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SERUM VITAMIN B12, IRON AND FOLIC ACID DEFICIENCIES IN
OBESE INDIVIDUALS SUBMITTED TO DIFFERENT BARIATRIC
TECHNIQUES

Deficiéncia nas concentragdes séricas de vitamina B12, ferro e dcido folico de obesos submetidos a diferentes técnicas baridtricas
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From the Sdo Jodo Hospital Center, EP.E,  ABSTRACT - Background: Different surgical techniques to combat obesity combine malabsorption
Porto, Portugal with restrictive procedures and can lead to metabolic problems, such as micronutrient
deficiencies. Aim: Assess vitamin B12, iron and folic acid deficiencies associated with the
lifestyle of obese individuals having been submitted to different bariatric techniques. Methods:
A retrospective analysis was performed using the electronic charts of patients submitted to
bariatric surgery involving adjustable gastric banding and Roux-en-Y gastric bypass at the Sdo
Joao Hospital Center in the city of Porto, Portugal, between 2005 and 2010. The following data
were collected: surgical technique, sex, age, marital status, serum concentrations of vitamin
B12, iron and folic acid and postoperative lifestyle. A 5% significance level was used for the
statistical analysis (p<0.05). Results: Among 286 individuals evaluated, females accounted for
90.9% of the overall sample (both techniques). Gastric banding was performed more (68.9%),
but greater nutrient deficiencies were found following gastric bypass. Iron was the most
prevalent deficiency (21.3%), followed by vitamin B12 (16.9%) and folic acid (4.5%). Mild to
moderate alcohol intake, adherence to the diet and the use of multivitamins reduced the
frequency, but did not avoid micronutrient deficiency. Conclusion: Vitamin B12, iron and folic
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foi utilizado nivel de significancia de 5% (p< 0,05). Resultados: Dentre os 286 individuos
avaliados, houve predominio do sexo feminino (90,9%) em ambas as técnicas cirurgicas, sendo
a banda gastrica a mais realizada (68,9%); no entanto maiores deficiéncias de micronutrientes
foram detectadas apos o bypass gastrico. A deficiéncia de micronutriente mais prevalente
foi a de ferro (21,3%), seguida da vitamina B12 (16,9%) e do acido félico (4,5%). A ingestdo
de bebida alcodlica de leve-moderada, a adesdo a dieta e o uso de polivitaminicos reduziu
a frequéncia, mas ndo evitou a caréncia de micronutrientes. Conclusédo: A deficiéncia de
DESCRITORES: Micronutrientes. Vitamina vitamina B12, ferro e acido félico foi observada durante o primeiro e o segundo anos apos as
B12. Ferro. Acido fdlico. Cirurgia bariatrica. duas técnicas avaliadas, sendo mais frequente nos pacientes submetidos ao bypass gastrico.

INTRODUCTION

characterized by the excessive buildup of body fat and is related to

an increase in the risk of mortality. Moreover, it is often accompanied
by comorbidities, such as cardiovascular disease, dyslipidemia, systemic arterial
hypertension, diabetes mellitus type 2 and some types of cancer'2.

When clinical treatment (diet, physical exercise and medication) do not produce
satisfactory results, bariatric surgery is an effective option that allows weight loss
and the long-term maintenance of a stable body mass, along with a reduction in
associated rates of comorbidities and mortality'3. Different surgical techniques
combine malabsorption with a restrictive technique and are associated with weight
loss, but can also lead to metabolic complications, such as micronutrient deficiencies,
especially with regard to vitamin B12, iron and folic acid*®.

O besity is a chronic, non-communicable disease with a multifactor etiology

(KRR This is an  open-access Considering the serious clinical repercussions of nutritional deficiencies in
article distributed under the terms of the the short, medium and long terms, the aim of the present study was to evaluate
Creative Commons Attribution License. deficiencies in the serum concentrations of vitamin B12, iron and folic acid as well
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as factors associated with lifestyle among obese individuals
having been submitted to adjustable gastric banding or
Roux-en-Y gastric bypass.

METHODS

This study received approval from the ethics committee
of the Sdo Jodo Hospital Center in the city of Porto, Portugal.
The non-use of a term of informed consent was authorized
due to the fact that the data were collected from electronic
clinical charts.

A retrospective study was conducted with information
from the electronic records of patients having been submitted
to bariatric surgery using either adjustable gastric banding
or Roux-en-Y gastric bypass at the Sdo Jodo Hospital Center
in Porto, Portugal. The inclusion criteria were age 20 years or
older, having undergone preoperative and postoperative follow
up by the same multidisciplinary team (surgeon, nutritionist,
endocrinologist, psychiatristand psychologist) and complete
records of appointments up to two years following bariatric
surgery between 2005 and 2010. The exclusion criteria were
removal and/or replacement of the gastric band, having been
submitted to further bariatric surgical techniques or other
abdominal surgeries, having undergone plastic surgery in the
preoperative or postoperative periods and pregnancy during
any phase of the study.

The following information was collected during the
survey of the charts: surgical technique employed, gender,
age, marital status, serum concentrations of vitamin B12, iron
and folic acid as well as lifestyle in the postoperative period.
Lifestyle was considered adequate when adherence to the
diet proposed by the nutritionist occurred (>75% compliance
more than five days a week)', when a daily multivitamin was
taken (routine use of one capsule per day for >20 months
of the 24-months evaluation period)' and mild to moderate
alcohol intake®.

Deficiencies in serum concentrations of vitamin B12
and folic acid were analyzed through immunoassays using
the electrochemiluminescence method with the aid of the
automatic Elecsys equipment (Roche Diagnostics GmbH,
Mannheim, Germany). Iron deficiency was measured based on
the colorimetric method using a UV-Vis spectrophotometer
(Thermo Scientific). The following cutoff points were employed:
serum vitamin B12<187 pg/ml; serum folic acid <3.1 ng/ml;
and serum iron <70 ug/dl for men and <60 pg/dl for women.

Statistical analysis

The data were digitized using the Microsoft Excel™ 2010
program and the statistical analyses were performed with the
aid of the Statistical Package for the Social Sciences, version
21 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were
performed (absolute and percentage frequencies). Inferential
statistics involved either Pearson’s chi-square test or Fisher's
exact test, when appropriate. The margin of error used in the
decisions of the statistical tests was 5% (p<0.05).

RESULTS

Atotal of 659 patients were submitted to bariatric surgery
in the period studied (562 underwent gastric banding and 97
underwent gastric bypass). However, only 43.4% completed
the two-year follow up and were included in the present study,
resulting in a sample of 286 individuals.

Gastric banding accounted for 68.9% of the surgeries
and the female sex was predominant (90.9%) in both types of
surgery. No significant differences were found between the
patients submitted to the different surgical techniques with
regard to demographic or social variables (Table 1).

The prevalence of vitamin B12, iron and folic acid deficiencies
was higher among the patients submitted to gastric bypass
than those submitted to gastric banding. The differences
were significant in the first year following gastric bypass with
regard to folic acid, in the second year with regard to iron and
throughout the entire two-year follow-up period with regard
to vitamin B12 (Table 2).

TABLE 1 - Socio-demographic characteristics of patients
submitted to gastric banding and gastric bypass;
Porto, Portugal, 2005 to 2010

Type of surgery
Variable Gastricbanding ~ Gastric Bypass Total Group p
n % n % n %
TOTAL 197 689% 89 311 286 100
Sex p(1) = 0.228
Female 178 904 82 921 260 909
Male 19 9.6 7 7.9 26 9.1
Age (years) p(2) = 0.149

18 to 39 79 401 45 506 124 434
40 to 64 115 584 44 494 159 556

> 64 3 1.5 - - 3 1.0
Marital status p(2) = 0.960
Single 34 17.3 15 16.9 49 17.1

Married 152 772 68 764 220 769
Widowed 2 1.0 1 1.1 3 1.0
Divorced 9 4.6 5 5.6 14 4.9

(1) Pearson'’s chi-square test. (2) Fisher's exact test

TABLE 2 — Deficiencies in serum concentrations of vitamin B12,
iron and folic acid according to type of bariatric
surgery and postoperative period; Porto, Portugal,
2005 to 2010

Type of surgery
Gastric Gastric
Banding Bypass
n % n % n %

Variable Total group  p-value

Folic acid* up

to 12 months

Deficiency 1 0.5 4 4.5 5 1.7
d\g’f'itc?::cty 196 995 85 955 281 983
Folic acid*
more than 12
months
Deficiency 1 0.5 1 1.1 2 0.7
d\;\’f'ltct‘::cty 196 995 83 989 284 993
Iron** up to 12

months

Deficiency 25 127 19 213 44 154
d\:evfli?eo:cty 172 873 70 787 242 846
Iron** more

than 12

months

Deficiency 11 56 16 180 27 9.4
d\;\gtc?::cty 186 944 73 820 259 906
Vitamin B12##
up to 12
months
Deficiency 3 1.5 7 79 10 35
d\;\?itc?::cty 194 985 82 821 276 965
Vitamin B12##

more than 12

months

Deficiency 2 1.0 15 169 17 5.9

Without 195 990 74 831 269 941
deficiency

(*) Significant difference at 5.0% level. (1) Pearson's chi-square test. (2) Fisher's
exact test. Cutoff points: #< 3.1 ng/mL; ##men: < 70 ug/dl, women: <60 pg/
dl; ###< 187 pg/ml

p@ = 0.034*

p® = 0.526

p = 0.060

p® = 0.001*

p@ = 0.012*

p®< 0.001*

|
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TABLE 3 - Associations between iron, folic acid and vitamin B12 deficiencies and adherence to diet, use of multivitamins and
alcohol intake according to type of bariatric surgery; Porto, Portugal, 2005 to 2010

Iron## Adherence to diet p(1) = 0.259 p(1) = 0.696

Yes 27 20.5 105 79.5 28 373 47 62.7

No 9 13.8 56 86.2 6 429 8 57.1

TOTAL 36 183 161 81.7 34 382 55 61.8
Use of multivitamin p(1) = 0.768 p) = 0314

Yes 23 17.7 107 82.3 29 36.7 50 63.3

No 13 194 54 80.6 5 50.0 5 50.0

TOTAL 36 183 161 817 34 382 55 61.8
Use of alcohol p(1) = 0.399 p(1) = 0.503

Yes 8 14.5 47 85.5 6 316 13 68.4

No 28 19.7 114 80.3 28 40.0 42 60.

TOTAL 36 183 161 81.7 34 382 55 61.8
Folic acid# Adherence to diet p(2) = 0.448 p(2) = 0.584

Yes 2 1.5 130 98.5 4 5.3 71 94.7

No - - 65 100.0 1 7.1 13 92.9

TOTAL 2 1.0 195 99.0 5 5.6 84 94.1
Use of multivitamin p(2) = 0.566 p(2) = 0.457

Yes 1 0.8 129 99.2 4 5.1 75 94.9

No 1 1.5 66 98.5 1 10.0 9 90.0

TOTAL 2 1.0 195 99.0 5 5.5 84 94.4
Use of alcohol p(2) = 0.519 p) = 0.711

Yes - - 55 100.0 1 53 18 94.7

No 2 14 140 98.6 4 5.7 66 94.3

TOTAL 2 1.0 195 99.0 5 5.6 84 94.4
Vitamin B12###  Adherence to diet p(@) =0.132 p(2) = 0473

Yes 5 3.8 127 96.2 18 24.0 57 76.0

No - - 65 100.0 4 286 10 714

TOTAL 5 25 192 97.5 22 24.7 67 753
Use of multivitamin p(2) = 0.446 p(2) = 0.530

Yes 4 3.1 126 96.9 20 25.3 59 747

No 1 1.5 66 98.5 2 20.0 8 80.0

TOTAL 5 2.5 192 97.5 22 24.7 67 75.3
Use of alcohol p(2) = 0.429 p(2) = 0.535

Yes 2 3.6 53 96.4 5 26.3 14 737

No 3 2.1 139 97.9 17 243 53 75.7

TOTAL 5 2.5 192 97.5 22 24.7 67 75.3

(1) Pearson's chi-square test; (2) Fisher's exact test. Cutoff points: #< 3.1 ng/mL; ##men: < 70 ug/dl, women: <60 pg/dl; ###< 187 pg/ml

TABLE 4 - Correlation between iron deficiency and both folic acid and vitamin B12 deficiency according to postoperative period
and type of bariatric surgery; Porto, Portugal, 2005 to 2010

Up to 12 months Folic acid* - - 1 0.6 p™ = 0.873 - - 4 5.7 p™ = 0.376
TOTAL 25 100.0 172 100.0 19 100.0 70 100.0

> 12 months Folic acid* - - 1 0.5 p™ = 0.944 - - 1 14 p® = 0.820
TOTAL 11 100.0 186 100.0 16 100.0 73 100.0

) =

Up to 12 months Vitamin B12## 3 12.0 - - 0p002* 1 53 6 8.6 p™ = 0.536
TOTAL 25 100.0 172 100.0 19 100.0 70 100.0

> 12 months Vitamin B12## - - 2 1.1 p™ = 0.891 3 18.8 12 16.4 p™ = 0.536
TOTAL 11 100.0 186 100.0 16 100.0 73 100.0

(*) Significant difference at 5.0% level, (1) Fisher's exact test, (2) Pearson'’s chi-square test, Cutoff points: #< 3.1 ng/mL; *men: < 70 ug/dl, women: <60 pg/dl; *#< 187 pg/ml

Nossignificant association was found between the reduction DISCUSSION
in the concentrations of vitamin B12, iron or folic acid and
adherence to diet, the use of a daily multivitamin or mild to
moderate alcohol intake (Table 3).

The correlation between serum concentrations of vitamin
B12, iron and folic acid did not achieve statistical significance,
except between iron and vitamin B12 deficiencies in the first
year following gastric banding, suggesting that these nutritional
deficiencies did not occur concomitantly (Table 4). No associations
were found between iron deficiency and either age or gender
with either type of bariatric surgery (Table 5).

The predominance of the female and the 40-to-64-
year-old age group in the present study is in agreement
with data described by Karefylakis,” who found that 85%
of the 431 individuals submitted to gastric bypass surgery
were women and mean age was 51.3 = 10 years. Likewise,
Alvarez® found that 75% of patients submitted to vertical
gastrectomy were women and mean age was 40+10 years.
In the present study, the majority of the sample was married,
which is in agreement with data described by Amorim?
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TABLE 5 — Association between iron deficiency and both age and gender according to evaluation time and type of bariatric

surgery; Porto, Portugal, 2005 to 2010

Up to 12 months Age (years)

18 to 39 11 13.9 68 86.1
40 to 64 14 12.2 101 87.8
> 64 - = 3 100.0
TOTAL TOTAL 25 12.7 172 100.0
> 12 months  Age (years)
18 to 39 5 6.3 74 93.7
40 to 64 6 5.2 109 94.8
> 64 = = 3 100.0
TOTAL 11 5.6 186 94.4
Up to 12 months Sex
Female 25 14.0 153 86.0
Male = = 19 100.0
TOTAL 25 127
> 12 months Sex
Female 11 6.2 167 93.8
Male - - 19 100.0
TOTAL 11 5.6 186 94.4

(1) Fisher's exact test. (2) Pearson’s chi-square test

who found that 65.5% of the patients were either married
or in a stable union. It is therefore plausible that women
in different populations are more concerned with health
and esthetics than men during the ageing process and in
romantic relationships®.

The frequency of reductions in serum concentrations
of vitamin B12, iron and folic acid was lower among the
patients submitted to gastric banding, which was the more
common technique employed in the sample analyzed in
comparison to gastric bypass. This finding is in disagreement
with data reported in previous investigations that evaluated
the occurrence of anemia and micronutrient deficiencies
following gastric bypass alone*’ or in combination with
vertical gastrectomy?®2.

Scientific evidence suggests that nutritional deficiencies,
especially with regard to vitamins and minerals, are common
in candidates for bariatric surgery in the preoperative period™.
In the postoperative period, Carvalho* found that 23.1% of
patients had reduced serum vitamin B12 levels, with this
figure increasing to 47.2% six months following gastric bypass
surgery. The reduction in serum concentrations of vitamin
B12 in the present study was significantly greater in both
the first and second years following gastric bypass surgery.
Acidity and peptic hydrolysis help release vitamin B12 from
foods so that this vitamin couples to the intrinsic factor
(released by parietal cells) and the intrinsic factor-vitamin
B12 complexis absorbed in the terminal ileum®. Achlorhydria,
reduced vitamin B12 intake due to intolerance to foods that
are the main source of this vitamin (meat and milk) and a
reduction in the secretion of the intrinsic factor necessary
for its absorption are possible aspects that contribute to the
high prevalence of this deficiency.

Inadequate serum concentrations of folic acid were
rare in comparison to iron and vitamin B12 in the present
sample, which is similar to data described by Vargas-Ruiz'
who report that folic acid deficiency was not found in any
patient and that iron and vitamin B12 deficiencies (iron
deficiency anemia and megaloblastic anemia, respectively)
were more frequent. Nutritional deficits following bariatric
surgery may also be explained by the lack of a balanced diet
fin the postoperative period. Such patients have excessive
body fat due to the inadequate consumption of foods that
are rich in carbohydrates and fats, especially cholesterol,

ABCD Arq Bras Cir Dig 2016;29(Supl.1):62-66

p® = 0.886 p@ = 0.062
6 133 39 86.7
13 295 31 705
19 213 70 78.7

p = 0.799 p@ = 0.249
6 133 39 867
10 227 34 773
16 18.0 73 820

p® = 0.139 p@ = 1.000
18 220 64 780
1 143 6 85.7
19 213 70 787

p® = 0.605 p® = 0.197
16 19.5 66 805
= = 7 100.0
16 18.0 73 820

trans fats and saturated fats, while also poor in important
nutrients, such as vitamins, minerals and fibers, thereby
favoring the occurrence of nutritional deficiencies in these
individuals™.

Iron deficiency anemia and megaloblastic anemia
have been described as unavoidable in patients submitted
to bariatric surgery who are not treated in a prophylactic
manner®. Adherence to diet and the use of multivitamins were
found 72.4% and 73.1% of the patients studied, respectively
(data not presented in tables), which can be considered
satisfactory, but did not avoid deficiency of the micronutrients
evaluated. Patients tend to resist the adoption of new eating
habits following bariatric surgery when they do not attend
appointments with the multidisciplinary team with due
diligence. The high frequency of the use of a multivitamin
in the present investigation is in divergence with results
reported by Karefylakis’, who found that only 23.9% of the
sample took a multivitamin.

The use of an alcoholic beverage (mainly wine) by only
25.9% of the sample (data not presented in a table) is a lower
frequency than that reported for other populations, possibly
due to the fact that the majority of the sample was made
up of women. However, alcohol intake tends to be higher in
other studies®. Replacing the excessive consumption of food
with alcohol is a common practice following bariatric surgery
due to the satisfaction generated following its ingestion in
some individuals®.

Anemia is common following bariatric surgery, but
atypical causes, such as tumors, should be suspected in
older patients and especially individuals who are refractory
to clinical control™. According to Karefylakis’, anemia seems
not to progress with the postoperative time following bariatric
surgery and is less prevalent in patients with regular medical
examinations, which underscores the importance of the
long-term follow up of such patients.

No correlations were found among the serum concentrations
of vitamin B12, iron and folic acid, except between iron
deficiency anemia and megaloblastic anemia in the first
year following gastric banding, which suggests that these
nutritional deficiencies occurred in an isolated fashion.
Although women are considered to be a group at risk foriron
deficiency anemia due to monthly blood loss, no association
was found in the present study between deficiency in the
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serum concentration of iron and either age or sex for either
of the types of bariatric surgery analyzed.

CONCLUSION

Iron deficiency anemia and megaloblastic anemia were
more frequent than folic acid deficiency in the sample of patients
analyzed. Moreover, deficiencies of these micronutrients were
more common among the patients submitted to Roux-en-Y
gastric bypass than those submitted to adjustable gastric
banding. Adherence to diet and the use of a multivitamin
reduced the frequency of such deficiencies, but did notimpede
some degree of iron, vitamin B12 and folic acid deficiency.
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