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Abstract
Purpose Most patients undergoing bariatric surgery (BS) are fertile women whose postoperative (post-op) hormonal balance and
weight loss increases fertility, frequently leading to pregnancy. This study aims to analyze supplementation adherence of pregnant
women after BS and perinatal outcomes.
Materials and Methods This retrospective study analyzed records fromwomen after BS who consulted nutritionists at least twice
during pregnancy. Each patient received nutritional guidance about vitamin and mineral supplementation and protein intake.
Demographic data, body mass index (BMI), percentage of weight loss (%WL) at conception, maximum post-op BMI and %WL,
post-op time at conception, supplementation adherence, biochemical data, possible gestational complications, and infant’s birth
weight were collected.
Results Data was obtained from 23 women (mean age 33 ± 4 years). On average, patients became pregnant 43 months after
surgery. Themean preoperative BMIwas 40.2 kg/m2, the maximum post-op%WLwas 36.6%, and the mean%WL at conception
was 32.0%. No gestational intercurrence was related to biochemical data. Supplementation adherence was 34.7% for one
multivitamin and 34.7% for two multivitamins; 43.5% for iron, 43.5% for omega 3, 39.1% for folic acid, 17.4% for B complex,
and 60.8% for calcium. Mean infant birth weight was 3.0 kg, and it was not associated with maximum %WL, % WL at
conception, and time since BS at conception.
Conclusion Our data indicate satisfactory adherence to post-op micronutrient supplementation and few gestational complications
following BS. Moreover, child’s birth weight was not associated with maximum %WL, %WL at conception, or time since BS.
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Introduction

Bariatric surgery (BS), allied to adequate follow-up by health
professionals, is a well-established procedure for treating clin-
ically severe obesity. Roux-en-Y gastric bypass (RYGB) is the
most frequently performed procedure worldwide and is effec-
tive in reducing excess body weight and its comorbidities. The

alterations in the digestive system following BS lead to food
restriction and, to a lesser extent, nutrient malabsorption [1],
thereby creating a nutritional risk. However, this can be
prevented by adequate nutritional supplementation [2].

After BS, patients should be followed up by a multidisci-
plinary team to sustain their weight loss, while preventing
complications, and be informed about nutritional supplemen-
tation. Despite these precautions, 60% of patients still present
micronutrient deficiency, which can be attributed to inade-
quate adherence to nutritional supplementation. Non-
adherence to supplementation correlates with higher rates of
anemia, neurologic disorders, and bone diseases [3].

Most patients undergoing BS (around 70–80%) are fer-
tile women [4]. Hormonal balance and weight loss increase
fertility and therefore it is common that women get preg-
nant after BS [5, 6]. Also, when compared to women with
obesity, post-BS patients present lower risk of GDM, large-
for-gestational-age (LGA) infants, and an increased risk of
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small-for-gestational-age (SGA) infants and perioperative
complications [7].

Pregnant women have increased nutritional requirements
due to intense fetal and tissue growth, raising the risk of ma-
ternal and infant deficiencies. This leads to greater challenges
to reach nutritional demands in post-BS pregnancies and
makes supplementation more necessary. Therefore, the
healthcare team should support these patients in maintaining
their compliance [8]. This study aimed to analyze the adher-
ence of post-BS pregnant women to supplementation recom-
mendations and their perinatal outcomes.

Methods

This study was approved by the institutional review board of
the School of Health Sciences of the University of Brasilia,
and every participant gave a written informed consent.

The records from patients followed up at least twice during
gestation by nutritionists at a bariatric clinic were examined
retrospectively. Inclusion criteria were as follows: post-RYGB
females, conception post-BS, and at least two consultations
during gestation with the abovementioned nutritionists.

The minimum sample size of 20 post-BS pregnant women
was calculated based on a sample error of 20%, for a significance
level of 5% and a nutritional deficiency prevalence of 27% [9].

During follow-up, all patients received nutritional supple-
mentation prescription, i.e., daily use of two multivitamins,
iron (oral and/or intravenous), calcium, vitamin D, omega 3
(DHA 100 mg, EPA 200 mg), B complex (oral and/or intra-
venous), and folic acid. They were also instructed to consume
80 g of protein/day.

We collected demographic data, %WL at conception, max-
imum post-BS %WL, post-op time at conception, supplemen-
tation adherence (adherence was considered as the intake of at
least one multivitamin supplement daily), biochemical data
(hemoglobin, hematocrit, serum ferritin, serum iron, transfer-
rin, serum folic acid, fasting glycemia, serum vitamin B12),
possible gestational complications (nausea, vomiting, dizzi-
ness, weakness, hypoglycemia, GDM, hypertension, placenta
displacement), and infant birth weight.

Statistical analysis was conducted using SAS program, ver-
sion 9.4 (SAS, Institute, Cary, NC, USA). Data from biochem-
ical variables obtained in the first trimester of pregnancy were
compared with those obtained in the second trimester. For
variables showing Gaussian distribution in both quarters, the
Student’s t test was used and the non-parametric Mann-
Whitney test for those variables that did not present
Gaussian distribution in both quarters. To compare the propor-
tions of patients with pregnancy intercurrences or supplemen-
tation adherence among patients with or without biochemical
abnormalities, Fisher’s exact test was used. To evaluate
whether the maximum %WL, the %WL at conception, and

the post-op time since BS before conception could explain
infant birth weight, a multiple linear regression model was
used, in which the infant birth weight was considered as a
dependent variable, and the maximum %WL, %WL at con-
ception, and post-op time since BS at conception as indepen-
dent variables. The results were expressed by Pearson’s partial
correlation coefficient, and p values < 0.05 were considered
statistically significant.

Results

The data from 23 pregnant women (mean age of 33 ± 4 years)
were analyzed. On average, patients became pregnant
43 months (± 32) postoperatively. The mean pre-op BMI
was 40.2 kg/m2, the lowest mean post-BS BMI was 26.8 kg/
m2, the maximum mean post-op %WL was 36.6%, the mean
%WL at conception was 32.0%, and the mean pre-gestational
BMI was 27.5 kg/m2.

Among the participants, 34.7% took one multivitamin sup-
plement; 34.7%, two multivitamin supplements daily; 43.5%,
iron and omega 3 supplementation; 39.1%, folic acid; 17.4%,
B complex and 60.8%, calcium supplementation.

Biochemical data related to nutritional complications and
supplementation adherence were overall within the normal
range and showed no difference among the first and second
trimesters of pregnancy (Table 1).

Concerning gestational intercurrences, 47.8% women re-
ported nausea; 21.7%, vomiting; 21.7%, weakness and
8.6%, GDM. None was related to biochemical data. There
were three cases of placental displacement and no cases of
hypertension. There was no significant difference in weight
gain, serum vitamin B12, and fasting glycemia levels between
women reporting nausea, vomiting, and GDM and those not
reporting these complications. Furthermore, there were no
significant differences in hemoglobin, ferritin, serum iron,

Table 1 Biochemical data from post-op pregnant women during the
first and second trimesters of pregnancy

Trimester

Variable First (n = 10) Second (n = 13) p value

HG 12.43 ± 1.23 12.16 ± 1.04 0.6234

HTC 44.83 ± 21.16 36.32 ± 2.50 0.3639

Ferritin 74.15 ± 56.47 50.05 ± 66.68 0.2193

Serum iron 88.72 ± 45.30 76.14 ± 43.43 0.7210

Transferrin 262.50 ± 29.05 329.40 ± 69.22 0.1144

Folic acid 24.63 ± 9.50 24.00 ± 6.58 0.9107

Glycemia 81.57 ± 4.86 76.55 ± 9.56 0.2197

B12 vitamin 425.40 ± 182.24 623.17 ± 340.16 0.2753
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transferrin, fasting glycemia, and serum vitamin B12 between
women reporting weakness, when compared to those not
experiencing this symptom.

Regarding supplementation adherence, no significant dif-
ferences occurred between the means of serum vitamin B12

among the pregnant women showing or not adherence to vi-
tamin B complex supplementation. Similarly, no significant
difference occurred between the means of serum folic acid
among the pregnant women adhering or not to their specific
multivitamin supplementation and no significant difference
occurred between the means of hemoglobin, hematocrit, fer-
ritin, serum iron, and transferrin among the pregnant women
adhering or not to oral iron supplementation.

The mean infant birth weight was 3.0 kg. Multiple regres-
sion analysis indicated that infant birth weight was not asso-
ciated with maximum %WL, %WL at conception, or time
since BS at conception (Table 2).

Discussion

Our findings indicate that gestational intercurrences were mild
and unrelated to nutritional deficiencies, as supplementation
adherence was not associated with changes in biochemical
tests. Moreover, the maximum %WL pre-gestation did not
correlate with higher infant birth weight.

Data from previous studies suggest that gestation should
occur at least 12 months post-BS, or that even longer periods
following BS, from 18 [2] to 24 months [10, 11], may be
necessary to optimize nutritional-related pregnancy outcomes.
The first year post-BS is characterized by greater weight loss
and low caloric intake (1100 to 1400 kcal), possibly related to
nutritional deficiencies [11–13]. Besides the risk of prematu-
rity, fetal nutrition may be impaired if gestation occurs in the
first year post-op, since a diet of less than 1500 kcal is asso-
ciated with risks of infant ketonemia and a low IQ after 2 years
of age [10].

In our study, the post-op time for most patients was over
12 months, which is associated with a lower occurrence
nutritional deficiency and weight loss problems. In Dixon
et al. and Sheiner et al., only half of the patients became
pregnant during the first year post-op, but no significant
differences occurred in the prevalence of complications
among them and those who became pregnant after the first
year post-op [14, 15]. This is due to 100 and 61.5% of
patients in these studies, respectively, were submitted to
the adjustable gastric band (AGB) procedure, while only
3.8% of patients of Sheiner et al. were submitted to RYGB,
more associated with nutritional deficiencies and greater
short-term weight loss than AGB. Patel et al. assessed 26
RYGB patients and found no significant difference in rela-
tion to complications among BS patients who became
pregnant shortly after and 2 years after surgery, explained
by the small number of bariatric participants in the study
[16]. Thus, more prospective studies with more partici-
pants are needed to evaluate the influence of time post-op
on the proportion of post-RYGB gestational complications.
Pre-op orientation, age, and multidisciplinary team care are
important for the patient to instruct herself and prevent an
early pregnancy. Fertile patients should be instructed to use
contraceptives in the first year post-BS, seeking alterna-
tives to the oral contraceptive in cases of mixed and
malabsorptive procedures, such as the Mirena IUD and
condom [17, 18]. Pregnancy occurring 18 months post-
BS is considered safe, with constant monitoring of fetal
growth, maternal weight gain, and biochemical tests [17].

The majority of the patients included in this study were
close to or older than 35 years of age, which may correlate
with a higher probabili ty of intercurrences [19].
Notwithstanding, the frequency of intercurrences described
in the medical records, such as GDM, vomiting, weakness,
and hypertension was null or low. BS is capable of minimizing
the occurrence of some pregnancy-related complications, such
as gestational hypertension-preeclampsia (GH-P), GDM,
LGA infants, and neonatal ICU admission [20]. However,
BS may increase the risk of maternal anemia, prematurity,
and hyperemesis gravidarum (more common in restrictive
and mixed procedures) [20, 21]. To prevent anemia and
hyperemesis gravidarum, nutritional guidelines, such as divid-
ing intake among five to six meals, and using iron and thia-
mine supplementation, respectively, are necessary [9, 22]. The
gestational intercurrences were not associated with nutrient
deficiency in biochemical tests. Specifically, the 47.8% prev-
alence of nausea were not related to nutrient deficiency and
may be explained by the hormonal changes that pregnant
women suffer, especially in the first trimester, such as the
increase of human chorionic gonadotropin (HCG) and proges-
terone [23].

Supplementation adherence assessed in this study was sub-
optimal but overall satisfactory, since over 60% of women

Table 2 Association between infant birth weight and maximum%WL,
%WL at conception, and post-op time since BS at conception, bymultiple
regression analysis

Independent variable PCC (95%CI) p value

Maximum %WLa − 0.551 (− 0.918, 0.470) 0.099

%WL at conceptionb 0.158 (− 0.755, 0.771) 0.663

Post-op time since BSc − 0.324 (− 0.868, 0.845) 0.362

%WL percentage weight loss, BS bariatric surgery,CI confidence interval,
PCC partial correlation coefficient, post-op postoperative
a Adjusted for %WL at conception and post-op time since BS
bAdjusted for maximum %WL and post-op time since BS
cAdjusted for maximum %WL and %WL at conception
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were taking at least one multivitamin supplement and over
40% was taking except for iron, omega 3, and calcium.
Other studies addressing supplementation adherence found
similar adherence [10]. In the study by Dixon et al., analyzing
supplementation of AGB patients, evidence showed that only
59% ingested supplements regularly and 23% had never
ingested supplements [24]. A study by Hazart et al. found that
only 37% of post-BS pregnant women routinely performed
nutritional monitoring and that only 23.5% adhered to the
proposed post-op supplementation, which increased to
56.8% in the periconceptional period, 77.8% in the first tri-
mester, 96.3% in the second trimester, and 100% in the third
trimester, after adequate orientation [25]. Thus, patients who
lack nutritional guidance before gestation may not reach ade-
quate gestational supplementation adherence [10]. In
Devllieger et al., adherence to multivitamin, iron, and vitamin
B12 supplementation ranged from 8.2 to 57.1%, depending on
the trimester, with the highest in the first and the lowest in the
third trimester, indicating a need of constant monitoring and
encouragement [9]. It is necessary that the BS multidisciplin-
ary teams have sufficient knowledge and information to in-
struct post-BS pregnant women, transmitting security and
confidence, so that the supplementation adherence is effective.
A recent study indicates that only 48% of the evaluated obste-
tricians felt Bvery comfortable^ in caring for these patients,
showing that the role of teamwork is essential to assist preg-
nant women with obstetricians [26].

In addition to the suboptimal despite satisfactory sup-
plementation adherence by post-BS pregnant women, a
study by Gadgil et al. indicates that the performance of
laboratory tests for the diagnosis of nutritional deficiencies
of bariatric patients in general is from 2 to 51%, depending
on the vitamin, which increases significantly during gesta-
tion for some types of vitamin, but does not include more
than 51% of pregnant women [27].

In this study, compliance, even if suboptimal, was not
associated with intercurrences or nutritional deficiencies,
indicating that prophylactic supplementation is efficient
[28]. Considering the follow-up by a BS multidisciplinary
team, these women may have been followed up pre-BS and
have possibly received guidelines and prescriptions for
correction and prevention of nutritional deficiencies from
the outset. Prior to conception, bariatric women should
receive specialized nutritional monitoring to correct possi-
ble nutritional deficiencies, including adequate intake of
calories, proteins, and folic acid [11, 13, 28]. Adherence
to folic acid supplementation, if low, underestimates the
supplementation of this nutrient, since it is present in all
multivitamins and some brands of complex B. Studies in-
dicate cases of myelomeningocele in infants of bariatric
women who did not adhere to folic acid supplementation
[29] and a case of spina bifida due to deficiency of this
nutrient [25].

Although there was no correlation between the maximum
%WL and infant birth weight, the effective and maintained
weight loss post-RYGB should be stimulated to prevent the
occurrence of SGA newborns. In the literature, the relation-
ship between BS (except Sleeve and AGB) and the birth of
SGA infants, as well as the relationship between obesity and
GDM and the birth of LGA infants are discussed [20].
Therefore, weight loss, as well as its maintenance, are benefits
of BS that should be stimulated so that children develop
adequately.

This study’s limitations include the lack of a control group,
such as non-bariatric pregnant obese women or healthy-
weight non-bariatric women. Also, because it was not a pro-
spective study, there was no possibility of analyzing cause and
effect relationships among several variables evaluated, such as
biochemical data, supplementation adherence, and gestational
intercurrences. Another limitation was the lack of follow-up of
pregnant women until delivery, because it was a retrospective
analysis of medical records, which, possibly, underestimated
the prevalence of intercurrences, not allowing for analysis of
other factors, such as gestational weight gain.

Conclusion

In conclusion, we found a suboptimal but overall satisfactory
frequency of adequate adherence to nutritional supplementa-
tion among women who became pregnant after BS, and a low
frequency of gestational complications and nutritional defi-
ciencies. Moreover, infant birth weight was not associated
with the maximum %WL, %WL at conception, or time since
BS. These findings reinforce pregnancy safety following BS
in women who receive nutritional follow-up in the setting of a
multidisciplinary BS team, from the pre-op period, to correct
and prevent possible nutritional deficiencies.
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