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Abstract

Objective: Vitamin B12 deficiency can be seen in the cases with sleeve gastrectomy. Because the chief factor in vitamin
B12 deficiency is gastric atrophy, we aimed to evaluate the effect of atrophy on postoperative vitamin B12 levels in patients
who underwent sleeve gastrectomy. Material and methods: Sixty patients were included in this study. Vitamin B12 levels
were compared with presence of atrophy before the operation and after vitamin B12 supplementation. Results: Atrophy was
observed in 37 (61.7%) of the cases; 23 (38.3%) patients had no atrophy. There was a statistically significant difference
between the presence of atrophy and vitamin B12 levels (p = 0.024). Despite vitamin B12 support, there were statistically
significant low vitamin B12 levels after the operation in female patients having atrophy (p = 0.023). The same significance
was not observed in males (p = 0.480). Conclusion: Vitamin B12 deficiency following obesity surgery is a condition that must
be monitored and prevented. We found that histopathologically confirmed atrophy had an adverse effect on postoperative
vitamin B12 levels. These findings can be a guide for the clinicians in the management of these cases.
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Resumen

Objetivo: La deficiencia de vitamina B12 se puede observar en los casos de gastrectomia en manga. Debido a que el factor
principal en la deficiencia de vitamina B12 es la atrofia gdstrica, nuestro objetivo fue evaluar el efecto de la atrofia en los niveles
posoperatorios de vitamina B12 en pacientes que se sometieron a gastrectomia en manga. Material y métodos: se incluyeron
60 pacientes en este estudio. Los niveles de vitamina B12 se compararon con la presencia de atrofia antes de la operacion y
después de la suplementacion con vitamina B12. Resultados: Se observo atrofia en 37(61.7%) de los casos; 23 (38.3%) pa-
cientes no presentaron atrofia. Hubo una diferencia estadisticamente significativa entre la presencia de atrofia y los niveles de
vitamina B12 (p = 0.024). A pesar del apoyo de vitamina B12, hubo niveles bajos de vitamina B12 estadisticamente significativos
después de la operacion en pacientes femeninas con atrofia (p = 0.023). No se observd la misma significacion en los hombres
(p = 0.480). Conclusiones: La deficiencia de vitamina B12 luego de una cirugia de obesidad es una condicion que debe ser
monitoreada y prevenida. Encontramos que la atrofia confirmada histopatologicamente tuvo un efecto adverso sobre los niveles
posoperatorios de vitamina B12. Estos hallazgos pueden ser una guia para los médicos en el manejo de estos casos.
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Introduction

Due to the increased incidence and comorbidities
leading to high mortality, obesity has become an ever-
serious health problem. Although many factors may
contribute to the development of obesity, the two most
important influences are eating habits and a lifestyle
lacking exercise. Nutritional change, physical activity,
and some herbal products that are frequently applied
in weight gain, as well as medications and surgical in-
terventions in obese and morbidly obese patients,
constitute substantial treatment options. Although there
are various methods of obesity surgery, sleeve gastrec-
tomy is a highly preferred choice’. After this surgical
procedure, where a large part of the stomach and cor-
pus is resected along the greater curvature, the resec-
ted gastric tissue is routinely sent to the pathology
laboratory for histopathological examination?. Histopa-
thological evaluation, includes inflammation, atrophy,
intestinal metaplasia, presence of Helicobacter pylori
and other findings beyond these.

Although the most common type of anemia caused
by nutritional deficiencies is iron deficiency, anemia
due to vitamin B12 deficiency, which is encountered
with scarcity or lack of intrinsic factor released from
the stomach, is also common3. The anemia that is
seen in vitamin B12 deficiency is megalobastic ane-
mia and it can be seen also in folic acid defiency. In
the clinical evaluation of megaloblastic changes mid-
corpuscular volume (MCV) can be used in hemogram.
Because of its role in the melatonin metabolism, apart
from anemia, pigmentation disorders, skin and muco-
sal symptoms including atrophic glossitis, and neu-
ropsychiatric findings may be observed in vitamin B12
deficiency*. With its nonspecific nervous system fin-
dings, vitamin B12 deficiency may cause permanent
damage if not treated’®. Etiologically evaluated, the
presence of atrophy in the stomach and some surgical
stomach procedures are in the forefront among the
causes of vitamin B12 deficiency”°.

Patients undergoing partial resection of the stomach
may have some vitamin and mineral deficiencies''.
There are several theories'? about the frequencies and
the pathophysiological mechanisms of these deficien-
cies that vary in severity. One reason for vitamin and
mineral deficiencies encountered in patients under-
going sleeve gastrectomy may be reduced food intake
as a result of decreased gastric volume,

Another important point is that the nutrients stay less
in the stomach due to the lack of optimal conditions for
absorption™. Besides, the reduced volume will decrease

the amount of iron and vitamin B12 absorption, as it will
decrease the number of cells and this, in turn, will dimi-
nish intrinsic factor and hydrochloric acid production.
Additionally, the frequent use of proton pump inhibitors
in obese patients undergoing surgery also leads to si-
milar results™. A different point of view is that sleeve
gastrectomy can affect absorption by decreasing intes-
tinal hormones such as gherlin, peptide YY, and gluca-
gon-like peptide-1. Due to the single or combined effects
of the above mechanisms, the use of prophylactic vita-
min B12 appears as a choice in many cases.

In this study, we aimed to evaluate the effect of
atrophy observed in the histopathological examina-
tions of the stomach before and after sleeve gastrec-
tomy, an increasingly common surgical procedure, on
the response to preventive vitamin B12 treatment.
Folic acid levels and MCV levels are also reviewed int
terms of potential megaloblastic changes.

Materials and methods

Sixty patients who underwent sleeve gastrectomy for
morbid obesity between 2014 and 2017 were included
in this study. Cases with no records in the pathology
archive and those who did not receive vitamin B12 and/
or folic acid supplementation were not included in the
study. Demographic data, vitamin B12 supplementation
situation, and vitamin B12, folic acid and midcorpus-
cular volume (MCV) values were obtained from the
hospital management system. Preoperative levels of
vitamin B12, folic acid and MCV were measured within
the week of operation, and postoperative levels of vita-
min B12, folic acid and MCV were measured at 6 mon-
ths after the procedure. Deficiency was defined as
values less than 200 pg/mL for vitamin B12'® and
4 ng/mL for folic acid'”. The MCV values between
80 fL- 100 fL was considered as normal while > 100 fL
was megaloblastic®.

Hematoxylen & eosin (H&E) stained pathology prepa-
rations of resection materials and preoperative endos-
copic biopsies were re-evaluated in terms of atrophy.
Atrophy was accepted as positive regardless of its se-
verity and magnitude. Preoperative and postoperative
vitamin B12 levels, folic asid levels and MCV values
were compared with the presence of atrophy. Preopera-
tive and postoperative levels of vitamin B12, folic asic
and MCV were also compared. The SPSS 18.0 pac-
kage program was used for statistical analysis. The
analysis were made with 95% confidence intervals;
Mann Whitney-U and one way ANOVA tests were used.
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Results

The mean age of the cases was 35.5 + 9.3 years
(median 34) and 45 (75%) of 60 cases were female and
15 (25%) were male. All of the patients were using a
daily multivitamin tablet containing 2.5 mcg vitamin B12
and 200 ug folic acid. When serum data are examined,
the mean values, standard deviations, minimum and
maximum levels of preoperative and postoperative
vitamin B12, folic acid and MCV are given in table 1
While 55 (91.7%) cases with preoperative vitamin B12
level below 200 pg/mL were observed, this number
was observed to be 19 (31.7%) in the postoperative 6"
month. When the folic acid levels were examined, the
preoperative case with folic acid level below 4 ng/mL
was not observed, but it was found in 3 (5%) postope-
rative cases. While preoperative 16 (26.7%) and posto-
perative 15 (25%) cases with MCV below 80 fL were
detected; preoperative or postoperative cases with
MCV above 100 fL were not observed.

Atrophy was present in 37 cases (61.7%) and ab-
sent in 23 (38.3%) in resection materials. Atrophy
was observed in 26 (57.8%) of the females and in
11 (73.3%) of the males. A case of atrophic gastric
tissue is given in figure 1. When all patients were
evaluated for vitamin B12 levels after the operation;
in the cases with atrophy in the operation material,
despite the administration of vitamin B12, statistically
significant lower vitamin B12 levels were found after
the surgery compared to cases with no atrophy
(p = 0.024). When men and women were analyzed
separately, the significance continued among fema-
les (p = 0.023), while there was no significant diffe-
rence in males (p = 0.480). In the analyzes performed
in terms of vitamin B12 deficiency, it was found that
preoperative and postoperative vitamin B12 deficiency
was not associated with atrophy (p values 0.862 and
0.121, respectively).

The preoperative and postoperative levels of vita-
min B12, folic asid and MCV is given in the table 2 in
terms of atrophy in the resected tissue and in the
preoperative endoscopic gastric biopsy. When preope-
rative gastric tissue was examined, 36 (60%) of 60 ca-
ses did not have atrophy, while 24 (40%) were observed
to have atrophy. In the analyzes performed, it was
observed that atrophy observed in the resection ma-
terial correlated with atrophy detected in preoperative
endoscopic biopsies (p = 0.000).

In the statistical analyses atrophy in the resected
stomach tissue showed no significant correlation with
preoperative and postoperative MCV levels (p-values

Table 1. The mean values, standard deviations, minimum and
maximum levels of preoperative and postoperative vitamin B12
(pg/mL), folic acid (ng/mL) and MCV (fL)

Mean STD Minimum Maximum
Preoperative vitamin B12 111,48 55,42 40 255
Postoperative vitamin B12 247,69 123,67 38 542
Preoperative folic acid 10,62 3,85 4,31 22,19
Postoperative folic acid 7,51 3,18 3,25 23,03
Preoperative MCV 82,63 6,46 60,0 94,0
Postoperative MCV 815 12,30 34,5 94,0

Figure 1. Demonstration of atrophic gastric tissue (H&E, 100x).
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were 0.220 and 0.447 respectively. Similarly preope-
rative folic asic levels and postopertative levels revea-
led no statisticaly significant difference compared to
the atrophy in resected stomach tissue (p values were
0.621 and 0.475 respectively).

Histopathological findings observed in the preope-
rative gastric endoscopic biopsy material are presen-
ted in table 3. In statistical analyzes, no statistically
significant relationship was found between preope-
rative and postoperative vitamin B12 levels, with
Helicobacter pylori, intestinal metaplasia, lymphoid
follicule and lymphoid aggregate observed in the
stomach. Statistical evaluation could not be made
because gastritis was seen in all cases. In the analyzes
performed with atrophy observed in preoperative en-
doscopic biopsy, as in the resection material, preope-
rative vitamin B12 levels were not correlated (p = 0.706),
while the difference between postoperative vitamin
B12 levels was statistically significant (p = 0.010). Be-
sides, like atrophy observed in the resection material;
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Table 2. The preoperative and postoperative levels of vitamin B12 (pg/mL), folic acid (ng/mL) and MCV (fL) in atrophy in the resected

tissue and in the preoperative endoscopic gastric biopsy

Resection Endoscopic biopsy
With atrophy No atrophy With atrophy No atrophy
Preoperative vitamin B12 113,22 + 59,67 108,7 + 48,96 113,04 + 64,24 110,44 + 49,63

Postoperative vitamin B12 219,62 + 124,81

292,84 + 109,84

200,71 + 129,19 279,01 + 110,86

Preoperative folic acid 10,78 £ 3,71 10,36 + 4,14 10,81 £ 3,92 10,50 + 3,85
Postoperative folic acid 7,43 £ 3,62 7,61+2.38 7,47 + 4,15 7,53 + 2,41

Preoperative MCV 83,45 + 6,37 81,80 + 6.66 82,51+ 7,61 82,70 £ 5,68
Postoperative MCV 82,09 + 12,24 80,61 + 12,61 82,47 £ 11,97 80,89 + 12,64

Table 3. Histopathological findings observed in the preoperative
gastric endoscopic biopsy material

Histopathological parameters Present (N/%)  Absent (N/%)
Gastritis 60/100% 0/0%
Atrophy 24/40% 36/60%
Helicobacter pylori 43/71.1% 17/28.3%
Intestinal metaplasia 55/91.7% 5/8.3%
Lymphoid follicule 17/28.3% 43/71.7%
Lymphoid agregate 25/41.7% 35/58.3%

there was no statistically significant relationship between
preoperative and postoperative MCV and preoperative
folic acid and post-operative folic acid values and atro-
phy in the endoscopic biopsy material (p values 0.751,
0.571, 0.734 and 0.323, respectively).

In the evaluation of preoperative MCV and posto-
perative MCV values, there was no statistical rela-
tionship between values (p = 0.269). Similarly, it was
noted that preoperative vitamin B12 levels and
postoperative vitamin B12 levels were not signifi-
cantly significant (p = 0.125), but preoperative and
postoperative folic acid values were correlated
(p= 0.018).

Discussion

Obesity, which is widely prevalent all over the
world, is a disease that needs to be prevented and
treated because it is associated with comorbidities
which can have mortal courses. One of the methods
used in the management of obese patients today is

the effectively applied surgical approach®. Gastric
tissue removed after surgery is sent to the pathology
laboratory for routine examination. Many studies are
reporting on the histopathological findings of sleeve
gastrectomy materials?2%2!, Vardar et al. from Turkey?
said that they observed atrophy in 4.3% of the sleeve
gastrectomy materials. Atrophy was found in 61.7%
of the patients in resected stomach tissues in our
study, where we included all patients with atrophy,
regardless of the extent and severity. It is noteworthy
to mention that there is more atrophy among males
(73.3%) compared to female patients (57.8%). While
the frequency of atrophy was observed as 40% in
gastric endoscopic biopsies performed preoperati-
vely, it was noted that the atrophy found in resection
material and endoscopic biopsy materials was
correlated.

Nutritional deficiencies including many vitamins
and minerals have been evaluated by various studies
after obesity surgery”™. However, studies mostly fo-
cus on determining the prevalence of failure, evalua-
tion of the frequency, severity, and duration of the
disabilities, or revealing the superiority of the me-
thods and types of selected interventions. Moreover,
there is also a meta-analysis of studies comparing
obesity surgery methods concerning nutritional insu-
fficiency™. On the other hand, literature examining
the predictivity of the possible nutritional deficiencies
after obesity surgery and responses to treatment is
scarce.

Our cases were evaluated regarding vitamin B12
deficiency. The proportion of vitamin B12 deficiency
pre- and postoperatively was 91.7% and 31.6%, res-
pectively. In the literature, preoperative B12 vitamin
deficiency is reported between zero and 16%222%,
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Figure 2. Graphical abstract of conclusion.

while postoperative insufficiency ranges between 12
and 33%?%. In their study evaluating vitamin B12 de-
ficiency preoperatively, one year, and four years after
the operation, Ben-Porat et al.” reported proportions
of 7.7%, 13.6%, and 15.4%, respectively. Gillon S
et al.?”, on the other hand, point to an increase of the
preoperatively 6.4% vitamin B12 deficiency to 19% at
12 months followed by a decline at 24 months to
12.8%.In a study published in 201825, it was reported
that vitamin B12 deficiency was 16% preoperatively
but decreased to 11% after 6 months of regular B12
treatment.

Although vitamin B12 deficiency causes many
effects, anemia has an important place among them.
Another etiological factor in vitamin B12 deficiency
anemia with megaloblastic character is folic acid
deficiency. MCV measurement, which can be called
old school methods today, is still used as an indica-
tor of megaloblastic changes™. In our study, it was
observed that preoperative and postoperative MCV
values were not at the megaloblastic level in the
investigations performed to reveal megaloblastic
changes due to the possibility of vitamin B12 defi-
ciency. MCV values were also not associated with
atrophy examined histopathologically. Similarly, folic
acid has not been found to be associated with atro-
phy. Since folic acid absorption is provided from the
small intestine, gastric tissue reduction and/or
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e CostuColNO,P
% -

-~ CONH,

atrophy are not expected to be directly involved in
the etiology of low folic acid. However, in studies,
folic acid deficiency that develops after obesity sur-
gery varies by months, and varies between 3.4% and
32% in the 12" month®'327 |t is thought that the
decrease in folic acid intake due to the decrease in
gastric volume as well as the increased gastric empt-
ying rate are the basis of this deficiency. However, the
effect of low folic acid levels that are monitored preope-
ratively should not be ignored. It has been reported that
folic acid deficiency is observed 1.2%-5.1% preopera-
tively'®2327 and this low levels of folic acid is predictive
of low postoperative levels®. Similarly, in our study, it
was noted that postoperative folic acid levels correlated
with preoperative folic acid levels (p = 0.018).

In this study, the effect of gastric atrophy, which is in
the etiology of vitamin B12 deficiency in the normal popu-
lation, on sleeve gastrectomies was evaluated, and a
statistically significant relationship between atrophy
found in resected gastric tissue and vitamin B12 defi-
ciency was not shown. However, it was noted that the
response to vitamin B12 supplementation was statistica-
lly significantly lower in cases with atrophy in the resec-
tion material in these cases, all of whom received
vitamin B12 supplements (p = 0.024). We think that the
atrophy present in the stomach tissue, combined with the
intrinsic factor deficiency resulting from the chief cell loss,
increase in gastric emptying rate and narrowing of the
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gastric surface area, which are the results of sleeve gas-
trectomy, reduces the absorption efficiency of oral vitamin
B12. Considering the level of atrophy in the resected
gastric tissue that correlates with preoperative endoscopic
biopsies, it can be suggested that patients with atrophy in
preoperative gastric endoscopic biopsy materials have a
low response to postoperative vitamin B12 supplementa-
tion. When the predictive value of preoperative vitamin
B12 levels for postoperative vitamin B12 levels was exa-
mined, no relationship was found between the two values
(p =0.125). However, Ben Porat et al. stated that preope-
rative levels were significant in predicting postoperative
vitamin B12 deficiency, as in folic acic®.

Conclusion

Like many nutrients, vitamin B12 deficiency is a con-
dition that should be observed after bariatric surgery
and precautions should be taken. In addition to the
function restriction of sleeve gastrectomy, supplements
are used prophylactically against nutrient deficiencies
that occur as a result of other negative factors such as
increased gastric emptying rate and decreased sto-
mach cells, and it is very important to observe the res-
ponse to supplements as well as the use of supplements.
Although it has been reported that the most important
factor to predict deficiencies after bariatric surgery is
preoperative status, studies on this subject are limited.
There is no study conducted to predict the response to
nutrient support. In this study, the effect of atrophy,
which is known to be important in the etiology of vitamin
B12 deficiency, in predicting the response to oral the-
rapy in sleeve gastrectomy cases was demonstrated
(Figure 2). When the data of the present study were
evaluated, it was concluded that the effect of parenteral
vitamin B12 support would be more efficient than oral
vitamin B12 support used prophylactically in sleeve
gastrectomy cases.
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