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INFORMAÇÃO SOBRE O ARTIGO A B S T R A C T

Introduction: Bariatric surgery (BS) is frequently performed in women of reproductive age, and is 
often associated with nutritional deficiencies and increased risk of adverse outcomes during preg-
nancy, such as small for gestational age (SGA) neonates. Whether we should favour restrictive pro-
cedures in this population, to minimize these risks, is still uncertain. Our aim was to evaluate the 
impact of the type of BS procedure on micronutrient deficiencies and on maternal and foetal out-
comes during pregnancy.
Methods: Single centre retrospective study, including a cohort of 47 pregnancies after BS, with fol-
low up between 2008-2020. Neonates were classified as SGA if birth weight was <10th percentile. 
Data collection included type of surgery, body mass index (BMI) before surgery and before preg-
nancy, micronutrient levels and supplementation, and pregnancy outcomes (anaemia, preeclampsia, 
gestational diabetes, caesarean delivery, abortion, pre-term delivery, SGA).
Results: The more frequently performed procedures were gastric bypass (36.2%) and sleeve gastrec-
tomy (36.2%), followed by adjustable gastric banding (23.4%) and biliopancreatic diversion (4.2%). 
BMI mean reduction from surgery to pregnancy was higher in malabsorptive procedures. The BS-to-
conception interval did not differ between surgery types. Micronutrient deficiencies were frequent 
during pregnancy (vitamin D: 75.9%, calcium: 43.8%, vitamin B12: 23.5%, folic acid:  8.7%, iron: 
77.8%), despite multivitamin supplementation in most women. The prevalence of SGA neonates was 
elevated (26.3%). There were no differences considering micronutrient deficiencies or pregnancy out-
comes between surgical procedures. The prevalence of SGA neonates was increased in the presence 
of vitamin B12 deficiency in the first trimester of pregnancy (33.3 vs 0.0%, p=0.027) and in pregnant 
women not supplemented with iron in addition to multivitamins (46.2% vs 14.8%, p=0.052).
Conclusion: Micronutrient deficiencies were frequent, despite multivitamin supplementation. Micro-
nutrient deficiencies and pregnancy outcomes were similar between BS procedure types. Our results 
suggest that in lieu of favouring restrictive procedures in women of reproductive age, the procedure 
decision should be based on individual characteristics. Following BS, women should be monitored and 
supplemented using a close individualized approach during pre-conception and pregnancy.
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R E S U M O

Introdução: A cirurgia bariátrica (CB) é frequentemente realizada em mulheres em idade fértil, es-
tando associada a uma elevada prevalência de défices nutricionais na gestação e a risco aumentado 
de desfechos neonatais adversos, como recém-nascidos leves para a idade gestacional (LIG). Os 
procedimentos malabsortivos parecem estar associados a um risco superior, contudo, ainda não é 
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Introduction

Overweight and obesity among women of reproductive age 
has reached a worrying prevalence across many European coun-
tries and continues to increase.1 Obesity is a common cause of 
anovulation and infertility. In pregnancy, obesity increases the 
risk of miscarriage, gestational diabetes, hypertensive disorders, 
cesarean delivery, stillbirth and large for gestational age (LGA) 
neonates.2,3 Bariatric surgery (BS) is on the rise as a treatment for 
severe obesity among women of reproductive age.4,5 BS compris-
es restrictive and malabsorptive procedures: sleeve gastrectomy 
and adjustable gastric banding are examples of purely restrictive 
procedures, whilst Roux-en-Y gastric bypass and biliopancreatic 
diversion are also malabsorptive. Sleeve gastrectomy and Roux-
en-Y gastric bypass are the most performed procedures world-
wide.6 BS improves factors related to anovulation and reduces 
obesity-related comorbidities in pregnancy; however, it increases 
the risk of nutritional deficiencies, that may be further aggravated 
by physiological changes of pregnancy. Furthermore, pregnancies 
after BS have been associated with increased risk of some adverse 
perinatal outcomes, such as small for gestational age (SGA) neo-
nates and preterm births.7-9 SGA is defined as birth weight of less 
than the 10th percentile for gestational age,10 and may be a marker 
of foetal growth restriction, which is associated with increased 
perinatal morbidity and mortality.11 Moreover, SGA neonates 
are at higher risk of developing metabolic disease later in life.12 
Micronutrient deficiencies can occur in both restrictive and mal-
absorptive procedures; therefore, adequate supplementation with 
multivitamins and minerals is recommended regardless of pro-
cedure type.13,14 Still, these deficiencies are generally more pro-
nounced and more extensive in malabsorptive procedures, usually 
requiring larger doses of supplements.13 Currently, there is lim-
ited evidence and no consensus regarding the optimal nutritional 
monitoring and supplementation in pregnancies after BS. Some 
recommendations advocate that daily vitamin and mineral supple-
ments should be initiated at least 3-6 months prior to conception 

and contain the following at a minimum: copper (1-2 mg), zinc 
(8-22 mg), selenium (50-60 μg), calcium (1200-2400 mg), folic 
acid (0.4 mg or 4-5 mg if obesity or diabetes), iron (45-60 mg), 
thiamine (>12 mg), vitamin D (>1000-3000 IU), vitamin B12 (1 
mg oral or 1 mg depot injection every 3 months), vitamin E (15 
mg), beta-carotene (vitamin A, 5000 IU) and vitamin K (300 μg if 
malabsorptive procedures).  Micronutrient levels should be moni-
tored throughout pregnancy, at least once every trimester, and 
supplementation should be adjusted to maintain concentrations 
within normal limits.14,15

The potential for malnutrition after BS has been linked to the 
increased risk of adverse perinatal outcomes in these patients, with 
several studies suggesting an association between micronutrient 
deficiencies, inadequate weight gain and SGA.16,17 Studies compar-
ing micronutrient deficiencies and SGA risk between different BS 
procedures have shown conflicting results, with some reporting a 
higher risk following malabsorptive procedures7,16,18,19 and others 
reporting no significant differences.20,21 Thus, the question whether 
we should favour restrictive procedures in female patients of re-
productive age remains unanswered, as there is still no solid sci-
entific evidence to guide clinicians on the most appropriate type of 
procedure in this population.13 Understanding the factors associated 
with increased risk of adverse outcomes in pregnancies after BS 
is essential to adjust and improve the periconceptional counselling 
and pregnancy surveillance. Therefore, the aim of our study was to 
evaluate the impact of malabsorptive and restrictive bariatric sur-
gery procedures on micronutrient deficiencies during pregnancy 
and on maternal and perinatal outcomes.

Material and Methods
Study Design and Participants

We performed a retrospective cohort study of pregnant women 
with a history of bariatric surgery, that were followed in the ob-
stetrics department in a University Hospital Centre in Portugal, 

claro se deve haver uma preferência por estas técnicas nesta população. O nosso objetivo foi avaliar 
o impacto do tipo de procedimento cirúrgico no risco de défices de micronutrientes e resultados 
materno-fetais da gravidez.
Métodos: Estudo retrospetivo unicêntrico, que incluiu uma coorte de 47 gestações após CB, com 
seguimento entre 2008-2020. Foram classificados como LIG os recém-nascidos cujo peso ao nas-
cimento fosse <percentil 10. Recolhidos dados acerca do tipo de procedimento cirúrgico; índice de 
massa corporal (IMC) antes da CB e antes da gestação; doseamentos de micronutrientes e dados da 
suplementação; desfechos materno-fetais (anemia, pré-eclâmpsia, diabetes gestacional, parto por 
cesariana, abortamento, prematuridade e LIG). 
Resultados: Os procedimentos mais frequentes foram o bypass gástrico (36,2%) e gastrectomia em 
sleeve (36,2%), seguidos da banda gástrica ajustável (23,4%) e derivação biliopancreática (4,2%). 
A redução média de IMC entre a CB e a gravidez foi superior nos procedimentos malabsortivos. O 
intervalo de tempo entre a CB e a gravidez foi semelhante em ambos os tipos de cirurgias, a idade 
materna era inferior nos procedimentos restritivos. Os défices de micronutrientes foram frequentes 
durante a gravidez (vitamina D: 75,9%, cálcio: 43,8%, vitamina B12: 23,5%, ácido fólico: 8,7%, 
ferro: 77,8%), apesar da suplementação multivitamínica na maioria dos casos. A prevalência de 
recém-nascidos LIG foi elevada (26,3%). Não se registaram diferenças entre os procedimentos ci-
rúrgicos quanto ao risco de défices de micronutrientes ou desfechos materno-fetais. A prevalência de 
recém-nascidos LIG foi superior na presença de défice de vitamina B12 no primeiro trimestre (33,3 
vs 0,0%, p=0,027), e nas grávidas que não foram suplementadas com ferro em adição ao multivita-
mínico (46,2% vs 14,8%, p=0,052).
Conclusão: Os défices de micronutrientes foram prevalentes, apesar da suplementação vitamínica. 
Os défices vitamínicos e os desfechos materno-fetais da gravidez foram semelhantes entre os tipos 
de procedimento. Os nossos resultados sugerem que, ao invés de se favorecer procedimentos restri-
tivos em mulheres em idade fértil, a decisão do tipo de procedimento deve ser fundamentada em ca-
racterísticas individuais da doente. Após CB, as mulheres devem ser monitorizadas e suplementadas 
de forma individualizada, quer no período pré-concecional, quer durante a gravidez.
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between 2008-2020. We included all singleton pregnancies that 
were followed from the first trimester of pregnancy by our multi-
disciplinary team. Multiple pregnancies and pregnancies without 
birth data were excluded. The multidisciplinary team included 
obstetricians, endocrinologists, and dietitians, and follow-up 
was performed at least once every trimester, or more frequently 
if needed. Our approach consisted in prescribing multivitamin 
supplements specifically designed for pregnancy, monitoring for 
nutritional deficiencies at every visit and adding and adjusting 
specific micronutrient supplements (such as calcium, vitamin D, 
vitamin B12, iron and folic acid), according to individual needs. 
Screening for gestational diabetes was performed in the first tri-
mester, by fasting plasma glucose ≥ 92 mg/dL, and repeated, if 
negative, in the second trimester (between 24-28 weeks of gesta-
tion), through capillary blood glucose monitoring 4 times a day 
during one week (diagnosis if fasting capillary glucose ≥ 95 mg/
dL or ≥ 140 mg/dL 1 hour after meals).

Bariatric surgery procedures comprised adjustable gastric 
banding, sleeve gastrectomy, Roux-en-Y gastric bypass and bili-
opancreatic diversion. These procedures were performed from 
2005 to 2018. Data collection on age, demographics, comorbidi-
ties, type and date of bariatric surgery, pre-gestational body mass 
index (BMI) and BMI before surgery, gestational weight gain, 
micronutrient deficiencies and pregnancy outcomes was obtained 
from electronic health records. 

Gestational weight gain was defined according to the pre-ges-
tational BMI, and classified as adequate for weight gains of 11.5-
16.0 kg (BMI 18.5-24.9 kg/m2), 7.0-11.5 kg (BMI 25.0-29.9 kg/
m2) or 5.0-9.0 kg (BMI ≥30 kg/m2), based on the 2009 Institute of 
Medicine (IOM) guidelines for pregnancy.22 Weight gain inferior 
or superior to the recommended values was classified as insuf-
ficient or excessive, respectively.

Exposures and Outcomes

The exposure of interest was the type of bariatric surgery pro-
cedure. Sleeve gastrectomy and adjustable gastric banding were 
included as restrictive procedures and Roux-en-Y gastric bypass 
and biliopancreatic diversion as malabsorptive procedures. The 
outcomes of interest were the prevalence of micronutrient deficien-
cies and maternal and perinatal outcomes: preeclampsia, gestational 
diabetes, maternal anaemia, caesarean delivery, abortion, preterm 
delivery, SGA and LGA. Micronutrients were assessed through 
the levels of ferritin, folate, vitamin B12, vitamin D, calcium and 
magnesium; deficiencies were considered if present in one or more 
trimesters of pregnancy. Deficiencies were classified according to 
our hospital centre laboratory reference values for iron (ferritin < 
30 ng/mL), folate (<3.5 ng/mL), vitamin B12 (<187 pg/mL), total 
calcium corrected to albumin (<8.8 mg/dL) and magnesium (<1.9 
mg/dL). Vitamin D deficiency was defined as a level of 25(OH)D 
<20 ng/dL, according to the recommendations from the Endocrine 
Society, and classified as severe if <10 ng/dL.23 Maternal anaemia 
was defined according to World Health Organization (WHO) as 
haemoglobin <11.0 g/dL in the first and third trimesters or <10.5 
g/dL in the second trimester. SGA and LGA were defined as birth 
weight inferior to the 10th percentile and above the 90th percentile, 
respectively, according to the WHO growth charts in term births, 
or Fenton curves in preterm births.  Preterm births were defined 
as births occurring before 37 completed weeks of gestation, and 
classified according to WHO as extremely preterm if birth occurred 
before 28 weeks, very preterm from 28-32 weeks and moderate to 
late preterm from 32-37 weeks.

Statistical Analysis

Analyses were performed with the use of IBM SPSS Statistics 
26.0. Categorical variables are presented as frequencies and per-
centages, and continuous variables as means and standard devia-
tions, or medians and interquartile ranges (IQR) for variables with 
skewed distributions. The means or medians of continuous vari-
ables were compared between patient groups using the Student’s 
T-test for independent samples or the Mann Whitney test, respec-
tively. Associations between categorical variables were assessed 
using the Chi-square test. All reported p values are two-tailed, 
with a p value of less than 0.05 indicating statistical significance. 

Results
Baseline Pregestational Characteristics

Our study included 47 singleton pregnancies after bariatric 
surgery. Most were spontaneous pregnancies, but in three women 
pregnancy was achieved through medically assisted reproduc-
tion. Mean maternal age was 34.3±4.5 years and mean BMI at 
conception was 30.2±5.5 kg/m2. The most performed procedures 
were Roux-en-Y gastric bypass (N=17, 36.2%) and sleeve gas-
trectomy (N=17, 36.2%), followed by adjustable gastric banding 
(N=11, 23.4%) and biliopancreatic diversion (N=2, 4.2%). Preg-
nant women submitted to restrictive procedures were younger 
than those submitted to malabsorptive procedures (33.1±4.4 vs 
35.9±4.2, p=0.038).

Mean BMI reduction from surgery to conception was 14.4±7.1 
kg/m2; leading to a normal BMI at conception in 19.5% of the 
women, overweight in 29.3% and obesity in 51.2% (34.1% class 
I, 12.2% class II and 4.9% class III). Other comorbidities included 
hypothyroidism in 10.6%, arterial hypertension in 8.5%, type 2 
diabetes in 8.5% and thrombophilia (antiphospholipid syndrome 
or factor V Leiden mutation) in 6.4%.

Median bariatric surgery-to-conception interval was 36 months, 
ranging from a minimum of 4 to a maximum of 144 months. 

Weight Loss Before Pregnancy and Gestational Weight Gain

Pregestational BMI was similar in women submitted to ma-
labsorptive and restrictive procedures, but those submitted to 
malabsorptive procedures had a higher BMI before surgery [42.0 
(IQR 40.4-46.5) vs 46.4 (IQR 43.5-50.0), p=0.044] and higher 
BMI reduction from surgery to conception (16.8±5.9 vs 12.8±7.6, 
p=0.042). BMI mean reduction was highest for biliopancreatic di-
version (26.5±3.9 kg/m2), intermediate for Roux-en-Y gastric by-
pass (14.6±4.7 kg/m2) and sleeve gastrectomy (12.9±7.9 kg/m2) 
and lowest for adjustable gastric banding (9.8±5.3 kg/m2). BMI 
reduction showed no correlation with maternal age (p=0.252) 
or surgery-to-conception interval (p=0.190), and the association 
between malabsorptive procedures and BMI reduction was sus-
tained after adjusting for maternal age (β=5.5; p=0.023). 

Gestational weight gain (GWG) and adequacy of GWG were 
similar between procedure types. Adequate weight gain was 
achieved in 21.7% of pregnant women in the restrictive group and 
36.8% in the malabsorptive group (p=0.309), as shown in Table 1. 
There was insufficient weigh gain or weight loss in 6 women in 
each group (26.1% vs 31.6%, p=0.510). There was no association 
between maternal age and GWG. 

Araújo B and Carreira A / Rev Port Endocrinol Diabetes Metab. Ahead of Print
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Table 1. Baseline characteristics, maternal and neonatal outcomes and micronutrient deficiencies in restrictive and malabsorptive procedures.

Characteristics
Total 

(N=47) 
Restrictive  

(N=28)
Malabsorptive  

(N=19)
p value

Pregestational characteristics
	 Age (years) 34.3±4.5 33.1±4.4 35.9±4.2 0.038
	 Time from surgery to conception (months) 36.0 (24.0-72.0) 36.0 (24.0-66.0) 58.0 (22.0-96.0) 0.245
	 BMI at conception (kg/m2) 30.2±5.5 30.6±5.8 29.6±5.2 0.575
	 BMI reduction from surgery to conception (kg/m2) 14.4±7.1 12.8±7.6 16.8±5.9 0.042
	 Pregestational obesity 22 (46.8%) 12 (42.9%) 10 (52.6%) 0.976

		  Class I 15 (31.9%) 8 (28.6%) 7 (36.8%) 0.439

		  Class II 5 (10.6%) 2 (7.1%) 3 (15.8%) 0.923

		  Class III 2 (4.3%) 2 (7.1%) 0 (0.0%) 0.200
	 Arterial hypertension 4 (8.5%) 3 (10.7%) 1 (5.3%) 0.638
	 Type 2 diabetes 4 (8.5%) 3 (10.7%) 1 (5.3%) 0.638
	 Abortion or foetal loss 5.0 (10.6%) 5.0 (17.9%) 0.0 (0.0%) 0.072
Maternal/neonatal outcomesa

	 Gestational weight gain (kg)* 9.1±8.3 9.1±9.2 9.1±7.5 0.973
		  Insufficient b* 12 (28.6%) 6 (26.1%) 6 (31.6%) 0.510
		  Adequate b* 12 (28.6%) 5 (21.7%) 7 (36.8%) 0.309
		  Excessive b* 15 (35.7%) 10 (43.5%) 5 (26.3%) 0.411
	 Maternal anaemia* 12 (36.4%) 5 (31.3%) 7 (41.2%) 0.554
	 Gestational diabetes 8.0 (19.0%) 4 (17.4%) 4 (21.1%) 0.764
	 Caesarean delivery 13.0 (31.0%) 7 (30.4%) 6 (31.6%) 0.257
	 Preeclampsia 1.0 (2.4%) 1 (4.3%) 0.0 (0.0%) 0.370
	 Pre-term delivery 3 (7.1%) 3 (13.0%) 0.0 (0.0%) 0.102
	 SGA 10 (23.8%) 7 (30.4%) 3 (15.8%) 0.267
Multivitamin supplementation a 31 (73.8%) 15 (65.2%) 16 (84.2%) 0.119
Micronutrient deficiencies ac

	 Iron* 21 (77.8%) 11 (73.3%) 10 (83.3%) 0.535
	 Vitamin B12* 8 (23.5%) 3 (15.8%) 5 (33.3%) 0.231
	 Folic acid* 2 (8.7%) 2 (14.3%) 0 (0.0%) 0.235
	 Vitamin D* 22 (75.9%) 11 (78.6%) 11 (73.3%) 0.742
	 Calcium* 14 (43.8%) 7 (38.9%) 7 (50.0%) 0.530
	 Magnesium* 8 (32.0%) 4 (28.6%) 4 (36.4%) 0.678
Continuous data are presented as mean ± SD or median (interquartile range); categorical data are presented as frequencies (percentages). BMI – body mass index.

a Excluding cases of spontaneous abortion or foetal loss: N=42, restrictive=23 and malabsorptive=19.

b Adequacy of gestational weight gain according to the IOM recommendations (2009).

c Considered if present in one or more trimesters of pregnancy.

*�Missing values: 2 for gestational weight gain [2 for restrictive (R), 0 for malabsorptive (M) procedures], 3 for adequacy of gestational weight gain (2R, 1M), 9 for anaemia (7R, 2M), 15 for iron (8R, 7M), 8 for 
vitamin B12 (4R, 4M), 19 for folic acid (9R, 10M), 13 for vitamin D (9R, 4M), 10 for calcium (5R, 5M), 17 for magnesium (9R, 8M).

Figure 1. Maternal and neonatal outcomes in restrictive versus malabsorptive 
procedures.
*ns, non-significant; SGA, small for gestational age

Figure 2. Micronutrient deficiencies in restrictive versus malabsorptive proce-
dures.
*ns, non-significant;
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Maternal and Neonatal Outcomes and Micronutrient Deficiencies

From the total of 47 pregnancies, four (8.5%) resulted in first 
trimester spontaneous abortion and one (2.1%) in foetal demise at 
30 weeks. One of the abortions and the foetal demise occurred in 
women with sleeve gastrectomy and diagnosed thrombophilia; the 
other three spontaneous abortions occurred in women with adjust-
able gastric banding. The remaining 42 pregnancies resulted in 39 
term births and 3 preterm births (7.1%): one extremely preterm 
and 2 moderate to late preterm. 

Median foetal birth weight was 3103 g (IQR 2780-3361 g), with 
a prevalence of SGA of 23.8% (10 neonates) and LGA of 2.4% (one 
neonate). A percentage of 90% of SGA neonates were born at term, 
with median gestational age of 38 weeks (IQR 38-39 weeks) and 
mean birth weight of 2498±233 g. Most neonates (83.3%) had birth 
weight inferior to the 50th percentile (P): 23.8% inferior to P10, 
19.0% between P10-P25 and 40.5% between P25-P50; 11.9% had 
birth weight between P50-P75, 2.4% between P75-P90 and 2.4% 
above P90. Considering maternal outcomes (N=42), eight women 
(19.0%) were diagnosed with gestational diabetes; 13 (31.0%) had 
a caesarean delivery; one (2,4%) had preeclampsia; and 12 (36.4%) 
had anaemia, mostly due to iron deficiency. Pregnant women with 
gestational diabetes were significantly older (38.9±2.4 vs 33.2±4.1, 
p=0.001). Supplementation with multivitamins with general formu-
lation for pregnancy was carried out by 73.8% of all pregnant wom-
en, with a slightly higher prevalence in the group of malabsorptive 
procedures (84.2% vs 65.2%, p=0.119). Additionally, individual-
ised supplementation with folic acid, iron, calcium, and vitamin D 
was also prescribed, according to measured analytes: 27 patients 
(64.3%) were supplemented with iron, 24 (57.1%) with folic acid 
beyond the first trimester of pregnancy, 16 (38.1%) with calcium, 
15 (35.7%) with vitamin D, 5 (11.9%) with vitamin B12 and 5 
(11.9%) with magnesium. There was no association between bari-
atric procedure type and the analysed maternal or foetal outcomes. 
Older maternal age increased the risk of gestational diabetes (odds 
ratio: 1.78; confidence interval 1.16-2.73) but showed no associa-
tion with the other analysed outcomes. The prevalence of vitamin D 
deficiency was 75.9% (severe in 24.1%), calcium deficiency 43.8%; 
vitamin B12 deficiency 23.5% and folic acid deficiency 8.7%. Iron 
deficiency was found in 77.8% of pregnancies, with 33.3% requir-
ing supplementation with intravenous iron (31.5% corresponding to 
malabsorptive and 30.4% to restrictive procedures, p=0.972). The 
prevalence of micronutrient deficiencies did not differ significantly 
between restrictive and malabsorptive procedures. 

Analysing the possible association of micronutrient deficien-
cies and SGA, we found a higher prevalence of SGA neonates in 
pregnant women with vitamin B12 deficiency in the first trimester 
(33.3 vs 0.0%, p=0.027); and no associations between other vitamin 
deficiencies and SGA. Even though no association was found be-
tween iron deficiency and SGA, there was a trend towards a higher 
prevalence of SGA in patients not taking individualised iron sup-
plements (46.2% vs 14.8%, p=0.052). Regarding the possible as-
sociation between gestational weight gain and SGA, there was a 
higher prevalence of SGA neonates in pregnancies with insufficient 
and excessive weight gain than in those with adequate weight gain, 
but this difference did not reach statistical significance (33.3% and 
26.7% vs 8.3%, p=0.32). Moreover, 44.4% of all SGA were born 
from mothers with insufficient weight gain (vs 55.6% from mothers 
with adequate or excessive weight gain, p=0.238).

There was no record of other pregnancy complications, such 
as dumping syndrome, internal hernias or other complications re-
quiring surgery.  

Discussion

In the analysed cohort, micronutrient deficiencies were highly 
prevalent in pregnancies after both types of BS, despite supple-
mentation with multivitamins in most patients. Even though there 
was significant weight loss after BS, most women had preges-
tational obesity. Nonetheless, obesity-related pregnancy com-
plications such as LGA or preeclampsia were uncommon. The 
prevalence of SGA in our study was more than double that of the 
reported in the Portuguese population (23.8% vs 8.9%).24,25 We 
found no significant differences in the prevalence of micronutrient 
deficiencies, preeclampsia, gestational diabetes, maternal anae-
mia, caesarean delivery, preterm delivery, SGA and LGA between 
restrictive and malabsorptive bariatric procedures. Spontaneous 
abortion occurred only in pregnancies following restrictive pro-
cedures, but the small number of cases and the high prevalence of 
significant additional risk factors such as thrombophilia does not 
allow for a reliable comparison between surgical procedure types. 
Pregnant women submitted to malabsorptive procedures were 
older, had a higher BMI before surgery and a more pronounced 
weight loss from surgery to conception, but showed no difference 
in weight gain during pregnancy. We also found a higher preva-
lence of SGA in pregnancies with vitamin B12 deficiency in the 
first trimester, in those not supplemented with iron in addition to 
usual multivitamins and in the presence of insufficient gestational 
weight gain.

To date, few studies have focused on maternal vitamin defi-
ciencies following BS and its association to neonatal outcomes. 
Recently, some authors described an association between levels 
of vitamins B9, B12, calcium, iron and birth weight19,26; others 
reported that women receiving nutritional advice were signifi-
cantly less likely to have an SGA neonate.16 In the latter – the 
AURORA prospective case-control study,16 the authors describe 
that pregnant women with SGA neonates had slightly lower levels 
of iron and vitamin B12 when compared to women giving birth to 
adequate for gestational age neonates, but did not find an associa-
tion between serum levels of micronutrients and the risk of SGA. 
Nevertheless, their analysis was limited by the amount of missing 
data (10%-72%) on nutritional levels.

Currently, guidelines on pregnancy after BS recommend in-
dividualised supplementation with multivitamins and minerals 
in both types of procedures, that should ideally be optimized 3-6 
months prior to conception and adjusted during pregnancy based 
on serum levels of nutrients.13,14 It is known that malabsorptive 
procedures may lead to more pronounced micronutrient deficien-
cies and some studies suggest that these may impair gestational 
weight gain and influence the risk of adverse perinatal outcomes. 
Most studies that associate malabsorptive procedures with in-
creased risk of lower birth weight, SGA and other adverse foetal 
outcomes, hypothesize that the reason behind this may be the in-
creased prevalence of micronutrient deficiencies, but lack infor-
mation on patient’s multivitamin supplementation and measured 
analytes.7,16,18,19,27,28

In our cohort, micronutrient deficiencies did not differ be-
tween surgery type, which may explain our results regarding 
pregnancy outcomes. Similar to our study, Hazart et al20 analysed 
pregnancies with an elevated prevalence of multivitamin sup-
plementation (77.8% to 100.0%) after both types of procedures, 
and found no significant difference on micronutrient deficiencies 
and pregnancy outcomes between BS types; Ducarme et al29 per-
formed a prospective study of 87 women with comparable nutri-
tional supplementation and found that serum micronutrient levels 
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of zinc, selenium, vitamins A1, B1, B6, C, and E were similar in 
pregnancies after Roux-en-Y gastric bypass and sleeve gastrecto-
my, as were maternal and neonatal outcomes. In the latter, almost 
all the included women had at least one micronutrient deficiency 
during pregnancy. Watanabe and colleagues27 also described that 
birth weight in pregnancies after malabsorptive procedures with-
out anaemia was similar to that of pregnancies after restrictive 
procedures, and Mead et al30 found no significant differences in 
iron, vitamin B12 or calcium deficiencies between biliopancreatic 
diversion, Roux-en-Y gastric bypass and sleeve gastrectomy in 
women following nutritional supplement guidelines before and 
during pregnancy. Additionally, a higher prevalence of supple-
mentation of women submitted to malabsorptive versus restric-
tive procedures was also found in the studies by Hazart et al20 and 
by Akhter et al,16 in the first trimester of pregnancy. The elevated 
prevalence of SGA and the low prevalence of adequate weigh gain 
in our analysis were also consistent with previous studies.16,20 In 
our analysis, and in line with the results from the AURORA study, 
44% of mothers of SGA had insufficient weight gain, but in our 
study this difference did not reach statistical significance. 

Our study is important, as it shows the elevated risk of micro-
nutrient deficiencies in our population of pregnant women sub-
mitted to BS. Moreover, it emphasises that the risk of micronutri-
ent deficiencies is present in both malabsorptive and restrictive 
procedures, and reinforces the importance of adequate, intensive 
and individualized supplementation, starting before conception, in 
both types of BS. In line with this, our results suggest that, in daily 
clinical practice, the decision between BS procedures in women 
of reproductive age should be based on individual characteristics, 
such as baseline BMI and comorbidities, apart from possible fu-
ture pregnancies. Therefore, it is our opinion that we should not 
favour restrictive procedures in women of reproductive age as a 
general rule, but individualize our choice and adjust follow-up 
and supplementation accordingly.

Nonetheless, we recognize that micronutrient deficiencies are 
just one in several factors that may influence foetal birth weight, 
and that foetal growth is also largely dictated by macronutrient 
availability. In turn, macro and micronutrient availability is de-
pendent on maternal nutritional intake during preconception and 
pregnancy, and on the ability of the placenta to transport these 
nutrients to the foetus. Adequate nutritional counselling and close 
foetal monitoring are, therefore, also of unneglectable importance.

Strengths of our study include data collection on multivitamin 
supplementation, micronutrient assessments in each trimester and 
sample homogeneity between groups. Additionally, the diversity 
of bariatric procedures and the similarity in multivitamin supple-
mentation in restrictive and malabsorptive procedures, as recom-
mended in the guidelines, reinforced our results. Weaknesses of 
our study include its retrospective nature and small sample size, 
which precludes the generalization of the results. It should be 
noted that the small sample size may have biased the evaluation 
of uncommon pregnancy outcomes. Additionally, given the low 
number of biliopancreatic diversion surgeries in our cohort, our 
results are not representative for this procedure. Similar to some 
previous studies, we must also point out the significant amount of 
missing data on micronutrient deficiencies, that limited our analy-
sis; and the fact that the only available analytes were calcium, 
magnesium, iron and vitamins D, B9 and B12. Venous blood glu-
cose assessment was mostly inaccessible retrospectively; there-
fore, the prevalence of hypoglycaemia in both types of surgical 
procedures could not be compared and a possible association with 
adverse neonatal outcomes could not be assessed. Macronutrients 

were also not assessed, and would be a relevant complement to 
our analysis. 

Prospective studies with a greater sample size are needed for 
a better assessment of the risk factors for adverse pregnancy out-
comes in women submitted to BS. Future studies should focus 
not only in gestational weight gain and micronutrient deficiencies, 
but also in other factors that might influence perinatal outcomes, 
such as maternal weight loss trajectories, exercise and food in-
take behaviors, placental function, microbiome profiles and ma-
cronutrient and energy status. This evidence will be crucial for 
the development of more comprehensive follow-up programs and 
counselling.

Conclusion

Our study showed an elevated prevalence of micronutrient de-
ficiencies, insufficient gestational weight gain and SGA neonates 
in pregnancies after both types of BS. Malabsorptive procedures 
were associated with greater weight reduction, but showed no 
significant differences in the prevalence of micronutrient defi-
ciencies and maternal and foetal outcomes, when compared to re-
strictive procedures. We hypothesise that the careful management 
of pregnant women with history of BS, with frequent follow-up, 
generalised multivitamin supplementation, and additional individ-
ualised supplementation according to measured analytes during 
pregnancy might have mitigated the expected differences between 
malabsorptive and restrictive procedures. However, other factors 
besides micronutrient supplementation were not assessed in this 
study and might have also influenced maternal and neonatal out-
comes. 

Finally, our results suggest that there may be no benefit in fa-
vouring restrictive procedures in women of reproductive age on 
a routine basis, but studies with a greater sample size are needed 
to validate this hypothesis. Our analysis also highlights the im-
portance of adequate supplementation and regular follow-up to 
minimize adverse pregnancy outcomes in both types of BS.
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