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Abstract: Little is known about the association of micronutrients deficiencies during pregnancy
and neonatal outcome among women after Roux-en-Y gastric bypass (RYGB) or sleeve gastrectomy
(SG). We present a prospective study of 87 consecutive women with a history of RYGB (n = 37) or
SG (n = 50) who underwent complete and regular clinical and biological nutritional assessments
during pregnancy. Data on maternal characteristics, biological nutritional parameters, antenatal
management, and perinatal outcome were collected. The objective was to evaluate serum levels
of micronutrients at the second trimester, and to assess the association between micronutrients
deficiencies and neonatal outcome. After RYGB, maternal age (34.3 ± 4.9 vs. 31.1 ± 4.6 years;
p = 0.003) and pregnancy timing after surgery (64.5 ± 47.0 vs. 38.1 ± 28.1 months; p = 0.002) were
significantly higher, and pre-pregnancy BMI was significantly lower (29.8 ± 5.6 vs. 32.9 ± 7.1 kg/m2;
p = 0.03). Maternal and neonatal outcomes were similar. Additional supplementations after blood
tests were similar in groups. Zinc, selenium, vitamins A1, B1, B6, C, and E levels were not different
depending on the type of surgery. Zinc deficiency (7/87) was significantly more frequent after RYGP
(18.9% vs. 0%; p = 0.02) and selenium deficiency (15/87) was similar in groups (21.6% after RYGB
and 14.0% after SG; p = 0.36). The mean birth weight was significantly lower in selenium deficiency
cases (3137 ± 550 vs. 3535 ± 737 g; p = 0.04). Selenium deficiency was negatively correlated with
birth weight (r = −0.23; p = 0.03) and with birth weight z-score (r = −0.26; p = 0.01), but not correlated
after adjustment for the procedure. The levels of micronutrients surveillance along pregnancy in
women with a history of bariatric surgery is necessary to decrease the risk of inadequate fetal growth
in the patients.

Keywords: bariatric surgery; pregnancy; micronutrients; selenium; birth weight; neonatal morbidity

1. Introduction

The prevalence of obesity (body mass index (BMI) ≥ 30 kg/m2) in women in the
reproductive age is a major public health problem with an increasing rate within the last
10 years (13.9% in 2009 to 15.7% in 2012 in France) [1]. During pregnancy, obesity clearly
increases rates of obstetric complications (pre-eclampsia, gestational diabetes mellitus
(GDM), and macrosomia) [2,3].

Bariatric procedures have a strong evidence of efficacy and safety [4]. Women in the
reproductive age with a pregnancy desire are seeking bariatric surgery (BS), which could
increase the pregnancy rate and improve pregnancy outcomes after weight loss by reducing
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the rates of GDM, pregnancy-induced hypertension, and macrosomia [5–7]. However,
pregnant women after BS need to be evaluated carefully with increased risks of small-for-
gestational age (SGA) fetus and prematurity [5–7]. Recent data have also suggested more
frequent rates of long-term pediatric endocrine morbidity (hypothyroidism, diabetes melli-
tus, hypoglycemia or obesity), compared to obese and normal weight pregnant women
without previous BS [8]. Furthermore, a recent systematic review found an unbalanced
nutritional diet in patients after BS with inadequate protein intake and micronutrients
deficiencies in many included studies [9]. As a consequence, current guidelines recom-
mend routine testing and dietary supplementation before and after BS [10], especially for
childbearing female and pregnant women [11]. However, there is a relative paucity of
data concerning the obstetric and neonatal issues of micronutrients deficiencies during
pregnancy after BS [12–15], and specifically after laparoscopic sleeve gastrectomy (SG),
which should induce fewer nutritional deficiencies and fewer SGA, compared to Roux-
en-Y gastric bypass (RYGB). The purpose of this study was to evaluate serum levels of
micronutrients (zinc, selenium, vitamins A1, B1, B6, C, and E) during pregnancy in women
after RYGB or SG, and thus to assess the association between nutritional deficiencies, and
specifically selenium deficiency, and neonatal outcome.

2. Methods
2.1. Patient Selection

A retrospective review of prospectively collected data on consecutive cases of women
with a history of BS who were admitted in an ambulatory procedure during pregnancy
between January 2013 and July 2020 in a tertiary care hospital with more than 2600 annual
deliveries was done. For this study, we included consecutive pregnant women with
a history of RYGB or SG with complete clinical and biological nutritional assessments
performed in our institution. We excluded women with a history of others types of BS
(i.e., laparoscopic gastric banding, duodenal switch), women without gestational age
dating (crown-to-rump length at a first-trimester ultrasound examination or fetal biometry
before 24 weeks), multiple pregnancy, women with medical-indicated second trimester
termination of pregnancy, and with intra uterine death and fetal loss before 22 weeks.

This present study was conducted in accordance with the French approved guidelines.
All the participants received oral information on the study. Written consent was not
required for the retrospective study according to the French law, but each woman got the
opportunity to opt out of the analysis.

2.2. Management of Pregnant Women with Previous Bariatric Surgery

Surgical procedure and postoperative multidisciplinary management, especially after
RYGB, were applied, as described elsewhere [16]. In our center, all pregnant women with a
history of BS have a consultation before conception, or as soon as pregnancy is diagnosed,
according to recommendations on bariatric surgery [11].

During pregnancy, they were managed monthly or more frequently if necessary, in an
ambulatory obstetric unit with an obstetrician, physician with expertise in the nutritional
management of BS patients, endocrinologist, registered dietitian to assess energy and
protein intake with education, lifestyle intervention, and medical nutrition therapy.

Caloric allotment was based on the ideal body weight and weight gain for all women
with a diet ranging from 25 kcal/kg for overweight and obese women to 35 kcal/kg for
women with normal weight and divided into three full meals and four snacks of 50%
complex carbohydrates, 30% fat, and 20% protein [17]. The recommended daily protein
intake should be at least 60 g [11].

During pregnancy, all women were advised to take a daily multivitamin-mineral
supplementary (one capsule daily) and folic acid up to 12 weeks, regardless of the type
of BS. The multivitamin-mineral supplement recommended to the patients (Alvityl®,
Urgo Healthcare, Chenove, France) contained 50 µg selenium and 10 mg of zinc per
capsule alongside other vitamins and minerals. During each follow-up consultation, the
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women were encouraged to take their supplements daily. All women were scheduled
for fasting venous blood tests at the 6th month of pregnancy. The prescription of other
complements (including iron, vitamin D, vitamin B12, and calcium) was based on the
patient’s information and on nutritional assays to maintain the levels of micronutrients
as near to normal as possible [11]. The supplementations efficacy was determined by
successive fasting venous blood tests during pregnancy [11].

GDM was diagnosed as usual, according to the international guidelines for pregnant
women [18]: A fasting plasma glucose (FPG) at the first trimester of the pregnancy for
women who belong to a risk group (e.g., age ≥ 35 years-old, BMI ≥ 25 kg/m2, familial
history of diabetes, previous GDM or macrosomia), and a 75 g-oral glucose tolerance test
(OGTT) between 24–28 weeks of gestation for pregnant women who presented risk factors
of GDM and normal FPG at the first trimester. In pregnant women with a history of BS,
75 g-OGTT may not be well tolerated, especially after RYGB. Therefore, our multidisci-
plinary team has decided that a 1-week self-monitoring of capillary blood glucose with
samples before each meal, and alternately 1 or 2 h after the start of each meal was used in
all women after RYGB as a screening test after 24 weeks [19]. Once diagnosed, GDM was
immediately managed by lifestyle modifications, self-monitoring of blood glucose, and
insulin therapy if glycemic targets are not achieved [18].

All the included women had a fetal ultrasound assessment at 22, 28, 32, and 36 weeks
of gestation to screen for small for gestational age fetus (SGA), defined as an ultrasono-
graphic estimated fetal weight < 10th centile for gestational age on Hadlock curves [20] or
large for gestational age fetus (LGA), defined as an estimated fetal weight > 90th centile for
gestational age on Hadlock curves [20]. In the case of ultrasound suspicion of SGA or LGA,
the evaluation and surveillance were adapted as per specific guidelines [21]. Women who
presented SGA or LGA fetus at 37 weeks were advised to undergo induction of labor at
39 weeks of gestation. Women who presented normal fetal growth at the ultrasound assess-
ment were allowed to await spontaneous labor until 41 weeks. There were no variations in
practice as the same team cared for the cohort throughout the period of study.

2.3. Maternal and Perinatal Outcome

Maternal sociodemographic characteristics, information regarding pregnancy follow-
up, and standard perinatal outcomes were collected prospectively by one obstetrician (GD),
from a prospectively maintained database of women who were included in the study.

Maternal characteristics (age, geographic origin, type of BS, pre-pregnancy BMI,
parity, pre-existing type 1 or 2 diabetes, medical history of chronic hypertension, and
smoking during pregnancy) and antepartum variables (time to conception from bariatric
surgery, GDM, pregnancy-induced hypertension/pre-eclampsia, intrahepatic cholestasis of
pregnancy, nutritional supplementations after blood tests, gestational weight gain (GWG),
and specific complications in pregnancy due to BS) were collected. Pre-pregnancy BMI
was calculated (kilograms per square meter) from the database with the use of height and
weight before the beginning of the pregnancy. As defined by the World Health Organization,
women with a BMI of ≥30 kg/m2 were considered obese. Maternal gestational weight
gain (GWG) was calculated as measured weight at the end of pregnancy minus the pre-
pregnancy weight. Adequate weight gain during pregnancy was based on the Institute
of Medicine’s GWG by maternal pre-pregnancy BMI recommendations [22]. Intrahepatic
cholestasis of pregnancy is a cholestatic disorder characterized by pruritus with the onset
in the second or third trimester of pregnancy and elevated serum aminotransferases and
bile acid levels [23]. Pregnancy-induced hypertension was determined by hypertension
without proteinuria after 20 weeks of gestation in a previously normotensive woman, and
pre-eclampsia was determined by hypertension and proteinuria after 20 weeks of gestation
in a previously normotensive woman [24].

Intrapartum variables collected included gestational age at delivery, type of labor
(spontaneous labor, induced labor or planned cesarean delivery), mode of delivery (vaginal
delivery or cesarean delivery during labor), and maternal outcome (postpartum hem-
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orrhage (PPH)). Induction of labor was undertaken for medical and obstetric indica-
tions (GDM, intrahepatic cholestasis of pregnancy, pre-eclampsia, prenatal suspicion of
SGA or LGA, and prolonged pregnancy). Gestational age at delivery was determined
by the craniocaudal length at a first-trimester ultrasound examination or by the date
of the last menstrual period and/or a second- or third-trimester ultrasound if the first-
trimester ultrasound was not performed) [25]. Pre-term delivery was defined as gestational
age at delivery < 37 weeks. Prolonged pregnancy was determined by gestational age
≥ 41(+0) weeks [25]. PPH was defined by a blood loss ≥ 500 mL, assessed with a collector
bag placed just after birth.

The neonatal outcome collected included birth weight, fetal sex, birth weight z-score
(BWz), cephalic perimeter, umbilical artery blood gas values that were routinely measured,
and immediate neonatal data that were recorded with a systematic pediatrician examination
after delivery: 5 min Apgar score, need for resuscitation or intubation, admission to the
neonatal intensive care unit (NICU), and neonatal death. BWz were calculated according
to French published references, adjusted for sex and term at birth [26]. Neonatal morbidity
was a composite variable, defined by at least one of the following criteria: Preterm delivery
(<37 weeks), 5 min Apgar score less than 7, pH less than 7.10, need for resuscitation or
intubation, NICU admission, and neonatal death.

2.4. Biological Tests

All the included women had a measurement of the trace metals as part of their
routine follow-up fasting venous blood tests at the second trimester of pregnancy. Blood
samples during pregnancy were collected at fasting in the polypropylene tubes, were
immediately centrifuged, and the supernatant was then stored at −20 ◦C until analysis.
All measures of the trace elements were done in the Department of Biology by the same
biologist (VDR). Biological parameters were assessed using routine techniques. Serum
zinc was measured quantitatively by atomic absorption spectrometry, and quantitative
determination of serum selenium levels were measured by inductively coupled/plasma
mass spectrometry. Serum vitamins A1 and C levels were measured quantitatively by
high-performance liquid chromatography analysis, and serum vitamins B1 and B6 levels
were measured by high performance liquid chromatography-tandem mass spectrometry.

During pregnancy, there are no specific validated standards for the required levels
of vitamins and trace elements. Values for micronutrients deficiencies (defined as serum
trace element level below the lower reference level) were based on usual observed values
in general healthy pregnant women at the second trimester of pregnancy from a compre-
hensive review of the literature [27], and based on recent French clinical practice guidelines
for pregnancy after BS [11].

2.5. Statistical Analysis

The finalized dataset of included pregnant women was entered into EXCEL spread-
sheets (all patients’ identifiable data were excluded) and migrated into the Software for
Statistics and Data Science (STATA, version 16.0, StataCorp LLC, College Station, TX, USA)
for analyses. Continuous variables were described by their mean ± SD and compared
between the groups by the Student’s t-tests (or Mann-Whitney U test when appropriate)
and categorical variables were described by percentages and compared between the groups
by the chi-squared test (or Fisher’s exact test when appropriate). No formal sample size
was calculated as we analyzed data on all cases (RYGB and SG) over a specified time
period. The maternal and neonatal outcome and the serum micronutrients values were
compared according to the type of surgery. Spearman’s correlations were used to describe
the associations between serum micronutrients values at the second trimester and neonatal
outcome. A two-sided p-value < 0.05 indicated statistical significance.
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3. Results

During the study period, 19,778 births took place in our tertiary public hospital, and
102 pregnant women with a history of BS were managed in our hospital. Ten pregnant
women with a history of other types of BS (nine cases after laparoscopic gastric band-
ing, and one case after duodenal switch), one pregnant woman without gestational age
dating before 24 weeks, two women with multiple pregnancies, one woman with medical-
indicated second trimester termination of pregnancy, and one woman with intra-uterine
death before 22 weeks were excluded (Figure 1). Finally, the study included 87 pregnant
women with a history of BS (RYGB (n = 37; 42.5%) or SG (n = 50; 57.5%)), a live singleton
fetus at birth, and regular multidisciplinary evaluation in our ambulatory obstetric unit
with serum dosages of the micronutrients.
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The maternal characteristics and maternal and neonatal outcomes according to the
type of bariatric surgery are shown in Table 1. The mean maternal age was 32.4 ± 5.0 years.
The mean time to conception from bariatric surgery was 49.3 months (range 1–252 months),
and the mean weight and BMI at the beginning of the pregnancy were 80.6 ± 2.7 kg
(range, 61–132 kg) and 31.6 ± 6.6 kg/m2 (range, 18.4–53 kg/m2), respectively. No specific
complication of BS, as internal hernia or obstruction, bowel intussusception or volvulus,
and gastric or jejunal perforation, was reported in our study.
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Table 1. Maternal characteristics and maternal and neonatal outcomes according to the type of bariatric surgery.

Roux-en-Y Gastric Bypass,
n = 37 (42.5%)

Sleeve Gastrectomy, n = 50
(57.5%) p-Value

Age, years 34.3 ± 4.9 31.1 ± 4.6 0.003
Caucasian 36 (97.3) 47 (94.0) 0.63

Pre-pregnancy BMI, kg/m2 29.8 ± 5.6 32.9 ± 7.1 0.03
Obesity (BMI ≥ 30 kg/m2) 16 (43.2) 32 (64.0) 0.06

Pre-existing type 1 or 2 diabetes 2 (5.4) 3 (6.0) 0.93
Chronic hypertension 1 (2.7) 1 (2.0) 0.85

Smoking during pregnancy 7 (18.9) 19 (38.0) 0.06
Time to conception from BS, months 64.5 ± 47.0 38.1 ± 28.1 0.002

Nulliparity 10 (27.0) 16 (32.0) 0.62
Gestational weight gain, kg 10.2 ± 5.4 10.3 ± 4.7 0.87

Adequate weight gain during pregnancy 25 (67.6) 30 (60.0) 0.47
GDM 11 (29.7) 13 (26.0) 0.70

Pregnancy-induced
hypertension/Pre-eclampsia 2 (5.4) 5 (10.0) 0.48

Intrahepatic cholestasis of pregnancy 0 1 (2.0) 0.66
Additional supplementations after blood tests 12 (32.4) 16 (32.0) 0.96

Gestational age at delivery, weeks 39.2 ± 1.1 39.0 ± 1.8 0.51
Spontaneous labor 19 (51.4) 23 (46.0) 0.63

Induced labor 16 (43.2) 16 (32.0) 0.29
Mode of delivery

Planned cesarean delivery before labor 2 (5.4) 11 (22.0) 0.03
Cesarean delivery during labor 3 (8.1) 5 (10.0) 0.79

Vaginal delivery 32 (86.5) 34 (68.0) 0.05
Postpartum hemorrhage 3 (8.1) 4 (8.0) 1.00

Pre-term delivery (<37 wk) 0 5 (10.0) 0.07
Birth weight, g 3227 ± 499 3151 ± 373 0.42

Birth weight z-score 0.2 ± 1.1 0.2 ± 0.9 0.83
SGA 4 (10.8) 3 (6.0) 0.45

Birth weight < 2500 g 3 (8.1) 1 (2.0) 0.23
LGA 3 (8.1) 2 (4.0) 0.65

Birth weight > 4000 g 1 (2.7) 0 0.66
Cephalic perimeter, cm 33.0 ± 1.7 33.0 ± 1.5 0.83
5 min Apgar score < 7 3 (8.1) 3 (6.0) 0.70

pH < 7.10 0 3 (6.0) 0.26
Need for resuscitation or intubation 0 0 -

NICU admission 4 (10.8) 10 (20.0) 0.25
Neonatal death 0 0 -

Neonatal morbidity 7 (18.9) 11 (22.0) 0.74

Values are given as the mean ± SD or number (percentage) unless otherwise indicated. BS: Bariatric surgery; BMI: Body mass index; GDM:
Gestational diabetes mellitus; SGA: Small-for-gestational age; LGA: Large-for-gestational age; NICU Neonatal intensive care unit.

In the case of RYGB, the maternal age was significantly higher (34.3 ± 4.9 vs.
31.1 ± 4.6 years; p = 0.003), the pre-pregnancy BMI was significantly lower (29.8 ± 5.6
vs. 32.9 ± 7.1 kg/m2; p = 0.03), and the pregnancy timing after surgery was significantly
higher (64.5 ± 47.0 vs. 38.1 ± 28.1 months; p = 0.002). Maternal and neonatal outcomes
were not different depending on the type of BS (Table 1). Specifically, the mean birth
weights (range) were similar between groups: 3227g (range, 2050–4160 g) in the RYGB
group and 3151 g (range, 2330–3940 g) in the SG group (p = 0.42). The incidence of SGA
(10.8% in the RYGB group vs. 6.0% in the SG group; p = 0.45) and neonatal morbidity
(18.9% vs. 22.0%; p = 0.74) were similar between the groups (Table 1).

Micronutrients values and deficiencies according to the type of bariatric surgery are
exposed in Table 2. The mean gestational age at the dosage of the micronutrients was
28.3 ± 2.9 weeks.
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Table 2. Micronutrients values and deficiencies according to the type of bariatric surgery.

Roux-en-Y Gastric Bypass,
n = 37 (42.5%)

Sleeve Gastrectomy,
n = 50 (57.5%) p-Value

Gestational age at blood samples, weeks 27.9 ± 3.2 28.7 ± 2.6 0.18
Additional supplementations after blood tests 12 (32.4) 16 (32.0) 0.96

Se (µg/L) 66.3 ± 13.5 67.4 ± 10.2 0.68
Deficiency * 8 (21.6) 7 (14.0) 0.36
Zinc (mg/L) 1.0 ± 2.5 1.0 ± 2.0 0.93
Deficiency * 7 (18.9) 0 0.002

Vitamin A1 (µg/L) 496.4 ± 623.6 503.3 ± 171.0 0.94
Deficiency * 13 (35.1) 12 (24.0) 0.26

Vitamin B1 (µg/L) 54.6 ± 18.2 55.4 ± 15.2 0.83
Deficiency * 4 (10.8) 2 (4.0) 0.40

Vitamin B6 (µg/L) 5.1 ± 6.5 3.8 ± 3.5 0.24
Deficiency * 29 (78.4) 44 (88.0) 0.23

Vitamin C (mg/L) 4.1 ± 3.0 4.8 ± 3.4 0.32
Deficiency * 30 (81.1) 33 (66.0) 0.12

Vitamin E (mg/L) 12.4 ± 3.6 13.2 ± 4.0 0.11
Deficiency * 8 (21.6) 4 (8.0) 0.07

Values are given as the mean ± SD or number (percentage) unless otherwise indicated. * Deficiency was defined according to normal
reference values in pregnant women at the second trimester of pregnancy [11,27].

The zinc, selenium, vitamins A1, B1, B6, C, and E plasma levels were not different
depending on the type of BS. In our study, all the included women, except one, have at least
one micronutrient deficiency at the second trimester. Zinc deficiency was significantly more
frequent after RYGP, compared to SG (18.9% vs. 0%; p = 0.02). Other rates of micronutrients
deficiencies were similar between the groups. Additional nutritional supplementations
after blood tests were similar in the groups (Table 2).

Selenium deficiency (<60 µg/L) was found in 15/87 women (17.2%): 21.6% after RYGB
(8/37) and 14.0% after SG (7/50) (p = 0.36). Pre-term birth occurred in five cases (5.7%), all
after SG and without selenium deficiency. The mean birth weight was significantly lower
in the selenium deficiency group (3137 ± 550 vs. 3535 ± 737 g; p = 0.04), but selenium
levels (67.0 ± 7.2 vs. 66.9 ± 12.0 µg/L; p = 0.93) and selenium deficiency (14.3% vs. 17.5%;
p = 1.00) were similar in SGA, compared to eutrophic newborn infants. Nevertheless,
selenium deficiency was negatively correlated with birth weight (r = −0.23; p = 0.03) and
with BWz (r = −0.26; p = 0.01), but was not correlated with the birth weight (p = 0.52) or
with BWz (p = 0.82) after adjustment for the type of surgery.

Zinc deficiency (<0.51 mg/L) was found in 7/87 women (8.0%), all after RYGB (7/37,
18.9% vs. 0%; p = 0.02), and pre-term birth occurred in 100% of these cases. The mean birth
weight was similar in the zinc deficiency group, compared to the normal serum zinc level
group (3400 ± 560 vs. 3170 ± 615 g; p = 0.67). Zinc deficiency was not correlated with birth
weight and with BWz.

Other micronutrients deficiencies were not correlated with birth weight and with BWz
using Spearman’s correlation test (Table 3).

Table 3. Characteristics that were correlated with birth weight and with birth weight z-score using Spearman’s correlation test.

Variables Birth Weight Birth Weight Z-Score

Spearman’s Correlation
Coefficient p-Value Spearman’s Correlation

Coefficient p-Value

Age, years 0.010 0.93 0.012 0.91
BMI, kg/m2 0.188 0.08 0.191 0.11

Time to conception from BS, months 0.126 0.25 0.047 0.67
Gestational weight gain, kg 0.100 0.36 −0.087 0.42

Selenium deficiency −0.230 0.03 −0.265 0.01
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Table 3. Cont.

Variables Birth Weight Birth Weight Z-Score

Spearman’s Correlation
Coefficient p-Value Spearman’s Correlation

Coefficient p-Value

Zinc deficiency −0.189 0.08 −0.165 0.13
Vitamin A deficiency −0.034 0.76 −0.048 0.67
Vitamin B1 deficiency −0.246 0.06 −0.238 0.06
Vitamin B6 deficiency −0.055 0.61 −0.033 0.76
Vitamin C deficiency −0.088 0.42 −0.224 0.06
Vitamin E deficiency −0.094 0.39 −0.128 0.42

Gestational age at birth, weeks 0.424 <0.001 −0.281 0.008

BMI: Body mass index.

4. Discussion

In our prospective, the observational study among women with previous BS, the main
findings of our study are (1) serum micronutrient levels (zinc, selenium, vitamins A1, B1,
B6, C, and E) at the second trimester of pregnancy were similar in women after RYGB
or SG, (2) zinc deficiency was significantly more frequent after RYGP, and (3) selenium
deficiency was negatively correlated with birthweight and with birthweight z-score, but
not correlated after adjustment for the procedure.

Our results were in accordance with recent literature on micronutrients levels and
deficiencies during pregnancy after SG or RYGB [13–15]. In the largest prospective obser-
vational study, which included 123 pregnancies (77 after RYGB and 46 after SG), women
after SG had the same total number of nutritional deficiencies at the second trimester than
after RYGB [15]. Other studies, with a smaller sample size, also found no difference in the
types of nutritional deficiencies after RYGB compared to SG in well-substituted women
during pregnancy [13,14]. However, in contrast with the literature, we reported similar
maternal and neonatal outcomes in women with previous RYGB compared to SG. Some
maternal characteristics were different between the groups (age, BMI, time to conception
from BS, GWG) but none of them was correlated to birth weight and with BWz (Table 3). We
may hypothesize that these results are associated with strict management of women after
BS with strict monitoring of the levels of micronutrients during pregnancy in our center.
Numerous studies have found adverse perinatal outcome after RYGB, such as increased
rate of pre-term delivery and higher risk of SGA, compared to the outcome from women
with a similar BMI and who had not undergone BS [28,29]. Some retrospective studies
with fragmented information on micronutrients supplementations during pregnancy have
also suggested that RYGB leads to a lower mean birth weight, compared to SG [30]. The
micronutrients deficiencies in women after RYGB should be associated with impaired fetal
growth due to a poor dietary pattern combined with gastrointestinal modifications induced
by the surgery. These modifications may theoretically increase the risk of neonatal adverse
events due to micronutrients deficiencies during pregnancy [31]. Nevertheless, two large
systematic reviews found minimal evidence of neonatal adverse events of micronutrients
deficiencies during pregnancy with previous BS, specifically due to maternal deficiencies
of vitamins A, B12 and K, and folate [12,32]. A more recent systematic review including
27 studies comprising 2056 women with pregnancies after BS reported various micronutri-
ents deficiencies (vitamins A, B12, D, and iron) during pregnancy, but evidence of adverse
neonatal outcome related to these deficiencies is lacking [33]. In a recent study with very
well-substituted women with a particular focus on the levels of micronutrients during
pregnancy, mean birth weight, mean BWz, and incidence of SGA were similar after RYGB
and SG [15]. As in our study, these results are probably due to the strict management of
women with previous BS during pregnancy in an ambulatory procedure with adapted
additional supplementations after blood tests during pregnancy; adverse fetal outcomes
may reflect the poor nutritional status of pregnant women who have had BS. Recent guide-
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lines currently recommend routine testing and dietary supplementation before and after
bariatric surgery [10], and, specifically, during pregnancy [11].

We have also found that zinc deficiency (7/87) was significantly more frequent after
RYGP, compared to SG. Zinc is a trace mineral used as a co-factor for enzymes, and
similar to other divalent cations (iron, copper, calcium), zinc absorption requires an acidic
environment in the stomach and is absorbed in the proximal intestine. Not surprisingly,
zinc absorption was demonstrated to have decreased to 42% and 65% of the baseline at
6 and 18 months after RYGB [34]. Furthermore, narrative reviews concluded that zinc
deficiency may shorten pregnancy, and specifically after RYGB [35,36]. In our study, zinc
deficiency occurred in 7/87 women (8.0%), all after RYGB, and pre-term birth occurred
in 100% of these cases. Zinc deficiency during pregnancy in women with previous RYGB
should also induce limited fetal growth [35,36]. Nevertheless, our findings did not support
these results without any increasing rate of adverse neonatal events (SGA, BWz) in cases of
zinc deficiency, probably due to the strict management of women with previous BS during
pregnancy in an ambulatory procedure with adapted additional supplementations after
blood tests during pregnancy.

Regarding neonatal issues, the mean birthweight was significantly lower in women
with selenium deficiency at the second trimester and a history of BS (RYGB or SG), and sele-
nium deficiency was negatively correlated with birthweight and with birthweight z-score,
but not correlated after adjustment for the procedure. Selenium is an antioxidant ranging
from antioxidant to anti-inflammatory effects, and selenium deficiency has been associated
with an increased risk of mortality, poor immune function, and cognitive decline [37].
After BS, a recent narrative review including six studies and a total of 531 patients showed
that selenium deficiency has been observed between 3% and 12% within 24 months after
RYGB [38]. During pregnancy, the low selenium status is associated with recurrent abortion,
pre-eclampsia, and altered fetal growth [36]. However, in women with previous RYGB and
selenium deficiency during pregnancy, evidence of neonatal adverse events are lacking. To
date, the literature review does not contain any study on selenium deficiency and altered
fetal growth in pregnant women after previous BS.

The principal strength of our study is that all included pregnant women with previous
RYGB or SG in our center were managed by the same obstetric and endocrinology team in
an ambulatory procedure throughout the study period, which avoided significant variation
regarding clinical and biological management, and which avoided uncompleted infor-
mation the additional nutritional supplementations according to blood tests. Second, we
reported a strict monitoring of the levels of micronutrients and systematic additional sup-
plementations after blood tests throughout the pregnancy. In the literature, micronutrients
deficiencies during pregnancy have been associated with an increased rate of SGA [12,13],
except in the case of strict monitoring and management of the levels of micronutrients [15].

Our results must be interpreted in light of certain limitations. First, our study reflects
the experience of one tertiary hospital and its results can be generalized only to other
institutions with bariatric expertise and similar obstetric care in women with a history of
BS (systematic ambulatory procedure, systematic and repeated biological evaluation of
the levels of micronutrients during pregnancy, additional nutritional supplementations
according to blood tests). Second, as a recent prospective study on the perinatal issues of
micronutrients deficiencies during pregnancy after BS [15], we have chosen to focus on
the second trimester to evaluate the serum levels of micronutrients. We have not analyzed
variations of blood levels of each micronutrient or severity of each deficiency, and that
may represent other limitations of our study. However, nutritional parameters always vary
during pregnancy and, specifically, among women after a previous BS with additional
nutritional supplementations according to blood tests. Moreover, patients undergoing BS
know they are under the risk of micronutrients deficiencies [39,40] and multivitamin sup-
plements are routinely recommended lifelong to prevent vitamin deficiencies and long-term
complications [10]. Nevertheless, despite all these precautions, recent reviews reported an
inconsistent adherence of multivitamin supplements intake after BS [9,41]. Nevertheless,
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studies on the optimal regimens and micronutrients requirements in pregnancies after
BS are lacking, large cohort studies are needed to increase the level of knowledge on the
prevalence and incidence rates of micronutrients deficiencies and to document the effect
of supplementation regimens during pregnancy. Third, the number of included women
(n = 87) with a limited number of neonatal complications (pre-term delivery: n = 5; SGA:
n = 7) in our sample might not have been high enough to reveal a clinically meaningful
association between micronutrients deficiencies and altered fetal growth according to the
type of BS and after adjustment of potential confounders.

5. Conclusions

In our experience, selenium deficit at the second trimester in women with a history
of BS is negatively correlated with birthweight and with birthweight z-score. The zinc
level was also significantly lower after SG compared to RYGB. The levels of micronutrients
surveillance along pregnancy in women with a history of BS is necessary to decrease
the risk of inadequate fetal growth in the patients. More research is required to inform
evidence-based recommendations for improving the nutritional status during pregnancy
following BS and optimizing the nutritional and neonatal outcome.

Author Contributions: Conceptualization, G.D.; formal analysis, G.D., E.A., and A.D.-B.; investiga-
tion, V.D.d.R.; methodology, G.D. and L.P.; software, L.P.; writing—original draft, G.D.; writing
—review and editing, G.D. All authors have read and agreed to the published version of the
manuscript.

Funding: The authors received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study. All
the participants received oral information on the study. Written consent was not required for the
retrospective study according to the French law, but each woman got the opportunity to opt out of
the analysis.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to institutional policy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. INSERM/KANTAR HEALTH/ROCHE. ObEpi-Roche, Enquête Epidémiologique de Référence sur L’évolution de L’obésité et du

Surpoids en France. 2012. Available online: https://www.roche.fr/content/dam/rochexx/roche-fr/roche_france/fr_FR/doc/
obepi_2012.pdf (accessed on 1 November 2020).

2. Robinson, H.E.; O’Connell, C.M.; Joseph, K.S.; McLeod, N.L. Maternal outcomes in pregnancies complicated by obesity. Obstet.
Gynecol. 2005, 106, 1357–1364. [CrossRef]

3. Yu, C.K.; Teoh, T.G.; Robinson, S. Obesity in pregnancy. BJOG 2006, 113, 1117–1125. [CrossRef]
4. Arterburn, D.E.; Telem, D.A.; Kushner, F.; Courcoulas, A.P. Benefits and risks of bariatric surgery in adults: A review. JAMA 2020,

324, 879–887. [CrossRef]
5. Roos, N.; Neovius, M.; Cnattingius, S.; Lagerros, Y.T.; Sääf, M.; Granath, F.; Stephansson, O. Perinatal outcomes after bariatric

surgery: Nationwide population based matched cohort study. BMJ Open Diabetes Res. Care 2013, 347, f6460. [CrossRef]
6. Johansson, K.; Cnattingius, S.; Näslund, I.; Roos, N.; Trolle Lagerros, Y.; Granath, F. Outcomes of pregnancy after bariatric surgery.

N. Engl. J. Med. 2015, 372, 814–824. [CrossRef]
7. Kwong, W.; Tomlinson, G.; Feig, D.S. Maternal and neonatal outcomes after bariatric surgery; a systematic review and meta-

analysis: Do the benefits outweigh the risks? Am. J. Obstet. Gynecol. 2018, 218, 573–580. [CrossRef]
8. Damti, P.; Friger, M.; Landau, D.; Sergienko, R.; Sheiner, E. Offspring of women following bariatric surgery and those of

patients with obesity are at an increased risk for long-term pediatric endocrine morbidity. Arch. Gynecol. Obstet. 2019, 300,
1253–1259. [CrossRef]

9. Zarshenas, N.; Tapsell, L.C.; Neale, E.P.; Batterham, M.; Talbot, M.L. The relationship between bariatric surgery and diet quality:
A systematic review. Obes. Surg. 2020, 30, 1768–1792. [CrossRef]

https://www.roche.fr/content/dam/rochexx/roche-fr/roche_france/fr_FR/doc/obepi_2012.pdf
https://www.roche.fr/content/dam/rochexx/roche-fr/roche_france/fr_FR/doc/obepi_2012.pdf
http://doi.org/10.1097/01.AOG.0000188387.88032.41
http://doi.org/10.1111/j.1471-0528.2006.00991.x
http://doi.org/10.1001/jama.2020.12567
http://doi.org/10.1136/bmj.f6460
http://doi.org/10.1056/NEJMoa1405789
http://doi.org/10.1016/j.ajog.2018.02.003
http://doi.org/10.1007/s00404-019-05322-6
http://doi.org/10.1007/s11695-020-04392-9


J. Clin. Med. 2021, 10, 204 11 of 12

10. Mechanick, J.I.; Apovian, C.; Brethauer, S.; Garvey, T.W.; Joffe, A.M.; Kim, J.; Kushner, R.F.; Lindquist, R.; Pessah-Pollack, R.; Seger,
J.; et al. Clinical practice guidelines for the perioperative nutrition, metabolic, and nonsurgical support of patients undergoing
bariatric procedures-2019 update: Cosponsored by American Association of Clinical Endocrinologists/American College of
Endocrinology, the Obesity Society, American Society for Metabolic and Bariatric Surgery, Obesity Medicine Association, and
American Society of Anesthesiologists. Obesity 2020, 28, o1–o58.

11. Ciangura, C.; Coupaye, M.; Deruelle, P.; Gascoin, G.; Calabrese, D.; Cosson, E.; Ducarme, G.; Gaborit, B.; Lelièvre, B.; Mandelbrot,
L.; et al. Clinical practice guidelines for childbearing female candidates for bariatric surgery, pregnancy, and post-partum
management after bariatric surgery. Obes. Surg. 2019, 29, 3722–3734. [CrossRef]

12. Jans, G.; Matthys, C.; Bogaerts, A.; Lannoo, M.; Verhaeghe, J.; Van Der Schueren, B.; Devlieger, R. Maternal micronutrient
deficiencies and related adverse neonatal outcomes after bariatric surgery: A systematic review. Adv. Nutr. 2015, 6, 420–429.
[CrossRef] [PubMed]

13. Hazart, J.; Le Guennec, D.; Accoceberry, M.; Lemery, D.; Mulliez, A.; Farigon, N.; Lahaye, C.; Miolanne-Debouit, M.; Boirie, Y.
Maternal nutritional deficiencies and small-for-gestational-age neonates at birth of women who have undergone bariatric surgery.
J. Pregnancy 2017, 2017, 1–11. [CrossRef] [PubMed]

14. Mead, N.C.; Sakkatos, P.; Sakellaropoulos, G.C.; Adonakis, G.L.; Alexandrides, T.; Kalfarentzos, F. Pregnancy outcomes and
nutritional indices after 3 types of bariatric surgery performed at a single institution. Surg. Obes. Relat. Dis. 2014, 10, 1166–1173.
[CrossRef] [PubMed]

15. Coupaye, M.; Legardeur, H.; Sami, O.; Calabrese, D.; Mandelbrot, L.; LeDoux, S. Impact of Roux-en-Y gastric bypass and sleeve
gastrectomy on fetal growth and relationship with maternal nutritional status. Surg. Obes. Relat. Dis. 2018, 14, 1488–1494.
[CrossRef] [PubMed]

16. Ledoux, S.; Calabrese, D.; Bogard, C.; Dupré, T.; Castel, B.; Msika, S.; Larger, E.; Coupaye, M. Long-term evolution of nutritional
deficiencies after gastric bypass: An assessment according to compliance to medical care. Ann. Surg. 2014, 259, 1104–1110.
[CrossRef] [PubMed]

17. American Diabetes Association. 13. Management of Diabetes in Pregnancy. Diabetes Care. 2017, 40, s114–s119. [CrossRef]
18. International Association of Diabetes Pregnancy Study Groups. Recommendations on the diagnosis and classification of

hyperglycaemia in pregnancy. Diabetes Care 2010, 33, 676–682. [CrossRef]
19. Cosson, E.; Pigeyre, M.; Ritz, P. Diagnosis and management of patients with significantly abnormal glycaemic profiles during

pregnancy after bariatric surgery: PRESAGE (Pregnancy with significantly abnormal glycaemic exposure—bariatric patients).
Diabetes Metab. 2018, 44, 376–379. [CrossRef]

20. Hadlock, F.P.; Harrist, R.; Sharman, R.S.; Deter, R.L.; Park, S.K. Estimation of fetal weight with the use of head, body, and femur
measurements—A prospective study. Am. J. Obstet. Gynecol. 1985, 151, 333–337. [CrossRef]

21. Vayssière, C.; Sentilhes, L.; Langer, B.; Malan, V.; Marcorelles, P.; Nizard, J.; Perrotin, F.; Salomon, L.J.; Senat, M.V.; Serry, A.;
et al. Fetal growth restriction and intra-uterine growth restriction: Guidelines for clinical practice from the French College of
Gynaecologists and Obstetricians. Eur. J. Obstet. Gynecol. Reprod. Biol. 2015, 193, 10–18. [CrossRef]

22. Institute of Medicine. Weight Gain During Pregnancy: Reexamining the Guidelines; National Academies Press: Washington, DC,
USA, 2009.

23. Pusl, T.; Beuers, U. Intrahepatic cholestasis of pregnancy. Orphanet J. Rare Dis. 2007, 2, 26. [CrossRef] [PubMed]
24. American College of Obstetricians and Gynecologists. Task force on hypertension in pregnancy. Hypertension in pregnancy.

Report of the American College of Obstetricians and Gynecologists’ task force on hypertension in pregnancy. Obstet. Gynecol.
2013, 122, 1122–1131.

25. Vayssière, C.; Haumonté, J.-B.; Chantry, A.; Coatleven, F.; Debord, M.P.; Gomez, C.; Le Ray, C.; Lopez, E.; Salomon, L.J.; Senat,
M.V.; et al. Prolonged and post-term pregnancies: Guidelines for clinical practice from the French College of Gynecologists and
Obstetricians (CNGOF). Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 169, 10–16. [CrossRef] [PubMed]

26. Salomon, L.J.; Bernard, J.P.; de Stavola, B.; Kenward, M.; Ville, Y. Birth weight and size: Charts and equations. J. Gynecol. Obstet.
Biol. Reprod. 2007, 36, 50–56. [CrossRef]

27. Abbassi-Ghanavati, M.; Greer, L.G.; Cunningham, F.G. Pregnancy and laboratory studies: A reference table for clinicians. Obstet.
Gynecol. 2010, 115, 868–869. [CrossRef]

28. Kjaer, M.M.; Lauenborg, J.; Breum, B.M.; Nilas, L. The risk of adverse pregnancy outcome after bariatric surgery: A nationwide
register-based matched cohort study. Am. J. Obstet. Gynecol. 2013, 208, 464. [CrossRef]

29. Santulli, P.; Mandelbrot, L.; Facchiano, E.; Dussaux, C.; Ceccaldi, P.-F.; LeDoux, S.; Msika, S. Obstetrical and neonatal outcomes
of pregnancies following gastric bypass surgery: A retrospective cohort study in a French referral centre. Obes. Surg. 2010, 20,
1501–1508. [CrossRef]

30. 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. Neonatal Med. 2012, 26,
275–278. [CrossRef]

31. Guelinckx, I.; Devlieger, R.; Donceel, P.; Bel, S.; Pauwels, S.; Bogaerts, A.; Thijs, I.; Schurmans, K.; Deschilder, P.; VanSant,
G. Lifestyle after bariatric surgery: A multicenter, prospective cohort study in pregnant women. Obes. Surg. 2012, 22,
1456–1464. [CrossRef]

http://doi.org/10.1007/s11695-019-04093-y
http://doi.org/10.3945/an.114.008086
http://www.ncbi.nlm.nih.gov/pubmed/26178026
http://doi.org/10.1155/2017/4168541
http://www.ncbi.nlm.nih.gov/pubmed/29082043
http://doi.org/10.1016/j.soard.2014.02.011
http://www.ncbi.nlm.nih.gov/pubmed/24913588
http://doi.org/10.1016/j.soard.2018.07.014
http://www.ncbi.nlm.nih.gov/pubmed/30146424
http://doi.org/10.1097/SLA.0000000000000249
http://www.ncbi.nlm.nih.gov/pubmed/24821236
http://doi.org/10.2337/dc17-S016
http://doi.org/10.2337/dc09-1848
http://doi.org/10.1016/j.diabet.2017.08.001
http://doi.org/10.1016/0002-9378(85)90298-4
http://doi.org/10.1016/j.ejogrb.2015.06.021
http://doi.org/10.1186/1750-1172-2-26
http://www.ncbi.nlm.nih.gov/pubmed/17535422
http://doi.org/10.1016/j.ejogrb.2013.01.026
http://www.ncbi.nlm.nih.gov/pubmed/23434325
http://doi.org/10.1016/j.jgyn.2006.09.001
http://doi.org/10.1097/AOG.0b013e3181d715ee
http://doi.org/10.1016/j.ajog.2013.02.046
http://doi.org/10.1007/s11695-010-0260-6
http://doi.org/10.3109/14767058.2012.735723
http://doi.org/10.1007/s11695-012-0675-3


J. Clin. Med. 2021, 10, 204 12 of 12

32. Maggard, M.; Yermilov, I.; Livingston, E.; Shekelle, P.; Li, Z.; Maglione, M.; Newberry, S.; Suttorp, M.; Hilton, L.; Santry, H.; et al.
Pregnancy and fertility following bariatric surgery: A systematic review. Obstet. Anesth. Dig. 2009, 29, 179. [CrossRef]

33. Rottenstreich, A.; Elazary, R.; Goldenshluger, A.; Pikarsky, A.J.; Elchalal, U.; Ben-Porat, T. Maternal nutritional status and
related pregnancy outcomes following bariatric surgery: A systematic review. Surg. Obes. Relat. Dis. 2019, 15, 324–332.
[CrossRef] [PubMed]

34. Ruz, M.; Carrasco, F.; Rojas, P.; Codoceo, J.; Inostroza, J.; Basfi-Fer, K.; Csendes, A.; Papapietro, K.; Pizarro, F.; Olivares, M.; et al.
Zinc absorption and zinc status are reduced after Roux-en-Y gastric bypass: A randomized study using 2 supplements. Am. J.
Clin. Nutr. 2011, 94, 1004–1011. [CrossRef] [PubMed]

35. Castillo-Durán, C.; Weisstaub, G. Zinc supplementation and growth of the fetus and low birth weight infant. J. Nutr. 2003, 133,
1494S–1497S. [CrossRef] [PubMed]

36. Hovdenak, N.; Haram, K. Influence of mineral and vitamin supplements on pregnancy outcome. Eur. J. Obstet. Gynecol. Reprod.
Biol. 2012, 164, 127–132. [CrossRef]

37. Rayman, M.P. Selenium and human health. Lancet 2012, 379, 1256–1268. [CrossRef]
38. Zadeh, M.H.; Farsani, G.M.; Zamaninour, N. Selenium status after roux-en-Y gastric bypass: Interventions and recommendations.

Obes. Surg. 2019, 29, 3743–3748. [CrossRef]
39. Toh, S.Y.; Zarshenas, N.; Jorgensen, J. Prevalence of nutrient deficiencies in bariatric patients. Nutrition 2009, 25,

1150–1156. [CrossRef]
40. Sawaya, R.A.; Jaffe, J.; Friedenberg, L.; Friedenberg, F.K. Vitamin, mineral, and drug absorption following bariatric surgery. Curr.

Drug Metab. 2012, 13, 1345–1355. [CrossRef]
41. Smelt, H.J.M.; Pouwels, S.; Smulders, J.F.; Hazebroek, E.J. Patient adherence to multivitamin supplementation after bariatric

surgery: A narrative review. J. Nutr. Sci. 2020, 9. [CrossRef]

http://doi.org/10.1097/01.aoa.0000362056.35613.8a
http://doi.org/10.1016/j.soard.2018.11.018
http://www.ncbi.nlm.nih.gov/pubmed/30658948
http://doi.org/10.3945/ajcn.111.018143
http://www.ncbi.nlm.nih.gov/pubmed/21865332
http://doi.org/10.1093/jn/133.5.1494S
http://www.ncbi.nlm.nih.gov/pubmed/12730451
http://doi.org/10.1016/j.ejogrb.2012.06.020
http://doi.org/10.1016/S0140-6736(11)61452-9
http://doi.org/10.1007/s11695-019-04148-0
http://doi.org/10.1016/j.nut.2009.03.012
http://doi.org/10.2174/138920012803341339
http://doi.org/10.1017/jns.2020.41

	Introduction 
	Methods 
	Patient Selection 
	Management of Pregnant Women with Previous Bariatric Surgery 
	Maternal and Perinatal Outcome 
	Biological Tests 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

