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Abstract

Background: Sleeve gastrectomy has gained prominence in obesity treatment, yet it is not without complications, such
as the development of anemia in the medium term. Given the high prevalence of Helicobacter pylori infection in Peru, it is
imperative to explore its potential association with this postoperative complication.

Objective: To evaluate the association between the presence of Helicobacter pylori and the development of anemia |2 months
after sleeve gastrectomy.

Methods: A retrospective cohort study was carried out based on an analysis of secondary data from a private clinic in Lima,
Peru, which included two groups of people over |8years of age who had undergone sleeve gastrectomy between 2010 and
2020. We considered the subjects who had the previous diagnosis of Helicobacter pylori as well as those who did not have
the infection, according to the detection of the bacteria by endoscopy before surgery.

Results: A total 313 individuals were analyzed, and it was found that the prevalence of Helicobacter pylori was 46.0% and the
incidence of anemia |12 months after sleeve gastrectomy was 18.2%. The presence of Helicobacter pylori increased the risk of
de novo anemia (Relative Risk=1.56; 95% confidence intervals: 1.02-2.41; p =0.043). When stratifying by sex, the association
was maintained only for the male group (Relative Risk=2.84; 95% confidence intervals: 1.02-7.02; p=0.047).
Conclusions: It was identified that the presence of Helicobacter pylori had a significant association with the development of
de novo anemia, mainly in male subjects, | year after undergoing sleeve gastrectomy.
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of this infection on the development of complications
following sleeve gastrectomy in Latin populations.

Highlights

e To our knowledge, this study is the first to investigate
whether the presence of Helicobacter pylori had an
association with the development of de novo anemia

'School of Medicine, Universidad Peruana de Ciencias Aplicadas, Lima, Peru
2Clinica Avendafo, Lima, Peru

in adults who underwent bariatric surgery in the Latin
American population.

e The presence of H. Pylori had a significant associa-
tion with the development of de novo anemia, mainly
in male subjects, lyear after undergoing sleeve
gastrectomy.

e Considering the high prevalence of H. pylori infection
in Peru, ranging from 50% to 70%, this research fills
a critical data void and explores the potential impact
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e This study emphasizes the importance of screening
for H. pylori before bariatric surgery and suggests that
for those patients who test positive, ensuring timely
treatment, proper follow-up, and confirming the erad-
ication of the infection is crucial.

Introduction

Bariatric surgery, defined as a set of procedures aimed at
reducing and preventing excess weight through surgical
modification of the stomach and/or intestines, has gained
significant prominence in the last two decades due to its
well-documented effectiveness in treating obesity and its
associated comorbidities, as well as its impact on psychoso-
cial aspects and individual quality of life."? Specifically,
sleeve gastrectomy (SG) and Roux-en-Y gastric bypass
(RYGB) have become the most commonly performed inter-
ventions. While RYGB has long been recognized as the gold
standard,’ in recent times, SG has gained ground due to its
efficacy as a standalone bariatric procedure and its lower
technical complexity, resulting in reduced operative time.*
This procedure involves resecting 70%—-80% of the greater
gastric curvature, reducing its storage capacity.’

Despite its efficiency and a mortality rate close to 1%, SG
is not exempt from complications, with an overall morbidity
that can reach up to 17.5%.° In the short term, common com-
plications include bleeding and staple line leaks.” In the
medium term, anemia emerges as a significant nutritional
problem, affecting approximately 17% of patients, poten-
tially prolonging hospital stays and increasing the risk of
hospitalization.® It is relevant to mention that new nutritional
deficiencies may arise, or pre-existing ones may worsen
after bariatric surgery.’

Various factors could be associated with these complica-
tions, including Helicobacter pylori. A study involving 260
patients demonstrated that its presence increases the risk of
postoperative marginal ulcers, with approximately a quarter
of infected patients experiencing ulcer hemorrhage.'’
Another study, involving 98 patients, showed an increase in
ferritin deficiency in 6% of them and a decrease of around
1 g/dL in hemoglobin levels 1-year post-surgery.’ In contrast,
a systematic review of seven studies did not find a signifi-
cant association between post-bariatric complications and H.
pylori infection. However, it is important to consider that
these results may be limited by the variability in study sam-
ples, diagnostic methods, and the scope of follow-up.?
Additionally, this potential relationship has not yet been
explored in the Latin American population, which tends to
exhibit higher post-surgical complications and a higher sur-
gical mortality rate compared to other populations.'!

Considering the high prevalence of H. pylori infection in
Peru, ranging from 50% to 70%,'? it is essential to explore
the potential impact of this infection on the development of
complications following SG. This topic gains even more
significance, given the 39% increase in bariatric surgeries

in Latin America between 2011 and 2013,'® with Peru rank-
ing among the top three countries in SG operations by
2019.1

The objective of this study was to assess the association
between the presence of H. pylori and the development of de
novo anemia in adults undergoing SG. As a secondary objec-
tive, we evaluated the association between H. pylori and the
variation in hemoglobin values at 12 months post-SG.

Methods
Study design and population

A retrospective cohort study was conducted based on a sec-
ondary data analysis of patients who attended Clinica
Avendafio, a bariatric center in Lima, Peru, and underwent
SG between the years 2010 and 2020.

Sample

For sample size calculation, a 95% confidence level, 80%
power, and a relative risk (RR) to detect equal to 2 were con-
sidered. Additionally, an N2/N1 ratio of 1 (consistent with
the reality observed in patients undergoing SG at the clinic)
and an incidence of anemia at 12 months in the H. pylori-
negative group equal to 15.7% were considered.!® With these
data, a minimum required sample size of 228 was obtained.
Despite the clinic having a protocol for postoperative follow-
up of bariatric patients, there was a possibility that some
laboratory or clinical data (important confounders in the
association) might not be adequately documented in the fol-
low-up and would need to be excluded from the analysis.
Therefore, a 20% loss rate was considered. Following this
conservative scenario, the required sample size was increased
to 286 patients. However, to maximize the study’s power and
ensure robust results, we aimed to include all eligible patients
meeting the selection criteria. Consequently, the final sample
size analyzed in this study was 313 patients.

Selection criteria

The exposed group included adults (=18 years old) who
underwent SG during the period 2010-2020 with a diagno-
sis of H. pylori through biopsy. The non-exposed group
included adults who underwent the same type of surgery
during the same period without a prior diagnosis of H.
pylori within at least 1year before surgery. Both groups
included patients with a body mass index (BMI) greater
than or equal to 30kg/m>. Patients were excluded if they
had undergone previous bariatric surgery or had been diag-
nosed with anemia in the last month before bariatric sur-
gery. Additionally, patients with self-perceived harmful
consumption of alcohol, tobacco, and/or drugs in the last
month before bariatric surgery according to medical history
were also excluded.
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Definition of variables

Outcome variable: De novo anemia.

This variable was defined as a reduction in hemoglobin
concentration compared to age- and sex-specific normal val-
ues in the 12-month postoperative period. It was dichoto-
mized as yes or no.

Exposure variable: H. pylori infection

This variable was defined as the condition of being diag-
nosed with H. pylori infection before surgery by endoscopy.
It was dichotomized as yes or no.

Other variables

The following variables were also included in the analysis:
age (in years), sex (male, female), alcohol consumption (yes,
no), tobacco consumption (yes, no), hypertension (yes, no),
type 2 diabetes mellitus (yes, no), insulin resistance (yes,
no), baseline hemoglobin level (g/dL), hemoglobin level at
1 year postoperative (g/dL), number of H. pylori crosses
(negative, 1+, 2+, 3+), weight (kg) and height (m) before
surgery, preoperative BMI (kg/m?), weight (kg) and height
(m) at 1year post-surgery, and BMI at 1year post-surgery
(kg/m?).

Data collection

This study conducted a secondary analysis of data sourced
from a private bariatric center in Peru. To collect the study
population, all patients who met the proposed inclusion and
exclusion criteria were considered. The information used
included clinical, laboratory, and imaging data.

For this study, endoscopy-guided biopsy was considered
the gold standard for confirming H. pylori infection. This
procedure was performed before surgery, followed by post-
operative controls at 3, 6, 9, and 12months. Patients were
required to have a minimum of 8 h of fasting for these analy-
ses. These controls were performed using an Olympus
CV-190 endoscope. The endoscopy procedure involved the
exploration of the esophagus, stomach, and duodenum to
search for anomalies and the presence of H. pylori.

Additionally, the clinic conducted a laboratory evaluation
to assess the development of de novo anemia. This evalua-
tion was carried out at 3, 6, 9, and 12 months after bariatric
surgery. To ensure that it was indeed de novo anemia, the
preoperative hemoglobin value was also considered.

Statistical analysis

The clinic’s database was exported as a Microsoft Excel
spreadsheet for quality control. This process involved identi-
fying missing and/or implausible values. When such cases
were found, the entire physical and/or electronic medical
record was reviewed. Subsequently, the data were coded fol-
lowing a variable dictionary constructed for the purpose of
this study. This coding process was conducted independently

by two individuals, and once completed, the coded datasets
were cross-checked to detect coding errors. After this pro-
cess, the dataset was imported into the statistical package
Stata v17.0 (StataCorp LCC, College Station, TX, USA).

For descriptive analysis, numerical variables were pre-
sented with their mean and standard deviation (SD) or with
their median and 25—75th percentile, depending on the pres-
ence or absence of normality. Normality was assessed by
considering kurtosis and skewness values, as well as graphi-
cally through histograms and quantile-quantile plots.
Additionally, the Shapiro—Wilk test was used as a reference
for assessing normality. Categorical variables were presented
as absolute and relative frequencies.

For bivariate analysis, sample characteristics were evalu-
ated based on the development of de novo anemia (yes/no)
and the presence of H. pylori (yes/no). For this purpose,
when crossing with a numerical variable, the 7-test or Mann—
Whitney U test was used to identify significant differences.
When crossing with a categorical variable, the Fisher’s Exact
Test or Chi-squared test was used, depending on the number
of expected values.

To assess the association between H. pylori presence and
de novo anemia, generalized linear models with a Poisson
family, a logarithmic link function, and robust variances were
constructed to calculate crude relative risk (cCRR) and adjusted
relative risk (aRR). For the multivariable model, an epidemio-
logical approach was followed. Initially, the adjustment vari-
ables considered were age, sex, cardiometabolic comorbidity
(defined as having hypertension, diabetes mellitus, and/or
insulin resistance), baseline hemoglobin, and BMI. However,
after evaluating the linearity assumption, it was evident that it
was not met for the hemoglobin and BMI variables. Therefore,
hemoglobin was categorized into terciles and BMI was con-
verted into morbid obesity (yes: BMI =40kg/m?, no: BMI
<40kg/m?). It is important to note that linearity was assessed
using Anscombe residuals and residual component plots.
Additionally, a model comparison was conducted (model 1:
considering the quadratic term of the numerical variable,
model 2: adjusting the original model). The absence of statisti-
cal multicollinearity was verified using the variance inflation
factor (VIF), with all values being less than 4.

To assess the secondary objective (the association between H.
pylori presence and the variation in hemoglobin values at
12 months post-SG), we first subtracted the baseline hemoglobin
from the hemoglobin at 12 months. Subsequently, a variable rep-
resenting the percentage change in hemoglobin was constructed
to facilitate interpretation. This was achieved by subtracting the
baseline hemoglobin from the hemoglobin at 12months, divid-
ing this value by the baseline hemoglobin, and then multiplying
it by 100: [(baseline hemoglobin—-hemoglobin at 12months)/
baseline hemoglobin] X 100. Following an epidemiological cri-
terion, sex, age, and cardiometabolic comorbidity were initially
considered as adjustment variables. Since the outcome now
involved a change, we believed that the weight-related variable
should also represent this change. Therefore, we decided to work
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with the percentage of excess weight loss (Y% EWL) instead of
BMIL. This variable was constructed using the formula: [(base-
line weight (kg)-weight at 12months (kg))/(baseline weight
(kg)—ideal body weight (kg))] X 100. The ideal body weight was
constructed based on gender. For men: [Height (cm)-100]-
([Height (cm)-100]X0.10), and for women: [Height (cm)—
100]+([Height (cm)-100]X0.15). In the original model, we
decided to include the baseline hemoglobin variable because,
although it is contained in the construction of the outcome (per-
centage change in hemoglobin), we considered that the baseline
hemoglobin level could influence how much the hemoglobin
varies over the year. In other words, people with higher baseline
hemoglobin levels may have more “room” for a change in their
hemoglobin levels compared to those with lower levels.
Additionally, a sensitivity analysis was conducted where base-
line hemoglobin was not considered in the multivariable model.

The association between H. pylori presence and the per-
centage change in hemoglobin at 12 months was evaluated
using bivariable and multivariable ordinary least squares
(OLS) linear regression models, calculating crude (¢) and
adjusted (Pa) coefficients, respectively. As mentioned ear-
lier, for the multivariable model, adjustments were made for
age, sex, cardiometabolic comorbidity, baseline hemoglobin
in terciles, and %EWL. Compliance with the assumptions of
linearity and normality was verified using standardized
residuals, while homoscedasticity was assessed using the
Breusch—Pagan/Cook—Weisberg test. The presence of collin-
earity was also evaluated with the VIF, obtaining values less
than four in all cases.

Finally, all the aforementioned models were presented
stratified by sex. This was not due to an effect modification
assessment but rather followed an epidemiological criterion,
taking into account the differences in both the prevalence
and cutoff points for anemia in men and women. It should be
noted that all estimates were reported with their respective
95% confidence intervals (CI), and values with p <<0.05
were considered significant.

Ethics

This research project was reviewed and approved by the Ethics
Committee of the Universidad Peruana de Ciencias Aplicadas
(#FCS-SCEI/181-03-23). The information obtained from the
database was exclusively handled by the researchers of this
study.

Results

General characteristics of the study population

The information of a total of 313 patients was analyzed.
67.4% were female, and the mean age was 37.2 = 10.8 years.
The prevalence of H. Pylori was 46.0% (n=144; 25.2% with
1+, 14.7% with 2+, and 6.1% with 3+), and the incidence
of de novo anemia at 12 months post-SG was 18.2% (n=57).
The remaining clinical, anthropometric, and laboratory data
are presented in Table 1.

Table |I. General characteristics of the study population
(n=313).

Characteristics n (%)
Age (years) 37.2*+10.8*
Sex

Male 102 (32.6)

Female 211 (67.4)
Basal weight (kg) 100.4 [89-116.2]°
Weight per year (kg) 72.8+15.8°
Baseline BMI (kg/m?) 36.9 [33.3-41.3]°
BMI per year (kg/m?) 26.4 + 4.5
Basal Hb (gr/dl) 14+1.32
Hb per year (gr/dl) 13.3*+1.6*
HTN

Yes 74 (23.6)

No 239 (76.4)
T2DM

Yes 21 (6.7)

No 292 (93.3)
Insulin resistance

Yes 68 (21.7)

No 245 (78.3)
H. pylori

Yes 144 (46)

No 169 (54)
De novo anemia

Yes 57 (18.2)

No 256 (81.8)

BMI: body mass index; Hb: hemoglobin; HTN: arterial hypertension;
T2DM: type 2 diabetes mellitus.

*Mean * SE.

®Median [p25-p75].

Characteristics of the population according to the
development of anemia at | 2 months

In Table 2, it is observed that the incidence of de novo
anemia was significantly higher in female patients (23.7%
versus 6.9%; p <0.001) and those without arterial hyper-
tension (21.3% versus 8.11%; p=0.010). The means of
weight at 12 months (66.3 versus 74.2; p=0.001), BMI at
12 months (24.9 versus 26.7; p=0.008), baseline hemo-
globin (12.8 versus 14.2; p<0.001), and hemoglobin at
12 months (11.2 versus 13.8; p < 0.001) were significantly
lower in patients who developed de novo anemia. The
median of baseline weight was also significantly lower in
those who developed anemia (95kg versus 102.6kg;
p=0.008).

Characteristics of the population according to the
presence of H. Pylori

The presence of H. pylori was significantly higher in male
patients (56.9% versus 40.8%; p=0.007). There were no
differences between groups for the rest of the variables
(Table 3).
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Table 2. Characteristics of the study population according to development of anemia at |12 months.

Characteristics De novo anemia p Value
Yes (n=57) No (n=256)
Age (years)? 36.1 = 10.4 374+109 0.416°
Sex <0.001¢
Male 7 (6.9) 95 (93.1)
Female 50 (23.7) 161 (76.3)
Basal weight (kg)® 95 [87-104.2] 102.6 [89.5-118] 0.008¢
Weight per year (kg)* 66.3 9.1 742+ 16.6 0.001°
Baseline BMI (kg/m?)© 36.8 [32.8-39.6] 36.9 [33.441.9] 0.216¢
BMI per year (kg/m?)? 249+34 26.7+47 0.008°
Basal Hb (g/dL)* 12.8+0.9 142+1.2 <0.001°
Hb per year (g/dL)? 1.2=x1.1 13.8+1.3 <0.001°
HTN 0.010¢
Yes 6 (8.1) 68 (91.9)
No 51 (21.3) 188 (78.7)
T2DM 0.141f
Yes | (4.8) 20 (95.2)
No 56 (19.2) 236 (80.8)
Insulin resistance 0.353¢
Yes 15 (22.1) 53 (77.9)
No 42 (17.1) 203 (82.9)
H. pylori 0.267¢
Yes 30 (20.8) 114 (79.2)
No 27 (16) 142 (84)

BMI: body mass index; Hb: hemoglobin; HTN: arterial hypertension; T2DM: type 2 diabetes mellitus.

3Mean * SD.

bStudent t-test.
‘Median [p25-p75].
dMann-Whitney U test.
¢Chi-square test.
fFisher’s exact test.

Association between H. Pylori and de novo
anemia at | 2 months

In the adjusted model (Table 4), after controlling for age,
sex, cardiometabolic comorbidity, baseline hemoglobin, and
morbid obesity, it was evident that the presence of H. pylori
increased the risk of de novo anemia at 12 months post-SG
(RR=1.56; 95% CI: 1.02-2.41; p=0.043). When stratified
by sex, the association remained significant only for the
male group (RR=2.84; 95% CI: 1.02-7.02; p=0.047).

Association between H. Pylori and percentage
change in hemoglobin at |2 months

In the adjusted model (Table 5), after controlling for age,
sex, cardiometabolic comorbidity, baseline hemoglobin, and
percentage of excess weight lost, it was evident that patients
with H. pylori had, on average, a 1.71% decrease in their
hemoglobin levels at 12 months post-SG, compared to those
without H. pylori (B=-1.71; 95% CI: —3.33 to —0.08;
p=0.039). When stratified by sex, it was evident that male

patients with H. pylori had, on average, a 2.91% decrease in
their hemoglobin levels at 12 months compared to their peers
without H. pylori (B=-2.91; 95% CI. —5.28 to —0.54;
p=0.017).

In the sensitivity analysis (Supplemental material Table
S1), adjusting for the same variables except baseline hemo-
globin, the direction of the effect remained the same but was
marginally significant (B=-1.61; 95% CI: —3.27 to —0.06;
p=0.059). In the stratified analysis, both the direction and
statistical significance remained for male patients (B=—2.86;
95% CI: =5.27 to —0.45; p=0.020).

Discussion

We found that the presence of H. pylori was associated with
a higher risk of developing de novo anemia during the year
following SG. Despite women having a higher incidence of
de novo anemia after the procedure, when evaluating the
association with H. pylori infection and stratifying by sex, it
was observed that the increased risk attributed to the bacte-
rium was only present in the group of male patients.
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Table 3. Characteristics of the study population according to the presence of H. Pylori.

Characteristics H. Pylori p Value
Yes (n=144) No (n=169)
Age (years)? 369108 374*108 0.708°
Sex 0.007¢
Male 58 (56.9) 44 (43.1)
Female 86 (40.8) 125 (59.2)
Basal weight (kg)* 102.1 [90-119.2] 99.3 [87.6—114.2] 0.105¢
Weight per year (kg)* 74.1= 158 71.1 =157 0.187°
Baseline BMI (kg/m?)c 38 [33.741.9] 36.3 [32.94I] 0.105¢
BMI per year (kg/m?)* 269*+44 26.1 =4.6 o.111°
Basal Hb (gr/dI)® 14.1 £ 1.4 138 1.2 0.071°
Hb per year (gr/dl)? 134+1.7 13.2*1.5 0.566°
HTN 0.430°
Si 37 (50) 37 (50)
No 107 (44.8) 132 (55.2)
T2DM 0.544¢
Si Il (52.4) 10 (47.6)
No 133 (45.6) 159 (54.5)
Insulin resistance 0.455¢
Si 34 (50) 34 (50)
No 110 (44.9) 135 (55.1)
De novo anemia 0.267¢
Si 30 (52.6) 27 (47.4)
No 114 (44.5) 142 (55.5)
BMI: body mass index; Hb: hemoglobin; HTN: arterial hypertension; T2DM: type 2 diabetes mellitus.
2Mean = SD.
bT-student test.
‘Median [p25-p75].
dMann-Whitney U test.
¢Chi-square test.
Table 4. Association between H. pylori and the development of anemia |12 months after sleeve gastrectomy.
Exposure: H. Crude model Adjusted model®
Pylori
cRR 95% ClI p Value aRR 95% ClI p Value
All the sample
No Ref. Ref.
Yes 1.30 0.81-2.09 0.269 1.56 1.02-2.41 0.043
Males
No Ref. Ref.
Yes 1.90 0.38-9.40 0.433 2.84 1.02-7.92 0.047
Females
No Ref. Ref.
Yes 1.45 0.90-2.36 0.129 1.47 0.93-2.34 0.102

2Model adjusted for age, sex, cardiometabolic comorbidity, baseline hemoglobin, and morbid obesity.

95% Cl: 95% confidence interval; RR: relative risk.

In our study, 18.2% of patients developed de novo anemia
1 year after bariatric surgery. Findings related to the associa-
tion between H. pylori and the development of anemia after
bariatric surgery are varied in the literature. A study con-
ducted in Italy in 2017 revealed a 17% prevalence of anemia

in patients undergoing SG, similar to our findings.® Another
study in Poland in 2019 suggested that bariatric surgery can
lead to or even exacerbate nutritional deficiencies, such as
iron and vitamin B12 deficiency.’ In contrast, a 2019
Canadian study that focused on patients with normal iron
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Table 5. Association between H. pylori and the variation in hemoglobin values |2 months after sleeve gastrectomy.
Exposure: H. Pylori Crude model Adjusted model®

cB 95% ClI p Value aP 95% Cl p Value
All the sample
No Ref. Ref.
Yes -1.04 -2.72 t0 0.63 0.221 -1.71 -3.33 to -0.08 0.039
Males
No Ref. Ref.
Yes -2.86 —-5.27 to —-0.45 0.020 =291 -5.28 to —0.54 0.017
Females
No Ref. Ref.
Yes -0.77 -2.96 to 1.43 0.491 -1.23 -3.38 to —-0.91 0.257

2Model adjusted for age, sex, cardiometabolic comorbidity, baseline hemoglobin, and excess weight loss (EWL).

[B: beta coefficient; 95% Cl: 95% confidence interval.

levels before the surgery did not observe an increase in the
incidence of iron deficiency 1year after SG.'5 Additionally,
in Canada, another study conducted in 2023 found a low rate
of H. pylori infection confirmed by histology in severely
obese patients eligible for bariatric surgery.!®

Regarding the association between a prior diagnosis of H.
pylori infection and the development of de novo anemia, a
2018 Slovenian study described that a history of infection
with this bacterium increased the risk of iron-deficiency ane-
mia and immune thrombocytopenic purpura.!” Similarly, a
retrospective study in China found that the prevalence of
anemia was significantly higher in individuals with H. pylori
compared to those without the infection, after adjusting for
factors such as age, gender, underlying diseases and BMI.'®
In contrast, a 2014 study conducted in the Middle East evalu-
ated 682 patients and suggested that H. pylori infection was
not significantly associated with complications after SG. It is
worth mentioning that in this study, the number of infected
patients before surgery was limited (20.5%), and it repre-
sents a different population from the Latin population.'

Iron deficiency is one of the main causes of de novo ane-
mia after bariatric surgery. This deficiency arises due to
changes in the gastrointestinal tract, such as the resection of up
to 80% of the greater curvature of the stomach, which reduces
acidity and, consequently, iron absorption. Additionally,
removing a large part of the stomach decreases ghrelin pro-
duction decreases, leading to a reduced appetite.?’ Another
potential consequence is vitamin B12 or cobalamin deficiency,
as many parietal cells, which produce the intrinsic factor
essential for the absorption of this vitamin in the distal ileum,
are lost.?!

After gastric surgery, the intragastric microenvironment
undergoes significant changes. The pH increases, concentra-
tions of ascorbic acid decrease, and oxygen radicals increase
due to inflammation. These changes can contribute to novo
anemia since a basic environment hinders iron absorption.??
Furthermore, H. pylori induces chronic gastritis, affecting
iron absorption due to gastric hypochlorhydria, resulting in

less iron conversion from ferric to ferrous form. An acidic
gastric pH is essential for dietary iron absorption in its fer-
rous form, and H. pylori interferes with this process.
Additionally, this altered environment favors the survival of
H. pylori, as the gastric flora can produce the enzyme beta-
lactamase, which generates resistance and reduces the effec-
tiveness of drugs aimed at eradicating H. pylori.?*

Regarding gender differences in post-bariatric surgery
complications, it has been shown that men tend to attend
medical check-ups less frequently and seek medical atten-
tion less often, influencing the development of postoperative
anemia.”* On the other hand, literature reports that both
estrogen and progestogen have antibacterial properties in
vitro and in vivo against various bacteria, including H.
pylori. It is suggested that these hormones may interact with
the cholesterol-binding site on bacterial cell membranes,
producing bacteriostatic or even bactericidal effects.?> Such
interaction could mitigate the effects of H. pylori on the gas-
tric wall in women, acting as a protective factor against
decreased iron absorption, unlike in men.

Our results emphasize the importance of screening for AH.
pylori in patients undergoing bariatric surgery due to the risk
of developing anemia. This condition, besides causing
fatigue, also reduces the patient’s quality of life. Iron defi-
ciency, for example, has been linked to hair loss, specifically
diffuse alopecia.?¢ Furthermore, long-term nutritional defi-
ciencies, including iron, ferritin, and vitamin B12, are com-
mon following SG, significantly impacting the patient’s
overall health.?” De novo anemia in patients with preexisting
comorbidities, such as type 2 diabetes mellitus, can lead to
long-term complications. A positive relationship has been
found between iron-deficiency anemia and elevated glyco-
sylated hemoglobin (A1C) levels, as well as the develop-
ment of diabetic nephropathy, oxidative stress, and decreased
high-density lipoprotein (HDL) function. Additionally, ane-
mia has a direct effect on the kidneys and heart through
fibrogenic mechanisms related to the expression of growth
factors linked to diabetic microvascular disease.?®
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Given the increased risk of post-bariatric surgery ane-
mia observed, it is essential to promote adherence to nutri-
tional supplementation in patients who require it.
Additionally, due to the identified association between H.
pylori and the development of de novo anemia, preopera-
tive screening should be emphasized, especially in male
patients. Their follow-up should be particularly rigorous,
considering their greater predisposition to gastric cancer
development, as the presence of this bacterium is a major
risk factor for the disease.?’

This study has some limitations. First, there is a possibil-
ity that some laboratory, anthropometric, and/or clinical
variables may have measurement errors, which could intro-
duce information bias or residual confounding bias in the
case of adjustment variables. However, the clinic where the
study was conducted follows standardized procedures for
obtaining information from bariatric surgery candidates, so
any errors, if they exist, would be expected to be minimal.
Second, the study population consists of patients treated at a
private clinic, mainly from middle to high socioeconomic
backgrounds, limiting the external validity to this specific
demographic. Third, some variables could not be considered
due to their unavailability, such as adherence to post-surgery
supplements, which introduces the potential for unmeasured
confounding bias. Fourth, there was no information availa-
ble regarding compliance with treatment after diagnosing H.
pylori before surgery, and there is also no information related
to bacterial eradication.

Conclusion

This study suggests an association between H. pylori infec-
tion and the development of de novo anemia following SG,
particularly in male subjects. Given the high prevalence of
H. pylori infection in Latin America and the significant com-
plications that anemia can cause in patients’ quality of life
and health, it is essential to emphasize the importance of
screening for H. pylori before bariatric surgery. Furthermore,
for those patients who test positive, ensuring timely treat-
ment, proper follow-up, and confirming the eradication of
the infection is crucial.
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