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Abstract

The purpose of this review was to analyze the literature about pregnancy after bariatric surgery. We searched for
available articles on the subject from the last decade (2010 to 2020). The positive impact of bariatric surgery on
the level of comorbidities and pregnancy and neonatal outcomes cannot be overrated. Weight loss after bariatric
surgery reduces the incidence of obesity-related conditions in pregnancy. A pregnancy in a woman after bariatric
surgery should be considered a high-risk pregnancy and taken care of by a multidisciplinary team with appropriate
micronutrient and vitamin supplementation provided. Optimum time to conception should be chosen following the
international recommendations. Every woman after bariatric surgery should be aware of symptoms of surgical com-
plications and immediately contact their surgeon in case of abdominal pain.
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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 Brénnimann 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]. Quyén 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
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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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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 pg (1000 IU)

Iron 45-60 mg (elemental iron)
Copper 2mg

Zinc 8-15 mg per 1 mg copper
Thiamine >12mg

Vitamin K 90-120 pg

Vitamin E 15 mg

Vitamin A 5000 IU (as B carotene)
Selenium 50 g

[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
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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 B,, B,, 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 K, is lower in pregnant patients
after BS and supplementation is of utmost impor-
tance to prevent fetal and neonatal intracranial
hemorrhages [38].
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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 24™ and 28™ 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-
jes [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
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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
etal. 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
20t 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/m?
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 BMl 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
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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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