeclampsia [91, 95]. Moreover,
children of diabetic mothers seem to have an increased
risk of developing obesity and metabolic dysfunction later
in life [8, 96, 97] due to “metabolic imprinting”, e.g. the
in-utero alteration of fetal organ function as a conse-
quence of an excessive supply of nutrients and subse-
quently enhanced exposure to growth factors [96, 97].
BS before pregnancy seems to reduce the risk for de-

veloping GDM considerately [22, 52, 98–102]. Galazis
Table 1 Results of meta-analysis of studies comparing the risk for the
adapted from Galazis et al. [52]

Control Group

Overall

Women after BS vs. obese controls

Women after BS vs. same women before BS

Women after BS vs. other women before BS

Women after BS vs. pre-pregnancy BMI matched obese women without BS

Women after BS vs. pre-surgery BMI matched obese women without BS
et al. found the overall incidence of GDM as being ap-
proximately half in women after BS compared to con-
trols [52]. However, results vary depending on control
group and diagnostic criteria (see Table 1).
Despite the protective effect of BS and subsequent

weight loss on the development of GDM, some proce-
dures like RYGB alter glucose kinetics and might also have
detrimental effects on pregnancy outcome and GDM
diagnostics which have to be observed by obstetricians.
As previously observed in non-pregnant patients, some

bariatric procedures (like RYGB and sleeve gastrectomy)
are characterized by an exaggerated postprandial rise of
plasma glucose concentrations followed by hyperinsuline-
mic hypoglycemia [103]. To provide first insights into the
possible effects of gastric bypass surgery on glucose me-
tabolism during pregnancy, we retrospectively assessed
maternal characteristics of 76 pregnant women after gas-
tric bypass. The data included results of a 2 h 75 g OGTT
with measurements at fasting as well after 60 and 120min
after oral glucose load. We found that women after gastric
bypass had improved fasting glucose, but altered patterns
of postprandial glucose dynamics including a rise at 60
min, followed by hypoglycemia at 120min in more than
half of pregnant patients [28]. Our results were recently
confirmed by another prospective cohort study on 25
pregnant women after RYGB, indicating that the recom-
mended diagnosis criteria for GDM are not reliable after
BS [104]. Obstetricians should consider other diagnostic
approaches such as frequent capillary blood glucose mea-
surements or continuous subcutaneous glucose monitor-
ing (CGMS) in these patients; however, there are no
guidelines yet [23, 24, 35, 105]. Only one study reported
CGMS profiles of 35 pregnant women after RYGB and re-
ported abnormal glucose variability in real-life conditions
as well [106]. Therefore, obstetricians should be aware of
symptoms indicative of dumping syndrome. The early
dumping syndrome occurs within 15min to 1 h after a
meal rich in simple carbohydrates. The rapid emptying of
hyperosmolar carbohydrates into the small intestine leads
to a fluid shift from plasma to bowel, causing a drop in
blood pressure and subsequent compensation, leading to
development of GDM in women after BS with different subgroups,

No. of
Studies

Participants OR (95% CI) p-Value

BS Control

15 2724 136,075 0.47 (0.40–0.56) < 0.001

6 1292 133,777 0.34 (0.18–0.67) < 0.001

5 377 343 0.71 (0.45–1.11) 0.14

3 1171 916 0.42 (0.22–0,79) 0.007

3 433 1537 0.77 (0.22–2.65) 0.68

6 864 133,388 0.24 (0.10–0.54) < 0.001
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vasomotor symptoms such as flushing, palpitation, per-
spiration, tachycardia, hypotension and syncope [107,
108]. Patients should be advised to consume smaller meals
rich in complex carbohydrates, to delay liquid intake until
at least 30min after a meal and to lie down after eating to
delay the gastric emptying into the small intestine [108].
The late dumping syndrome, with an onset of symptoms 2
to 3 h after a meal, is supposed to be caused by an exces-
sive insulin response following the rapid glucose transit
into the jejunum and subsequent reactive hypoglycemia
[107, 108]. The symptoms include sweating, tremulous-
ness, poor concentration, altered consciousness, palpita-
tions and syncope. The main therapeutic intervention is a
dietary modification eliminating refined carbohydrates.
Pectin or guar gum can be added to increase viscosity of
food but are poorly accepted due to their unpalatability.
Diaxozide decreases the insulin release and has been re-
ported to ameliorate the condition but is not safe in preg-
nancy; somatostatin analogues and acarbose are not well
tested in pregnant human individuals and there is only
one case report on successful treatment of late dumping
syndrome with acarbose in a pregnant woman [107]. Ob-
stetricians should seek advice from bariatric specialists if
their pregnant patients present with symptoms indicative
of dumping syndrome.

Preeclampsia and hypertensive disorders
Hypertensive disorders in pregnancy include pre-gestational
chronic hypertension, pregnancy-induced hypertension
(PIH) and preeclampsia (PE). PE is defined as de novo on-
set of hypertension (> 140mmHg systolic or > 90mmHg
diastolic) after 20 weeks gestation and the coexistence of
at least one of the following conditions: proteinuria, other
maternal organ dysfunction such as renal insufficiency,
liver involvement or neurological complications or
utero-placental dysfunction (fetal growth retardation)
[109]. Hypertensive disorders affect approximately 10%
[110] of all pregnancies and account for 14% of maternal
deaths worldwide [111]. Its incidence is on the rise, with a
21% increase in inpatient deliveries involving PE between
2005 and 2014 in the USA [112]. Several authors attribute
the increasing PE incidence to the obesity pandemic
[113–115]. Mbah et al. report a positive association be-
tween PE incidence and pre-pregnancy BMI as well as
pregnancy weight gain rate, with 3.3% of normal weight
mothers being affected, 7.7% of mothers with class I obes-
ity, 9.5% of mothers with class II obesity, 10.9% of mothers
with class III obesity and 13.4% of super obese gravidas
(BMI ≥ 50 kg/m2). In comparison to normal weight
mothers, obese women had a three-fold increased risk for
the development of PE [113]. Although the mechanisms
by which obesity increases the risk for hypertensive disor-
ders are not fully understood yet, it seems that
obesity-related metabolic factors cause cytotrophoblast
dysfunction and subsequent placental ischemia, thereby
increasing the release of soluble placental factors and en-
hancing the sensitivity by which those factors cause endo-
thelial dysfunction and hypertension [115]. With BS being
the most effective treatment for obesity, it can be assumed
that women who conceive after BS have a lower risk for
developing hypertension disorders and the available data
support this presumption. One study compared women
who delivered before an already planned BS with women
who delivered after BS. Almost 15% of women who deliv-
ered before BS had PE compared to only 3% of those who
delivered after BS. Rates of PIH were also lower in the
post-surgery group (2.5% versus 13.0%), resulting in a 75%
lower odds to be diagnosed with a hypertensive disorder
for women after surgery [116]. Several reviews and
meta-analysis [22, 98–102, 117] come to the same conclu-
sion. Yi et al. [102] report an overall OR of 0.42 for the
diagnosis of hypertensive disorders in pregnancies after
BS, with a significantly less OR (0.14) when conception
took place within the first 2 years after surgery. Vrebosch
et al. [99] come to the conclusion that the incidence of PE
and PIH are lower in post-surgical women compared to
obese non-surgical controls, but still higher than in nor-
mal weight women without BS, but only reviewed laparo-
scopic adjustable gastric banding studies. Ducarme et al.
[118] found evidence that PE rates were lower in women
after BS, but not different for PIH. Although the available
data indicates that gravidas after BS are at significantly
lower risk for the diagnosis of hypertension disorders, fur-
ther research is needed, especially concerning the impact
of different surgical procedures and surgery-conception
time.

Surgical complications
Pregnancy may expose women after BS to a higher risk of
developing internal herniation due to the fact that the en-
larged uterus lifts up the bowel, resulting in increased
intra-abdominal pressure [24, 30]. In the case of acute ab-
dominal pain, immediate surgical intervention must be
considered, also when pregnancy has to be carried on [24,
30, 31, 119]. Of note, internal hernia after RYGB is not
rare, with an incidence of up to 10% [30]. The most com-
mon internal hernias develop in the the transverse meso-
colon defect, the Petersen’s space and the mesenteric
defect underneath jejunu-jejunalis anastomosis [120].
Petersen’s hernia is a retroanastomotic hernia where the
small bowel moves into the space between the caudal sur-
face of the transverse mesocolon and the edge of the Roux
limb and can rapidly lead to acute bowel obstruction with
necrosis. In this case an immediate emergency surgery has
to be performed [121]. Patients who are suspected to have
developed an internal hernia are requested to fast during
observation. If the abdominal pain relapses after the inges-
tion of food a subacute operation has to be considered. If



Falcone et al. BMC Pregnancy and Childbirth          (2018) 18:507 Page 8 of 13
the pain is constantly present in spite of fasting, an emer-
gency operation (detorsion or bowel resection) is neces-
sary and should be performed as fast as possible to
minimize the risk of bowel necrosis and severe maternal
and fetal complications [122].

Fetal malformations
Obesity during pregnancy might be associated with a
higher risk of fetal malformations like neurological de-
fects, congenital heart defects and orofacial clefts. Further-
more, some data indicate that the risk of miscarriage and
intrauterine fetal death could be increased [4]. A system-
atic review and meta-analysis assessed the risk of congeni-
tal anomalies in the offspring of obese pregnant women
compared to lean pregnant women and found that neo-
nates of obese women have a higher risk of neural tube
defects (anencephaly OR: 1.39, CI: 1.03–1.87, spina
bifida OR: 2.24, CI: 1.86–2.69), cardiovascular defects
(OR: 1.30, CI: 1.12–1.51), and other congenital abnor-
malities such as anorectal atresia (OR 1.48, CI: 1.12–1.97),
compared to pregnant women with normal BMI [7]. More
recent studies come to similar conclusions [123].To date,
the role of obesity in inducing fetal malformations is not
fully understood and may reflect the difficulty of prenatal
diagnosis at early pregnancy, due to obesity-related pro-
cedural difficulties. Further research is needed to elu-
cidate the relationship between obesity and fetal
malformations [123, 124].

Fetal and neonatal complications
It is widely known that maternal obesity could lead to
LGA offspring, which poses a high risk for complications
during labour, like shoulder dystocia [125], and also to
long-term health consequences, like obesity in child-
hood, diabetes and cardiovascular diseases [126]. Thus,
it is reasonable to investigate if BS and consequent
weight lost could also influence the children of mothers
with a history of BS.
A Swedish national cohort study investigated the

outcomes of 670 singleton pregnancies of post-surgical
Table 2 Overview on the SGA risk after bariatric surgery, comparing
[29] Gascoin [63] Chevrot [139] Sheiner [101] and Ducarme [118]

Control Group Study Participants SG

Women after BS vs obese controls Johansson 670/2356 15

Women after BS vs lean pregnant women Gascoin 56/56

Women after malabsorptive surgery vs
women with restrictive surgery

Chevrot 58/81 n.d

Women after restrictive vs women after
malabsorptive surgery

Sheiner 394/55 n.d

Women after RYGB vs women after LAGB Ducarme 31/63 n.d
women and detected that pregnant women who underwent
BS have a lower risk of gestational diabetes and large for
gestational age (LGA) neonates, but a higher risk of SGA
infants. No significant difference in the frequency of fetal
malformations was found [29].
Several other studies (Table 2) found an increased

risk of SGA infants born to mothers after malabsorp-
tive or mixed bariatric surgeries [22, 52, 100, 102, 117],
but not after solely restrictive procedures [52, 99]. The
pathophysiology of this phenomenon requires further
elucidation, but there seems to be an association be-
tween low maternal glucose levels in glucose challenge
or oral glucose tolerance tests and SGA fetuses [95, 127].
An association between lower neonatal weight, glucose
nadir and increased insulin release during an OGTT
was most recently observed by our study group in off-
spring of mothers after RYGB [104]. In addition, Gas-
coin et al. found a significant inverse correlation
between birth weight and length and maternal weight
loss between surgery and pregnancy (the greater the
weight loss the lower the birth weight and length).
There were also low cord blood IGF1 and Leptin levels
in infants from RYGB mothers, hinting to a decreased
anabolism in those infants [63]. Low birth weight seems
to have detrimental effects on the offspring even in
adulthood. Being born SGA is considered to be a risk
factor for the development of insulin resistance and
type 2 diabetes, the metabolic syndrome and cardiovas-
cular diseases [128], possibly due to fetal programming
by changes in the intrauterine environment in malnour-
ished mothers (thrifty phenotype hypothesis) [129].
Therefore, it might even be considered to prefer re-
strictive over malabsorptive BS techniques in young
women who have a desire to bear children to avoid
those complications [52].
However, two retrospective studies conducted in Israel

and in France compared fetal birth weight after malab-
sorptive and restrictive procedures and found no statisti-
cally significant difference in SGA rates between the two
groups [130, 131].
malabsorptive to restrictive surgery, adapted from Johansson

A SGA after malabsorptive
surgery

SGA after restrictive
surgery

p-Value

.6% vs 7.6% n.d. n.d. < 0.001

n.d n.d. NS

. 17 7 < 0.001

. 7.3 12.8 NS

. 32.3% 17.1% NS
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Breastfeeding
Human breast milk is a rich source of carbohydrates,
protein, fat, vitamins, minerals, digestive enzymes and
hormones (87% water, 3.8% fat, 1.0% protein, and 7%
lactose). Additionally, it contains a vast amount of other,
at least partially bioactive compounds, such as immune
cells and human milk oligosaccharides (HMOs). These
HMOs were found to exert antibacterial effects in the
infant’s gastrointestinal tract. Regarding micro-nutrition,
human milk supplies sufficient amounts of all vitamins
except Vitamin D and vitamin K. Therefore, the lack of
these two vitamins carries out some risk of deficiency
for the infant [132].
Vitamin B12 deficiency might be a problem in breast-

fed infants born to women after gastric bypass, poten-
tially leading to detrimental consequences such as
polycythemia or megaloblastic anemia [133]. As ob-
served in one case the milk secreted by lactating women
after gastric bypass could be of lower nutritional density,
especially in milk fats. This could lead to delayed growth
of the children when breastfed exclusively as it was ob-
served in one case report [134]. However, breastfeeding
is known to prevent several infectious, atopic and car-
diovascular diseases. Breastfeeding may also reduce the
risk of respiratory infections, asthma, leukaemia and
sudden infant death syndrome [135]. It also provides
positive effects on brain and neuronal development
and might be associated with a higher IQ [136]. Other
studies concluded that exclusive breastfeeding for lon-
ger than six months may reduce the risk of obesity in
later life [137]. As there is very little evidence regard-
ing nutrient deficiencies in breast milk after BS, it is
reasonable to recommend bariatric patients to breast-
feed their infants [24, 138]. The above-mentioned
positive effects of human breast milk most likely out-
weigh any BS related deficiency. However, there is no
international consensus regarding vitamin or micronu-
trient supplementation during the lactational period
after BS and healthcare professionals should take the
patients history of BS into consideration when their
infants present with symptoms of any nutritional
deficiency.
Limitations
The limitations of this study result from its narrative ap-
proach. Compared to systematic reviews or meta-analysis,
narrative reviews are characterized by subjective study se-
lection and weighing. Inclusion criteria and study charac-
teristics are mostly unspecified which may cause
misleading in drawing conclusions. To be able to elaborate
objective guidelines for the management of pregnancies
after BS, systematic reviews and meta-analysis should be
performed.
Conclusion
History of BS is associated with several risks for the
mother and the fetus. Women who want to conceive
should have a preconception counseling to be informed
about the risks of pregnancy after BS, like malnutrition,
deficiency and subsequent supplement of micronutrients,
internal hernia and SGA infants. Regular blood examina-
tions and regularly performed ultrasounds of the growing
fetus (growing-curve, umbilical Doppler, amniotic fluid
index) are necessary. Furthermore, the OGTT should not
be performed as a routine test for the screening of gesta-
tional diabetes, because of the high risk of hypoglycemia.
Ideally, pregnant women should be taken care of by a
specialized center offering a multidisciplinary team with
experience in the management of pregnancies after BS.
Any severe upper abdominal pain must be taken ser-

iously because of the high risk of internal hernia. Of note,
an international treatment consensus for pregnancy after
BS is missing due to its novelty; hence specific recommen-
dations of way of delivery or breastfeeding are not yet
available. However, within the next years the number of
pregnant BS patients and possible complications will in-
creasingly challenge obstetricians.

Abbreviations
ACOG: American Congress of Obstetricians and Gynaecologists; ART: Assisted
Reproductive Technology; BE: Bariatric endoscopy; BMI: Body Mass Index;
BS: Bariatric surgery; CGMS: Continuous subcutaneous glucose monitoring; C-
section: Cesarean section; GDM: Gestational diabetes mellitus;
Hb: Hemoglobin; Hct: Hematocrit; HMO: Human milk oligosaccharides;
IADPSG: International Association of Diabetes in Pregnancy Study Groups;
IDA: Iron deficiency anemia; IGF1: Insulin-like growth factor 1;
im: intramuscular; IQ: Intelligence quotient; IU: International Units;
IUGR: Intrauterine growth retardation; LAGB: Laparoscopic gastric banding;
LBW: Low birth weight; LGA: Large for gestational age; MCV: Mean
Corpuscular Volume; OGTT: Oral glucose tolerance test; OR: Odds ratio;
PCOS: Polycystic Ovary Syndrome; PE: Preeclampsia; PIH: Pregnancy-induced
hypertension; PTH: Parathyroid hormone; RYGB: Roux-en-Y gastric bypass;
SGA: Small for gestational age; WHO: World Health Organization

Acknowledgments
Not applicable.

Funding
This work was supported by the Medical Scientific Fund of the Mayor of Vienna
(Pr.Nr.:17086).

Availability of data and materials
The data supporting the conclusions of this article is included within the article.

Authors’ contributions
VF contributed to the acquisition, preparation and interpretation of the data
and was the main contributor in writing the manuscript. TS contributed
equally to the acquisition, preparation and interpretation of the data and
was the second main contributor in writing the manuscript. MF contributed
to the discussion of obstetric implications and fertility related issues and the
general drafting of the manuscript. WE contributed to the discussion of
obstetric implications, general therapeutic recommendations and drafting of
the manuscript. GP contributed to acquisition of data and the discussion of
surgical implications. PH contributed to the discussion of obstetric implications,
to the interpretation of the data and drafting of the manuscript. CG contributed
to the acquisition, preparation and interpretation of the data, the discussion of
obstetric implications and the drafting of the manuscript. All authors reviewed
and approved the final manuscript.



Falcone et al. BMC Pregnancy and Childbirth          (2018) 18:507 Page 10 of 13
Ethics approval and consent to participate
An ethics approval was not necessary for this literature review. No participants
were enrolled.

Consent for publication
Not applicable.

Competing interests
CG is an Associate Editor for BMC Pregnancy and Childbirth. The authors
declare that they have no competing interests otherwise.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details
1Department of Obstetrics and Gynecology, Division of Obstetrics and
Feto-maternal Medicine, Medical University of Vienna, Währinger Gürtel
18-20, 1090 Vienna, Austria. 2Wunschbaby Institut Feichtinger, Lainzerstrasse
6, Vienna, Austria. 3Department of General Surgery, Division of Bariatric
Surgery, Medical University of Vienna, Währinger Gürtel 18-20, 1090 Vienna,
Austria.

Received: 6 January 2018 Accepted: 27 November 2018

References
1. Obesity and overweight. World Health Organization. [cited 2018 Sep 5].

Available from: http://www.who.int/news-room/fact-sheets/detail/obesity-
and-overweight

2. Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato KA, et al.
2013 AHA/ACC/TOS Guideline for the Management of Overweight and
Obesity in Adults: A Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines and The
Obesity Society. J Am Coll Cardiol. 2014;63(25, Part B):2985–3023.

3. Fried M, Yumuk V, Oppert JM, Scopinaro N, Torres A, Weiner R, et al.
Interdisciplinary European guidelines on metabolic and Bariatric Surgery.
Obes Surg. 2014;24(1):42–55.

4. Catalano PM, Shankar K. Obesity and pregnancy: mechanisms of short term
and long term adverse consequences for mother and child. BMJ. 2017;356:j1.

5. Jeyabalan A. Epidemiology of preeclampsia: impact of obesity. Nutrition
Reviews. 2013;1:71(suppl_1):S18–25.

6. Boots CE, Bernardi LA, Stephenson MD. Frequency of euploid miscarriage is
increased in obese women with recurrent early pregnancy loss. Fertil Steril.
2014;102(2):455–9.

7. Stothard KJ, Tennant PWG, Bell R, Maternal Overweight RJ. Obesity and the
risk of congenital anomalies: a systematic review and meta-analysis. JAMA.
2009;301(6):636–50.

8. Catalano PM. Hauguel-De Mouzon S. is it time to revisit the Pedersen
hypothesis in the face of the obesity epidemic? Am J Obstet Gynecol. 2011;
204(6):479–87.

9. Best D, Avenell A, Bhattacharya S. How effective are weight-loss
interventions for improving fertility in women and men who are
overweight or obese? A systematic review and meta-analysis of the
evidence. Hum Reprod Update. 2017;23(6):681–705.

10. Colquitt JL, Pickett K, Loveman E, Frampton GK. Surgery for weight loss in
adults. Cochrane Database Syst Rev. 2014;8:CD003641.

11. Schauer PR, Nor Hanipah Z, Rubino F. Metabolic surgery for treating type 2
diabetes mellitus: now supported by the world’s leading diabetes
organizations. Cleve Clin J Med. 2017;84(7 Suppl 1):S47–56.

12. Vest AR, Heneghan HM, Agarwal S, Schauer PR, Young JB. Bariatric surgery
and cardiovascular outcomes: a systematic review. Heart Br Card Soc. 2012;
98(24):1763–77.

13. Karason K, Wallentin I, Larsson B, Sjöström L. Effects of obesity and weight loss
on cardiac function and valvular performance. Obes Res. 1998;6(6):422–9.

14. Russo V, Ammendola E, De Crescenzo I, Ricciardi D, Capuano P, Topatino A,
et al. Effect of weight loss following bariatric surgery on myocardial
dispersion of repolarization in morbidly obese patients. Obes Surg. 2007;
17(7):857–65.

15. Elder KA, Wolfe BM. Bariatric surgery: a review of procedures and outcomes.
Gastroenterology. 2007;132(6):2253–71.
16. Sullivan S, Edmundowicz SA, Endoscopic Bariatric TCC. Metabolic therapies:
new and emerging technologies. Gastroenterology. 2017;152(7):1791–801.

17. Hill C, Khashab MA, Kalloo AN, Kumbhari V. Endoluminal weight loss and
metabolic therapies: current and future techniques. Ann N Y Acad Sci. 2018;
1411(1):36–52.

18. Crea N, Pata G, Della Casa D, Minelli L, Maifredi G, Di Betta E, et al.
Improvement of metabolic syndrome following intragastric balloon: 1 year
follow-up analysis. Obes Surg. 2009+;19(8):1084–8.

19. Musella M, Milone M, Bellini M, Fernandez MES, Fernandez LMS, Leongito M,
et al. The potential role of intragastric balloon in the treatment of obese-
related infertility: personal experience. Obes Surg. 2011;21(4):426–30.

20. Lesko J, Peaceman A. Pregnancy outcomes in women after Bariatric Surgery
compared with obese and morbidly obese controls. Obstet Gynecol. 2012;
119(3):547–54.

21. Monson M, Jackson M. Pregnancy after Bariatric Surgery. Clin Obstet
Gynecol. 2016;59(1):158–71.

22. Guelinckx I, Devlieger R, Vansant G. Reproductive outcome after bariatric
surgery: a critical review. Hum Reprod Update. 2009;15(2):189–201.

23. American College of Obstetricians and Gynecologists. ACOG practice
bulletin no. 105: bariatric surgery and pregnancy. Obstet Gynecol. 2009;
113(6):1405–13.

24. Busetto L, Dicker D, Azran C, Batterham RL, Farpour-Lambert N, Fried M,
et al. Practical recommendations of the Obesity management task force of
the European Association for the Study of Obesity for the post-Bariatric
Surgery medical management. Obes Facts. 2018;10(6):597–632.

25. Kjær MM, Nilas L. Timing of pregnancy after gastric bypass-a national
register-based cohort study. Obes Surg. 2013;23(8):1281–5.

26. Weng T-C, Chang C-H, Dong Y-H, Chang Y-C, Chuang L-M. Anaemia and
related nutrient deficiencies after roux-en-Y gastric bypass surgery: a
systematic review and meta-analysis. BMJ Open. 2015;5(7):e006964.

27. Via MA, Nutritional MJI. Micronutrient Care of Bariatric Surgery Patients:
current evidence update. Curr Obes Rep. 2017;6(3):286–96.

28. Feichtinger M, Stopp T, Hofmann S, Springer S, Pils S, Kautzky-Willer A, et al.
Altered glucose profiles and risk for hypoglycaemia during oral glucose
tolerance testing in pregnancies after gastric bypass surgery. Diabetologia.
2017;60(1):153–7.

29. Johansson K, Cnattingius S, Näslund I, Roos N, Trolle Lagerros Y, Granath F, et al.
Outcomes of pregnancy after bariatric surgery. N Engl J Med. 2015;372(9):814–24.

30. Vannevel V, Jans G, Bialecka M, Lannoo M, Devlieger R, Van Mieghem T.
Internal herniation in pregnancy after gastric bypass: a systematic review.
Obstet Gynecol. 2016;127(6):1013–20.

31. Renault K, Gyrtrup HJ, Damgaard K, Hedegaard M, Sørensen JL. Pregnant
woman with fatal complication after laparoscopic roux-en-Y gastric bypass.
Acta Obstet Gynecol Scand. 2012;91(7):873–5.

32. Moore KA, Ouyang DW, Whang EE. Maternal and fetal deaths after gastric
bypass surgery for morbid obesity. N Engl J Med. 2004;351(7):721–2.

33. Bellver J, Melo MAB, Bosch E, Serra V, Remohí J, Pellicer A. Obesity and poor
reproductive outcome: the potential role of the endometrium. Fertil Steril.
2007;88(2):446–51.

34. Fedorcsák P, Dale PO, Storeng R, Ertzeid G, Bjercke S, Oldereid N, et al.
Impact of overweight and underweight on assisted reproduction treatment.
Hum Reprod. 2004;19(11):2523–8.

35. Bariatric Surgery in the Management of Female Fertility, The Role of
(Scientific Impact Paper No. 17). Royal College of Obstetricians &
Gynaecologists. [cited 2018 Aug 18]. Available from: https://www.rcog.org.
uk/en/guidelines-research-services/guidelines/sip17/

36. Gougeon A. Regulation of ovarian follicular development in primates: facts
and hypotheses. Endocr Rev. 1996;17(2):121–55.

37. Nestler JE. Metformin for the treatment of the polycystic ovary syndrome. N
Engl J Med. 2008;358(1):47–54.

38. Lim SS, Norman RJ, Davies MJ, Moran LJ. The effect of obesity on polycystic
ovary syndrome: a systematic review and meta-analysis. Obes Rev Off J Int
Assoc Study Obes. 2013;14(2):95–109.

39. Provost MP, Acharya KS, Acharya CR, Yeh JS, Steward RG, Eaton JL, et al.
Pregnancy outcomes decline with increasing body mass index: analysis of
239,127 fresh autologous in vitro fertilization cycles from the 2008-2010 Society
for Assisted Reproductive Technology registry. Fertil Steril. 2016;105(3):663–9.

40. Balen AH, Morley LC, Misso M, Franks S, Legro RS, Wijeyaratne CN, et al. The
management of anovulatory infertility in women with polycystic ovary
syndrome: an analysis of the evidence to support the development of
global WHO guidance. Hum Reprod Update. 2016;22(6):687–708.

http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/sip17/
https://www.rcog.org.uk/en/guidelines-research-services/guidelines/sip17/


Falcone et al. BMC Pregnancy and Childbirth          (2018) 18:507 Page 11 of 13
41. Escobar-Morreale HF, Santacruz E, Luque-Ramírez M, Botella Carretero JI.
Prevalence of “obesity-associated gonadal dysfunction” in severely obese
men and women and its resolution after bariatric surgery: a systematic
review and meta-analysis. Hum Reprod Update. 2017;23(4):390–408.

42. Milone M, De Placido G, Musella M, Sosa Fernandez LM, Sosa Fernandez LV,
Campana G, et al. Incidence of successful pregnancy after weight loss
interventions in infertile women: a systematic review and meta-analysis of
the literature. Obes Surg. 2016;26(2):443–51.

43. Sarwer DB, Spitzer JC, Wadden TA, Mitchell JE, Lancaster K, Courcoulas A,
et al. Changes in sexual functioning and sex hormone levels in women
following bariatric surgery. JAMA Surg. 2014;149(1):26–33.

44. Milone M, Sosa Fernandez LM, Sosa Fernandez LV, Manigrasso M, Elmore U, De
Palma GD, et al. Does Bariatric Surgery improve assisted Reproductive
technology outcomes in obese infertile women? Obes Surg. 2017;27(8):2106–12.

45. American College of Obstetricians and Gynecologists. ACOG practice
bulletin no. 95: anemia in pregnancy. Obstet Gynecol. 2008;112(1):201–7.

46. Alwan N, Hamamy H. Maternal Iron status in pregnancy and long-term
Health outcomes in the offspring. J Pediatr Genet. 2015;04(02):111–23.

47. Milman N. Prepartum anaemia: prevention and treatment. Ann Hematol.
2008;87(12):949–59.

48. WHO | The global prevalence of anaemia in 2011. WHO. [cited 2018 Sep 8].
Available from: https://www.who.int/nutrition/publications/micronutrients/
global_prevalence_anaemia_2011/en/

49. Yanoff LB, Menzie CM, Denkinger B, Sebring NG, McHugh T, Remaley AT,
et al. Inflammation and iron deficiency in the hypoferremia of obesity. Int J
Obes. 2007;31(9):1412–9.

50. Tussing-Humphreys LM, Nemeth E, Fantuzzi G, Freels S, Holterman A-XL,
Galvani C, et al. Decreased serum Hepcidin and improved functional Iron
status 6 months after restrictive Bariatric Surgery. Obesity. 2010;18(10):2010–6.

51. Devlieger R, Guelinckx I, Jans G, Voets W, Vanholsbeke C, Micronutrient
Levels VG. Supplement intake in pregnancy after Bariatric Surgery: a
prospective cohort study. PLoS One. 2014;9(12):e114192.

52. Galazis N, Docheva N, Simillis C, Nicolaides KH. Maternal and neonatal
outcomes in women undergoing bariatric surgery: a systematic review and
meta-analysis. Eur J Obstet Gynecol Reprod Biol. 2014;181:45–53.

53. Nomura RMY, Dias MCG, Igai AMK, Paiva LV, Zugaib M. Anemia during
pregnancy after Silastic ring roux-en-Y gastric bypass: influence of time to
conception. Obes Surg. 2011;21(4):479–84.

54. Jans G, Matthys C, Bogaerts A, Lannoo M, Verhaeghe J, Van der Schueren B,
et al. Maternal Micronutrient deficiencies and related adverse neonatal
outcomes after Bariatric Surgery: a systematic review. Adv Nutr Int Rev J.
2015;6(4):420–9.

55. Allen LH. Anemia and iron deficiency: effects on pregnancy outcome. Am J
Clin Nutr. 2000;71(5):1280s–4s.

56. Haider BA, Olofin I, Wang M, Spiegelman D, Ezzati M, Fawzi WW, et al.
Anaemia, prenatal iron use, and risk of adverse pregnancy outcomes:
systematic review and meta-analysis. BMJ. 2013;346(jun21 3):f3443.

57. McArdle HJ, Gambling L, Kennedy C. Iron deficiency during pregnancy: the
consequences for placental function and fetal outcome. Proc Nutr Soc.
2014;73(01):9–15.

58. World Health Organization. Guideline: daily iron and folic acid
supplementation in pregnant women. 2012 [cited 2018 Sep 8]. Available
from: http://www.ncbi.nlm.nih.gov/books/NBK132263/

59. Heber D, Greenway FL, Kaplan LM, Livingston E, Salvador J, Still C. Endocrine
and Nutritional Management of the Post-Bariatric Surgery Patient: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab. 2010;
95(11):4823–43.

60. Mechanick JI, Youdim A, Jones DB, Timothy Garvey W, Hurley DL, Molly
McMahon M, et al. Clinical practice guidelines for the perioperative
Nutritional, metabolic, and nonsurgical support of the Bariatric Surgery
patient—2013 update: cosponsored by American Association of Clinical
Endocrinologists, the Obesity Society, and American Society for Metabolic &
Bariatric Surgery. Surg Obes Relat Dis. 2013;9(2):159–91.

61. Kaska L, Kobiela J, Abacjew-Chmylko A, Chmylko L, Wojanowska-Pindel M,
Kobiela P, et al. Nutrition and pregnancy after Bariatric Surgery. ISRN Obes.
2013;2013:1–6.

62. Beard JH, Bell RL, Duffy AJ. Reproductive Considerations and Pregnancy
after Bariatric Surgery: current evidence and recommendations. Obes Surg.
2008;18(8):1023–7.

63. Gascoin G, Gerard M, Sallé A, Becouarn G, Rouleau S, Sentilhes L, et al. Risk
of low birth weight and micronutrient deficiencies in neonates from
mothers after gastric bypass: a case control study. Surg Obes Relat Dis Off J
Am Soc Bariatr Surg. 2017;13(8):1384–91.

64. Faintuch J, Dias MCG, de Souza Fazio E, de Oliveira FCBM, Nomura RMY,
Zugaib M, et al. Pregnancy Nutritional indices and birth weight after roux-
en-Y gastric bypass. Obes Surg. 2009;19(5):583–9.

65. Lassi ZS, Salam RA, Haider BA, Bhutta ZA. Folic acid supplementation during
pregnancy for maternal health and pregnancy outcomes. In: Cochrane
Database Syst Rev. John Wiley & Sons, Ltd; 2013 [cited 2017 Oct 20].
Available from: http://onlinelibrary.wiley.com.ez.srv.meduniwien.ac.at/doi/10.
1002/14651858.CD006896.pub2/abstract

66. Institute of Medicine (US) Standing Committee on the Scientific Evaluation
of Dietary Reference Intakes and its Panel on Folate, Other B Vitamins, and
Choline. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6,
Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline. Washington (DC):
National Academies Press (US); 1998 [cited 2017 Oct 20]. (The National
Academies Collection: Reports funded by National Institutes of Health).
Available from: http://www.ncbi.nlm.nih.gov/books/NBK114310/.

67. Stein J, Stier C, Raab H, Weiner R. Review article: the nutritional and
pharmacological consequences of obesity surgery. Aliment Pharmacol Ther.
2014;40(6):582–609.

68. Rogne T, Tielemans MJ, Chong MF-F, Yajnik CS, Krishnaveni GV, Poston L, et al.
Associations of Maternal Vitamin B12 concentration in pregnancy with the risks
of preterm birth and low birth weight: a systematic review and meta-analysis
of individual participant data. Am J Epidemiol. 2017;185(3):212–23.

69. Finkelstein JL, Layden AJ, Stover PJ. Vitamin B-12 and perinatal Health. Adv
Nutr Int Rev J. 2015;6(5):552–63.

70. Medeiros M, Matos AC, Pereira SE, Saboya C, Ramalho A, Vitamin D. Its
relation with ionic calcium, parathyroid hormone, maternal and neonatal
characteristics in pregnancy after roux-en-Y gastric bypass. Arch Gynecol
Obstet. 2016;293(3):539–47.

71. Mousa A, Abell S, Scragg R, de Courten B. Vitamin D in Reproductive Health
and Pregnancy. Semin Reprod Med. 2016;34(2):e1–13.

72. Moulas AN, Vaiou M. Vitamin D fortification of foods and prospective health
outcomes. J. Biotechnol. 2018;10(285):91–101.

73. Chen Y-H, Fu L, Hao J-H, Yu Z, Zhu P, Wang H, et al. Maternal vitamin D
deficiency during pregnancy elevates the risks of small for gestational age
and low birth weight infants in Chinese population. J Clin Endocrinol
Metab. 2015;100(5):1912–9.

74. Wang H, Xiao Y, Zhang L, Gao Q. Maternal early pregnancy vitamin D status
in relation to low birth weight and small-for-gestational-age offspring. J
Steroid Biochem Mol Biol. 2018;175:146–50.

75. Lausten-Thomsen U, Olsen M, Greisen G, Schmiegelow K. Inflammatory
markers in umbilical cord blood from small-for-gestational-age newborns.
Fetal Pediatr Pathol. 2014;33(2):114–8.

76. Ko B-J, Myung SK, Cho K-H, Park YG, Kim SG, Kim DH, et al. Relationship
between Bariatric Surgery and bone mineral density: a meta-analysis. Obes
Surg. 2016;26(7):1414–21.

77. Wei J-H, Lee W-J, Chong K, Lee Y-C, Chen S-C, Huang P-H, et al. High
incidence of secondary hyperparathyroidism in Bariatric patients: comparing
different procedures. Obes Surg. 2018;28(3):798–804.

78. Grethen E, McClintock R, Gupta CE, Jones R, Cacucci BM, Diaz D, et al.
Vitamin D and hyperparathyroidism in obesity. J Clin Endocrinol Metab.
2011;96(5):1320–6.

79. Office of Dietary Supplements - Vitamin D [Internet]. [cited 2018 Sep 12].
Available from: https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/

80. Faria SL, Faria OP, Buffington C, de Almeida Cardeal M, Ito MK. Dietary protein
intake and bariatric surgery patients: a review. Obes Surg. 2011;21(11):1798–805.

81. de CP MT, Duarte TC, ERT M, de CF P, Marçola MA, De-Souza DA. Severe
protein malnutrition in a morbidly obese patient after bariatric surgery. Nutr
Burbank Los Angel Cty Calif. 2015;31(3):535–8.

82. Faintuch J, Matsuda M, Cruz MELF, Silva MM, Teivelis MP, Garrido AB, et al.
Severe protein-calorie malnutrition after bariatric procedures. Obes Surg.
2004;14(2):175–81.

83. Schollenberger AE, Karschin J, Meile T, Küper MA, Königsrainer A, Bischoff
SC. Impact of protein supplementation after bariatric surgery: a randomized
controlled double-blind pilot study. Nutr Burbank Los Angel Cty Calif. 2016;
32(2):186–92.

84. Kramer MS, Kakuma R. Energy and protein intake in pregnancy. Cochrane
Database Syst Rev. 2003;4:CD000032.

85. Hazart J, Le Guennec D, Accoceberry M, Lemery D, Mulliez A, Farigon N,
et al. Maternal Nutritional deficiencies and small-for-gestational-age

https://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
https://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
http://www.ncbi.nlm.nih.gov/books/NBK132263/
http://www.ncbi.nlm.nih.gov/books/NBK114310
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/


Falcone et al. BMC Pregnancy and Childbirth          (2018) 18:507 Page 12 of 13
neonates at birth of women who have undergone Bariatric Surgery. J
Pregnancy. 2017;2017:4168541.

86. McCauley ME, van den Broek N, Dou L, Othman M. Vitamin a
supplementation during pregnancy for maternal and newborn outcomes.
Cochrane Database Syst Rev 2015;(10):CD008666.

87. Strobel M, Tinz J, Biesalski H-K. The importance of β-carotene as a source of
vitamin a with special regard to pregnant and breastfeeding women. Eur J
Nutr. 2007;46(1):1–20.

88. Association AD. 2. Classification and Diagnosis of Diabetes: Standards of
medical Care in Diabetes—2018. Diabetes Care. 2018;41(Supplement 1):S13–27.

89. Zhu Y, Zhang C. Prevalence of gestational diabetes and risk of progression
to type 2 diabetes: a global perspective. Curr Diab Rep. 2016;16(1):7.

90. Weinert LS. International Association of Diabetes and Pregnancy Study
Groups recommendations on the diagnosis and classification of
hyperglycemia in pregnancy: comment to the International Association of
Diabetes and Pregnancy Study Groups Consensus Panel. Diabetes Care.
2010;33(7):e97 author reply e98.

91. Wendland EM, Torloni MR, Falavigna M, Trujillo J, Dode MA, Campos MA,
et al. Gestational diabetes and pregnancy outcomes--a systematic review of
the World Health Organization (WHO) and the International Association of
Diabetes in pregnancy study groups (IADPSG) diagnostic criteria. BMC
Pregnancy Childbirth. 2012;12:23.

92. Torloni MR, Betrán AP, Horta BL, Nakamura MU, Atallah AN, Moron AF, et al.
Prepregnancy BMI and the risk of gestational diabetes: a systematic review
of the literature with meta-analysis. Obes Rev. 2009;10(2):194–203.

93. Lekva T, Norwitz ER, Aukrust P, Ueland T. Impact of systemic inflammation on
the progression of gestational diabetes mellitus. Curr Diab Rep. 2016;16(4):26.

94. Pantham P, Aye ILMH, Powell TL. Inflammation in maternal obesity and
gestational diabetes mellitus. Placenta. 2015;36(7):709–15.

95. Scholl TO, Sowers M, Chen X, Lenders C. Maternal glucose concentration
influences fetal growth, gestation, and Pregnancy Complications. Am J
Epidemiol. 2001;154(6):514–20.

96. Fetita L-S, Sobngwi E, Serradas P, Calvo F, Gautier J-F. Consequences of fetal
exposure to Maternal diabetes in offspring. J Clin Endocrinol Metab. 2006;
91(10):3718–24.

97. Hillier TA, Pedula KL, Schmidt MM, Mullen JA, Charles M-A, Pettitt DJ.
Childhood Obesity and Metabolic imprinting: the ongoing effects of
maternal hyperglycemia. Diabetes Care. 2007;30(9):2287–92.

98. Maggard MA, Yermilov I, Li Z, Maglione M, Newberry S, Suttorp M, et al.
Pregnancy and fertility following bariatric surgery: a systematic review.
JAMA. 2008;300(19):2286–96.

99. Vrebosch L, Bel S, Vansant G, Guelinckx I, Devlieger R. Maternal and
Neonatal outcome after laparoscopic adjustable gastric banding: a
systematic review. Obes Surg. 2012;22(10):1568–79.

100. Magdaleno R, Pereira BG, Chaim EA, Turato ER. Pregnancy after bariatric
surgery: a current view of maternal. obstetrical and perinatal challenges
Arch Gynecol Obstet. 2012;285(3):559–66.

101. Sheiner E, Willis K, Bariatric Surgery YY. Impact on pregnancy outcomes.
Curr Diab Rep. 2013;13(1):19–26.

102. Yi X, Li Q, Zhang J. Wang Z. a meta-analysis of maternal and fetal outcomes
of pregnancy after bariatric surgery. Int J Gynecol Obstet. 2015;130(1):3–9.

103. Goldfine AB, Mun EC, Devine E, Bernier R, Baz-Hecht M, Jones DB, et al.
Patients with neuroglycopenia after gastric bypass surgery have
exaggerated incretin and insulin secretory responses to a mixed meal. J Clin
Endocrinol Metab. 2007 Dec;92(12):4678–85.

104. Göbl CS, Bozkurt L, Tura A, Leutner M, Andrei L, Fahr L, et al. Assessment of
glucose regulation in pregnancy after gastric bypass surgery. Diabetologia.
2017;60(12):2504–13.

105. Adam S, Ammori B, Soran H, Syed AA. Pregnancy after bariatric surgery:
screening for gestational diabetes. BMJ. 2017;356:j533.

106. Bonis C, Lorenzini F, Bertrand M, Parant O, Gourdy P, Vaurs C, et al. Glucose
profiles in pregnant women after a gastric Bypass : findings from
continuous glucose monitoring. Obes Surg. 2016;26(9):2150–5.

107. Narayanan RP, Syed AA. Pregnancy following Bariatric Surgery—medical
complications and management. Obes Surg. 2016;26(10):2523–9.

108. Rariy CM, Rometo D, Korytkowski M. Post–gastric bypass hypoglycemia. Curr
Diab Rep. 2016;16(2):19.

109. Tranquilli AL, Dekker G, Magee L, Roberts J, Sibai BM, Steyn W, et al. The
classification, diagnosis and management of the hypertensive disorders of
pregnancy: a revised statement from the ISSHP. Pregnancy Hypertens Int J
Womens Cardiovasc Health. 2014;4(2):97–104.
110. World Health Organization. WHO recommendations for prevention and
treatment of pre-eclampsia and eclampsia. 2011 [cited 2017 Oct 17]. Available
from: https://www.who.int/reproductivehealth/publications/maternal_
perinatal_health/9789241548335/en/

111. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller A-B, Daniels J, et al. Global
causes of maternal death: a WHO systematic analysis. Lancet Glob Health.
2014;2(6):e323–33.

112. Fingar KR, Mabry-Hernandez I, Ngo-Metzger Q, Wolff T, Steiner CA,
Elixhauser A. Delivery Hospitalizations Involving Preeclampsia and Eclampsia,
2005–2014: Statistical Brief #222. In: Healthcare Cost and Utilization Project
(HCUP) Statistical Briefs. Rockville (MD): Agency for Healthcare Research and
Quality (US); 2006 [cited 2017 Oct 17]. Available from: http://www.ncbi.nlm.
nih.gov/books/NBK442039/

113. Mbah A, Kornosky J, Kristensen S, August E, Alio A, Marty P, et al. Super-
obesity and risk for early and late pre-eclampsia. BJOG Int J Obstet
Gynaecol. 2010;117(8):997–1004.

114. Spradley FT. Metabolic abnormalities and obesity’s impact on the risk for
developing preeclampsia. Am J Physiol - Regul Integr Comp Physiol. 2017;
312(1):R5–12.

115. Spradley FT, Palei AC, Granger JP. Increased risk for the development of
preeclampsia in obese pregnancies: weighing in on the mechanisms. Am J
Physiol - Regul Integr Comp Physiol. 2015;309(11):R1326–43.

116. Bennett WL, Gilson MM, Jamshidi R, Burke AE, Segal JB, Steele KE, et al.
Impact of bariatric surgery on hypertensive disorders in pregnancy:
retrospective analysis of insurance claims data. BMJ. 2010;13(340):c1662.

117. González I, Lecube A, Rubio MÁ, García-Luna PP. Pregnancy after bariatric
surgery: improving outcomes for mother and child. Int J Womens Health.
2016;8:721–9.

118. Ducarme G, Revaux A, Rodrigues A, Aissaoui F, Pharisien I, Uzan M. Obstetric
outcome following laparoscopic adjustable gastric banding. Int J Gynecol
Obstet. 2007;98(3):244–7.

119. Petersen L, Lauenborg J, Svare J, Nilas L. The impact of upper abdominal pain
during pregnancy following a gastric bypass. Obes Surg. 2017;27(3):688–93.

120. Leal-González R. De la Garza-Ramos R, Guajardo-Pérez H, Ayala-Aguilera F,
Rumbaut R. internal hernias in pregnant women with history of gastric
bypass surgery: case series and review of literature. Int J Surg Case Rep.
2013;4(1):44–7.

121. Baba A, Yamazoe S, Dogru M, Okuyama Y, Mogami T, Kobashi Y, et al.
Petersen hernia after open gastrectomy with roux-en-Y reconstruction: a
report of two cases and literature review. Springerplus. 2015;4:753.

122. Gudbrand C, Andreasen LA, Boilesen AE. Internal hernia in pregnant women
after gastric bypass: a retrospective register-based cohort study. Obes Surg.
2015;25(12):2257–62.

123. Correa A, Marcinkevage J. Prepregnancy obesity and the risk of birth
defects: an update. Nutr Rev. 2013;71(Suppl 1):S68–77.

124. Racusin D, Stevens B, Campbell G, Aagaard KM. Obesity and the risk and
detection of fetal malformations. Semin Perinatol. 2012;36(3):213–21.

125. Tsur A, Sergienko R, Wiznitzer A, Zlotnik A, Sheiner E. Critical analysis of risk
factors for shoulder dystocia. Arch Gynecol Obstet. 2012;285(5):1225–9.

126. Simeoni U, Barker DJ. Offspring of diabetic pregnancy: long-term outcomes.
Semin Fetal Neonatal Med. 2009;14(2):119–24.

127. Bienstock JL, Holcroft CJ, Althaus J. Small fetal abdominal circumference in
the second trimester and subsequent low maternal plasma glucose after a
glucose challenge test is associated with the delivery of a small-for-
gestational age neonate. Ultrasound Obstet Gynecol. 2008;31(5):517–9.

128. Levy-Marchal C, Jaquet D. Long-term metabolic consequences of being
born small for gestational age. Pediatr Diabetes. 2004;5(3):147–53.

129. Fernandez-Twinn DS, Ozanne SE. Mechanisms by which poor early growth
programs type-2 diabetes, obesity and the metabolic syndrome. Physiol
Behav. 2006;88(3):234–43.

130. Sheiner E, Balaban E, Dreiher J, Levi I, Levy A. Pregnancy outcome in patients
following different types of bariatric surgeries. Obes Surg. 2009;19(9):1286–92.

131. Ducarme G, Parisio L, Santulli P, Carbillon L, Mandelbrot L, Luton D.
Neonatal outcomes in pregnancies after bariatric surgery: a retrospective
multi-centric cohort study in three French referral centers. J Matern-Fetal
Neonatal Med Off J Eur Assoc Perinat Med Fed Asia Ocean Perinat Soc Int
Soc Perinat Obstet. 2013;26(3):275–8.

132. Martin CR, Ling P-R, Blackburn GL. Review of infant feeding: key features of
breast Milk and infant formula. Nutrients. 2016;8(5).

133. Grange DK, Finlay JL. Nutritional vitamin B12 deficiency in a breastfed infant
following maternal gastric bypass. Pediatr Hematol Oncol. 1994;11(3):311–8.

https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/9789241548335/en/
https://www.who.int/reproductivehealth/publications/maternal_perinatal_health/9789241548335/en/
http://www.ncbi.nlm.nih.gov/books/NBK442039/
http://www.ncbi.nlm.nih.gov/books/NBK442039/


Falcone et al. BMC Pregnancy and Childbirth          (2018) 18:507 Page 13 of 13
134. Martens WS, Martin LF, Berlin CM. Failure of a nursing infant to thrive after
the mother’s gastric bypass for morbid obesity. Pediatrics. 1990;86(5):777–8.

135. Salone LR, Vann WF, Dee DL. Breastfeeding: an overview of oral and general
health benefits. J Am Dent Assoc 1939. 2013;144(2):143–51.

136. Isaacs EB, Fischl BR, Quinn BT, Chong WK, Gadian DG, Lucas A. Impact of
breast milk on intelligence quotient, brain size, and white matter
development. Pediatr Res. 2010;67(4):357–62.

137. Aguilar Cordero MJ, Sánchez López AM, Madrid Baños N, Mur Villar N,
Expósito Ruiz M, Hermoso RE. Breastfeeding for the prevention of
overweight and obesity in children and teenagers; systematic review. Nutr
Hosp. 2014;31(2):606–20.

138. Jans G, Devlieger R, De Preter V, Ameye L, Roelens K, Lannoo M, et al.
Bariatric Surgery does not appear to affect Women’s breast-Milk
composition. J Nutr. 2018;148(7):1096–102.

139. Chevrot A, Kayem G, Coupaye M, Lesage N, Msika S, Mandelbrot L. Impact
of bariatric surgery on fetal growth restriction: experience of a perinatal and
bariatric surgery center. Am J Obstet Gynecol 2016;214(5):655.e1–7.



RESEARCH ARTICLE

Pregnancy after bariatric surgery and adverse

perinatal outcomes: A systematic review and

meta-analysis

Zainab AkhterID
1*, Judith RankinID

1, Dries CeulemansID
2, Lem Ngongalah1,

Roger Ackroyd3, Roland DevliegerID
2, Rute Vieira4, Nicola HeslehurstID

1

1 Institute of Health & Society, Newcastle University, Newcastle upon Tyne, United Kingdom, 2 Department

of Obstetrics and Gynaecology, University Hospitals Leuven, Leuven, Belgium, 3 Department of Surgery,

Sheffield Teaching Hospitals, Sheffield, United Kingdom, 4 Institute of Health Sciences Research, University

of Aberdeen, Aberdeen, United Kingdom

* z.akhter@newcastle.ac.uk

Abstract

Background

Women who undergo bariatric surgery prior to pregnancy are less likely to experience

comorbidities associated with obesity such as gestational diabetes and hypertension. How-

ever, bariatric surgery, particularly malabsorptive procedures, can make patients suscepti-

ble to deficiencies in nutrients that are essential for healthy fetal development. The objective

of this systematic review and meta-analysis is to investigate the association between preg-

nancy after bariatric surgery and adverse perinatal outcomes.

Methods and findings

Searches were conducted in Medline, Embase, PsycINFO, CINAHL, Scopus, and Google

Scholar from inception to June 2019, supplemented by hand-searching reference lists, cita-

tions, and journals. Observational studies comparing perinatal outcomes post-bariatric sur-

gery to pregnancies without prior bariatric surgery were included. Outcomes of interest were

perinatal mortality, congenital anomalies, preterm birth, postterm birth, small and large for

gestational age (SGA/LGA), and neonatal intensive care unit (NICU) admission. Pooled

effect sizes were calculated using random-effects meta-analysis. Where data were avail-

able, results were subgrouped by type of bariatric surgery. We included 33 studies with

14,880 pregnancies post-bariatric surgery and 3,979,978 controls. Odds ratios (ORs) were

increased after bariatric surgery (all types combined) for perinatal mortality (1.38, 95% confi-

dence interval [CI] 1.03–1.85, p = 0.031), congenital anomalies (1.29, 95% CI 1.04–1.59, p

= 0.019), preterm birth (1.57, 95% CI 1.38–1.79, p < 0.001), and NICU admission (1.41,

95% CI 1.25–1.59, p < 0.001). Postterm birth decreased after bariatric surgery (OR 0.46,

95% CI 0.35–0.60, p < 0.001). ORs for SGA increased (2.72, 95% CI 2.32–3.20, p < 0.001)

and LGA decreased (0.24, 95% CI 0.14–0.41, p < 0.001) after gastric bypass but not after

gastric banding. Babies born after bariatric surgery (all types combined) weighed over 200 g

less than those born to mothers without prior bariatric surgery (weighted mean difference
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−242.42 g, 95% CI −307.43 to −177.40 g, p < 0.001). There was low heterogeneity for all

outcomes (I2 < 40%) except LGA. Limitations of our study are that as a meta-analysis of

existing studies, the results are limited by the quality of the included studies and available

data, unmeasured confounders, and the small number of studies for some outcomes.

Conclusions

In our systematic review of observational studies, we found that bariatric surgery, especially

gastric bypass, prior to pregnancy was associated with increased risk of some adverse peri-

natal outcomes. This suggests that women who have undergone bariatric surgery may ben-

efit from specific preconception and pregnancy nutritional support and increased monitoring

of fetal growth and development. Future studies should explore whether restrictive surgery

results in better perinatal outcomes, compared to malabsorptive surgery, without

compromising maternal outcomes. If so, these may be the preferred surgery for women of

reproductive age.

Trial registration

PROSPERO CRD42017051537.

Author summary

Why was this study done?

• Obesity during pregnancy increases the risk of health complications for both mother

and baby.

• Bariatric surgery before pregnancy improves obesity-related problems for the mother

but reduces the absorption of micronutrients that are needed for healthy fetal

development.

• This research aimed to investigate whether bariatric surgery is associated with adverse

outcomes for the baby.

What did the researchers do and find?

• This systematic review included 33 studies that investigated perinatal outcomes among

women with previous bariatric surgery compared to women without previous bariatric

surgery.

• Meta-analysis identified a significant increase in odds of perinatal mortality, congenital

anomalies, preterm birth, and neonatal intensive care unit admission but a decrease in

odds of postterm birth after bariatric surgery.

• The odds of small babies were increased and the odds of large babies were decreased

after malabsorptive bariatric surgery types, but there was no change for restrictive bar-

iatric surgery types.
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WMD, weighted mean difference.
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What do these findings mean?

• Bariatric surgery, in particular malabsorptive types of surgery, seems associated with

an increased risk of some adverse perinatal outcomes, which suggests a link with

nutrition.

• Women of reproductive age undergoing bariatric surgery are a high-risk group and

require specialised preconception and antenatal nutritional support to achieve the best

outcomes for both mothers and babies.

Introduction

Obesity is a global public health challenge with over 650 million adults affected worldwide,

and prevalence continues to rise, making obesity the most common medical condition in

women of reproductive age [1,2]. Maternal obesity, defined as prepregnancy body mass index

(BMI)� 30 kg/m2, has severe implications for both mother and baby. Maternal risks include

higher likelihood of gestational diabetes, preeclampsia, and cesarean section [3]. For the neo-

nate, there is increased risk of pre- and postterm birth, small and large for gestational (SGA/

LGA), congenital anomalies, and perinatal mortality [3,4]. Interventions to reduce maternal

obesity are important not only to improve pregnancy outcomes but also to reduce the long-

term health burden on the mother and offspring, including cardiovascular disease and insulin

resistance [5].

Bariatric surgery is the most effective treatment for long-term weight loss, and over half of

surgeries are performed on women of reproductive age [6,7]. Women who undergo bariatric

surgery prior to pregnancy are less likely to experience comorbidities associated with obesity,

such as gestational diabetes and hypertension [8]. However, micronutrient deficiencies are

increased after bariatric surgery and may therefore have implications for fetal environment

[9]. Maternal deficiencies in folate, iron, and vitamin D, for example, are all linked with

adverse perinatal outcomes including neural tube defects, preterm birth, and low birth

weight [10]. Malabsorptive procedures such as Roux-en-Y gastric bypass (RYGB) and bilio-

pancreatic diversion (BPD) reduce the absorption of micronutrients because part of the

small intestine is bypassed, whereas restrictive procedures such as laparoscopic adjustable

gastric banding (LAGB) and sleeve gastrectomy (SG) reduce stomach capacity [11]. There

have been multiple case reports of congenital anomalies occurring after malabsorptive proce-

dures because of maternal malnutrition; however, the evidence from observational studies is

conflicting [12].

Previous meta-analyses on pregnancy after bariatric surgery have focused on maternal out-

comes, and there is limited evidence on perinatal outcomes other than size for gestational age

and preterm birth [8,13,14]. The aim of this systematic review and meta-analysis was to com-

pare adverse perinatal outcomes among women who underwent bariatric surgery prior to

pregnancy with those who had not. When possible, the difference in effect size between malab-

sorptive and restrictive procedures was explored.
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Methods

Search strategy and selection criteria

Searches were conducted in Medline, Embase, PsycINFO, CINAHL, Scopus, Google Scholar,

and relevant e-journals from inception to June 3, 2019. We included observational studies

published in the English language, involving women who had undergone bariatric surgery

prior to pregnancy, and compared them to women without a history of bariatric surgery. We

included studies that combined all types of bariatric surgery or provided data for RYGB,

LAGB, SG, or BPD separately. The following perinatal outcomes were included: perinatal mor-

tality (including stillbirth), congenital anomalies, preterm birth, postterm birth, SGA, LGA,

neonatal intensive care unit (NICU) admission, birth weight, and gestational age.

The search strategy (S1 Table) included a mixture of keywords and MeSH headings: (preg-

nan� or mother� or matern�) and (bariatric surgery or weight loss and surgery or gastric

bypass or gastric band� or sleeve or biliopancreatic diversion or LAGB or RYGB) and (death

or mortality or newborn� or fetal or congenital or stillbirth or defect� or perinatal or obstetric

or neonat� or outcome� or birth). Reference lists and citations were searched for all included

primary studies and for relevant reviews identified by the database searches. Authors were

contacted if additional data were required for inclusion in meta-analysis. Screening, data

extraction, and quality assessment were carried out in duplicate.

This review was conducted in line with the PRISMA and MOOSE guidelines (S1 PRISMA

Checklist) [15,16]. The protocol is published on PROSPERO (CRD42017051537).

Data analysis

The Cochrane Cohort Study data extraction tool was adapted to meet the requirements of this

review. Study characteristics extracted included study design, study location, type of bariatric

surgery, and control group. Frequencies, effect sizes, and confidence intervals (CIs) of adverse

perinatal outcomes were also extracted. For continuous outcomes, means and standard devia-

tions were extracted. When multiple studies reported data from the same cohort with the same

participant inclusion criteria, the decision was made to include the study with the larger sam-

ple size for the exposed group. Studies with duplicate data were only included if they reported

different perinatal outcomes and were therefore included in separate meta-analysis. The New-

castle-Ottawa quality assessment scale was used to appraise the quality of the included studies

out of a maximum of eight points (S1 Fig). The studies were assessed for representativeness of

the exposed cohort, selection of the nonexposed cohort, ascertainment of exposure and out-

come, study design and analysis, and adequacy of follow-up.

A meta-analysis was used to calculate a pooled odds ratio (OR) and 95% CI when there

were at least three studies reporting the same outcome. For continuous perinatal outcomes, a

weighted mean difference (WMD) and 95% CI were calculated. DerSimonian and Laird ran-

dom-effects model was used to take clinical heterogeneity into account such as unreported dif-

ferences between surgical procedures (e.g., technique and limb length) and different levels of

patient postsurgery and preconception care. When a study reported data on multiple control

groups, a hierarchy was developed to firstly include the most comparable BMI group to the

postbariatric patient, which was prepregnancy BMI matched, then obesity. When there was

evidence of moderate heterogeneity (I2> 40%), subgroup analysis by type of surgery or com-

parison group, as defined a priori, was carried out if three or more studies existed for each

group. Any remaining heterogeneity was explored through meta-regression for factors includ-

ing location, sample size, publication date, and quality. Publication bias was investigated using

Egger’s test and funnel plots. For studies reporting adjusted results, their crude and adjusted

Pregnancy after bariatric surgery and adverse perinatal outcomes
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ORs were compared to determine whether adjustments affected the effect size. Sensitivity anal-

ysis was performed for each meta-analysis by excluding one study at a time to identify the

effect of any individual study on the pooled effect size and between-study heterogeneity. All

analyses were conducted in Stata/SE 15.0.

Results

Study characteristics

Database searches identified 3,470 results for title and abstract screening, of which 141 studies

underwent full-text assessment (Fig 1). The kappa statistic for inter-rater agreement of study

inclusion between authors was 0.84 (scores > 0.81 are considered excellent) [17]. Thirty-seven

studies met the inclusion criteria, but four were excluded because they reported the same

cohort, participant inclusion criteria, and outcomes as another study [18–21]. This resulted in

33 studies that reported original data on perinatal outcomes (14,880 pregnancies after bariatric

surgery and 3,979,978 pregnancies without bariatric surgery, Table 1). Fifteen of the included

studies were conducted in Europe, 10 were conducted in the United States, three in Israel, two

in each Australia and Brazil, and one in Canada. Studies were published between 1998 and

2018. All studies scored over five out of eight for quality, with 20 studies scoring at least seven

(S2 Table). Many studies conducted more than one analysis with multiple surgery types or

control groups. Sixteen analyses combined all bariatric surgery patients, whereas 14 studies

were restricted to RYGB, six analyses included only LAGB, one included only SG, and one

included BPD. Nine analyses compared women’s postsurgical pregnancies to pre/early-preg-

nancy BMI–matched controls, and 14 used obesity controls (which were�30 kg/m2, 35 kg/

m2, or 40 kg/m2) in line with their relevant bariatric surgery guidelines, or matched for presur-

gical BMI. Eleven analyses compared pregnancies before and after bariatric surgery, nine com-

pared outcomes to the general population, and five used healthy BMI as the control group.

Perinatal mortality and congenital anomalies

Perinatal mortality or stillbirth was reported in 10 studies. The pooled odds were significantly

increased post-bariatric surgery compared to women without prior bariatric surgery (OR 1.38,

95% CI 1.03–1.85, p = 0.031) (Fig 2A) [22,25,26,34,39,41–43,45,52]. Ten studies reported on

congenital anomalies, which were also found to have significantly increased odds post-bariat-

ric surgery (OR 1.29, 95% CI 1.04–1.59, p = 0.019) (Fig 2B) [22,25,34,35,41,42,44,46,51,52].

There was no significant heterogeneity for either outcome (I2 = 12.1%, 95% CI 0.0–53.1,

p = 0.331 and I2 = 28%, 95% CI 0.0–65.5, p = 0.186, respectively).

Gestational age

Preterm birth was reported in 20 studies, with 19 eligible for meta-analysis [22,27–

30,32,34,36–39,42,44–47,49,51,53]. The overall odds of preterm birth were significantly

increased post-bariatric surgery compared to women without prior bariatric surgery (OR 1.35,

95% CI 1.14–1.60, p = 0.001) (S2 Fig). There was significant heterogeneity (I2 = 50.1%, 95% CI

15.3–70.6, p = 0.007), which remained significant after subgroup analyses by control group but

was reduced after subgrouping by type of surgery (Fig 3A). There were significantly increased

odds of preterm birth after bariatric surgery in the ‘all bariatric surgery’ group (OR 1.57, 95%

CI 1.38–1.79, p< 0.001). The association was not significant for subgroups ‘RYGB’ (OR 1.14,

95% CI 0.89–1.46, p = 0.289) or ‘LAGB or SG’ (OR 0.88, 95% CI 0.58–1.34, p = 0.565). The

study excluded from the meta-analysis because of lack of crude data reported an adjusted OR

for preterm birth of 1.43 (95% CI 1.01–2.03) post-bariatric surgery (n = 293) compared to

Pregnancy after bariatric surgery and adverse perinatal outcomes
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general population controls (n = 656,353) [23]. Postterm birth was reported in five studies,

and the odds more than halved after bariatric surgery (OR 0.46, 95% CI 0.35–0.60, p< 0.001)

(Fig 3B) [22,37,44,50,51]. There was no significant heterogeneity (I2 = 7.2%, 95% CI 0.0–80.7,

p = 0.366).

Despite the results of increased preterm birth and decreased postterm birth, the WMD of

13 studies reporting continuous gestational age did not reach statistical significance (WMD

−0.16 weeks, 95% CI −0.38 to 0.06, p = 0.156) (S3 Fig) [22–24,30,33,36,38,40,41,44,49,51,52].

Fig 1. PRISMA flowchart of included studies. BMI, body mass index.

https://doi.org/10.1371/journal.pmed.1002866.g001
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Table 1. Table of studies included in the systematic review and meta-analysis.

Author, publication

year, country

Study period Exposed groups� Comparison groups� Perinatal outcomes

reported

Adams et al. 2015 [22],

USA

Bariatric surgery between 1979 and

2011

(1) 764 pregnancies after

RYGB

(2) 2,666 pregnancies after

RYGB

(1) 764 pregnancies matched for ppBMI

(2) 10,447 pregnancies before RYGB

Birth weight

Congenital anomalies

Gestational age

LGA

Postterm birth

Preterm birth

Stillbirth

SGA

Belogolovkin et al. 2012

[23], USA

Delivery between 2004 and 2007 293 pregnancies after

bariatric surgery

656,353 general population pregnancies Birth weight

Gestational age

Macrosomia

Preterm birth

SGA

Berglind et al. 2014 [24],

Sweden

Bariatric surgery between 1980 and

2006

124 pregnancies after

bariatric surgery

124 pregnancies before bariatric surgery Birth weight

Gestational age

Berlac et al. 2014 [25],

Denmark

Bariatric surgery between January

1996 and June 2011

415 pregnancies after

RYGB

827 pregnancies matched for ppBMI

829 healthy BMI 20–24 kg/m2

pregnancies

Congenital anomalies

NICU admission

Stillbirth

Burke et al. 2010 [26],

USA

Bariatric surgery between 2002 and

2006

354 pregnancies after

bariatric surgery

346 pregnancies matched for presurgery

BMI

LGA

Stillbirth

Chevrot et al. 2016 [27],

France

Delivery between January 1, 2004, and

December 31, 2013

(1) 139 pregnancies after

bariatric surgery

(2) 58 pregnancies after

RYGB

(2) 81 pregnancies after

LAGB or SG

(1) 139 pregnancies matched for

presurgery BMI

(2) 139 pregnancies matched for ppBMI

Birth weight

LGA

NICU admission

Preterm birth

SGA

Dell’Agnolo et al. 2011

[28], Brazil

Pregnancy between 1999 and 2008 41 pregnancies after

bariatric surgery

14 pregnancies before bariatric surgery Low birth weight

Preterm birth

Dixon et al. 2005 [29],

Australia

Bariatric surgery between January 1,

1995, and August 31, 2003

79 pregnancies after LAGB 79 pregnancies with obesity > 35 kg/m2

40 pregnancies before LAGB

61,000 general population pregnancies

Birth weight

Low birth weight

Macrosomia

Preterm birth

Ducarme et al. 2007 [30],

France

Delivery between January 2004 and

October 2006

13 pregnancies after LAGB 414 pregnancies with obesity > 30kg/m2 Gestational age

Low birth weight

Macrosomia

Preterm birth

Feichtinger et al. 2016

[31], Austria

Pregnancy between January 2007 and

January 2016

76 pregnancies after RYGB 76 pregnancies with obesity > 30 kg/m2

76 pregnancies matched for ppBMI

76 healthy BMI 18–25 kg/m2

pregnancies

LGA

NICU admission

SGA

Gascoin et al. 2017 [9],

France

Delivery between March 1, 2008, and

October 31, 2012

56 pregnancies after RYGB 56 nonobesity pregnancies Birth weight

Goldman et al. 2016 [32],

USA

Bariatric surgery between 2002 and

2012

(1) 12 pregnancies after

RYGB

(2) 14 pregnancies after

LAGB

(1)(2) 14 pregnancies with obesity

(eligible for bariatric surgery)

(1) 36 pregnancies before RYGB

(2) 28 pregnancies before LAGB

Birth weight

Preterm birth

Hammeken et al. 2017

[33], Denmark

Delivery between January 1, 2010, and

December 31, 2013

151 pregnancies after

RYGB

151 pregnancies matched for ppBMI Birth weight

Gestational age

LGA

NICU admission

SGA

Johansson et al. 2015 [34],

Sweden

Bariatric surgery between 2006 and

2011

596 pregnancies after

bariatric surgery

2,356 pregnancies matched for

presurgery BMI

Congenital anomalies

LGA

Preterm birth

SGA

Stillbirth

(Continued)
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Table 1. (Continued)

Author, publication

year, country

Study period Exposed groups� Comparison groups� Perinatal outcomes

reported

Josefsson et al. 2013 [35],

Sweden

Mothers born between 1973 and 1983 318 pregnancies after

bariatric surgery

244,294 general population pregnancies Congenital anomalies

Josefsson et al. 2011 [36],

Sweden

Mothers born between 1973 and 1983 126 pregnancies after

bariatric surgery

188,500 general population pregnancies Birth weight

Gestational age

LGA

Preterm birth

SGA

Kjaer et al. 2013 [37],

Denmark

Delivery between January 2004 and

December 2010

(1) 339 pregnancies after

bariatric surgery

(2) 286 pregnancies after

RYGB

(1)(2) 1,277 pregnancies matched

for ppBMI

LGA

Postterm birth

Preterm birth

SGA

Lapolla et al. 2010 [38],

Italy

Bariatric surgery between September

1993 and December 2005

(1) 83 pregnancies after

LAGB

(2) 27 pregnancies after

LAGB

(1) 120 pregnancies with obesity > 40

kg/m2

(1) 858 healthy BMI (criteria NR)

pregnancies

(2) 27 pregnancies before LAGB

Birth weight

Gestational age

LGA

NICU admission

Preterm birth

SGA

Lesko and Peaceman 2012

[39], USA

Delivery between December 1, 2005,

and December 1, 2009

70 pregnancies after

bariatric surgery

140 pregnancies matched for presurgery

BMI

140 pregnancies matched for ppBMI

Macrosomia

NICU admission

Preterm birth

Stillbirth

SGA

Machado et al. 2017 [40],

Brazil

Pregnancy between March 2008 and

March 2012

30 pregnancies after RYGB 60 pregnancies matched for ppBMI Birth weight

Gestational age

SGA

Marceau et al. 2004 [41],

Canada

Bariatric surgery before 2000 251 pregnancies after BPD 1,577 pregnancies before BPD Birth weight

Congenital anomalies

Gestational age

LGA

SGA

Stillbirth

Parent et al. 2017 [42],

USA

Delivery between January 1, 1980, and

May 30, 2013

1,859 pregnancies after

bariatric surgery

8,437 general population pregnancies Congenital anomalies

LGA

NICU admission

Preterm birth

SGA

Stillbirth

Parker et al. 2016 [43],

USA

Delivery in 2012 1,585 pregnancies after

bariatric surgery

185,120 pregnancies with obesity > 30

kg/m2
LGA

SGA

Stillbirth

Patel et al. 2008 [44], USA Delivery between 2003 and 2006 26 pregnancies after RYGB 66 pregnancies with obesity > 30 kg/m2

188 nonobesity BMI < 30 kg/

m2pregnancies

Birth weight

Congenital anomalies

Gestational age

Macrosomia

Postterm birth

Preterm birth

SGA

Roos et al. 2013 [45],

Sweden

Delivery between 1992 and 2009 2,534 pregnancies after

bariatric surgery

12,468 pregnancies matched for ppBMI

1,740,140 general population

pregnancies

LGA

Preterm birth

SGA

Stillbirth

Rottenstreich et al. 2018

[46], Israel

Delivery between 2006 and 2016 119 pregnancies after SG 119 pregnancies matched for presurgery

BMI

Congenital anomalies

LGA

NICU admission

Preterm birth

SGA

(Continued)
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Heterogeneity between studies was substantial and did not reduce with subgroup analyses for

type of bariatric surgery. Meta-regression revealed that the following factors did not contribute

to heterogeneity: type of surgery, control group, publication year, continent, sample size, or

quality score (S3A Table).

Size for gestational age and birth weight

SGA, intrauterine growth restriction, and low birth weight were investigated in 22 studies, and

21 of these were eligible for meta-analysis [22,27–31,33,34,36–46,51,52]. The odds of an SGA

baby post-bariatric surgery were more than doubled (OR 2.13, 95% CI 1.80–2.52, p< 0.001)

(S4 Fig). There was significant evidence of heterogeneity (I2 = 47.0%, 95% CI 11.8–68.2,

p = 0.009), which was reduced by subgroup analyses by surgery type (Fig 4A). Odds of SGA

were significantly increased for the ‘all bariatric surgery’ group (OR 1.87, 95% CI 1.61–2.17,

p< 0.001) and were further increased for ‘RYGB or BPD’ (OR 2.72, 95% CI 2.32–3.20,

p< 0.001). There was no association between SGA and ‘LAGB or SG’ (OR 1.25, 95% CI 0.62–

2.51, p = 0.533). The study excluded from the meta-analysis reported an adjusted OR of 2.69

Table 1. (Continued)

Author, publication

year, country

Study period Exposed groups� Comparison groups� Perinatal outcomes

reported

Shai et al. 2014 [47], Israel Delivery between 1988 and 2010 326 pregnancies after

bariatric surgery

1,612 pregnancies with obesity > 30 kg/

m2
Preterm birth

Skull et al. 2004 [48],

Australia

Bariatric surgery between 1996 and

2003

49 pregnancies after LAGB 31 pregnancies before LAGB Birth weight

Stentebjerg et al. 2017

[49], Denmark

Delivery between November 2007 and

October 2013

71 pregnancies after RYGB 57,970 general population pregnancies Birth weight

Gestational age

Preterm birth

Stephansson et al. 2018

[50], Sweden

Delivery between 1 January 2006 and

31 December 2013

1,431 pregnancies after

bariatric surgery

4,476 pregnancies matched for

presurgery BMI

798,338 general population pregnancies

Postterm birth

Wax et al. 2008 [51], USA NR 38 pregnancies after RYGB 76 general population pregnancies Birth weight

Congenital anomalies

Gestational age

Macrosomia

NICU admission

Postterm birth

Preterm birth

SGA

Weintraub et al. 2008

[52], Israel

Delivery between 1988 and 2006 507 pregnancies after

bariatric surgery

301 pregnancies before bariatric surgery Birth weight

Congenital anomalies

Gestational age

IUGR

Macrosomia

Stillbirth

Wittgrove et al. 1998 [53],

USA

NR 36 pregnancies after RYGB 23 pregnancies before RYGB Macrosomia

Preterm birth

The term ‘bariatric surgery’ is used when a study combined all types of surgery or did not specify a surgery type.

�Some studies reported multiple exposed groups and multiple comparison groups. In the case of multiple exposed groups, numbers indicate which comparison group

was used. There are no numbers when a single exposed group was compared to all listed comparison groups.

Abbreviations: BMI, body mass index; BPD, biliopancreatic diversion; IUGR, intrauterine growth restriction; LAGB, laparoscopic adjustable gastric banding; LGA, large

for gestational age; NICU, neonatal intensive care unit; NR, not reported; ppBMI, prepregnancy BMI; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy; SGA,

small for gestational age.

https://doi.org/10.1371/journal.pmed.1002866.t001
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Fig 2. Perinatal mortality and congenital anomalies after bariatric surgery meta-analysis. Association between

maternal bariatric surgery and (A) perinatal mortality (includes stillbirth) and (B) congenital anomalies. Studies are

presented as Author, year. The forest plots are stratified by type of surgery. n = cases of perinatal mortality or

congenital anomalies. N = total group size. �BPD only. BPD, biliopancreatic diversion; CI, confidence interval; OR,

odds ratio; ppBMI, prepregnancy body mass index matched; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.

https://doi.org/10.1371/journal.pmed.1002866.g002
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Fig 3. Preterm and postterm birth after bariatric surgery meta-analysis. Association between maternal bariatric

surgery and (A) preterm birth (<37 weeks) and (B) postterm birth (>41 or>42 weeks). Studies are presented as

Author, year. The forest plots are stratified by type of surgery, with separate pooled OR (95% CI) when subgroup

analysis was possible. n = cases of preterm or postterm birth. N = total group size. �LAGB and SG. †SG only. CI,

confidence interval; LAGB, laparoscopic adjustable gastric banding; OR, odds ratio; ppBMI, prepregnancy body mass

index matched; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.

https://doi.org/10.1371/journal.pmed.1002866.g003
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Fig 4. Size for gestational age after bariatric surgery meta-analysis. Association between maternal bariatric surgery

and (A) small for gestational age (includes low birth weight< 2,500 g for three studies) and (B) large for gestational

age (includes macrosomia > 4,000 g for seven studies). Studies are presented as Author, year. Results are subgrouped

by type of surgery. n = cases of small or large for gestational age. N = total group size. �BPD only. †LAGB and SG. ‡SG

only. BPD, biliopancreatic diversion; CI, confidence interval; LAGB, laparoscopic adjustable gastric banding; OR, odds

ratio; ppBMI, prepregnancy body mass index matched; RYGB, Roux-en-Y gastric bypass; SG, sleeve gastrectomy.

https://doi.org/10.1371/journal.pmed.1002866.g004
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(95% CI 1.96–3.69) post-bariatric surgery (n = 293) compared to general population controls

(n = 656,353) [23].

LGA and macrosomia were investigated in 22 studies, and 21 were eligible for meta-analysis

[22,26,27,29–31,33,34,36–39,41–46,51–53]. The ORs of an LGA baby post-bariatric surgery

were more than halved (0.42, 95% CI 0.34–0.54, p< 0.001) (S5 Fig). There was substantial evi-

dence of heterogeneity (I2 = 69.5%, 95% CI 52.4–80.5, p< 0.001). Subgroup analyses by type

of surgery identified that the ‘RYGB or BPD’ group was associated with the biggest decrease in

odds of LGA (OR 0.24, 95% CI 0.14–0.41, p< 0.001), in comparison with ‘all bariatric surgery’

(OR 0.51, 95% CI 0.39–0.67, p< 0.001), and ‘LAGB or SG’, which was not significant (OR

0.59, 95% CI 0.30–1.14, p = 0.116) (Fig 4B). Heterogeneity did not decrease in these subgroup

analyses. Meta-regression revealed that sample size was significantly contributing to heteroge-

neity (residual I2 = 61.21, coefficient = 0.249, p = 0.031) (S3B Table). The study excluded from

the meta-analysis reported an adjusted OR of 0.03 (95% CI 0.01–0.21) for LGA post-bariatric

surgery (n = 293) compared to general population controls (n = 656,353) [23].

Birth weight mean and standard deviation for babies born after maternal bariatric surgery

and controls were reported in 17 studies [9,22–24,27,29,32,33,36,38,40,41,44,48,49,51,52].

WMD was significantly lower post-bariatric surgery (WMD −242.42 g, 95% CI −307.43 g to −-

177.40 g, p< 0.001) (S6 Fig). Heterogeneity was substantial (I2 = 75.7%, 95% CI 61.1–84.8,

p< 0.001) but reduced after subgroup analyses by surgery type. RYGB resulted in the largest

reduction in birth weight (WMD −226.10 g, 95% CI −273.43 g to −178.78 g, p< 0.001), com-

pared with ‘all bariatric surgery’ (WMD −223.71 g, 95% CI −273.68 g to −173.74 g, p< 0.001),

and ‘LAGB’, for which the reduction was not significant (WMD −135.14 g, 95% CI −289.17 g

to 18.90 g, p = 0.086). One study investigated only BPD, for which the mean difference was

−500 g (95% CI −570.85 g to −429.15 g, p< 0.001).

NICU admission

NICU admission was reported in nine studies with babies born post-bariatric surgery being

significantly more likely to be admitted to NICU (OR 1.41, 95% CI 1.25–1.59, p< 0.001) (Fig

5) [25,27,31,33,38,39,42,46,51]. There was no evidence of heterogeneity (I2 = 0.0%, 95% CI

0.0–64.8, p = 0.808).

Publication bias and sensitivity analyses

There was no evidence of small study effects for any outcome except LGA (p = 0.021), which

may signal publication bias (S7 Fig, S4 Table). A subset of studies reported both crude and

adjusted data for the adverse perinatal outcomes, but when compared, there was little differ-

ence in size or direction of associations (S8 Fig). Sensitivity analyses revealed that the results

were robust, with only small changes in pooled effect sizes when meta-analysis were repeated

with one study excluded (S5 Table).

Discussion

This systematic review and meta-analysis has demonstrated that perinatal mortality, congeni-

tal anomalies, preterm birth, SGA, and NICU admission are associated with increased odds in

women who have had bariatric surgery prior to pregnancy compared to women without prior

bariatric surgery. Postterm birth and LGA, however, are associated with decreased odds after

bariatric surgery. Malabsorptive procedures were associated with a significant increase in

SGA and decrease in LGA, whereas restrictive procedures were not. Subgrouping by type of

surgery significantly reduced heterogeneity for the outcomes with a high I2 value, whereas

Pregnancy after bariatric surgery and adverse perinatal outcomes

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002866 August 6, 2019 13 / 20

https://doi.org/10.1371/journal.pmed.1002866


subgrouping by control group did not. There was no evidence of publication bias for any out-

come except LGA.

The increase in adverse perinatal outcomes could be related to malnutrition. Unlike restric-

tive procedures, which reduce stomach size and appetite, malabsorptive procedures bypass a

portion of the small intestine where many vitamins and minerals are absorbed, making these

patients particularly susceptible to nutrient deficiencies that may negatively affect a subsequent

pregnancy [54]. The association between folic acid intake and neural tube defects is well estab-

lished, and there are links between iron deficiency and preterm birth and between calcium and

birth weight [55–57]. Impaired nutrient transport across the placenta is also associated with

perinatal morbidity; however, there is limited evidence regarding placental function after bar-

iatric surgery. The studies reporting data on congenital anomalies in pregnancy with and with-

out prior bariatric surgery did not subgroup by type of anomaly—this would be valuable for

future research to pinpoint the mechanism behind the anomalies. Another factor that may

explain the increase in SGA infants is the increased glycaemic variability and postprandial

hypoglycaemia observed after RYGB, as fetal growth has been found to be associated with

maternal glucose nadir levels during oral glucose tolerance testing in pregnancy [58].

The strengths of this systematic review and meta-analysis include the thorough search strat-

egy of multiple databases and supplementing this with hand searches of reference lists, cita-

tions, and relevant journals. All screening, data extraction, and quality assessment was carried

out in duplicate to minimise human error. There are no randomised controlled trials, because

Fig 5. NICU admission after bariatric surgery meta-analysis. Association between maternal bariatric surgery and

NICU admission. Studies are presented as Author, year. The forest plot is stratified by type of surgery. n = cases of

NICU admission. N = total group size. �SG only. CI, confidence interval; LAGB, laparoscopic adjustable gastric

banding; NICU, neonatal intensive care unit; OR, odds ratio; ppBMI, prepregnancy BMI matched; RYGB, Roux-en-Y

gastric bypass; SG, sleeve gastrectomy.

https://doi.org/10.1371/journal.pmed.1002866.g005
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of the nature of this research question, but all included studies were medium- to high-quality

observational studies. This is the first meta-analysis, to our knowledge, to report significantly

increased odds of perinatal mortality and congenital anomalies after bariatric surgery. This is

also the first meta-analysis, to our knowledge, to investigate postterm birth after bariatric sur-

gery, for which a significant decrease was found. The results for SGA, LGA, preterm birth, and

NICU admission confirm the findings of past meta-analyses but with stronger associations

than previously reported and the inclusion of 12 additional studies

[9,22,24,27,28,32,33,40,42,46,49,50].

The results from our study are limited by the small sample sizes of some of the included

studies. Multiple studies reported few, or even zero, cases of perinatal mortality or congenital

anomalies and have therefore resulted in large CIs. Larger epidemiological studies or individ-

ual patient data (IPD) meta-analyses need to be carried out for this rare exposure and rare out-

come combination. Additionally, there are no large studies exploring congenital anomalies

and perinatal mortality specifically after restrictive surgery such as LAGB or SG, which may

not have a detrimental effect. A number of studies have reported several adverse perinatal out-

comes, many of which are linked, which may result in a loss of statistical and clinical indepen-

dence. We were unable to include non–English language studies, and one non–English

language study meeting our inclusion criteria was excluded. This study from France identified

a significant decrease in macrosomia, as our meta-analysis did; however, it also found a

decrease in SGA in contrast to the significant increase we found [59].

Women that become pregnant post-bariatric surgery tend to be older than the general pop-

ulation of pregnant women [7]. Many women also still have a BMI > 30 kg/m2 despite the

weight loss from surgery [45]. There is also evidence that alcohol use and smoking are

increased after bariatric surgery [60]. The combination of increased maternal age, high BMI,

and unhealthy behaviours in women after bariatric surgery plays a role in the development of

adverse perinatal outcomes, in addition to the malnutrition. These are important confounders

to consider when investigating perinatal outcomes in this group. When comparing ORs with

adjustments made for these factors to unadjusted ORs, we did not see a change in the results.

However, in a clinical setting, these factors and behaviours are important for the healthcare

provider to take into account because of the evidence of the link with adverse perinatal out-

comes. As with all meta-analyses of observational data, unmeasured confounding in the

included studies may have implications on the results. Gestational weight gain (GWG) is

another factor associated with perinatal outcomes such as birth weight; however, further

research is required to determine how the relationship between GWG and pregnancy out-

comes differs for women after bariatric surgery and whether current GWG guidelines can

apply to this population.

The LAGB subgroup analyses tended to have larger CIs than any other subgroup. This may

be due to smaller sample sizes or differences in LAGB band management. Some clinics actively

manage gastric bands during pregnancy by deflating in cases of nausea or vomiting and inflat-

ing in cases of excess GWG [29]. Future studies should explore how band management could

be used to achieve optimal pregnancy outcomes. The studies that combined all types of bariat-

ric surgery drastically differed in surgery type composition, with studies reporting from 13.3%

RYGB to 98% RYGB in their cohorts. It would be useful for future studies to separate out-

comes by type of surgery or to conduct IPD meta-analyses on the existing data, which would

enable standardisation of categories across studies.

Future studies should explore the effect of time to conception after different types of bariat-

ric surgery, especially considering gestational weight loss and advanced maternal age. Many

women that are previously considered to be infertile experience increased fertility after bariat-

ric surgery, which may result in unexpected pregnancies immediately after surgery in the
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rapid weight loss phase [61]. Many clinics recommend waiting 12–18 months to conceive

post-surgery, but the evidence base is limited for this.

Bariatric surgery prior to pregnancy is promising for reducing obesity-related comorbidi-

ties for the mother, and benefits include reduced risks of gestational diabetes and preeclamp-

sia, which are both serious complications associated with adverse maternal and fetal outcomes.

Our meta-analysis has shown that the risks of postterm birth and LGA babies are reduced after

bariatric surgery; however, we have also identified adverse outcomes for the baby and efforts

now need to be focused on how to reduce these. Internationally, guidelines exist for a variety

of high-risk pregnancy groups such as those with diabetes, hypertension, and obesity. This

study confirms that bariatric surgery patients that become pregnant are also a high-risk group,

and guidelines for health professionals need to be developed as obesity and bariatric surgery

increases. The current evidence base could be used to inform risk communication about

potential future pregnancies with women of reproductive age prior to surgery. For women

with a history of bariatric surgery, preconception nutritional support should be offered, and

increased fetal, nutrition, and glucose monitoring is required throughout pregnancy. Further

studies are required to determine whether restrictive surgery results in better perinatal out-

comes than malabsorptive surgery without compromising maternal outcomes, and if so, these

may be the preferred surgery for women of reproductive age.
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bariatric surgery: nationwide population based matched cohort study. BMJ. 2013; 347: f6460. https://

doi.org/10.1136/bmj.f6460 PMID: 24222480

46. Rottenstreich A, Elchalal U, Kleinstern G, Beglaibter N, Khalaileh A, Elazary R. Maternal and Perinatal

Outcomes After Laparoscopic Sleeve Gastrectomy. Obstet Gynecol. 2018; 131: 451–456. https://doi.

org/10.1097/AOG.0000000000002481 PMID: 29420411

47. Shai D, Shoham-Vardi I, Amsalem D, Silverberg D, Levi I, Sheiner E. Pregnancy outcome of patients

following bariatric surgery as compared with obese women: a population-based study. J Matern Fetal

Neonatal Med. 2014; 27: 275–278. https://doi.org/10.3109/14767058.2013.814632 PMID: 23773032

48. Skull AJ, Slater GH, Duncombe JE, Fielding GA. Laparoscopic adjustable banding in pregnancy: safety,

patient tolerance and effect on obesity-related pregnancy outcomes. Obes Surg. 2004; 14: 230–235.

https://doi.org/10.1381/096089204322857618 PMID: 15018752

49. Stentebjerg LL, Andersen LLT, Renault K, Stoving RK, Jensen DM. Pregnancy and perinatal outcomes

according to surgery to conception interval and gestational weight gain in women with previous gastric

bypass. J Matern Fetal Neonatal Med. 2017; 30: 1182–1188. https://doi.org/10.1080/14767058.2016.

1208746 PMID: 27426696
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followed. All available evidence was graded and further discussed during group meet-

ings to formulate recommendations. Where evidence of sufficient quality was lacking,

the group made consensus recommendations based on expert clinical experience. The

main outcome measures are timing of pregnancy, contraceptive choice, nutritional

advice and supplementation, clinical follow‐up of pregnancy, and breastfeeding. We

provide recommendations for periconception, antenatal, and postnatal care for

women following surgery. These recommendations are summarized in a table and

print‐friendly format. Women of reproductive age with a history of bariatric surgery

should receive specialized care regarding their reproductive health. Many recommen-

dations are not supported by high‐quality evidence and warrant further research.

These areas are highlighted in the paper.

KEYWORDS

bariatric surgery, metabolic surgery, obesity, pregnancy, obstetrics, gynaecology
1 | INTRODUCTION

The prevalence of obesity worldwide has nearly tripled between 1975

and 2016. In 2016, 1.9 billion adults aged 18 years or older (40% of

women and 39% of men) were affected by overweight (BMI 25‐29

kg/m2) with 650 million (11% men and 15% women) having obesity

(BMI ≥ 30 kg/m2).1 Obesity increases complications for both mother

and offspring during pregnancy and childbirth.2 Furthermore, there is

growing evidence that parental nutrition and lifestyle affect embryonic

development with potential long‐term health implications for the infant

through on the process of developmental programming.3,4 As such, it is

generally recommended that both women and men with obesity lose

weight before conception.5,6 Based on international guidelines,7

patients with class III obesity (BMI ≥ 40 kg/m2) or class II obesity

(BMI 35‐39 kg/m2) with associated comorbidities may be eligible for

bariatric surgery (BS). Poor success with weight loss by diet alone has

led to BS becoming increasingly popular.8 Common procedures include

(1) sleeve gastrectomy (SG), the most frequently performed operation,9

in which the greater curvature of the stomach is resected, reducing

stomach volume by 75%, thus limiting food intake. This procedure also

removes ghrelin‐producing secreting endocrine cells present in the

greater curvature of the stomach, which aid in appetite reduction.

Weight loss as well as alterations in other metabolic hormones results

in the improvement of glucose homeostasis and results in positive

effects on comorbidities therefore reducing appetite and aiding in sub-

sequent diabetes remission.10 (2) Roux‐en‐Y gastric bypass (RYGB), a

mixed procedure in which the volume of the stomach is reduced to

approximately 15 to 30 mL and the absorption of nutrients, is impaired

by bypassing part of the small intestine and diverting the food flow to

the distant small intestine. This approach not only results in a limited

oral intake but also induces malabsorption, although this is reduced over

time because of intestinal hypertrophy. Furthermore, an increase in gut

hormone secretion (including GLP‐1 and PYY) hormones associated

with RYGB may diminish appetite and result in better glucose
homeostasis.11 (3) Adjustable gastric band (AGB) procedures where an

inflatable restrictive band is placed around the upper portion of the

stomach creating a small pouch with a narrow opening to the lower

stomach, adjusted by adding or removing fluid to the band via a subder-

mal port. This reduces stomach capacity and appetite.12 Other types of

surgery include biliopancreatic diversion with duodenal switch,

intragastric balloon, and vertical banded gastroplasty, but these are out-

dated or rarely performed.

As a result of weight loss and enteroendocrine alteration, BS has

also been shown to reduce the incidence of obesity‐related comorbid-

ities and complications.13 BS is however associated with a potential

increase in adverse events due to surgical complications and micronu-

trient deficiencies and derangements in (neuro)endocrine and meta-

bolic homeostasis.14-17 Approximately 80% of BS is in women, many

of whom are of reproductive age.18-20 BS may improve fertility

through restoration of ovulation, and pregnancies after BS are becom-

ing increasingly common.21 It has been recognized that changes in gut

anatomy and physiology with potential for malnutrition incur

increased potential for adverse perinatal outcomes such as small for

gestational age (SGA), preterm birth, congenital abnormalities, and

perinatal mortality. Pregnancy soon after surgery may increase risk

of maternal morbidity and/or mortality.22

A need for more specific guidance and nutritional management

was recognized, and an international group of experts was assembled

to review the available evidence and provide recommendations on the

periconception, antenatal, and postnatal care of pregnancies after BS.
2 | METHODS

An expert meeting focused on pregnancy after BS was organized at

the University of Surrey, UK in April 2017 with a follow‐up meeting

at University Hospital Leuven, Belgium, in November 2017. These

meetings brought together national and international expertise from



TABLE 2 Type and level of evidence24

Quality and Level of Evidence

1++ High‐quality meta‐analyses, systematic reviews of RCTs, or RCTs

(including cluster RCTs) with a very low risk of bias

1+ Well‐conducted meta‐analyses, systematic reviews of RCTs, or

RCTs (including cluster RCTs) with a low risk of bias

1– Meta‐analyses, systematic reviews of RCTs, or RCTs (including

cluster RCTs) with a high risk of bias

2++ High‐quality systematic reviews of these types of studies, or

individual, non‐RCTs, case‐control studies, cohort studies, CBA
studies, ITS, and correlation studies with a very low risk of

confounding, bias or chance, and a high probability that the

relationship is causal

2+ Well‐conducted non‐RCTs, case‐control studies, cohort studies,
CBA studies, ITS, and correlation studies with a low risk of

confounding, bias or chance and a moderate probability that the

relationship is causal

2– Non‐RCTs, case‐control studies, cohort studies, CBA studies, ITS

and correlation studies with a high risk—or chance—of

confounding bias, and a significant risk that the relationship is

not causal

3 Non‐analytic studies (for example, case reports, case series)

4 Expert opinion, formal consensus
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a multidisciplinary group of researchers and clinicians including spe-

cialists in obstetrics and gynaecology, bariatric surgery, endocrinology,

dietetics, nutrition, nursing and midwifery, health psychology, epide-

miology, and public health. Additional international colleagues were

able to join both meetings through teleconferencing.

The objectives of the meetings were to discuss the key questions,

to advance scientific knowledge and practice in the area of pregnancy

after BS, and to identify key areas of focus for collaborative work to

produce consensus clinical guidelines on best practice for facilitating

healthy pregnancies after BS.

The clinical guideline was developed using the structure from

ADAPTE.23 The group formulated specific clinical questions in relation

to pregnancy after BS (Table 1). For each question, a systematic search

of the available literature was performed, identifying articles published

from inception to July 2018. Search terms related to pregnancy (“preg-

nancy,” “prepregnancy,” “mother,” “maternal,” “conception,” “precon-

ception,” “gravid,” “pregravid”) were combined with terms related to

BS (“bariatric surgery,” “weight loss surgery,” “gastric bypass,” “Roux‐

en‐Y,” “RYGB,” “sleeve gastrectomy,” “gastric sleeve,” “gastroplasty,”

“gastric band,” “LAGB,” “biliopancreatic diversion,” “BPD,” “duodenal

switch”) and terms specific for each clinical question. Articles resulting

from these searches and relevant references cited in those articles

were reviewed. All evidence was graded (Table 2)24 and discussed dur-

ing group meetings. When evidence of sufficient quality was lacking,

the group made consensus recommendations based on expert clinical

experience. Consensus on the guidelines was declared when 100% of

the group agreed with the recommendations. The final document was

reviewed by all authors. The recommendations made by this group are

summarized in Table 3.
3 | EVIDENCE AND RECOMMENDATIONS

3.1 | Bariatric surgery to conception interval

The period after BS is characterized by weight loss which may be rapid

after SG and RYGB procedures and slower after AGB, once optimal
TABLE 1 Clinical questions to be answered in this guideline

Clinical Questions to be Answered in This Guideline

What is the recommended time interval between bariatric surgery and

conception?

What types of contraception should be advised to women after bariatric

surgery?

Are there special recommendations regarding dietary behaviour?

Which micronutrients should be monitored? Which types of

supplements should be prescribed?

Should patients be screened for gestational diabetes and how should

they be screened?

Which medical and surgical complications should be monitored, and can

they be prevented?

Is breastmilk composition affected by bariatric surgery and can it safely

be recommended to patients?
adjustment has been achieved. During this period postsurgery,25,26

women are recommended to postpone pregnancy in order to ensure

maximal weight loss, weight stabilization, and to reduce the risk of

macronutrient and micronutrient deficiencies and electrolyte imbal-

ances.5 Evidence in regard to this recommendation is however scarce.

We identified 14 studies reporting on the surgery‐to‐conception inter-

val and pregnancy outcomes, but many studies have limitations in

methodology thus preventing comparison.

Parent et al22 found that a shorter surgery‐to‐birth interval (less

than 2 years) was associated with a higher risk for prematurity, SGA,

and neonatal intensive care unit (NICU) admission (level 2++), but data

on long‐term outcomes were missing. In contrast, Stentebjerg et al27

and Nomura et al28 found an increased risk for certain pregnancy com-

plications (iron deficiency, excessive gestational weight gain (GWG),

and delivery by caesarean section) if the pregnancy was postponed

according to this recommendation (level 2+). Norgaard et al29 found

no difference in the prevalence of SGA prior to, or after, 18 months

(level 2++). Other studies also did not find a difference in gestational

outcomes according to surgery to conception interval.27,30-37

Based on level 2++ evidence, the members of this group recom-

mend postponing pregnancy until a stable weight is achieved. This is

typically achieved 1 year after SG or RYGB procedures and 2 years

after AGB.

3.2 | Contraception

Women recommended to postpone pregnancy during the period of

rapid weight loss (1‐2 years) require adequate counselling regarding

safe and effective contraception.38 As obesity is associated with

impaired fertility due to metabolic syndrome and PCOS, patients
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may not be using contraception presurgery. They should be made

aware that fertility increases postoperatively, and contraception usage

should be discussed (level 2+).39 There is sufficient evidence to show

that perioperative contraceptive counselling increases the postopera-

tive use of contraception (level 2+).40,41 Contraceptive counselling

and contraceptive knowledge by health care providers could however

be improved (level 2−),42,43 as contraceptive use after BS is often sub-

optimal, with many women using least reliable methods (level

2+).39,40,44-48 This is even more important in patients with a history

of infertility, as they have been found to be at increased risk for

unprotected intercourse without intent to conceive and have higher

early postoperative conception rates.39

Both RYGB and, to a lesser extent, SG significantly alter the anatom-

ical structure of the gastrointestinal tract, and theoretically, this gut

shortening could affect the absorption of oral contraceptives containing

an oestrogen component which undergoes metabolism in the upper gut

wall. Absorption of ethinylestradiol from the contraceptive pill may be

reduced leading to a decrease in efficacy.49 Reliability might also

decrease due to postoperative side effects and complications such as

vomiting and/or diarrhoea; however, there are few data in women after

BS. Limited clinical evidence suggests no substantial decrease in effec-

tiveness of oral contraception among women who underwent a

biliopancreatic diversion (BPD), a now uncommon procedure, or

AGB.50,51 However, evidence from pharmacokinetic studies has shown

increased contraceptive failure for progestogen oral contraception

among women who underwent a jejunoileal bypass (an older proce-

dure).52,53 In general, combined oral contraception (COC) may be less

reliable after BS (level 2+).51 Additionally, many individuals are still

affected by obesity after BS, and this represents a relative contraindica-

tion for the use of COC, with both factors increasing the risk of venous

thromboembolism.38 Alternatives found to be unaffected by BS are par-

enteral long‐acting reversible contraception (LARC) methods such as the

copper intrauterine device (IUD), intrauterine systems (IUS), and proges-

togen implants. They have been found to be highly effective and accept-

able to women (level 2−).54-57 For women choosing nonhormonal barrier

methods, both male and female condoms may be suitable; however, the

contraceptive diaphragm may be difficult to insert correctly and less reli-

able as it requires refitting after every 3 kg of weight change.58

Consensus from available evidence is that women should receive

counselling regarding contraception prior to surgery (level 2−). Com-

bined oral contraception containing oestrogen should be avoided after

BS (level 2+). The use of long‐acting reversible contraception such as

implants, IUD, or IUS should be encouraged and offered as first line

following BS (level 2−).
4 | NUTRITION AND MICRONUTRIENT
MONITORING

4.1 | Nutritional advice

A large proportion of pregnant women have a poor diet,59 indepen-

dent of BS history. The focus should remain on the regular
monitoring of diet quality and nutritional status and on encouraging

a general healthy dietary pattern and lifestyle.3 At the same time, a

healthy diet post‐BS may differ in food group proportions from that

of the nonsurgical pregnant population. This is due to a greater

emphasis on lean protein sources, followed by fruit and vegetables,

and lastly starchy carbohydrates, as the main component of the post

BS diet. There is little or no evidence‐based specific dietary (food‐

based) advice for pregnancies post BS and few published reports

of the dietary intakes of this population.60 It therefore seems pru-

dent to combine what we know about an appropriate postsurgical

diet with the accepted general dietary advice for pregnancy to pro-

vide appropriate guidance.

Energy requirements should be individualized on the basis of

prepregnancy BMI, GWG, and physical activity level, with limitations

on energy‐dense foods if excessive GWG is identified (level 2+).60

Beard et al61 recommend a minimum of 60 g of protein/day during

pregnancy post‐BS (level 4). However, subsequent antenatal achieve-

ment of protein requirements is more difficult following bypass oper-

ations.62 In the nonpregnant postsurgical patient, intakes of up to 1.5

g/kg ideal body weight/day are proposed (up to a maximum of 2.1 g/

kg).63 How this translates into pregnancy and in particular how ideal

body weight should be defined have not been studied.

Exposure to abnormal glucose levels during pregnancy, similar to

that seen in nonsurgical women with GDM, warrants dietary interven-

tion. In the case of hyperglycaemia, it is recommended to reduce rap-

idly absorbed carbohydrates, substituting them with protein and low

glycaemic index (GI) alternatives (level 4).

Parenteral nutrition support may be indicated in cases of severe

malnutrition during pregnancy64 with initiation and choice of feeding

route informed by local nutrition support protocols (level 4). In the

absence of dietary advice specific to the postsurgery population,

women should be encouraged to adhere to national guidelines regard-

ing diet, taking into consideration changes of anatomy due to BS.
4.2 | Postprandial syndromes (dumping syndromes)

Postprandial syndrome, or dumping syndrome, is a common effect of

bariatric and metabolic surgery. Postprandial syndrome (also termed

early dumping syndrome) occurs within 60 minutes of ingestion of

food, typically rapidly absorbed carbohydrates, producing symptoms

including dizziness, flushing, and palpitations. If early dumping is

suspected, rapidly absorbed carbohydrates should be avoided. Addi-

tionally, liquids should not be taken 30 minutes before and after eating

to encourage a slower gastric transit (level 2−).65,66 Caffeinated bever-

ages should be avoided, and patients should be advised to eat slowly

and chew well. Individualized advice relating to portion sizes and

meal/snack frequency and spacing may be helpful alongside education

about the GI of different foods (level 4).66 Alcohol consumption can

precipitate dumping and is in general contraindicated throughout

pregnancy.67

Late dumping or postprandial hyperinsulinaemic hypoglycaemia

(PHH) is far less common, although the exact prevalence remains
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unclear due to the lack of clear diagnostic criteria.68-70 PHH character-

ized by symptomatic hypoglycaemia that occurs after 60 minutes of

eating (typically between 60 and 180 minutes postprandial).71 This

syndrome should be considered in those who have symptoms of

hypoglycaemia (eg, altered mental state, anxiety, sweating, or altered

sensorium) that occur in parallel with biochemical evidence of

hypoglycaemia, and which then resolve on ingestion of carbohydrate

(ie, symptoms agree with Whipple's triad).71

In general, management of late dumping/PHH requires more care-

ful dietary manipulation (ie, low GI carbohydrates, small carbohydrate

portions, carbohydrates mixed with protein, frequent intake of six

small meals) and sometimes referral to an endocrinologist for further

investigation and medical management (level 4).72 There is no specific

approach for PPH described in pregnancy, although important

glycaemic excursions potentially could affect fetal growth and well‐

being.
TABLE 4 Daily dose recommendations for (pre)pregnancy
supplementation

Daily Dose Recommendations for (Pre)pregnancy Supplementation
(Level 4)

Thiamine >12 mg

Folic acid 0.4 mg daily, during preconception and first trimester, 4‐5 mg

if obese or diabetic

Calcium 1200‐1500 mg in divided doses (includes dietary intake)

Vitamin D >40 mcg (1000 IU)

Iron 45‐60 mg elemental iron (AGB >18 mg)

Copper 2 mg (AGB >1 mg)

Zinc 8‐15 mg per 1 mg copper

Vitamin K 90‐120 μg

Vitamin E 15 mg

Vitamin A 5000 IU, should be in B carotene form in pregnancy

Selenium 50 μg daily

Abbreviations: IU, international units; AGB, adjustable gastric banding.
4.3 | Nutritional supplementation and monitoring

Men and women after BS have an increased risk to develop micronu-

trient deficiencies.73 In the formulation of this guidance, it is recog-

nized that there is a lack of evidence on the optimal nutritional

monitoring and supplementation strategies in pregnancy after BS.

We have therefore used data and guidelines for the nonpregnant

postoperative population and supplemented this with pregnancy‐spe-

cific data when available. It should be noted that we recommend that

pregnancy should be planned and that nutritional supplementation

should be optimized preferably 3 to 6 months prior to conception

(level 4). A multivitamin and mineral supplement should be taken daily

prior to conception and throughout pregnancy (level 4). This supple-

ment should contain the following at a minimum: copper (2 mg), zinc

(15 mg), selenium (50 μg), folic acid (5 mg), iron (45‐60 mg or >18

mg after AGB), thiamine (>12 mg), vitamin E (15 mg), and beta‐caro-

tene (vitamin A, 5000 IU) (level 4). The retinol form of vitamin A

should be avoided during pregnancy due to teratogenicity risk (level

2+),74,75 and supplementation should be adjusted to maintain concen-

trations within normal limits (level 2−).76

Given the risk associated with potential deficiencies in the

periconception period, the following indices should be checked at

least every 3 months in women planning to become pregnant after

BS: serum folate or red blood cell folate (level 2−),77 serum vitamin

B12 or transcobalamin (level 2−),62,63,73,78,79 serum ferritin, iron stud-

ies (including transferrin saturation), full blood count (level

2−),63,73,76,78,79 and serum vitamin A levels (level 2−).76,80,81 In addi-

tion, the following should be monitored every 6 months: prothrombin

time, international normalized ratio (INR) (level 2+),82,83 serum 25‐

hydroxyvitamin D with calcium, phosphate, magnesium, and parathy-

roid hormone (PTH) (level 4), serum protein and albumin (level

2−),62,78 renal function and liver function tests (level 4), serum vitamin

E (level 4), serum zinc, copper, and selenium (level 4). Serum vitamin

K1 concentration should be monitored if coagulation studies are

abnormal (level 2+).83
Specific supplementation is recommended in the preconception

and periconception period (Tables 3 and 4). In most patients after

BS, 0.4 mg per day of folic acid is sufficient as doses >0.3 mg are

not absorbed, due to lack of dihydrofolate reductase in intestinal cells.

Despite having undergone BS, many patients still have a BMI > 30 kg/

m2. Current guidelines suggest that additional folic acid at a dose of 4

or 5 mg daily should be given to these patients during the

periconception period and throughout the first trimester (level 4).84

Postsurgery vitamin B12 regimens should be continued preconception

at a dose of 1 mg every 3 months via intramuscular depot injection.

Alternatively, oral supplementation (1 mg/day) can be used to increase

compliance in the patient. However, a reduced absorption is to be

expected as the secretion of intrinsic factor is diminished (level 4).85

Additional vitamin B12 supplementation should be given as needed

to maintain serum concentrations within normal limits (level 4). Iron

supplementation should be continued at a minimum dose of 45 mg

of elemental iron daily (>18 mg for AGB); this should be increased as

needed to maintain ferritin within normal limits (level 4). Vitamin D

should be supplemented to maintain a concentration of 50 nmol/L

or greater with a serum PTH within normal limits (level 4). Calcium

should be added to on‐going vitamin D supplementation as needed

to maintain PTH within normal limits (level 4). If vitamin K1 deficiency

is measured or suggested by coagulation defects, it is advised to sup-

plement this with an oral dose of 10 mg weekly (level 2+).83

During pregnancy, serum levels of many micronutrients and mac-

ronutrients will decrease as a result of the expanding maternal blood

volume and increasing demands of the growing fetus. Therefore, it is

recommended to check the following indices at least once per trimes-

ter and use pregnancy‐specific ranges: serum folate (level 2−)77; serum

vitamin B12 (level 2−)62,63,73,78,79; serum ferritin, iron studies including

transferrin saturation and full blood count (level 2−)63,73,76,78,79; serum

vitamin D with calcium, phosphate, magnesium, and PTH (level 4);

serum vitamin A (level 2−)76,80,81; prothrombin time, INR, and serum
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vitamin K1 concentration (level 2+)82,83; serum protein and albumin

(level 2−)62,78; and renal function and liver function tests (level 4). In

addition, we advise to monitor serum vitamin E, serum zinc, copper,

and selenium (level 4) during the first trimester.

During pregnancy, thiamine 300 mg daily with vitamin B complex

should be prescribed if prolonged vomiting occurs due to hyperemesis

or other causes (level 3).86-88

Furthermore, intravenous thiamine should be given at a minimum

dose of 100 mg daily with intravenous vitamin B complex if oral sup-

plementation is not possible due to the severity of vomiting (level

3).86-88 Further supplementation in regards to vitamin B12, iron, vita-

min D, calcium, vitamin A, and vitamin K should be provided as in the

preconception period (level 4).

Our recommendations for preconception nutritional supplementa-

tion generally agree with the British Obesity and Metabolic Surgery

Society (BOMSS) and the American Society of Metabolic and Bariatric

Surgeons (ASMBS) recommendations63,84 and represent the com-

monly agreed standard of care with regards to micronutrient

replacement.
4.4 | Breastfeeding

Limited data are available on breastfeeding after BS. In longitudinal

studies, the composition of breastmilk from women after BS was

found to be largely comparable with women without prior BS (level

2++).89,90 Gimenes et al91 found children born to mothers who had

undergone BS and who were breastfed for at least 6 months to have

lower fat mass and lower glucose levels, possibly protecting them from

the development of obesity later in life. These authors therefore rec-

ommend breastfeeding in these women for at least 6 months in accor-

dance to the general WHO guidelines (level 2+).92 Case reports have

demonstrated adverse maternal and/or neonatal outcomes due to

micronutrient deficiencies during lactation (level 3).93-95 Therefore,

we advise supporting women wishing to breastfeed after BS (level

2+) and suggest that their nutritional status is closely monitored during

lactation with additional supplements to those routinely advised after

BS prescribed when necessary (level 3).
5 | ASSESSMENT AND PREVENTION OF
MEDICAL COMPLICATIONS

5.1 | Ultrasound monitoring of fetal growth and
anomalies

Most types of BS have been found to double the risk of fetal growth

restriction (FGR) and SGA infants in comparison with BMI‐matched

women96 and women with obesity.97 This risk is higher with proce-

dures that potentially further induce malabsorption (such as RYGB),

when compared with procedures such as AGB or SG (level 2+).96,98

Studies suggest that it would seem preferable for women of reproduc-

tive age to consider more restrictive procedures to limit this risk. AGB

is however also associated with lower birth weight when the band
remains inflated during pregnancy (level 2++).99 Ultrasound monitor-

ing of fetal growth should be offered to all women with a history of

BS (level 2++). We recommend monthly screening from viability, espe-

cially in the presence of additional risk factors (eg, smokers, low GWG,

teenagers) (level 4).

It is still unclear whether BS increases the risk for congenital

malformations in the offspring as strong epidemiological data are lack-

ing.33 Several case reports and case studies have reported on the asso-

ciation between nutritional deficiencies in the mother and congenital

anomalies in the offspring (level 3).83,100-104 We therefore suggest

an additional detailed anomaly scan during the late first or second tri-

mester, especially in women with nutritional deficiencies (level 3), and

sonographic follow‐up of fetal growth during the third trimester (level

2++).
5.2 | Weight management in pregnancy

Weight regain following BS is a known problem in a substantial num-

ber of patients.105-107 It is therefore important to avoid excessive

GWG and postpartum weight retention in women after BS. On the

other hand, insufficient GWG increases the risk for FGR and low birth

weight.108 So far, no specific guidelines for GWG during pregnancy in

postbariatric women are available and few studies have focussed on

the subject.

Overall, women with a history of BS gain less weight during preg-

nancy compared with women without prior BS, especially during the

third trimester (level 2++).27,109-113 Women who conceive within 18

months after surgery also appear to have less GWG in comparison

with those who conceive after this period (level 2+).27 Sheiner et

al114 compared GWG between different types of surgery and found

a reduced GWG for vertical banded gastroplasty and silastic ring ver-

tical gastroplasty when compared with RYGB, and higher GWG for

AGB compared with all other forms of BS (level 2+).

Studies correlating GWG and pregnancy outcome are scarce.

Ducarme et al111 reported a significant reduction in both low birth

weight (<10% centile) and macrosomia (>90% centile) after AGB

compared with controls with obesity, despite lower mean GWG. In

a small retrospective cohort, Santulli et al115 reported no clear rela-

tion between birth weight and GWG in women after RYGB (level

2−). Stentebjerg et al27 explored differences in outcome between

women who gained appropriate, inadequate, or excessive weight

according to the Institute of Medicine (IOM) guidelines for pregnant

women.116 GWG exceeding the guidelines increased the risk for pre-

eclampsia and low Apgar scores at 1 minute (level 2+). Women with

GWG below the guidelines delivered the smallest children. Lapolla et

al112 found a similar trend towards smaller children if GWG was

below the guidelines. As pregnancy does not appear to affect long‐

term weight in women with a history of BS (level 2+)25,26 and in

view of the strong correlation between insufficient GWG, adverse

neonatal outcomes, and increased risk of low birth weight in the

general population, we advise women with a history of BS to adhere

to the IOM guidelines (level 2+).
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In women with AGB, evidence regarding band management and

weight gain during pregnancy is also limited. Active band management

appears to facilitate adherence to the IOM guidelines and was not

associated with low birth weight (level 2++).26,99,109,117 In contrast,

band deflation was associated with macrosomia (level 3).117

We recommend health professionals caring for women after BS to

measure BMI and monitor GWG in order to advise regarding adequate

GWG relating to their prepregnancy BMI in accordance to the IOM

guidelines (level 2+). If GWG is excessive, women should be assessed

for complications (level 2+). In the case of insufficient GWG, diet

should be revised and fetal growth carefully monitored (level 4).
5.3 | Diabetes screening

Currently, there are no specific guidelines on screening and treatment

for diabetes during pregnancy in women after BS. The risk of develop-

ing type 2 diabetes (T2DM) and GDM is reduced in women after BS

when compared with women without BS matched for their preopera-

tive BMI.118 In contrast, women who have undergone BS are often

still affected by obesity or overweight and remain at higher risk for

T2DM and GDM than women with a healthy weight without

BS.96,119 Undiagnosed diabetes in pregnancy results in an increased

risk for adverse outcomes including fetal anomalies.120

Women who are planning to become pregnant post‐BS should be

screened for preexisting diabetes in the prepregnancy period, so that

it can be identified and treated prior to conception (level 4). During

pregnancy, women with a history of BS should routinely be screened

for GDM (level 4).121,122 Patients with other risk factors for develop-

ing GDM should be offered early screening according to local policies

to exclude preexisting diabetes. This is best performed using fasting

plasma glucose (FPG) or Hba1c (level 4). As data on cut‐off values dur-

ing pregnancies after bariatric surgery are lacking, we recommended

using the guideline from the American Diabetes Association

(ADA).123 As such, the diagnosis of T2DM is made if HbA1c and/or

FPG is greater than or equal to 6.5% and greater than or equal to

7.0 mmol/L, respectively. Care should be taken when using HbA1c

as it is less sensitive to screen for T2DM and GDM using this method

when compared with FPG. In addition, the HAPO study showed that

associations with adverse outcomes were significantly stronger with

glucose measures than with Hba1c.124 However, this is offset by the

test's greater practicality as it can be used in the nonfasting state,

and the wider application of a more convenient test may increase

the number of diagnoses made.

Oral glucose tolerance testing (OGTT) is appropriate for women

with AGB and can be used to screen for GDM between 24 and 28

weeks (level 4).122 However, given the physiological changes associ-

ated with RYGB, SG, and BPD, there are valid concerns with regards

to the tolerability (dumping) and accuracy of OGTT in these women

(level 2−).121,122,125 Studies have suggested that using either a

seven‐point capillary blood glucose (CBG) profile or continuous glu-

cose monitoring (CGM) or for 1 week between 24 and 28 weeks is

the most appropriate method for GDM screening in these women
(level 4). However, appropriate threshold values for random capillary

glucose thresholds need yet to be defined in the post‐BS population.

In the absence of specific outcome data for the post‐BS popula-

tion, it seems reasonable to aim for the same targets as used in the

general population with GDM according to NICE126 or according to

local policies, that is maintaining capillary blood glucose concentra-

tions below 5.3 mmol/L fasting, 7.8 mmol/L 1 hour after eating, and

6.4 mmol/L 2 hours after eating, if these goals can be achieved with-

out hypoglycaemia (level 4). In women with a history of T2DM that is

in remission postoperatively, additional value may be gained from

screening with fasting glucose or HbA1c at booking and in the second

trimester (level 4).121 Screening in the third trimester should also be

considered if there is a clinical suspicion of the interval development

of diabetes (such as accelerated fetal growth indices).

If the diagnosis of GDM is made, it should be treated according to

local policies (level 4). In general, this consists of lifestyle interventions

first. If glycaemic targets are not met after 1 to 2 weeks, pharmacolog-

ical treatment should be considered.127
5.4 | Mental health

BS is associated with an increased risk for mental health problems and

substance abuse.128-130 Data on mental health and substance abuse

during pregnancies after BS are very limited. Higher anxiety rates dur-

ing pregnancy are reported, without significant increase in depression

rates (level 2+).131 We found no data on postpartum depression fol-

lowing BS. Guelinckx et al60 reported on maternal smoking during

the first trimester of pregnancy in post‐BS women. Overall smoking

rate was 24%, without a clear relation to the type of procedure.

Smoking prevalence was comparable with the general nonpregnant

female population, but much higher than in the general pregnant pop-

ulation in the same region (6%). No studies were found reporting on

alcohol or other substance abuse during pregnancies after BS. As such,

we recommend health providers to screen for anxiety and other men-

tal health disorders prior and during pregnancy, and follow‐up should

be offered when necessary (level 2+). Smoking cessation and alcohol

use should be discussed when necessary as per general prepregnancy

guidance (level 2−).
5.5 | Assessment and prevention of surgical
complications

Evidence for two common surgical complications during pregnancy

was found: internal herniation following RYGB and gastric band slip-

page following AGB. With regards to internal herniation, an incidence

of 8% has been reported during pregnancies after RYGB.132 Upper

abdominal pain complicates 46% of such pregnancies, and internal

herniation is diagnosed in 32.8% of these cases (level 3).133 Women

reporting abdominal pain had an increased risk of preterm birth and

significantly lower birth weight compared with women without

abdominal pain, suggesting that severe abdominal pain and abdominal

surgery may induce uterine contractions (level 3).133 Repeat internal
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herniation can occur in the same pregnancy even after previous clo-

sure of mesenteric defects (level 3). In a review of 22 cases of internal

herniation during pregnancy after BS, all patients presented with

abdominal pain and half of patients presented with nausea and/or

vomiting. The most common location of the hernia was Petersen's

space (45.5%), and there was a high incidence of maternal and fetal

death in this case series (9% and 13.6%, respectively) (level 2−).134 A

systematic review reported that all maternal and perinatal deaths in

pregnancies complicated by internal herniation after RYGB occurred

in women treated later than 48 hours after symptom onset (level 2+

+).135

We recommend that all women with RYGB should be advised

about the risks and symptoms of internal herniation and should seek
FIGURE 1 Print‐friendly presentation of the recommendations for health
wileyonlinelibrary.com]
appropriate medical assistance without delay. Care providers should

be advised that any pregnant women with a history of RYGB that pre-

sents with abdominal pain should be assumed to have a small bowel

obstruction due to internal herniation until proven otherwise (level

4)136 and that imaging techniques and operative intervention, often

performed with reluctance in pregnant women, should not be delayed

(level 2++).

Gastric band slippage may be increased during pregnancy due to

vomiting and increased intraabdominal pressure. One study reported

an incidence of 12% during pregnancy compared with 3% to 5% in

the general AGB population (level 3).137 A shorter time interval

between AGB and pregnancy was associated with a higher rate of pri-

mary band revisions after pregnancy (level 2+).138 Patients should be
y pregnancies after bariatric surgery. [Colour figure can be viewed at

http://wileyonlinelibrary.com
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counselled on the risk and symptoms of band slip during pregnancy

and in the postpartum period (level 4).
5.6 | Research gaps

The recommendations issued in this review are based on a systematic

research of the literature by a multidisciplinary group of international

experts. The group has identified areas for which the level of evidence

and therefore the quality of the recommendations is largely based on

expert opinion. It is felt by the group that following areas need further

robust investigation with regard to women and children's health in

pregnancy following BS:

• Contraceptive counselling, safety, efficacy, and use

• Timing of pregnancy

• Gestational weight gain recommendations

• Nutrition during pregnancy

• Optimal macronutrient monitoring and substitution/supplementa-

tion such as protein intake, including management of supplementa-

tion and when parental nutrition should be considered

• Optimal micronutrient monitoring and substitution

• Prevention and treatment of dumping and PPH

• Monitoring of fetal growth

• Screening and treatment for GDM

• Screening and treatment of surgical complications

• Mental health and substance abuse
6 | CONCLUSIONS

This review summarizes current recommendations on the

periconception, antenatal, and postnatal care of women following

BS. Recommendations on the care of these patients are summarized

in Table 3 and presented in a print‐friendly format for practical use

in the clinical setting (Figure 1). Our work highlights the paucity of

studies on the optimal care for this growing group of women and iden-

tifies research gaps in this field. The publication of these guidelines

will be the first step in a research collaboration which will address

these unanswered questions.
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/e prevalence of obesity is growing worldwide, and strategies to overcome this epidemic need to be developed urgently. Bariatric
surgery is a very effective treatment option to reduce excess weight and often performed in women of reproductive age. Weight
loss influences fertility positively and can resolve hormonal imbalance. So far, guidelines suggest conceiving after losingmaximum
weight and thus recommend conception at least 12–24 months after surgery. As limited data of these suggestions exist, further
evidence is urgently needed as well for weight gain in pregnancy. Oral glucose tolerance tests for the diagnosis of gestational
diabetes mellitus (GDM) should not be performed after bariatric procedures due to potential hypoglycaemic adverse events and
high variability of glucose levels after glucose load. /is challenges the utility of the usual diagnostic criteria for GDM in accurate
prediction of complications. Furthermore, recommendations on essential nutrient supplementation in pregnancy and lactation in
women after bariatric surgery are scarce. In addition, nutritional deficiencies or daily intake recommendations in pregnant
women after bariatric surgery are not well investigated. /is review summarizes current evidence, proposes clinical recom-
mendations in pregnant women after bariatric surgery, and highlights areas of lack of evidence and the resulting urgent need for
more clinical investigations.

1. Introduction

Obesity is associated with higher rates of cardiometabolic
comorbidities and mortality and is increasing worldwide
since decades. Effective weight loss approaches are necessary
to overcome the negative long-term effects of obesity.
Among lifestyle and medical treatment, bariatric surgery is
a commonly used method in severely obese patients, which
was demonstrated to result in good weight loss outcome.
Between 1998 and 2005, the numbers of bariatric surgeries
have increased by 800% [1]./ese surgeries are performed in
about 80% in women and about half of them in women of

reproductive age. A British Registry report indicates that
53% of surgeries are performed in women between 18 and 45
years of age, a significant underrepresentation of non-
Caucasian women and one-third of women having men-
strual dysfunction [2]. Pregnant women after bariatric
surgery have to be controlled regularly by a specialized team
with specialists of various fields familiar with the manage-
ment after bariatric procedures. /e special needs of these
pregnant women are to be addressed individually [3].
Supplementation of vitamins, minerals, and trace elements
after bariatric surgery as well as during pregnancy is essential
to avoid deficiencies and further arising complications in
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mother and child. Data from the US suggest poor screening
for any deficiency in less than half of the women, but higher
rates in pregnancy [4]. According to a recent survey, high
unawareness (<20%) regarding nutritional recommenda-
tions and control was found among obstetricians [3].

2. Methods

Peer-reviewed literature reporting about bariatric surgery
and pregnancy was critically examined. Using Medical
Subject Heading (MESH) search terms in the PubMed
database restricted to humans only and no time limit gave
a result of 298 relevant articles from 1986 up to April 2018.
Terms used in the search were obesity, bariatric surgery, and
pregnancy linked with Boolean search operators. All ab-
stracts were searched for relevant information about topics
around the management of pregnant women after bariatric
surgery. Pertinent literature was carefully examined, and
further hand search was carried out to identify additional
literature of relevance from the reference lists. Forward and
backward literature searches were performed for highly
important articles only and for literature regarding nutri-
tional recommendations, deficiencies, and supplementation
in pregnant women after bariatric surgery. Additionally, the
homepages and published materials/guidelines of relevant
national and international health, obesity, diabetes, surgical,
and nutrition associations were searched to find further
relevant information. /e high variability of all sources of
information led to the decision to perform a descriptive
synthesis approach of the final 110 articles cited in our
review. Level of evidence and grade of recommendation
were assigned with the help of existing comprehensive
reviews [5, 6].

3. Results

3.1. Obesity and Fertility. Obese women planning to con-
ceive have a lower likelihood to become pregnant compared
to lean women [7]. /is decrease in fertility is primarily
based on menstrual irregularities or anovulation. Over-
weight and obesity are associated with menstrual irregu-
larities in a cross-sectional study reporting 30–47% of
overweight/obese women presenting with menstrual
anomalies, which correlates with increasing BMI [8]. Dis-
satisfaction with their sexual life was reported in about 50%
of severely obese female and male patients [9]. Next to these
findings, a longer duration of menstrual cycles was observed
[10]./is might be caused by increased circulatory androgen
concentrations (testosterone, DHEA-S), which are raised
due to decreased hepatic SHBG production. Hepatic SHBG
production is negatively influenced by hyperinsulinemia,
which is more prevalent in obesity [10, 11]. Additionally,
hyperinsulinemia triggers LH-mediated androgen pro-
duction in ovarian theca cells [12]. /ese factors and their
pleiotropic effects on other hormones cause an imbalance
resulting in infertility. After weight loss surgery, a steep
increase of SHBG and decline of testosterone, androstene-
dione, and DHEA-S levels were observed in obese women,
which might help to overcome menstrual anomalies and

infertility [13]. /e quality of sexual life improves signifi-
cantly over time in men and women after weight loss surgery
due to significant increases in body image satisfaction [14].

3.2. Fertility after Bariatric Surgery. Clear decreases after
bariatric surgery in prevalence of T2DM, PCOS, and
menstrual irregularities were observed. Effects of bariatric
surgery on fertility are mostly reported in small studies
including small number of participants. /us, evidence is
limited and further studies are necessary to assess the effects
of bariatric surgery on fertility and hormonal parameters.
Reviews [1, 15] show a positive effect of weight loss through
bariatric surgery on hormonal parameters with significant
decreases in estrogen and testosterone and increases in FSH,
LH, and SHBG. Furthermore, a decrease in TSH levels was
observed, with no changes in free T4, increases in free
cortisol, and decreases in cortisol binding protein [15].
Females after bariatric surgery reported normalization of
menstrual cycles, regular ovulation, and more often spon-
taneous conception [1, 15]. A recent systematic review in-
vestigating gonadal dysfunction in obese patients and
resolution of gonadal function after bariatric surgery found
that 36% (95%CI 22–50) of women had PCOS./is resolved
in 96% (95% CI 89–100) of women after surgical in-
tervention with reduction of signs of hyperandrogenemia
and amelioration of menstrual anomalies due to weight loss
surgery [16].

3.3. Planned Pregnancy. Obese women in reproductive age
aiming to perform bariatric surgery need to be informed that
after bariatric surgery, the probability to get pregnant
without sufficient contraception is increased. Rapid weight
loss after bariatric surgery may reduce symptoms such as
anovulation or cycle irregularities./us, in reproductive age,
pregnancies are not recommended shortly after bariatric
surgery and need to be planned after the phase of maximum
weight loss, as short- and long-term consequences of rapid
weight loss and potential micronutritional deficiencies on
the offspring are not well investigated. At least 12 to 18
months and in some publications up to 24 months or until
stabilization of weight after surgery are recommended be-
tween surgery and conception (evidence level 3, grade of
recommendation D) [5–7, 17–19]. Individual progress of
weight loss and weight stabilization needs to be addressed.
When planning a pregnancy, regular control intervals with
consultation of different specialities are recommended after
bariatric surgery (Table 1). Limited evidence is available for
conception before 12-month time lapse after surgery, but
studies have shown comparable pregnancy outcomes
comparing pregnant women before 12 months and there-
after [20]. Further studies demonstrated comparable rates of
gestational diabetes mellitus, pregnancy-induced hyper-
tension, birth weight, intrauterine growth restriction
(IUGR), or small-for-gestational age (SGA) offspring [21].
However, little evidence exists about these aspects in women
after bariatric surgery. After fasting in pregnancy ketonemia,
increased urinary nitrogen excretion and decreased gluco-
neogenic amino acid production were reported, and due to
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physiological increases of insulin resistance in pregnancy,
higher risk of ketonemia and ketonuria was suspected [22].
/us, weight loss in pregnancy, especially shortly after
bariatric procedures, might cause significant maternal
metabolic changes, which potentially affect fetal develop-
ment (growth, biometry, and malformation) or future dis-
position for healthy development and disease in offspring
(neurocognitive, cardiovascular, and metabolic), which are
underinvestigated so far.

If pregnancy occurs within time of maximum weight
loss, short control intervals of mother and offspring are
recommended with regular endocrine and metabolic ex-
aminations and documentation of general health appear-
ance, weight curve, blood parameters, nutritional behaviour
and nutritional intake, and advice (if necessary, sufficient
supplementation with minerals, trace elements, and vita-
mins has to be prescribed; see below sections). Regular
obstetric investigations monitoring fetal biometry with
documentation of growth and well-being of the fetus,
general health appearance of the mother, and planning of
further pregnancy and birth modalities are necessary. If
surgery-related complications cannot be ruled out, meta-
bolic surgeons need to be involved early. It is recommended
to plan delivery in a tertiary care centre with experienced
interdisciplinary teams and the availability of a neonatal
intensive care unit.

Women in reproductive age after bariatric surgery
should be informed about the importance of nutritional
supplementation in case of an emerging pregnancy and the
need of compliance regarding intake and examinations.

Pregnancy planning and waiting until time after maximum
weight loss and optimization of nutritional supply (e.g., folic
acid) before conception is favourable and should be rec-
ommended to all women undergoing bariatric surgery in
reproductive age.

3.4. Contraception. A recent study reported that more than
4% of women tried to conceive in the first postsurgical year
and another 41% had unprotected sexual intercourse during
this time [23]. /is study uncovers the need of more in-
formation about postsurgical contraception and time lapse
between surgery and conception towards women after
bariatric surgery. Oral contraception may not provide suf-
ficient protection after bariatric surgery (especially in gastric
bypass procedures). Malabsorption and complications such
as vomiting and diarrhoea may cause limited effectiveness
[19, 24]. /ere is lack of evidence due to low number of
studies performed so far. A review summarizing five studies
giving limited evidence concludes no reduction of effec-
tiveness of oral contraceptives after bariatric surgery [25].
However, current ACOG guidelines recommend cautious-
ness, as in a few cases, pregnancies occurred unplanned.
Lower absorption rates are suspected [19]. In particular, in
RYGB and malabsorptive procedures, other contraceptive
methods than oral ones are recommended (evidence level 3,
grade of recommendation D) [5, 6, 19]. Undoubtedly,
further evidence is urgently needed to increase knowledge
about effectiveness of oral contraceptives after bariatric
surgery.

Table 1: Parameters and aspects recommended to control in women planning a pregnancy and during pregnancies after bariatric surgery.
History of preexisting comorbidities such as diabetes mellitus, retinopathy, nephropathy, neuropathy, or hypertension
Regular follow-up visits after bariatric surgery are recommended when planning a pregnancy:

(i) Nutritional counselling and monitoring of food intake, and exclusion of acute nutritional deficiencies
(ii) Half-yearly internal medicine and nutritional controls until two years postsurgical, thereafter 12-month intervals
(iii) Gynaecological/obstetric provision is strongly recommended
(iv) In case of nutritional deficiencies, controls have to be intensified, especially when pregnancy is planned
(v) Surgical controls if necessary or any complications occur (as well as recommended three months after surgery)

Pregnancy control interval:
(i) Obstetric examination at regular intervals at least every 4–6 weeks with control of weight, urine, and blood pressure, and narrower

control intervals if complications occur, decided on individual basis
(ii) Regular fetal growth control (check for SGA and LGA) every 4–6 weeks starting from 24th week of pregnancy. Further Doppler

ultrasound examinations might be necessary
(iii) Internal medicine and nutritional controls every trimester
(iv) Explore nutrient uptake, and check full blood count, clinical chemistry, coagulation, vitamins A, D, E, K, B12, iron status, folic acid,

parathyroid hormone and protein, albumin, A1c, glucose, and TSH at least every trimester
(v) Additional laboratory controls if possible: thiamine and zinc
(vi) If necessary, closer intervals have to be considered on an individual basis (2–4 weeks in case of deficiencies, which need to be

corrected).
Immediate contact with an experienced surgeon in case of unexpected symptoms (especially gastrointestinal)
Immediate consultation in case of emergencies:

(i) Acute persistent abdominal pain → consult: gynaecologist/obstetrician and surgeon
(ii) Persistent vomiting (consider thiamine deficiency; see below sections)→ consult gynaecologist/obstetrician, internal specialist, and

surgeon
A close interdisciplinary cooperation is highly necessary to provide optimal pregnancy outcomes
Specialized centres with experience in the care of pregnant women after bariatric surgery need to be contacted or should fully take care of
pregnancies after bariatric surgery
Drugs not allowed in pregnancy should be discontinued before pregnancy if possible or switched to drugs allowed in pregnancy (e.g., ACE
inhibitors, statins, several glucose-lowering drugs). If this is not possible, risk assessment has to be performed in agreement with the patient
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3.5. Pregnancy. In case of pregnancy after bariatric pro-
cedures, follow-up visits and examinations have to be
performed in short intervals (Table 1). If controls are missed
or not scheduled, higher risk of persistent vomiting, gas-
trointestinal bleeding, anaemia, placental vascular disease,
fetal neural tube defects, intrauterine growth retardation, or
even miscarriage is reported [18]. In women with LABG,
adaption might be necessary already starting from first
trimester to prevent complications such as vomiting (evi-
dence level 2, grade of recommendation B) [21, 26]. /is so-
called active gastric band management must be performed
by an experienced surgeon.

Dietary advice and monitoring of food intake at regular
intervals performed by trained dieticians with special
knowledge of needs after bariatric procedures and experience
in advising pregnant women are needed (evidence level 1,
grade of recommendation A) [6, 19]. If possible, appoint-
ments should be performed before a pregnancy and at least
every trimester in pregnancy and if necessary even at closer
intervals (Table 1).

3.6. Examinations in Pregnancy. Pregnant women after
bariatric surgery need to undergo regular examinations at
least every trimester at specialized facilities (evidence level 3,
grade of recommendation C) [5, 6, 19]. It is important to
check nutritional state and recognize nutritional deficiencies
at an early stage and try to prevent them [6]. Examinations
also include blood sampling which should be performed at
least once per trimester and include full blood count, clinical
chemistry, coagulation, vitamins A, D, E, K, B12, iron status,
folic acid, parathyroid hormone and protein, albumin, A1c,
glucose, and TSH [6, 27]. According to Mechanik et al.,
several parameters have to be checked or ruled out which are
included in Table 1 [6]. Table 1 provides further important
aspects, which need to be considered.

3.7. Pregnancy and Obstetric Management. In general,
bariatric procedures should not be regarded as a contrain-
dication to deliver naturally [19, 28]. Nevertheless, increased
rates of C-section in operated women are reported with
some recent publications showing no differences [28].
However, huge variations in C-section rates were found in
the literature ranging from about 18 to 60% section rate in
operated women compared with 14–29% in control groups
[28]. Explanations were found in a recent review, which
discusses former C-section as the main issue, next to other
aspects as maternal obesity, selection of the mother, the fetal
position, and perceptions of treating clinicians [28].

3.8. Diagnosis of Gestational Diabetes Mellitus. Several
studies have demonstrated that the prevalence of GDM
decreases after bariatric procedures [29–31]. On the con-
trary, obese women have high risk of GDM throughout
pregnancy: up to nearly 40%, with high incidences docu-
mented already in early pregnancy, and features of the
MetSy, which might contribute to pregnancy complications
[32, 33]. So far, the procedures that should be employed to

diagnose gestational diabetes are unclear in pregnancies
after bariatric surgery as several problems may arise.
Depending on the type of bariatric surgery (e.g., RYGB), fast
glucose absorption during an OGTT might lead to severe
postabsortive hypoglycaemia [7]. Recent evidence demon-
strates difficulties in the interpretation of OGTT results as
plasma glucose concentrations after oral glucose load are
altered following gastric bypass and characterized by rapidly
changing glucose levels as well as high risk for reactive
hypoglycaemic events following glucose load [34–37]. /is
might lead to misinterpretation of postprandial glucose
levels as one-hour levels misleadingly appear too high, and
two-hour levels appear too low, and thus, diagnostic al-
ternatives to define impaired glucose tolerance in preg-
nancies affected by metabolic surgery need to be found.
Moreover, testing of GDM might be related to serious ad-
verse events as the dumping syndrome might occur espe-
cially in women after RYGB, omega loop, or sleeve
gastrectomy [36]. /us, no recommendations exist so far,
which advise to perform an OGTT between 24 and 28
gestational weeks to diagnose gestational diabetes mellitus in
women after bariatric surgery. As an alternative to an OGTT,
ACOG [19] advised to perform home glucosemonitoring for
several days (i.e., about one week) with measurement of
fasting and postprandial glucose levels and additional
measurements if symptomatic (hyper- or hypoglycaemic
event), which was also recommended by Adam et al. [36]
between 24 and 28 weeks of gestation (evidence level 3, grade
of recommendation D). Another alternative is to measure
capillary glucose from 14 to 16 weeks of gestation with
continuation throughout pregnancy [36]. Continuous glu-
cose monitoring (CGM) or flash glucose monitoring (FGM)
systems are an upcoming tool and of special interest as more
and more easily implementable devices are available now-
adays. /ese devices might be especially helpful in women
with hypo- or hyperglycaemia at regular intervals and can
help to evaluate glycaemic control. FGM was found to be
safe and accurate in pregnant women with diabetes [38]. A
recently published case report described the successful use of
FGM in a pregnancy after RYGB complicated by GDM and
nocturnal hypoglycaemia [39]. However, further studies are
necessary to evaluate safety and accuracy of FGM in
pregnant women after bariatric surgery. So far, alternative
diagnostic methods have been described, but validated di-
agnostic criteria are not available. Diagnostic criteria to
determine GDM in pregnancies and overt diabetes in early
pregnancy following bariatric surgery are shown in Table 2
(evidence level 4, grade of recommendation D). Overt di-
abetes in early pregnancy is diagnosed as recommended for
nonpregnant individuals after bariatric surgery [40]. In
pregnancy, postprandial glucose levels are important for
GDM diagnosis and treatment initiation as they are asso-
ciated with fetal hyperinsulinemia, fetal growth, birth
weight, and abdominal circumference. Due to changes in
glucose absorption after bariatric procedures, rapid post-
prandial plasma glucose increases followed by rapid de-
creases and risk for dumping syndrome occur in many
patients. In pregnant women after RYGB, postprandial
hypoglycaemia was reported in nearly 55% up to 90% of
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women after a 75 g OGTT between 24 and 28 weeks of
gestation [34, 37]. Furthermore, higher incidence of SGA
offspring and associations of postprandial glucose nadir with
fetal growth were reported [34, 37]. /us, the use of elevated
1 h glucose values solely for diagnosis and initiation of in-
sulin treatment is not advisable, and fasting and 2 h post-
prandial glucose values seem to be better and safer
parameters to base upon diagnostic and treatment decisions
(evidence level 4, grade of recommendation D). A similar
constellation exists in the diagnosis of overt diabetes before
20 weeks of gestation, which should be based upon fasting
values and HbA1c. If a dumping syndrome is suspected,
additional postprandial measurements beyond the 2 h
measurement are necessary and recommended. In case of
a diagnosis of gestational diabetes mellitus or overt diabetes
in pregnancy, the controls need to be intensified and in-
dividual therapeutic approaches need to be developed.
Similar perinatal outcomes and glycaemic control are re-
ported in women with GDM after bariatric surgery and
women with GDM without surgery [7].

/e management of early or late dumping syndrome, as
well as other complications (e.g., diarrhoea, flatulence,
constipation, dysphagia, vomiting, food intolerance, and
dehydration), is explained in detail elsewhere [42, 43].
Shortly, in early dumping, the amount of food per portion
needs to be reduced and split into at least six meals a day
[42]. A delay of liquid intake of at least 30 minutes after the
meal is recommended. Management of late dumping in-
cludes the avoidance of rapidly absorbable and refined
carbohydrates [42]. A case report demonstrated the bene-
ficial use of acarbose in pregnant women after RYGB with
severe progressive hypoglycaemic events as other in-
terventions were not successful [42]. A significant reduction
of postprandial hypoglycaemic events and the birth of
a healthy girl at term with normal development were
reported.

3.9. Weight Gain in Pregnancy. Weight gain in pregnancy
should follow IOM recommendations, which are shown in
Table 3 as no other evidence regarding weight gain rec-
ommendations in bariatric pregnancies exist (evidence level
4, grade of recommendation D) [19, 44]. Data so far reported

lower weight gain in pregnancy after bariatric surgery
compared with nonoperated obese women matched for BMI
[21]. In a recent small study including women after RYGB,
a mean gestational weight gain of 3.8± 12 kg was found and
no differences in gestational weight gain were found when
comparing women who became pregnant before or after the
first year after surgery [45]. If weight gain in pregnancy does
not follow IOM recommendations, more intense control
intervals based on individual need have to be considered.
Time lapse between surgery and conception might affect
gestational weight gain and postpartum weight loss [7]. Fetal
growth needs to be monitored in narrow intervals. A recent
systematic review provides information that weight gain
below or above the IOM recommendations for the respective
weight class was associated with adverse perinatal outcomes
[46]. In women with weight gain below the IOM recom-
mendations, higher risk for SGA and preterm birth was
reported.

3.10. Outcome. In general, a higher risk in obese pregnant
women is well known for gestational diabetes, hypertension,
preeclampsia, miscarriage, caesarean section, and stillbirth.
In postbariatric surgery pregnancies, decreased risk for
maternal complications was reported with approximation to
risks of normal-weight women and improved neonatal
outcomes compared with obese women without in-
tervention [1, 5, 7, 18, 47]. In pregnancy, lower risk of
gestational diabetes mellitus, hypertension, preeclampsia,
and miscarriage was detected in operated women compared
with obese women [17, 21, 28, 47]. Lower rates of preterm
birth were reported, but also conflicting data exist with some
studies reporting higher rates of LGA or SGA infants
[7, 21, 25, 28]. Most studies report no differences in pre-
maturity rate and perinatal death [21]. Recent results from
a Swedish study representing more than 625,000 singleton
pregnancies corroborate these results and demonstrate
lower risk for GDM (OR 1.9% versus 6.8%; 95%CI 0.13; 0.47;
p< 0.001) and lower pregnancy duration (273.0 versus 277.5
days; 95% CI; −2.9; −6.0; p< 0.001) [29]. However, di-
agnostic criteria for GDM in this study remain problematic.
GDM was diagnosed based on the results of a 75 g oral
glucose tolerance test according to the standard national
criteria: if fasting plasma glucose exceeded 7.0mmol/l
(126mg/dl) or 2-hour plasma glucose exceeded
10.0mmol/l (180mg/dl) [29]. In case of high risk of
hypoglycaemia, fasting glucose and preprandial and post-
prandial glucose values were used for diagnosis instead [29].
Lower risk for LGA births (OR 8.6% versus 22.4%; 95% CI
0.24–0.44; p< 0.001) and higher risk for SGA (OR 15.6%
versus 7.6%; 95% CI 1.64–2.95; p< 0.001) but also poten-
tially higher intrauterine and neonatal mortality risk (OR
2.39; 95% CI 0.98–5.85; p � 0.06) were reported [29]. An
Israeli observational study found significant reduction in
diabetes mellitus (OR 0.6; 95% CI 0.4–0.9; p � 0.009), hy-
pertensive disorders (OR 0.4; 95% CI 0.3–0.6; p< 0.001),
preeclampsia (OR 0.2; 95% CI 0.1–0.7; p � 0.005), anaemia
(OR 0.7; 95% CI 0.5–0.9; p � 0.014), and fetal macrosomia
(OR 0.5; 95% CI 0.2–0.9; p � 0.033) in women after bariatric

Table 2: Suggestions for diagnosis of gestational diabetes and overt
diabetes in early pregnancy (<20 weeks of gestation) following
metabolic surgery using capillary blood glucose monitoring
(adapted from [40, 41]).
Fasting ≥95mg/dl

1 h postprandially In patients after gastric bypass/bariatric
surgery of unknown significance (see text)

2 h postprandially ≥120mg/dl
Overt diabetes
diagnosis
Fasting ≥126mg/dl
HbA1c ≥6.5%

Random In patients after gastric bypass/bariatric
surgery of unknown significance (see text)

HbA1c values are applicable after bariatric surgery. Hypoglycaemia can also
occur more than two hours after meal intake.
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surgery [48]. /is study found no significant differences in
GDM risk, but diagnostic criteria were not reported. A
French observational study found significantly lower weight
gain in women after LABG compared to obese women (5.5
versus 7.1 kg; p< 0.05) and lower risk for GDM (0 versus
22.1%; p< 0.05), preeclampsia (0 versus 3.1%; p< 0.05), low
birth weight (7.7 versus 10.6%; p< 0.05), fetal macrosomia
(7.7 versus 14.6; p< 0.05), and caesarean section (15.3 versus
34.4, p< 0.01). No differences were found in other neonatal
outcomes. Diagnostic criteria for GDM were not published
either in this study [49]. An American study investigating
women before and after bariatric surgery found lower GDM
incidence (OR 0.23; 95% CI 0.15–0.36) and lower risk for
caesarean section (OR 0.53; 95% CI 0.39–0.72) in women
after bariatric procedures [30]. /e ICD-9 code for GDM
was used to define GDM in this study. A recently published
meta-analysis reporting maternal and neonatal outcomes of
20 cohort studies and including about 2.8 million subjects
matched for presurgery body mass index found lower
maternal risk for GDM (OR 0.20; 95% CI 0.11–0.37; number
needed to benefit (NNTB) 5), hypertension (OR 0.38; 95%
CI 0.19–0.76; NNTB 11), hypertensive disorders (OR 0.38;
95% CI 0.27–0.53; NNTB 8), postpartum hemorrhage (OR
0.32; 95% CI 0.08–1.37; NNTB 21), and caesarean section
(OR 0.50; 95% CI 0.38–0.67; NNTB 9) [50]. Diagnostic
criteria of GDM were not specified in this meta-analysis.
Furthermore, lower risk for LGA (OR 0.31; 95% CI 0.17–
0.59; NNTB 6) and higher risk for SGA (OR 2.16; 95% CI
1.34–3.48; number needed to harm (NNTH) 21), IUGR (OR
2.16; 95% CI 1.34–3.48; NNTH 66), and preterm deliveries
(OR 1.35 95% CI 1.02–1.79; NNTH 35) were reported. No
differences in congenital malformations between obese
women and women after bariatric surgery were reported
[50]. However, further research is necessary to evaluate the
risk of congenital malformation as case reports have re-
ported increased risk of neural tube defects after gastric
bypass surgery [51, 52].

Long-term outcomes revealed that offspring of women
after biliopancreatic diversion had lower overweight and
obesity risk reduced to population risk up to 18 years after
birth and no increase in underweight, better insulin sensi-
tivity, lipid metabolism and ghrelin levels, lower in-
flammatory parameters and leptin levels, and less
hypertension compared to offspring of nonoperated women
[53, 54]. However, age differences between groups (10 versus
16 years) need to be considered as a relevant confounder
[53]. Interestingly, in a cohort of siblings born before and
after biliopancreatic diversion of their mother, weight was
comparable at ages 1 and 6, but significantly higher rates of
overweight/obesity at the age of 12 years were detected in

siblings born before bariatric surgery of themother [55], while
other studies do not report any differences after birth up to the
age of ten years or preschool age [56, 57]. However, during
pregnancy, positive associations were observed between
differences in gestational weight gain and sibling’s birth
weight [57]. Significant differences in DNAmethylation were
found in 5698 genes between offspring of women before and
after bariatric procedures [58]. Metabolic improvement found
in offspring after surgical procedures was correlating with
methylation patterns in genes involved in cardiometabolic
pathways, which clearly demonstrates the effect of maternal
treatment of obesity on cardiometabolic parameters of the
offspring at both epigenetic and transcriptional levels [58].
However, a case-control study investigating micronutrient
deficiencies in 56 neonates of mothers with RYGB found
higher rates of decreased cord blood levels below the 2.5
percentile for calcium, zinc, iron, and vitamin A and above the
97.5 percentile for magnesium, vitamin E, D, and B12 in
RYGB offspring [59]. In a follow-up of offspring with a mean
age of 46 months of women with gastric bypass, inadequate
fibre intake in all children and deficiencies in calcium, vitamin
A, and folic acid were found [60].

3.11. Abdominal Pain and Surgical Complications. During
pregnancy after bariatric surgery, complications including
intestinal obstructions or hernia, gastric ulcer, band, or
staple line complications have been reported [21], which all
need fast reaction to minimize maternal and fetal risks.
Strong persistent abdominal pain, excess vomiting, and
persistent nausea necessitate urgent consultation of an ex-
perienced metabolic surgeon (evidence level 3, grade of
recommendation D). A Swedish cohort study identified
significant higher risk of abdominal surgery in pregnancy
[61]. Higher rates of laparotomies (1.5% versus 0.1%; OR
11.3; 95% CI 6.9–18.5) and higher rates of intestinal ob-
struction (1.5% versus 0.02%; OR 34.3; 95% CI 11.9–98.7)
were reported. In case series, small intestinal obstructions or
inner hernias in pregnancy were described [25]. In a case of
persisting vomiting, intravenous supplementation of vita-
mins and/or trace elements together with fluid replacement
needs to be considered. In particular, vitamin B1 (thiamine)
deficiency needs to be considered as patients after RYGB and
BPD-DS are at higher risk, and in pregnancy, hyperemesis
gravidarum might aggravate this condition [62]. Symptoms
of thiamine deficiency are Wernicke encephalopathy, ocu-
lomotor dysfunction, and gait ataxia. If Wernicke enceph-
alopathy is suspected, the administration of intravenous
solutions containing glucose may further deplete the
remaining available thiamine and precipitate Korsakoff’s

Table 3: Weight gain in pregnancy according to preconceptional BMI, adapted by IOM Guidelines 2009 [44].

BMI BMI limit
(kg/m2) (WHO)

Recommended weight
gain in pregnancy (kg)

Recommended weight gain per
week (2nd and 3rd trimesters)

Underweight <18.5 13–18 0.5
Normal weight 18.5–24.9 11–16 0.5
Overweight 25.0–29.9 7–11 0.3
Obesity ≥30.0 5–9 0.2
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syndrome [62]. In case of thiamine deficiency, intravenous
thiamine infusion with 100mg thiamine followed by con-
secutive intramuscular injection (100mg/day for 5 days) and
oral maintenance (50–100mg/day) should be applied [62].
/e application of oral antibiotics (recommended in preg-
nancy: amoxicillin for 7–10 days per month over two
months) is recommended according to Lakhani et al. [63],
who hypothesized small intestinal bacterial overgrowth due
to alterations in gut microbiome following bariatric surgery
as a cause for thiamine deficiency.

After insufficient long-term nutrient intake, the rein-
stitution of nutrient intake should be performed gradually
and preferably in an inpatient setting under close moni-
toring of electrolytes including potassium and phosphorous,
since a potentially life-threatening refeeding syndrome
might occur. If a gastric band was implanted, a metabolic
surgeon needs to assess a relaxation of the gastric band
already in early pregnancy. In earlier studies, bandmigration
with consequent complications (vomiting, disturbances in
electrolyte and fluid balance, and band leakage) was de-
scribed in nearly 29% [64]. A systematic review reported five
neonatal and three maternal deaths and the necessity of
acute surgical intervention in 20 cases in pregnancy with the
majority of intervention due to internal hernia after RYGB
[1]. Further, 23 women requiring urgent surgical in-
tervention due to internal hernia but no death were reported
in another study [65]. A recent case report describes acute
bowel ischemia following thrombosis of the superior mes-
enteric artery in pregnant women after RYGB with loss of
the fetus, several acute laparotomies, and subtotal enter-
ectomy, preserving the first 20 cm of the jejunum [66].

3.12. Supplements during Pregnancy. Regular follow-ups to
detect nutritional deficiencies before pregnancy and during
pregnancy at least every trimester are recommended (Table 1).
After bariatric surgery, micronutrient supplementation should
be provided to all pregnant women (evidence level 3, grade of
recommendation D). A recent systematic review summarizes
several relevant cohort studies and case reports describing
micronutritional deficiencies in pregnancies after bariatric
surgery and found associations of vitamin K, A, B12, folate
acid, and iron depletion with maternal and fetal complications
(see sections below), but not for other micronutrients as cal-
cium, zinc, magnesium, iodine, or copper [27]. /e authors
clearly concluded the need of further studies in this field as the
information collected about subsequent adverse events con-
cerning mother or child is weak and inconclusive [27]. /e
multicentre prospective cohort study AURORAwill contribute
to elucidate our knowledge about various aspects of women
who underwent bariatric surgery including micronutrient
deficiencies before, during, and after pregnancy [67].

3.12.1.Protein. According to German-Austrian-Swiss (D-A-
CH) nutritional recommendations for normal pregnancy,
daily protein intake is recommended with 0.9g protein per
kilogram body weight in the second trimester and 1.0 g/kg in
the third trimester [68]. Calculations are always based on
normal weight (also in overweight/obese patients). During

lactation, 1.2 g/kg is recommended [68]. Recommendations
of daily intake for protein in pregnancy after bariatric
surgery are not available and might depend on the type of
bariatric surgery and time lapse from surgery.

3.12.2. Micronutrients

(1) Iron. Due to expansion of the blood volume, iron demand
increases from 15mg/d to 30mg/d. Haemoglobin levels
decrease physiologically. According to the WHO criteria,
anaemia is defined as haemoglobin level below 110 g/l. /e
iron status should be examined at regular intervals, as well as
haemoglobin levels, which determine the intensity of iron
supplementation. Treatment of iron deficiency should start
orally. Intravenous iron is not recommended in the first
trimester [69]. Oral calcium and iron supplements interact
and should not be taken in combination. Interestingly, in
pregnancies with RYGB longer than four years time to
conception, significantly lower haemoglobin levels (9.6
versus 11.1 g/dl; p � 0.047) and higher need of intravenous
iron substitution or packed red cell transfusion were
identified (30.8% versus 0%; p � 0.026) compared to women
with less than 4 years time to conception [70]. Besides
anaemia, no other significant complications in mother or
child were reported [27].

(2) Calcium. Calcium homeostasis is strongly influenced by
bariatric surgery as well as pregnancy. An acidic environ-
ment is required to allow absorption of calcium./roughout
pregnancy and lactation, a higher calcium demand is known,
which may be critical for women after a bariatric procedure,
regarding bone density and dental state [71]. Especially in
the last trimester, a significant transfer from the mother to
the fetus is observed to increase fetal skeletal mineralization.
/us, calcium is mobilized from the maternal calcium
reservoir, which is mainly bone, and renal calcium retention,
which increases risk for osteoporosis [71]. Higher calcium
doses in pregnancies after bariatric surgery are recom-
mended compared with normal pregnancies. Calcium de-
ficiency was reported in 15.2% in the first and second
trimesters and 20% in the third trimester in pregnant women
after RYGB [72]. PTH excursions were found in 19.6, 30.4,
and 32.6% from first to third trimester, respectively.

(3) Magnesium. Nocturnal calf cramps occur in 5–30% of
pregnant women. /ey are associated with low magnesium
levels. /ese can be well treated by oral magnesium sup-
plements. In addition, it is useful in the prevention of
muscular contractions of the uterus [73, 74]. High doses of
magnesium can cause osmotic diarrhoea.

(4) Zinc. Low zinc levels, which also occur in pregnant
women without bariatric surgery, are associated with early
childbirth, low birth weight, and spina bifida. During lac-
tation, eczema, dermatitis, and failure to thrive were re-
ported in the offspring [75]. In order to prevent subsequent
copper deficiency, at least 1mg of copper should be given per
each 8–15mg of zinc substitution [43]. Zinc inadequacy in
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pregnant women after RYGB was reported in 20%, with no
associations to birth weight or maternal anthropometry [76].

(5) Iodine. Iodine deficiency is common in Middle Europe,
and a recent analysis demonstrates iodine deficiency even in
normal pregnancies [77]. Only 13.8% of the participating
women were in the recommended range of 150–249 µg/l
iodine urinary concentration despite commercially available
iodized table salt. /e upper urinary concentration of 250 µg
should not be exceeded because of the significant association
with subclinical hypothyroidism, whereas the WHO rec-
ommends not to exceed a urinary iodine concentration of
500 µg in pregnant women [78]. After bariatric surgery,
limited resorption in women planning to become pregnant or
in pregnant women might be associated with lower urinary
iodine concentrations. Especially after malabsorptive in-
terventions, evidence is scarce, particularly considering re-
sorption of iodine happens in the stomach and small intestine.
In nonpregnant subjects after malabsorptive interventions,
increased urinary iodine concentration was found 3 to 18
months after bariatric surgery [79, 80] Furthermore, no iodine
deficiency was identified ten years after gastric bypass or
vertical banded gastroplasty [81]. So far, no studies reported
maternal or fetal adverse events in pregnancy due to iron,

calcium, magnesium, zinc, or iodine deficiency after bariatric
procedures [27].

3.12.3. Vitamins. In general, substitution using vitamin
supplements is recommended in pregnancy as well as after
bariatric surgery, especially in case of deficiencies identified
(evidence level 3, grade of recommendation D). Multivitamin
preparations also for use in pregnancy may contain vitamin A
or retinol equivalents and have to be prescribed cautiously
because of potential teratogenicity in high doses. Table 4
shows nutritional intake recommendations in pregnancy.

(1) Vitamin D. In healthy adults, a daily vitamin D intake of
800 IU is recommended following D-A-CH recommenda-
tions [68]. /e target level is a 25(OH)D serum concen-
tration of above 50 nmol/l (20 ng/mL). /e Endocrine
Society recommends a maximal dose of 4000 IU/d in
pregnancy or when planning to get pregnant [83]. In
postbariatric populations, doses up to 6000 IU/d are dis-
cussed for nonpregnant women [6]. A study evaluating
vitamin D status and its relations with ionic calcium and
parathyroid hormone (PTH) in pregnant women after
RYGB found vitamin D deficiency (≤20 ng/mL) or

Table 4: D-A-CH recommendations for supplementation of nutrients in pregnancies [68], tolerable upper intake levels according to EFSA
[26] in pregnancy, and further nutritional recommendations in pregnancies after bariatric surgery according to Schultes et al. [25], Kaska
et al. [75], Gonzalez et al. [28], Quyang et al. [7], Kushner et al. [62], ACOG [19], and Busetto et al. [5].

Nutrient
Recommended daily dietary
intake during pregnancy

(D-A-CH) [68]
UL (per day) Pregnancy after bariatric

surgery (per day)

Iron 30mg 45mg 100–200mg [25], 40–65mg [75], 65mg
[7], and 200mg8 [5]

Calcium 1000mg6 2500mg
1500mg [25], 1000–2000mg [75],

1200–1500mg [28], 1200mg [7], and
1000–1200mg [5]

Vitamin D 20 µg� 800 IU4 100 µg� 4000 IU4 [82] 400 IU [7], 1200–2000 IU [25],
2000–6000 IU [75], 1000 IU [5]

Vitamin A 1100 µg equivalent1 from the 4th month 3000 µg� 10000 IU No more than 5000 IU1 [7, 75], 770 µg
[28]

Vitamin E 13mg equivalent2,3 300mg, 1000mg —
Vitamin K 60 µg — 120 µg [7]

Vitamin B12 3.5 µg —

1000 µg every 3 months i.m. [5, 25],
350 µg orally/day or 1000 µg every
month [75], 1000 µg/week i.m. or

350–500 µg/day p.o. [7]

Folic acid 550 µg 1mg 600–800 µg [19], 400 µg [28], 800 µg [7],
4mg [75], 400 µg or 5mg7 [5]

Iodine 230 µg 600 µg, 1100 µg 250 µg [75], 200 µg [28]
Zinc 10mg 25mg, 40mg 11mg [7], 20–30mg [25], 15mg [75]
Magnesium 310mg 250mg5, 350mg5 200–1000mg [75]
UL� upper limit; IU� international unit. In general, most of vitamins and trace elements mentioned are contained in typically available supplements used in
pregnancy (e.g., Femibion, Pregnavit). 11mg retinol equivalent� 6mg all-trans-β-carotene� 12mg other provitamin A carotenoids� 1mg retinol� 1.15mg all-
trans-retinyl acetate� 1.83mg all-trans-retinyl palmitate; 1 IU� 0.3 µg retinol. 21mg RRR-α-tocopherol equivalent� 1mg RRR-α-tocopherol� 1.49 IU; 1
IE� 0.67mg RRR-α-tocopherol� 1mg all-rac-α-tocopheryl acetate. 31mg RRR-α-tocopherol (D-α-tocopherol) equivalent� 1.1mg RRR-α-tocopheryl acetate
(D-α-tocopheryl acetate)� 2mg RRR-β-tocopherol (D-β-tocopherol)� 4mg RRR-c-tocopherol (D-c-tocopherol)� 100mg RRR-δ-tocopherol (D-
δ-tocopherol)� 3.3mg RRR-α-tocotrienol (D-α-tocotrienol)� 1.49mg all-rac-α-tocopheryl acetate (D, L-α-tocopheryl acetate). 41 µg vitamin D� 40 IU. 5/is
UL does not include nutritional intake of magnesium from food or fluids and accounts for supplements only. 61200mg calcium in women <19 years of age.
75mg in patients with T2DM or BMI> 30 kg/m2 until 12 weeks of gestation. 82–3 times daily. All NIH recommendations for women >18 years of age; i.m.,
intramuscular; p.o., per os.
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insufficiency (>20–30 ng/mL) above 70% in all trimesters
[72]. Negative correlations between calcium and PTH as well
as an association of vitamin D with higher risk of urinary
tract infection were reported.

(2) Folic Acid. Women planning to become pregnant should
substitute folic acid after stabilization of their body weight.
/e substitution should start at least four weeks before
conception and continue in pregnancy. /ere is no evidence
on higher demands of folic acid in women after bariatric
surgery [19]. A daily intake of 0.4mg folic acid is recom-
mended. Prevalence of folic acid deficiency was reported in
0–16% of pregnant women with bariatric procedures
[84, 85]. Deficiencies of folic acid in and before pregnancy
are associated with higher risk of neural tube defects. In
a case series of three patients with no preconceptional
nutritional counselling and poor postsurgical surveillance,
severe neural tube anomalies were reported [86]. /us,
higher doses of folic acid up to 5mg might be needed due to
higher demands and deficiencies reported after bariatric
surgery, which are also recommended in women with type 2
diabetes mellitus and body mass index above 30 kg/m2 until
twelve weeks of gestation [5].

(3) Vitamin B12. Vitamin B12 levels should be regularly
controlled. In case of deficiency, vitamin B12 should be
administered parenterally or orally if locally available.
Prevalence of vitamin B12 deficiency was reported in about
50% of pregnant women with bariatric procedures [84, 85].
Neonatal vitamin B12 deficiency may cause irreversible
neurologic defects and thus needs to be detected early
[27, 87].

(4) Vitamin A. In the literature, recommended vitamin A
doses are divergent. During pregnancy, the D-A-CH society
recommends a retinol equivalent of 1100 µg (i.e., 3666 IU)
per day from the fourth month of gestation onwards until
the end of pregnancy. An upper limit of 5000 IU (1600 µg
retinol equivalent) with inclusion of different vitamin A
isoforms (retinol, retinol ester, β-carotene) in nutrition is
described in American literature to prevent malformations
[19, 75, 88]./e EFSA (European Food Safety Agency) stated
in their most recent recommendation a tolerable upper
intake level of 3000 µg/d retinol equivalent in pregnancy
[89]. In women planning a pregnancy or pregnant women,
the β-carotene form of vitamin A is recommended over
retinol [43]. More than half of pregnant women with
bariatric surgery were found to be deficient in vitamin A
levels [84]. /is was corroborated by two Brazilian studies
evaluating vitamin A status among pregnant women after
RYGB, which found inadequate serum retinol or β-carotene
concentrations in about 60% of women during and after
pregnancy with higher rates of symptoms (night blindness)
reported (57% during pregnancy) [76, 90]. Significant as-
sociations of vitamin A deficiency with urinary tract in-
fection and dumping syndrome were found. A case of severe
maternal vitamin A deficiency after biliopancreatic diversion
with premature birth and ophthalmologic and renal mal-
formations was reported [91].

(5) Vitamin E. /e elimination of free radicals is associated
with vitamin E. /e D-A-CH society recommends a daily
intake of 13mg tocopherol equivalent (�19.4 IU) [21], and
the EFSA recommends a daily intake of 11mg for women
with no additional need in pregnant or lactating women and
a 300mg/d (�447 IU) upper tolerable intake level [92].

(6) Vitamin K. /e D-A-CH society recommends a daily
vitamin K intake of 60 µg. Due to lack of evidence, the EFSA
could not define a tolerable upper intake level for vitamin K
[93]. A daily intake of 70 µg phylloquinone is recommended
[93]. After bariatric surgery, vitamin K shows reduced ab-
sorption and consequently transfers across the placenta.
/us, monitoring might be useful. Either direct measure-
ment of vitamin K or indirect measurement of prothrombin
time is possible. Deficiencies are reported in a high pro-
portion of pregnant women after bariatric procedures
reaching nearly 90% in first trimester and about half of the
women at birth. In one study, no complications were re-
ported [94]. However, five cases of intracranial bleeding
associated with vitamin K deficiency and malformations
have been described [95]. Furthermore, after biliopancreatic
diversion, a case of vitamin K deficiency with maternal
coagulopathy and vaginal hemorrhage and fetal hypo-
coagulability was reported [96]. /ese are rare but severe
complications. Chronic complications including psycho-
motor and mental retardation from bleedings or even
neonatal death were reported [27].

3.13. During Lactation. /e lactational phase is a very im-
portant period for the development of the offspring. During
lactation, regular examinations in 3-month intervals are
recommended in women after bariatric surgery. In case of
hyperglycaemia in pregnancy, fasting glucose or HbA1c
control is advised four to twelve weeks after birth to doc-
ument impaired glycaemic control postpartum. An oral
glucose tolerance test should not be performed due to high
risk of hypoglycaemic adverse events and high variability of
glucose levels postprandially. Fasting glucose and HbA1c are
recommended to be controlled and indicate a diagnosis of
diabetes if they exceed 126mg/dl or 6.5% (5.6mmol) [40]
(evidence level 4, grade of recommendation D). However,
high variability of glucose levels was documented in post-
prandial glucose studied by continuous glucose monitoring
(CGMS) [97]. Furthermore, CGMS detected high risk of
postprandial hyperglycaemia in patients who were thought
to have diabetes remission after surgery following actual
guideline recommendations and had shown a normal fasting
glucose and HbA1c [40, 97]. /us, capillary home blood
glucose monitoring with several time points postprandially,
CGMS, or FGMmay be offered additionally to collect fasting
and postprandial glucose levels over a few days in case of
uncertainty. Micronutrient deficiencies have to be identified
with control of parameters as described above. Regular
examinations of the newborn and examinations of the
offspring in general are highly recommended.

/e WHO recommends for all mothers to exclusively
breastfeed until 6 months after birth. /ere are no exceptions

Journal of Obesity 9



known for mothers after bariatric surgery; however, con-
cerns regarding micronutrient and vitamin deficiencies in
exclusively breastfed offspring have been raised (evidence
level 4, grade of recommendation D) [43]. Breastfeeding
mothers need to be controlled and sufficiently supple-
mented because the maternal intake of nutrients has strong
influence on the quality of the breast milk delivered to the
offspring [98]. A recent study found significantly higher fat,
energy, and a slightly higher carbohydrate breast milk
content as well as no correlations between milk macro-
nutrient composition and maternal diet in mothers after
bariatric surgery compared with nonoperated controls
[99]. Malnutrition of the mother can potentially cause
undernourishment of the breastfed offspring. A sufficient
vitamin and mineral supply is recommended. Especially
vitamin B deficiency can cause megaloblastic anaemia and
developmental delay in the offspring [43, 98, 100, 101].
Vitamin B12 deficiency in exclusively breastfed infants
presenting with pancytopenia and long-term de-
velopmental delay was reported previously after RYGB
caused by maternal vitamin B12 deficiency in breast milk
[100, 101]. Calcium deficiency may lead to reduced calcium
secretion in the breast milk and might cause undersupply
and insufficient mineralization of the fetal bones [98].
However, evidence does not exist regarding supplemen-
tation of vitamins and trace elements after bariatric surgery
during lactational period. /e suggestions are derived from
the D-A-CH guidelines for daily advised intake of nutrients

in lactational period in women with no bariatric procedure as
shown in Table 5 [68]. Furthermore, the upper intake levels
and recommendations after bariatric surgery are shown.

4. Conclusions

/e knowledge about the management of women after
bariatric surgery in and around pregnancy is growing but
consists mostly of data derived from retrospective studies
or derived from few cohort studies and several case reports
describing complications. However, there is little evidence
in various important fields and aspects around pregnant
women who underwent bariatric surgery with regard to
ideal time of pregnancy after surgery, diagnostic criteria
and best ways and methods to identify GDM, diabetes in
pregnancy, and treatment goals after diagnosis. For
pregnant women after metabolic surgery, further in-
formation on optimal weight gain in pregnancy, potential
lack of several nutrients and nutritional intake recom-
mendations in pregnancy and lactation, effects of nutri-
tional deficiencies on fetal development, and long-term
consequences in offspring is urgently needed and is of high
scientific and clinical interest facing growing surgery
numbers in women of reproductive age. /ese many un-
certainties demonstrate a clear need of prospective studies
focusing on filling these remaining gaps in knowledge.
Based on the results and data collected in this review,
further approaches and studies need to be conducted.

Table 5: D-A-CH recommendations of nutritional intake during lactation [68] and tolerable upper intake level (UL) according to EFSA
Guidelines [102] or the NIH [103] for healthy nonbariatric women as well as recommendations for intake after bariatric surgery for women
(when available, data specific for lactation are reported).

Nutrient
Recommended daily dietary

intake during lactation
(D-A-CH reference)

UL per day Recommended daily intake
after bariatric surgery

Iron 20mg 45mg 45–60mg [6, 62] up to 300mg [104]

Calcium 1000mg6 2500mg
1200–1500mg [6, 62], 1500–2000mg
RYGB [104], BPS/DS 1800–2400mg

[62, 104]
Vitamin D 20 µg� 800 IU4 100 µg� 4000 IU4 [82] At least 3000 IU [6] up to 6000 IU [62]
Vitamin A 1500 µg equivalent1 3000 µg� 10000 IU 5000–10000 IU9 [62, 104]
Vitamin E 17mg equivalent2,3,7 300mg, 1000mg [62] Lactation 19mg, else 15mg [62]
Vitamin K 60 µg No recommendation 90–120 µg, BPS 300 µg [62]

Vitamin B12 4.0 µg8 No recommendation 1000mg/month i.m. or s.c. [6, 62].
350–500 µg p.o. [62, 104]

Folic acid 450 µg 1mg 400 µg [6, 104], 400–800 µg,
800–1000 µg10 [62]

Iodine 260 µg 600 µg, 1100 µg —

Zinc 11mg 25mg, 40mg BPS 16–22mg RYGB 8–22, mg, SG,
LABG 8–11mg [62]

Magnesium 390mg 250mg5, 350mg5 —
11mg retinol equivalent� 6mg all-trans-β-carotene� 12mg other provitamin A carotenoids� 1mg retinol� 1.15mg all-trans-retinyl acetate� 1.83mg all-
trans-retinyl palmitate; 1 IU� 0.3 µg retinol. 21mg RRR-α-tocopherol equivalent� 1mg RRR-α-tocopherol� 1.49 IU; 1 IU� 0.67mg RRR-
α-tocopherol� 1mg all-rac-α-tocopheryl acetate. 31mg RRR-α-tocopherol (D-α-tocopherol) equivalent� 1.1mg RRR-α-tocopheryl acetate (D-α-tocopheryl
acetate)� 2mg RRR-β-tocopherol (D-β-tocopherol)� 4mg RRR-c-tocopherol (D-c-tocopherol)� 100mg RRR-δ-tocopherol (D-δ-tocopherol)� 3.3mg
RRR-α-tocotrienol (D-α-tocotrienol)� 1.49mg all-rac-α-tocopheryl acetate (D, L-α-tocopheryl acetate). 41 µg vitamin D� 40 IU. 5/e UL does not include
magnesium from nutritional sources or fluid and accounts for supplements only. 61200mg calcium in women <19 years of age. 7Around 260 µg RRR-
α-tocopherol equivalent extra per 100 g secreted milk. 8Around 0.13 µg vitamin B12 extra per 100 g secreted milk. 9Depending on procedure, LABG 5000 IU,
RYGB or SG 5000–10000 IU, BPS 10000 IU per day, β-carotene form does not contribute to vitamin A toxicity. 10To women of childbearing age. All NIH
recommendations for women >18 years of age; i.m., intramuscular; p.o., per os; BPS� biliopancreatic diversion; RYGB�Roux-en-Y gastric bypass;
SG� sleeve gastrectomy; LAGB� laparoscopic gastric banding; DS� duodenal switch surgery.
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Pregnancies after bariatric surgery need to be considered
as high-risk pregnancies with many potential complications,
which may arise during pregnancy. /ese complications
need to be accounted promptly to prevent acute or chronic
complications in women with bariatric surgery or their
offspring. /us, care of these patients needs to be organized
in an individual setting in a multilateral cooperation of
various medical disciplines in specialized centres.
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P. Tynelius, and F. Rasmussen, “Surgically induced inter-
pregnancy weight loss and prevalence of overweight and
obesity in offspring,” PLoS One, vol. 8, no. 12, article e82247,
2013.

[57] D. Berglind, M. Willmer, E. Naslund, P. Tynelius,
T. I. A. Sørensen, and F. Rasmussen, “Differences in ges-
tational weight gain between pregnancies before and after
maternal bariatric surgery correlate with differences in birth
weight but not with scores on the body mass index in early

12 Journal of Obesity



childhood,” Pediatric Obesity, vol. 9, no. 6, pp. 427–434,
2014.

[58] F. Guenard, Y. Deshaies, K. Cianflone, J. G. Kral, P. Marceau,
andM.-C. Vohl, “Differential methylation in glucoregulatory
genes of offspring born before vs. after maternal gastroin-
testinal bypass surgery,” Proceedings of the National Acad-
emy of Sciences of the United States of America, vol. 110,
no. 28, pp. 11439–11444, 2013.

[59] L. H. Hammeken, R. Betsagoo, A. N. Jensen, A. N. Sorensen,
and C. Overgaard, “Nutrient deficiency and obstetrical
outcomes in pregnant women following Roux-en-Y gastric
bypass: a retrospective Danish cohort study with a matched
comparison group,” European Journal of Obstetrics & Gy-
necology and Reproductive Biology, vol. 216, pp. 56–60, 2017.

[60] J. C. Gimenes, C. F. Nicoletti, M. A. de Souza Pinhel,
C. Cortes-Oliveira, W. S. Júnior, and C. B. Nonino, “Nu-
tritional status of children from women with previously
bariatric surgery,” Obesity Surgery, vol. 28, no. 4, pp. 990–
995, 2018.

[61] A. Stuart and K. Kallen, “Risk of abdominal surgery in preg-
nancy among women who have undergone bariatric surgery,”
Obstetrics & Gynecology, vol. 129, no. 5, pp. 887–895, 2017.

[62] R. Kushner, S. Cummings, and D. Herron, “Bariatric surgery:
postoperative nutritional management,” 2017, https://
www.uptodate.com/contents/bariatric-surgery-postoperative-
nutritional-management.

[63] S. V. Lakhani, H. N. Shah, K. Alexander, F. C. Finelli,
J. R. Kirkpatrick, and T. R. Koch, “Small intestinal bacterial
overgrowth and thiamine deficiency after Roux-en-Y gastric
bypass surgery in obese patients,”Nutrition Research, vol. 28,
no. 5, pp. 293–298, 2008.

[64] J. B. Dixon,M. E. Dixon, and P. E. O’Brien, “Birth outcomes in
obese women after laparoscopic adjustable gastric banding,”
Obstetrics & Gynecology, vol. 106, no. 5, pp. 965–972, 2005.

[65] C. Gudbrand, L. A. Andreasen, and A. E. Boilesen, “Internal
hernia in pregnant women after gastric bypass: a retrospec-
tive register-based cohort study,” Obesity Surgery, vol. 25,
no. 12, pp. 2257–2262, 2015.

[66] N. Petrucciani, T. Debs, D. Ciampi et al., “Rare cause of small
bowel ischemia during pregnancy after Roux-en-Y gastric
bypass,” Obesity Surgery, vol. 27, no. 7, pp. 1879–1881, 2017.

[67] G. Jans, C. Matthys, S. Bel et al., “AURORA: bariatric surgery
registration in women of reproductive age-a multicenter
prospective cohort study,” BMC Pregnancy Childbirth,
vol. 16, no. 1, p. 195, 2016.

[68] D-A-CH, Referenzwerte für die Nährstoffzufuhr, Deutsche
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Introduction

Obesity has become a global healthcare problem, 
with 13% of the world population (650 million) esti-
mated to be obese in 2016 [1]. Bariatric surgery (BS) 
is known to be the most effective method of treat-
ment, with the most durable weight loss and the 
greatest reduction of concomitant diseases [2, 3].  
Women constitute the majority of patients under-
going bariatric treatment, most of them of repro-
ductive age. Obesity is associated with many co-
morbidities, e.g. hypertension, diabetes mellitus and 
obstructive sleep apnea, but also influences fertility, 
the course of pregnancy and neonatal outcomes [4].  
Obesity in pregnancy increases the risk of gestation-
al diabetes mellitus (GDM), pregnancy-induced hy-
pertension (PIH), prolonged labor, vacuum delivery, 
cesarean section, congenital anomalies and large for 
gestational age (LGA) infants [5]. Bariatric surgery 

reduces the risk of GDM, PIH, LGA, but also increas-
es the risk of intrauterine growth retardation of the 
fetus (IUGR) and the proportion of small for gesta-
tional age (SGA) infants [6]. The alteration of the 
gastrointestinal absorption, hormone and metabolic 
changes may affect maternal and fetal well-being. 
Among the confirmed factors in the pathogenesis 
of impaired fetal growth are maternal micronutrient 
and vitamin deficiencies, but there are also other 
factors involved. The influence of BS on pregnancy 
and neonatal outcomes is subject to numerous stud-
ies. Pregnancy is associated with changes in body 
weight so that the influence of pregnancy and ges-
tational weight gain on BS long-term outcomes re-
mains an important question. 

Aim

The aim of our review was to present recent stud-
ies about the relations between BS and pregnancy. 
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We divided our review into sections presenting the 
problems we considered the most important: the 
influence of pregnancy on weight loss after BS, the 
incidence of surgical complications in pregnancy, the 
importance of time to conception interval, micronu-
trient and vitamin deficiencies, fetal growth impair-
ment, pregnancy-induced hypertension, gestational 
diabetes mellitus and contraception.

Influence of pregnancy on weight loss 
after bariatric surgery

Most studies about BS and pregnancy are fo-
cused on the impact of BS on pregnancy and neo-
natal outcomes. The question about the influence of 
pregnancy on long-term results of BS is of utmost 
importance both for patients and bariatric surgeons. 
There is evidence that pregnancy does not have 
negative effects on the weight loss after BS. Weight 
loss after 5 years from the operation is comparable 
between patients who became pregnant after the 
operation and those who were not. The neutral ef-
fect of pregnancy on BS outcomes was confirmed in 
a recent study by Brönnimann et al., who compared 
the excess body mass index (BMI) loss after 5-year 
follow-up between women with and without a his-
tory of pregnancy and found it to be similar in both 
groups [7]. Quyên Pham et al. analyzed the history of 
weight loss of 84 women who became pregnant af-
ter BS and concluded that pregnancy after BS slowed 
down the pace of weight loss, but eventually did not 
affect weight loss after 5-year follow-up when com-
pared to the control group of women without a his-
tory of pregnancy after BS [8]. Rottenstreich et al. 
conducted a cross-sectional case-control study that 
included 80 women who became pregnant after lap-
aroscopic sleeve gastrectomy (LSG) matched with  
80 controls for preoperative BMI, age and follow-up 
duration. After a  follow-up of more than 5 years, 
they found no differences in long-term weight loss 
results [9]. Alatishe et al. conducted a  study in 
a group of women after BS and did not find any dif-
ferences in %EWL between those who became preg-
nant and those who did not [10]. Nevertheless, there 
are studies contradicting these results. Froylich et al. 
matched 62 patients after BS who were pregnant 
and had a delivery (before or after BS) with a con-
trol cohort of 92 patients after BS who had never 
conceived and found excess weight loss (%EWL) of 
68.0% in the delivery group vs 53.0% in the group 

of subjects who had never conceived. They conclud-
ed that a pregnancy before BS resulted in reduced 
weight loss after BS [11].

Surgical complications during pregnancy

The most common complications after BS in 
pregnancy are internal herniation following RYGB 
and gastric band slippage following adjustable gas-
tric banding (AGB) [5].

The incidence of internal herniation in pregnan-
cies after a  Roux-en-Y gastric bypass (RYGB) was 
reported to be about 8% [12]. The most frequent 
symptoms of internal herniation are upper abdom-
inal pain, nausea and vomiting, which can easily be 
mistaken for early pregnancy symptoms [13]. Severe 
abdominal pain during pregnancy can increase the 
risk of uterine contractions, preterm delivery and 
SGA infants [14]. Previous closure of mesenteric 
defects does not exclude the possibility of internal 
herniation in pregnancy. In a review of 22 cases, the 
most common location of the hernia was Petersen’s 
space [15]. Women after RYGB should be advised 
not to delay a consultation with a bariatric specialist 
in case of symptoms suggesting internal herniation 
as there are reports suggesting a  higher incidence 
of maternal and fetal death in case of intervention 
after more than 48 h from the symptoms onset [16, 
17]. Any pregnant woman after RYGB presenting 
with abdominal pain should be assessed for the pos-
sibility of diagnosis of internal hernia [13].

The risk of gastric band slippage is increased in 
pregnancy due to vomiting and higher intraabdom-
inal pressure. Some reports suggest incidence of 
slippage of 12% compared to 3–5% to the gener-
al population after AGB [18, 19]. The symptoms of 
band slippage may also be mistaken for pregnancy 
symptoms [20].

Time to conception

International recommendations about pregnan-
cy after BS (by Shawe et al. and the American Col-
lege of Obstetricians and Gynecologists) agree that 
pregnancy should be postponed until the end of the 
rapid catabolic period of weight loss [5, 6]. The sug-
gested interval between the surgery and conception 
differs between recommendations and ranges from 
12 to 24 months. Pregnancies started before the 
end of the rapid catabolic period are at higher risk of 
miscarriage, fetal malnutrition and impaired growth  
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[5, 6, 21]. Some authors emphasize the need of a pa-
tient-centered approach in assessing the optimum 
time for conception. Mahawar et al. suggested that 
instead of imposing a fixed time interval after the op-
eration, it would be better to advise conceiving after 
at least 2 months of stable weight after the weight 
loss period [22]. Some studies suggest that a  time 
to birth interval of less than 2 years was associated 
with a higher risk of preterm delivery, neonatal inten-
sive care unit (NICU) admission and SGA infants [23].

Contrary to the international recommendations 
about the optimum time for pregnancy after bariat-
ric surgery, there are studies showing no differences 
between pregnancy and neonatal outcomes if the 
time of conception followed the recommended time 
interval between BS and pregnancy. The analyzed 
endpoints were: preterm deliveries, birth weight, 
SGA neonates, NICU admissions, gestational weight 
gain (GWG), hyperemesis, nutritional deficiencies, 
GDM and PIH [24–27].

Pregnancy and nutritional deficiencies 
after bariatric surgery

BS, especially malabsorptive procedures, leads to 
various micronutrient and vitamin deficiencies due 

to changes in gastric pH, dumping syndrome and ab-
sorption changes [28]. There are international guide-
lines indicating the optimum dietary supplementation 
after BS and during pregnancy after BS; however, the 
problem remains in patients’ adherence to the recom-
mendations, which decreases with increasing time 
since surgery [5, 6]. The level of deficiencies rises with 
the decrease of patients’ adherence to the recom-
mendations. Maternal micronutrient and vitamin de-
ficiencies may lead to impaired fetal growth [29, 30].

The recommended minimum protein intake 
during pregnancy is 60 g of protein a day, although 
it should be adjusted for the patient’s BMI and lean 
body mass. Rapidly absorbed carbohydrates should 
be avoided due to the risk of early and late postpran-
dial syndrome. Pregnancy should be planned with 
the help of a multidisciplinary team and a multivi-
tamin and mineral supplement should be taken pri-
or to and throughout pregnancy [5]. Some patients 
restrict the daily caloric intake against medical ad-
vice because of their fear of regaining weight, some-
times to a level that may negatively affect the fetal 
well-being and intrauterine growth. The role of dieti-
tian nutritionists and psychologists in the multidisci-
plinary care of a pregnant woman after BS cannot be 
overvalued. The suggested daily supplementation in 
pregnancy is presented in Table I.

The most commonly diagnosed deficiency is ma-
ternal anemia, often diagnosed before pregnancy. 
The incidence and level of maternal anemia increas-
es in pregnancy due to higher demand of the de-
veloping fetus [31–33]. The incidence of maternal 
anemia during pregnancy is higher after malabsorp-
tive procedures [34, 35]. Coupaye et al. in a  study 
including 123 pregnancies after BS found a positive 
correlation between the risk of SGA infants and ma-
ternal protein intake and a negative correlation with 
the maternal iron status [36].

Rottenstreich et al. conducted a  systematic re-
view of 27 studies on maternal nutritional deficien-
cies in pregnancies after BS. The deficiencies found 
after both restrictive and malabsorptive procedures 
were iron, folate, vitamin B1, B12 and D. Additionally, 
the researchers found that there was an increased 
risk of maternal anemia in positive correlation with 
the time to conception length [37]. The level of cir-
culating vitamin K1 is lower in pregnant patients 
after BS and supplementation is of utmost impor-
tance to prevent fetal and neonatal intracranial 
hemorrhages [38].

Table I. Recommended daily dosage of micronu-
trients and vitamins for (pre)pregnancy supple-
mentation (after Shawe J et al. Pregnancy after 
bariatric surgery: consensus recommendations 
for periconception, antenatal and postnatal care. 
Obes Rev 2019; 20: 1507-22)

Micronutrient Recommended daily dosage

Folic acid 0.4 mg (4–5 mg if obese or diabetic)

Calcium 1200–1500 mg (including dietary intake)

Vitamin D > 40 µg (1000 IU)

Iron 45–60 mg (elemental iron)

Copper 2 mg

Zinc 8–15 mg per 1 mg copper

Thiamine > 12 mg

Vitamin K 90–120 µg

Vitamin E 15 mg

Vitamin A 5000 IU (as B carotene)

Selenium 50 µg
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Low blood glucose levels, often diagnosed after 
RYGB and other types of bypass BS, can lead to im-
pairment of fetal growth. As stated by Rottenstreich 
et al., maternal hypoglycemia and subsequent fetal 
hypoglycemia are a common consequence of BS, es-
pecially malabsorptive surgery (MS). After the oral 
glucose tolerance test (OGTT), hypoglycemia was 
found in more than 50% of patients after BS and 
83% of patients after MS [39]. Low inflow of glucose 
to the fetus may result in IUGR and SGA infants and 
maternal hypoglycemia may be present for a  sub-
stantial portion of time in mothers after MS. OGTT 
is currently considered an unacceptable method of 
screening for GDM in women after all types of BS 
procedures except for AGB, which does not cause di-
rect metabolic changes. Late postprandial syndrome 
and reactive hypoglycemia occurring after BS lead 
to lessened tolerance and accuracy of OGTT, exclud-
ing it as a method of diagnosing GDM in pregnant 
patients after BS. OGTT should be substituted with 
monitoring of capillary blood glucose levels between 
the 24th and 28th week of gestation or continuous 
glucose monitoring [5, 40–42].

Fetal growth impairment

The vast majority of studies show a  decreased 
rate of GDM, PIH and LGA in pregnancies after BS 
and an increased risk of IUGR and SGA infants. 

There is an important question whether all types 
of bariatric procedures lead to similar pregnancy 
and neonatal outcomes, or whether there are dif-
ferences. LSG remains the most popular BS proce-
dure in the world and its influence on pregnancy 
course has to be well established. The risk of SGA 
infants after MS has been confirmed in many stud-
ies [43]. One of the most important studies in the 
field was a  national Swedish cohort study, which 
included 670 pregnancies after BS, 98% out of 
whom had a  history of RYGB. The study present-
ed a  more than two-fold increase in risk of SGA 
neonates after BS (15.6 vs. 7.6%) [44]. Kjaer et al. 
presented an analysis of 339 pregnancies after 
BS; 84.4% after RYGB. The risk of SGA infants was  
2.3 times higher after BS than in the control group 
[45]. An increase in the risk of SGA neonates after 
RYGB was also found by Belcastro et al. [46].

There are also studies comparing purely restric-
tive procedures, such as laparoscopic adjustable 
gastric banding (LAGB) with MS. Chevrot et al. found 

a two-fold increase of the risk of SGA infants after 
RYGB, compared to LAGB and in the general popu-
lation [47]. In a study by Facchiano et al. the mean 
birth weight of neonates was lower after RYGB than 
LAGB [48]. A meta-analysis of 33 studies by Akhter 
et al. did not find any correlation between incidence 
of SGA infants and restrictive surgery (RS), contrary 
to an increased risk after MS [43]. A  study by Ari-
cha-Tamir et al., who analyzed paired pregnancies 
before and after BS, found no association between 
BS and the risk of SGA infants [49].

Some studies present a comparable risk of IUGR 
and SGA neonates after RS and MS [50]. Coupaye  
et al. found in their study, in which they included 123 
pregnancies after BS (77 after RYGB and 46 after SG) 
a comparable rate of IUGR and SGA infants between 
both types of procedures [36]. No differences in the 
risk of SGA neonates between pregnancies after RS 
and BS were also found by Sheiner et al. and the risk 
of IUGR was 2.5 times higher after BS compared to 
the control group [51]. The importance of the risk of 
SGA infants after LSG was analyzed by Rottenstreich 
et al. in a recent case-control study that included 119 
pregnancies after LSG compared to obese controls. 
They found a more than three-fold increase in the 
incidence of SGA infants after LSG (4.3 vs. 14.3%), 
having confirmed an increased risk of SGA infants 
after RS [52]. These findings suggest that there are 
more mechanisms involved in the pathogenesis of 
growth restriction after BS, not only the absorption 
changes. 

Pregnancy-induced hypertension  
and pre-eclampsia

Pregnancy-induced hypertension is defined as 
de novo onset of hypertension diagnosed after the 
20th week of gestation, with > 140 mm Hg systolic or 
> 90 mm Hg diastolic. Preeclampsia is a multi-sys-
temic disease with at least one new-onset condition 
complicating the course of PIH, including proteinuria 
and other maternal organ dysfunction: renal insuf-
ficiency, liver involvement, neurological and hema-
tological complications. Both PIH and preeclampsia 
can negatively affect the pregnancy course, leading 
to adverse pregnancy and neonatal outcomes, in-
cluding preterm delivery and IUGR. Preeclampsia re-
mains the leading cause of maternal and neonatal 
morbidity and mortality worldwide [53]. The patho-
genesis of preeclampsia starts with abnormalities in 
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placenta development, angiogenesis alterations and 
abnormal trophoblastic invasion [54, 55]. Obesity-re-
lated metabolic factors may influence the cytotro-
phoblast and endothelial dysfunction, increasing the 
risk of preeclampsia [56]. Obesity is a major risk fac-
tor of developing preeclampsia, with a strong posi-
tive association between pre-pregnancy BMI and the 
risk of preeclampsia, doubling with each 5–7 kg/m2 
increase in pre-pregnancy BMI [57]. The risk of pre-
eclampsia is three-fold higher in obese women com-
pared to the general population [31]. Reducing GWG 
in obese patients decreases the risk of preeclampsia, 
but increases the incidence of SGA infants [58]. Most 
studies show that BS is associated with a significant 
reduction of risk of preeclampsia. A meta-analysis by 
Galazis et al. based on 17 cohort and case-control 
studies showed a  lower incidence of preeclampsia 
after BS with an OR of 0.45 [59]. Bennett et al. ana-
lyzed 269 pregnancies before and 316 after BS and 
found a  substantial reduction of incidence of pre-
eclampsia (OR = 0.20) and PIH (OR = 0.16) [60]. The 
reduction of incidence of PIH and preeclampsia in 
patients after BS has been confirmed in numerous 
studies and meta-analyses [30, 31, 61–65].

Gestational diabetes mellitus

Obesity is a well-known risk factor for developing 
diabetes mellitus, the incidence of which can be signifi-
cantly reduced after bariatric surgery [66, 67]. Gesta-
tional diabetes mellitus is a condition of abnormal ma-
ternal glucose tolerance that is diagnosed for the first 
time during pregnancy. High pre-pregnancy BMI is a risk 
factor for GDM and developing type 2 diabetes melli-
tus after pregnancy [68]. GDM can lead to disturbances 
in fetal development, including fetal macrosomia and 
a four to five times higher rate of congenital malforma-
tions than in the non-diabetic population [69]. BS and 
the following reduction of body weight leads to an im-
portant decrease in the rate of GDM, when compared 
to the obese population, and in some studies even to 
the general non-obese population. The vast majority of 
studies on the influence of BS on the pregnancy course 
confirm a significant reduction in the incidence of GDM 
after BS [30, 42, 70, 71]. Johansson et al. found a more 
than three-fold reduction of the incidence of GDM in pa-
tients after BS compared to the obese population, and 
the results were corroborated in an analysis by Burke 
et al. [44, 72]. In one of our studies we observed a two-
fold decrease in the proportion of GDM in patients after 

BS compared to the general non-obese population [34]. 
A meta-analysis by Galazis et al. based on 17 studies 
also demonstrated a two-fold decrease in incidence of 
GDM [59]. The decrease in incidence of GDM has been 
confirmed in other studies [19, 49, 73].

Contraception

Women after bariatric surgery are recommended 
to delay conception for the period of rapid weight 
loss of at least 12 to 24 months, and pre-operative 
counseling about appropriate and effective methods 
of birth control is of utmost importance. Mengesha 
et al. observed in their study that even a single coun-
seling visit ameliorated the rate of optimum contra-
ception use after BS [74].

According to the consensus recommendations by 
Shawe et al., BS can impair the absorption of both 
estrogen and progestagen components of oral con-
traceptives and therefore combined oral contracep-
tion can be less effective after BS [5, 75]. However, 
studies confirming those statements are based on 
populations after older types of procedures, such as 
BPD, AGB or jejunoileal bypass [76–79]. There is no 
level 1 evidence confirming the compromised ab-
sorption of combined oral contraception, and some 
new studies suggest normal pharmacokinetics of 
etonogestrel after BS [80]. Further studies are nec-
essary to evaluate the real risk of reduced efficacy of 
oral contraception after BS.

Additionally, oral contraception should be ad-
vised against in obese pre-operative patients and 
those still affected by obesity after BS due to in-
creased risk of venous thromboembolism [81, 82]. 
Nevertheless, there are studies presenting the same 
proportion of oral contraception use before and after 
BS, sometimes even at the level of 15% of the popu-
lation, which further emphasizes the importance of 
pre-operative counseling [83, 84].

Patients after BS should be advised to use 
long-acting reversible methods of contraception, 
such as intrauterine devices and progestagen im-
plants, followed by non-hormonal barrier methods in 
women preferring those (male and female condoms 
may be suitable; diaphragms require adjustment of 
size after every 3 kg of weight change) [5, 85–88].

Conclusions

Bariatric surgery has a positive impact on preg-
nancy outcomes through reduction of obesity-re-
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lated comorbidities. The proportion of gestational 
diabetes and preeclampsia in patients after BS is 
significantly decreased. However, there are also neg-
ative effects of BS on the pregnancy, such as a high-
er risk of IUGR and SGA infants, as well as maternal 
micronutrient and vitamin deficiencies. There is also 
a higher risk of surgical complications after BS, es-
pecially internal herniation after RYGB. A pregnancy 
in a woman after bariatric surgery should be consid-
ered a high-risk pregnancy, and a multidisciplinary 
team, including an experienced obstetrician, a bar-
iatric surgeon, a dietitian nutritionist and a psychol-
ogist, should take care of every pregnant woman 
after weight loss surgery. Appropriate micronutrient 
and vitamin supplementation in accordance with 
current recommendations should be provided. An 
alternative form of screening for gestational dia-
betes mellitus has to be implemented. Optimum 
time to conception should be chosen following 
the guidelines, but also individually consulted in 
each case. Appropriate and efficient contraception 
should be introduced and birth control counseling 
should always be included in pre-operative care. Ev-
ery woman after bariatric surgery should be aware 
of the symptoms of surgical complications and im-
mediately contact their surgeon in case of abdom-
inal pain. 
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