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Introduction: the changes in digestive physiology after Roux-en-Y gastric bypass (RYGB), as well as pregnancy, maximizes the risk of vitamin
A deficiency (VAD) and both can result in harm to the mother and child health.
Objective: to compare the nutritional status of vitamin A among women who became pregnant or did not after RYGB and in pregnant women
who did not undergo surgery, and to assess the impact of VAD on the mother and child health.
Methods: this is a cross-sectional study of the analytical type. The women were divided into: group 1 (G1) with 80 pregnant women; group 2 (G2)
with 40 pregnant women who had previously undergone RYGB, both in their third trimester of pregnancy; and group 3 (G3) with 77 non-pregnant
women who had previously undergone RYGB. Serum concentrations of retinol and β-carotene, night blindness (NB), gestational and neonatal
intercurrences were investigated. The significance level adopted was p < 0.05.
Results: RYGB, per se, had a greater impact on the inadequacy of retinol, β-carotene, and on the increased percentage of NB when compared
to non-surgical pregnant women. When surgery was associated with pregnancy, more than 75% of inadequacy of retinol and β-carotene was
noted, as well as a higher percentage of individuals with NB. G2 also showed increased prevalence ratio for developing gestational and neonatal
intercurrences, when compared to G1.
Conclusion: RYGB provides greater negative impact on the nutritional status of vitamin A compared to pregnancy, and surgery associated with
pregnancy can create even greater risks.
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Introducción: los cambios en la fisiología digestiva después del bypass gástrico en Y de Roux (BGYR), así como la gestación, maximizan el
riesgo de deficiencia de vitamina A (DVA), ambos pueden resultar dañinos para la salud materna e infantil.
Objetivo: comparar el estado nutricional de la vitamina A entre las mujeres que quedaron embarazadas o no después del BGYR y en embarazadas
que no se sometieron a cirugía, y evaluar el impacto del DVA en la salud de la madre y el niño.
Métodos: se trata de un estudio transversal del tipo analítico. La cohorte se dividió en: grupo 1 (G1) 80 mujeres embarazadas; grupo 2 (G2) 40
mujeres embarazadas que habían sido sometidas anteriormente a BGYR, ambos en su tercer trimestre de gestación; y grupo 3 (G3), 77 mujeres
no embarazadas que habían previamente sometido a BGYR. Se investigaron las concentraciones séricas de retinol y β-caroteno, ceguera nocturna
(CN), intercurrencias gestacionales y neonatales.
Resultados: BGYR, por sí mismo, tuvo un mayor impacto en la inadecuación de retinol, β-caroteno y en el aumento del porcentaje de CN en
comparación con las mujeres embarazadas no quirúrgicas. Cuando la cirugía se asoció con el embarazo, se observó más del 75% de la inadecuación de retinol y β-caroteno, así como un mayor porcentaje de individuos con CN. El G2 también mostró una mayor proporción de prevalencia
para desarrollar intercurrencias, en comparación con el G1.
Conclusión: BGYR proporciona un mayor impacto negativo sobre el estado nutricional de la vitamina A en comparación con el embarazo; la
cirugía asociada con el embarazo puede proporcionar aún mayores riesgos.
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INTRODUCTION

METHODS

Bariatric surgery is performed to control body weight in individuals with class III and II obesity with associated diseases (1). It
can generate benefits in the quality of life and it can significantly
promote fertility in women with normalization of hormonal concentrations and menstrual cycle, thus facilitating pregnancy (2-4).
Among the existing surgical procedures, the most performed
worldwide is the Roux-en-Y gastric bypass (RYGB) that accounts
for 45% of surgeries (5). In Brazil, the choice for RYGB is even
more expressive, accounting for 70% of surgeries (5). Despite the
weight loss and improvement of the factors associated with obesity, metabolic disorders deriving from the surgical procedure can
cause deficiencies (6,7) of macro and micronutrients (8), including
vitamin A deficiency (VAD) (9).
VAD is considered a serious public health problem that affects
19 million of pregnant women in the world and can contribute to
increased maternal and infant mortality rates (9). Furthermore, there
are specific recommendations about the need of assessing the
nutritional status of vitamin A during the prenatal care period (10).
Thus, the objective of the present study is to assess the inadequacy of the nutritional status of vitamin A caused by pregnancy, by
RYGB, or by the occurrence of both pregnancy and RYGB concomitantly, as well as the impact of this vitamin deficiency on the mother
and child health under the conditions addressed by the study.

This is a retrospective analytical cross-sectional study conducted with adult women of reproductive age. Pairing by age and presurgery body mass index (BMI) was used for the women who had
previously undergone RYGB, and pairing by age and prepregnancy
BMI was used for pregnant women. The study was conducted in
healthcare institutions located in the city of Rio de Janeiro from
January 2011 to December 2012. The women who met the study
inclusion criteria were divided into three groups (G1, G2 and G3),
as described in figure 1.
All participants read and signed an informed consent, in accordance with Resolution n.º 196 of 10/10/1996 of the National
Council of Health. The study was approved by the Research Ethics
Committee of Hospital Universitário Clementino Fraga Filho of the
Federal University of Rio de Janeiro.
For the anthropometric assessment of G1 and G2, data were
collected on height, prepregnancy weight informed or measured
until pregnancy week 13, prepartum weight or weight recorded
in the last prenatal visit, besides presurgery weight in G2. With
respect to measures obtained in G3, data were collected on height
and weight (presurgery and maximum of 2 years after surgery).
In all groups, these variables were used to calculate BMI for their
subsequent classification, according to the cut-off points established by the World Health Organization (WHO) (1998) (11).

G2
Pregnant women who had
previously

G3
Non-pregnant women who had
undergone RYGB

Adult women.
Single fetus pregnancy.
Third trimester.
Prenatal routine
(started between week 8 until
week 12)

Adult women.
Single fetus pregnancy.
Third trimester.
Prenatal routine (started between
week 8 until week 12) and
follow-up by the surgeon and the
nutritionist of the surgical team.
Routine supplementation with
5,000 IU of retinol acetate.
RYGB prior to pregnancy

Adult women.
Maximum period of 2 years after
surgery.
Follow-up by the surgeon and the
nutritionist of the surgical team
Routine supplementation with
5,000 IU of retinol acetate

Prior restrictive and disabsorptive
surgeries.
Disabsorptive syndromes, prior
disabsorptive and restrictive
surgeries, restrictive diets, diabetes
mellitus, neoplasia, liver and/or
kidney diseases.
Use of supplement containing
vitamin A during pregnancy.
No routine prenatal care

Restrictive and disabsorptive
surgeries prior to RYGB.
Disabsorptive syndromes,
disabsorptive and restrictive
surgeries prior to RYGB, restrictive
diets, diabetes mellitus, neoplasia,
liver and/or kidney diseases.
Intake of less than 80% of
the amount of prescribed
supplements.
No follow-up by the surgeon and
the nutritionist of the surgical team
and no routine prenatal care

Restrictive and disabsorptive
surgeries prior to RYGB.
Disabsorptive syndromes,
disabsorptive and restrictive
surgeries prior to RYGB, diabetes
mellitus, neoplasia, liver and/or
kidney diseases.
Intake of less than 80% of
the amount of prescribed
supplements.
No follow-up by the surgeon and
the nutritionist of the surgical team

G1
Pregnant women

Inclusion criteria

Exclusion criteria

Figure 1.
Description of groups, inclusion and exclusion criteria.
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In pregnant women, the other data collected were used to calculate the total gestational weight gain (TGWG) through subtraction
of prepregnancy weight from prepartum weight. The adequacy
of gestational weight gain was classified in accordance with the
Institute of Medicine recommendation (2009) that considers a 5-9
kg weight increase appropriate and a weight increase below or
above these values inappropriate (12).
For the anthropometric assessment of newborns, information
on weight, height, and gestational age at birth (GAB) was selected. For classification of birth weight, the criteria of the Ministry
of Health (2005) were used: low birth weight (less than 2,500
g), insufficient weight (between 2,500 and 2,999 g), appropriate
weight (between 3,000 g and 3,999 g), and overweight or macrosomia (4,000 g or more) (13).
As for GAB, were considered born preterm the newborns with
GAB < 37 weeks, at term those born between 37 and 42 weeks,
and post-term those born with GAB ≥ 42 weeks, according to
the date of the last menstrual period (DLMP) (13). Based on the
information on weight and GAB, the correlation of weight/GAB was
assessed according to the growth curve proposed by Pedreira et
al. (2011), and the newborns were classified into small for gestational age (SGA < P10), appropriate for gestational age (AGA,
P10-P90), and large for gestational age (LGA > P90) (14).
The referred information was used for assessment of neonatal
intercurrences, and the newborn was classified into low weight,
appropriate weight, and macrosomic according to birth weight, and
into preterm, at term, or post-term according to GAB.
Information about the maternal intercurrences developed
during pregnancy was collected through consultations of medical
records, maternity cards, and interpretation of laboratory tests.
The following pregnancy intercurrences were: presence of
hypertensive syndromes of pregnancy (HSP), anemia and urinary
tract infection (UTI), as recommended by the Ministry of Health
(2000) (15), as well as dumping syndrome in the case of pregnant
women who underwent surgery before pregnancy. The cut-off
point for the presence of anemia in the third trimester was 11.0
g/dl, in accordance with recommendations of the Centers for Disease Control and Prevention (1998) (16).
For assessment of serum concentrations of retinol and β-carotene, the method of High Performance Liquid Chromatography
with ultraviolet detector (HPLC-UV) was used. The following cutoffs points were used to indicate inadequacy: retinol serum values
< 1.05 μmol/L (30 μg/dL <) and β-carotene ≤ 40 µg/dL (17).
In the functional assessment of VAD, the presence of night
blindness (NB) was investigated in the three groups through
an interview standardized by the WHO (1996) (18) and the
Pan-American Health Organization (1999) (19), and adapted and
validated for pregnant women by Saunders et al. (20,21). Both the
biochemical and the functional assessments were performed in
G1 and G2 during or immediately after delivery and in G3 in the
postoperative period, for a maximum of two years after surgery.
The instrument used in data collection was pre-tested and comprised a completed form filled by a single interviewer, with data
from the interview and consultation of the prenatal care records.
In relation to the statistical analysis, for verification of normal-
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ity the Kolmogorov-Smirnov and Shapiro-Wilk tests were used.
Quantitative data were described in measures of central tendency
and dispersion, and in the comparison of the means of the groups
either the Mann-Whitney test or the Kruskal-Wallis test was used.
To test the homogeneity of proportions between categorical variables the Chi-square test was used, and prevalence ratio was
calculated. In the analysis, a significance level of 5% was adopted.
The overall statistical assessment was carried out in the SPSS
statistical package for Windows, version 21.0.
RESULTS
CHARACTERIZATION OF PATIENTS
The study was conducted with adult women aged 20-49 years.
Pregnant women were paired by age (G1: 30.80 ± 4.45 vs. G2:
29.3 ± 5.35; p = 0.129) and prepregnancy BMI (G1: 26.84 ±
3.14 vs. G2: 25.72 ± 3.23; p = 0.072), while the women who
had previously undergone bariatric surgery were paired by age (G2:
32.56 ± 4.69 vs. G3: 30.8 ± 4.45; p = 0.075) and presurgery BMI
(G2: 42.91 ± 3.17 vs. G3: 43.10 ± 5.08; p = 0.809).When the
postsurgical BMI of G2 (the last one recorded before pregnancy)
and of G3 (end of the second year after surgery) were considered,
no significant differences were found between the groups (G2:
26.84 ± 3.14 vs. G3: 26.43 ± 3.20; p = 0.638).
INADEQUACY OF VITAMIN A
The percentages of inadequacy of retinol and β-carotene
showed significant differences among the three groups (Table I).
Women who became pregnant after RYGB showed percentage
of inadequacy of retinol three times higher when compared to
women who only became pregnant or women who just underwent
bariatric surgery (p < 0.001*, for both). It was also noted that
although the percentage of inadequacy of retinol in G1 and G3
remained similar, β-carotene was significantly higher in women
in the latter group (p = 0.001).
When considering the mean concentrations of retinol and
β-carotene, it was observed that both were significantly higher
for the women who became pregnant when compared to the
women who became pregnant or did not become pregnant after
RYGB (p < 0.001*, for all) (Table I). In addition, pregnant women
who had previously undergone RYGB showed means of retinol
and β-carotene significantly below those found in the women
who had only undergone this surgery (p = 0.0052 and p = 0.014,
respectively).
Thus, it was noted that RYGB, per se, had a greater impact
on the inadequacy of retinol and β-carotene when compared to
non-surgical pregnant women. When surgery was associated with
pregnancy, more than 75% of inadequacy of vitamin A (retinol and
β-carotene) was noted, as well as a higher percentage of individuals with NB. Similar results were found for NB, as demonstrated
below (Table I).
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Table I. Percentage of inadequacy, means and standard deviation of retinol, β-carotene
and presence of night blindness in the assessed groups
G1 (n = 80)

G2 (n = 40)

G3 (n = 77)

p-valor

22.5%

75%

22.2%

< 0.001*

1.75 ± 0.89

0.99 ± 0.39

1.09 ± 0.29

< 0.001*

23.8%

87.5%

55.6%

< 0.001*

87.36 ± 62.19

28.87 ± 15.07

35.40 ± 16.68

< 0.001*

20.0%

75%

40%

< 0.001*

Retinol (μmol/L)
Percentage (%)
Mean and standard deviation
β-carotene (μg/dl)
Percentage (%)
Mean and standard deviation
Night blindness
Percentage (%)

Chi-square test was used for categorical variables and Kruskal Wallis test was used for continuous variables (*p < 0.05); G1: comprising 80 pregnant women;
G2: comprising 40 pregnant women who had previously undergone RYGB; G3: comprising 77 non-pregnant women who had previously undergone RYGB.

FUNCTIONAL ASSESSMENT OF VITAMIN A
The percentage of women with NB was significantly higher
in G2 when compared to G1 or G3 (p < 0.001 and p = 0.001,
respectively), and yet, women who had only undergone RYGB
presented higher NB percentages than pregnant women who had
not undergone this surgery (p = 0.016) (Table I). In addition, we
found association and concordance between inadequacy of retinol
and presence of NB in G1 and G3 (association: p = 0.006; p =
0.008 and concordance: p = 0.003; p = 0.006), and between
inadequacy of retinol and inadequacy of β-carotene and presence
of NB in G2 and G3 (association: p = 0.01; p < 0.001 and concordance: p = 0.002; p < 0.001).
OBSTETRIC VARIABLES AND GESTATIONAL
AND NEONATAL INTERCURRENCES
Analysis of the obstetrical variables showed that mean time
interval between the DLMP and the RYGB in women who became
pregnant after surgery was 21.07 ± 14.15 months. Moreover,
gestational intercurrences were significantly higher when pregnancy occurred after surgery, namely UTI (G1: 1.3% vs. G2: 35%,
with p < 0.001) and anemia (G1: 30% vs. G2: 75%, with p <
0.001); however, HSP showed no significant differences between
the groups (G1: 10% vs. G2: 2.5%, with p = 0.269).In relation
to neonatal intercurrences, preterm (G1: 5% vs. G2: 2.5%, with
p = 0.664), SGA (G1: 7.5% vs. G2: 17.5%, with p = 0.122), LGA
(G1: 7.5% vs. G2: 0%, with p = 0.177), macrosomia (G1: 2.5%
vs. G2: 0%, with p = 0.552) and low birth weight (G1: 6.3% vs.
G2: 2.5%, with p = 0.662) showed no differences between the
groups. In addition, it should be noted that dumping syndrome was
present in almost half of the women in G2 (42.5%).
When comparing the serum concentrations of retinol and β-carotene among women who showed gestational intercurrences, we
observed that the concentrations of retinol (G1: 2.08 ± 0.95 vs.
G2: 1.07 ± 0.22, with p < 0.001) and β-carotene (G1: 80.72 ±

65.15 vs. G2: 28.81 ± 13.77, with p < 0.001) were significantly
lower in pregnant women who underwent bariatric surgery, with
β-carotene showing mean below the cut-off point. In relation to the
presence of neonatal intercurrences, a similar result was found
since the mean concentrations of retinol (G1: 2.08 ± 0.94 vs. G2:
0.75 ± 0.46, with p < 0.001) and β-carotene (G1: 82.18 ± 35 vs.
G2: 9.75 ± 15.01, with p = 0.017) were significantly lower in G2.
When dividing women who showed such intercurrences
according to the groups studied, we found that G2 had serum
concentrations of retinol and β-carotene significantly lower in
relation to the presence of anemia and SGA infants (Table II). It
is important to note that G2 was also seven times more likely to
develop anemia and 42 times more likely to develop UTI. Thus,
it was observed that G2 showed increased prevalence ratio for
developing gestational/neonatal intercurrences (UTI, SGA, and
anemia), when compared to G1.
DISCUSSION
The gestational period is a physiological time which, in isolation,
results in increasing demands of numerous vitamins and minerals,
especially vitamin A that can have its requirements increased by
40% for maintenance of placenta and fetal development (22,23).
In addition, bariatric surgery, per se, can also facilitate the occurrence of these inadequacies and, in this scenario, vitamin A stands
out as it has been considered one of the most reduced micro-nutrients (24,25). This can be observed in the current study, since
the percentage of inadequacy of retinol in both G1 and G3 was
more than 20%, and β-carotene was the most depleted in women
who underwent the surgical procedure.
This greater reduction of serum concentrations of β-carotene
can be justified by the likely bioconversion to retinol, since it is its
most powerful precursor, demonstrating the existence of a synergistic relationship between them (26). The highest percentage
of inadequacy observed in G3 can be justified by metabolic disorders derived from the surgical procedure, especially regarding
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Table II. Means of serum concentrations of retinol and β-carotene of pregnant women who
showed gestational and neonatal intercurrences
Retinol (µmol/L)
Variables

G1

G2

(n = 80)

(n = 40)

HSP

1.89 ± 1.09

1.00

UTI

2.17

β-carotene (µg/dL)
G1

G2

(n = 80)

(n = 40)

0.245

65.57 ± 60.15

8.0

0.121

0.94 ± 0.31

0.09

81.27

30.57 ± 13.88

0.104

2.05 ± 0.86

1.02 ± 0.28

< 0.001*

81.55 ± 66.84

27.96 ± 14.13

< 0.001*

Preterm

2.32 ± 1.01

-

-

90.67 ± 29.71

-

-

Post-term

2.30 ± 1.06

0.0

0.157

96.24 ± 73.33

30.00

0.157

p-value

p-value

Gestational intercurrences

Anemia
Neonatal intercurrences

SGA

2.50 ± 0.83

0.85 ± 0.37

0.002*

104.76 ± 62.06

29.7 ± 16.21

0.032*

LGA

1.39 ± 0.69

-

-

77.50 ± 60.83

-

-

LWB

2.88 ± 0.75

1.00

0.137

89.48 ± 78.95

9.00

0.137

Macrosomic (n = 2)

1.70 ± 0.27

-

-

106.85 ± 86.02

-

-

HSP: hypertensive syndromes in pregnancy; UTI: urinary tract infection; SGA: small for gestational age.

the exclusion of the duodenum in conjunction with the proximal
portion of jejunum, main sites of absorption of micronutrients such
as vitamin A (24,27,28).
Thus, the occurrence of pregnancy after bariatric surgery can
worsen VAD, especially in the third trimester of pregnancy, period
of the greatest transfer of this vitamin to the fetus. This can occur
not only due to the changes caused by surgery regarding digestion, absorption and transport, but also due to the hemodilution
that occurs in pregnancy in a physiological way (29).
In this context, the current study showed that the serum concentrations of retinol and β-carotene were significantly lower in
pregnant women who had previously undergone RYGB compared
to pregnant women, or women who only underwent this surgical
procedure. In addition, means of retinol and β-carotene in G2
were below the mean of adequacy (retinol: 0.99 ± 0.39; β-carotene: 28.87 ± 15.07), while in G1 they were above the mean of
adequacy, and in G3 only β-carotene showed means below recommendation. Such findings show that post-bariatric pregnancy
can contribute to greater demands of vitamin A, and that the
surgery, in isolation, can exert more influence on the inadequacy
of the nutritional status of vitamin A when compared to pregnancy
without a prior surgery.
Post-bariatric pregnant women also showed a percentage of
gestational intercurrences significantly higher for UTI (G1: 1.3%
vs. G2: 35%, p < 0.001) and anemia (G1: 30% vs. G2: 75%,
p < 0.001), and those who developed anemia in pregnancy had
the mean concentrations of this vitamin below the cut-off point,
and these concentrations were significantly lower when they were
compared to the ones found in G1 (retinol: G1: 2.05 ± 0.86 vs.
G2: 1.02 ± 0.28, p < 0.001*; β-carotene: G1: 81.55 ± 66.84 vs.
G2: 27.96 ± 14.13, p < 0.001*).
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The increase in cases of anemia in G2 can be justified by hemodilution in pregnancy, in addition to the presence of hypochlorhydria in the postoperative period and to the high percentage of
pregnant women with VAD (G1: 30% and G2: 75%) (30).
It has been recognized that anemia is a common complication after RYGB, iron deficiency being its main etiology (31).
Belogolovkin et al. (2012) (32( reported that the odds of developing anemia are 4.3 times higher in pregnant women who
had previously undergone bariatric surgery when compared to
pregnant women who had not undergone this surgery, a finding
in line to the one in the current study with prevalence ratio 7
times higher.
There is evidence that VAD can also be related to UTI since its
presence can facilitate the negative impact on the immune system, favoring its development (33). This can occur with growing
intensity during pregnancy, due to the anatomical and physiological changes occurring in the urinary tract such as: increased urine
output and the expansion of the collector system caused by uterus
compression, hypertrophy of the ureter musculature, and peristaltic activity reduction resulting from the action of progesterone.
The referred changes promote urinary stasis and, consequently,
the presence of UTI (34). In this regard, G2 was 42 times more
likely to develop urinary infection when compared to G1, which
may indicate that such clinical symptoms can be intensified after
bariatric surgery.
In relation to neonatal intercurrences, G2 was 2.6 times more
likely to give birth to SGA infants when compared to G1, and,
moreover, serum concentrations of retinol and β-carotene were
significantly lower, which may suggest a possible influence of this
nutrient on SGA infants, an intercurrence that can happen more
intensely in this segment (35).
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It is important to highlight that dumping syndrome, found
in almost half of the pregnant women in G2 (42.5%), may
have contributed to the greatest inadequacies of vitamin A
and to the gestational/neonatal intercurrences shown. This
syndrome can have intensified the decrease of food intake and
contributed to a tendency to avoid the consumption of various
foods, including those considered good sources of vitamin A
after RYGB (7).
Regarding the functional assessment, we noted that pregnancy made possible the occurrence of NB in 20% of the participants, which can be justified by major demands of vitamin
A (retinol/β-carotene) imposed by such physiological status.
Similar results were found in studies conducted in Brazil showing percentages of pregnant women affected by NB with values
ranging from 9.9% to 18.7% (36,37). It is worth mentioning
that gestational NB has high prevalence in several regions of
the world and is not only limited to regions of extreme poverty.
High prevalences of VAD in pregnant women were observed in
developed countries, as demonstrated in a recent systematic
review carried out by (38).
It should be noted that in cases of zinc deficiency, the hepatic
synthesis of retinol-binding protein (RBP) can be damaged, resulting in secondary deficiency of vitamin A even in the presence
of adequate liver stores of this vitamin. Therefore, in situations of
high nutritional demand, such as the gestational period, zinc deficiency can occur and decrease RBP production, which can lead
to VAD (39).
Thus, it can be observed that the percentage of pregnant women with no previous surgery with NB in national studies feature
values close to those found in the present study even when they
are not located in regions of extreme poverty. In addition, information on the role played by zinc in the formation of RBP and its
transport to target tissues was also added.
Regarding RYGB, it was possible to evidence that it contributes
to the lack of vitamin A, as the percentage of women affected
doubled, possibly due to the absorptive changes promoted by the
surgery. When pregnancy occurred after RYGB, the percentage
of individuals affected was even more expressive (75%), and it
is worth highlighting that the occurrence of both pregnancy and
RYGB can further compromise this segment. In addition, association and concordance were found between the presence of NB
and the inadequacy of retinol or β-carotene in all groups, thus
pointing out the existing relationship. Such aspect was confirmed
by a recent systematic review highlighting that VAD in women who
became pregnant after bariatric surgery was a contributing factor
to the presence of gestational NB (40).
This study was the first to evaluate the biochemical and functional status of vitamin A nutritional status in three distinct segments and its purpose was to measure and compare the magnitude of inadequacy and possible adverse consequences of VAD to
the mother and child binomial, although showing a small sample
size and no assessment of serum zinc and RBD. Since NB was
exacerbated in pregnant women after bariatric surgery, we suggest further investigation about the synergy between vitamin A,
zinc and RBP, under the conditions studied here.

S. Cruz et al.

CONCLUSION
Our study showed that RYGB, in isolation, provides greater negative impact on the nutritional status of vitamin A compared to
pregnancy. When pregnancy occurs after surgery, it can result in
even greater risks for the serum inadequacy of retinol and β-carotene in addition to the occurrence of NB, which intensifies gestational and neonatal intercurrences. Thus, this study reinforces
the importance of monitoring the serum concentrations of this
vitamin in the segments studied, aiming to adjust the nutritional
status of vitamin A and, consequently, bringing benefits to the
mother and child health.
REFERENCES
1. Pichè M E, Auclair A, Harvey J, Marceau S, Poirrier P. How to choose and
use bariatric surgery in 2015. CJC 2014;21(2):153-66. DOI: 10.1016/j.
cjca.2014.12.014
2. Nomura RMY, Dias MCG, Igai AMK, Liao AW, Miyadahira S, Zugaib M. Avaliação da vitalidade fetal e resultados perinatais em gestações após gastroplastia com derivação em y de Roux. Ver Assoc Med Bras 2010;56(6):670-4.
DOI: 10.1590/S0104-42302010000600015
3. Facchiano E, Jannelli A, Santuli P, Mandelbrot L, Msika S. Pregnancy after
laparoscopic bariatric surgery: comparative study of adjustable gastric
banding and Roux-en-Y gastric bypass. SOARD 2011;8(4):429-33. DOI:
10.1016/j.soard.2011.06.006
4. Adeboye B, Bermano G, Rolland C. Obesity and its health impact in Africa:
a systematic review. Cardiovas J Afr 2012;23(9):512-21. DOI: 10.5830/
CVJA-2012-040
5. Angrisani L, Santonicola A, Iovino P, Formisano G, Buchwald H, Scopinaro N.
Bariatric surgery worldwide 2013. Obes Surg 2015;25(10):1822-32. DOI:
10.1007/s11695-015-1657-z
6. Fandiño J, Benchimol AK, Coutinho WF, Appolinário JC. Cirurgia bariátrica:
aspectos clínico-cirúrgicos e psiquiátricos. Psiquiatric 2004;26(1):47-51.
DOI: 10.1590/S0101-81082004000100007
7. Bloomberg RD, Fleishman A, Nalle JE, Kini S. Nutritional deficiencies following
bariatric surgery: what have we learned? Obes Surg 2005;2(5):145-54. DOI:
10.1381/0960892053268264.
8. Ricieri RA. Consequências das alterações gastrointestinais em indivíduos
submetidos à cirurgia bariátrica. Universidade Estadual de Maringá; 2010.
9. World Health Organization (WHO). Vitamin and Mineral Nutrition Information
System (VMNIS), WHO. Available at: http://www.who.int/vmnis/en/index.html.
Accessed in: December 2011.
10. Saunders C, Leal MD, Neves PA, Padilha PC, Silva LB, Schilithz A.O. Determinants of gestational night blindness in pregnant women from Rio de Janeiro, Brazil. Public Health Nutrition 2015;9:1-10. DOI: 10.1017/S136898
0015001846
11. World Health Organization (WHO). Obesity: preventing and managing the
global epidemic. Report of WHO consultation on obesity. Geneva: WHO;
1998.
12. Institute of Medicine (IOM). Weight gain during pregnancy: reexamining the
guidelines. Washington: National Academy Press; 2009.
13. Ministério da Saúde (MS). Portaria GM/MS N. 390, Jul. 6; 2005.
14. Pedreira CE, Pinto FA, Pereira SP, Costa ES. Birth weight patterns by gestational age in Brazil. ABC 2011;83(2):619-25. DOI: 10.1590/S000137652011005000008
15. Ministério da Saúde (MS). Assistência Pré-Natal. Manual Técnico. 3rd ed.
Brasília: Secretaria de Políticas, MS; 2000a.
16. Centers for Disease Control and Prevention. Recommendations to prevent
and control iron deficiency in the United States. MMWR; 1998.
17. Sauberlich HE, Hodges RE, Wallace DL, Kolder H, Canham JE, Hood J. Vitamin A metabolism and requirements in the human studied with the use
of labeled retinol. Vitam Horm 1974;32:251-75. DOI: 10.1016/S0 0836729(08)60015-1
18. World Health Organization (WHO). Indicators for assessing vitamin A deficiency and their application in monitoring and evaluating intervention programmes. Geneva; 1996.

[Nutr Hosp 2018;35(2):421-427]

COMPARATIVE STUDY OF THE NUTRITIONAL STATUS OF VITAMIN A IN PREGNANT WOMEN AND IN WOMEN WHO BECAME
PREGNANT OR DID NOT AFTER ROUX-EN-Y GASTRIC BYPASS
19. McLaren DS, Frigg. Manual de ver y vivir sobre los transtornos por deficiencia de vitamina A (VADD). Washington: Organização Panamericana de
Saúde; 1999.
20. Saunders C, Leal MC, Gomes MM, Campos LFC, Silva BAS, Lima APPR, et
al. Gestational night blindness among women attending a public maternal
hospital in Rio de Janeiro, Brazil. J Health Popul Nutr 2004; 22:(4):348-56.
21. Saunders C, Ramalho RA, Lima APPT, Gomes MM, Campos LFC, Silva
BAS, et al. Association between gestational night blindness and serum retinol in mother/newborn pairs in the city of Rio de Janeiro, Brazil. Nutrition
2005;21(4):456-61.
22. Thorne-Lyman AL, Fawzi WW. Vitamin A and carotenoids during pregnancy and maternal, neonatal and infant health outcomes: a systematic
review and meta-analysis. PPE. 2012;26(1):36-54. DOI: 10.1111/j.13653016.2012.01284.x
23. Jans G, Matthys C, Bogaerts A, Lannoo M, Verhaeghe J, Van der Schueren B,
et al. Maternal micronutrient deficiencies and related adverse neonatal outcomes after bariatric surgery: a systematic review. Adv Nutr 2015;6(4):420-9.
DOI: 10.3945/an.114.008086.8
24. Clements RH, Katasani VG, Palepu R, Leeth RR, Leath TD, Roy BP, et al.
Incidence of vitamin deficiency after laparoscopic Roux-En-Y Gastric Bypass
in a university hospital setting. American Surgery 2006;12(72):1196-202.
25. Shankar P, Boylan M, Sriram K. Micronutrient deficiencies after bariatric surgery. Nutrition 2010;26(11-12):1031-7. DOI: 10.1016/ j.nut.2009.12.003
26. Mecocci P, Polidori MC, Troiand L, Cherubini A, Cecchetti R, Pini G, et al.
Plasma antioxidants and longevity: a study on healthy centenarians. Free
Radic Biol Med 2000;29(5):486.
27. Miller AD, Smith KM. Medication and nutrient administration considerations
after bariatric surgery. Am J Health Syst Pharm 2006;63(19):1852-7. DOI:
10.2146/ajhp060033
28. Sawaya RA, Jaffe J, Friedenberg L, Friedenberg FK. Vitamin, mineral, and drug
absorption following bariatric surgery. Curr Drug Metab 2012;13(9):1345-55.
29. Devlieger R, Guelinckx I, Jans G, Voets W, Vanholsbeke C, Vansant G. Micronutrient levels and supplement intake in pregnancy after bariatric surgery:
a prospective cohort study. PLoS One 2014;9(12):114-92. DOI: 10.1371/
journal.pone.0114 192

[Nutr Hosp 2018;35(2):421-427]

427

30. Van Den Broek N. Anaemia and Micronutrient Deficiencies. Br Med Bull
2003;67(1):149-60. DOI: 10.1093/bmb/ldg004
31. Avgerinos DV, Llaguna OH, Seigerman M. Incidence and risk factors for the
development of anemia following gastric bypass surgery. World J Gastroenterol 2010;16(15):1867-70. DOI: 10.3748/wjg.v16.i15.1867
32. Belogolovkin V, Salihu HM, Weldeselasse H, Biroscak BJ, August EM, Mbah AK,
et al. Impact of prior bariatric surgery on maternal and fetal outcomes among
obese and non-obese mothers. Arch Gynecol and Obstet 2012;285(5):12118. DOI: 10.1007/s00404-011-2134-0
33. Biesalski HK, Nohr D. New aspects in vitamin A metabolism: the role of retinyl
esters as systemic and local sources for retinol in mucous epithelia. J Nutr
2004;134(12):3453S-7S.
34. Gilstrap LC, Ramin SM. Urinary tract infections during pregnancy. Obstetric
Gynecology Clinical North American 2001;28(3):581-91.
35. Machado SN, Pereira S, Saboya C, Saunders C, Ramalho A. Influence of
Roux-en-Y Gastric Bypass on the nutritional status of vitamin A in pregnant
women: a comparative study. Obes Surg 2015;26(1):26-31. DOI: 10.1007/
s11695-015-1734-3
36. Saunders C, Leal Mdo C, Neves PA, Padilha PC, da Silva LB, Schilithz AO
Determinants of gestational night blindness in pregnant women from Rio
de Janeiro. Public Health Nutr 2016;19(5):851-60. DOI: 0.1017/S136898
0015001846
37. Ribeiro Neves PA, Ramalho A, de Carvalho Padilha P, Saunders C. The
role of prenatal nutrition assistance on the prevalence of night blindness in pregnant adults. Nutr Hosp 2014;29(5):1132-40. DOI: 10.3305/
nh.2014.29.5.7241
38. Akhtar S, Ahmed A, Randhawa MA, Atukorala S, Arlappa N, Ismail T, et al.
Prevalence of vitamin A deficiency in South Asia: causes, outcomes, and
possible remedies. J Health Popul Nutr 2013;31(4):413-23.
39. da Silva LSV, Thiapó AP, Souza GG, Saunders C, Ramalho A. Micronutrients
in pregnancy and lactation. Rev Bras Saude Mater Infant 2007;7(3):237:44.
40. Jans G, Matthys C, Bogaerts A, Lanno M, Verhaeghe J, Van der Schueren B,
et al. Maternal Micronutrient Deficiencies and Related Adverse Neonatal Outcomes after Bariatric Surgery: A Systematic Review. Adv Nutr 2015;6:420-9.
DOI: 10.3945/an.114.008086

