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Abstract

BACKGROUND

Bariatric surgery is one of most effective long-term treatments for morbid obesity.
However, post-bariatric surgery anemia is identified as a common adverse effect
and remains a challenge nowadays.

AIM
To estimate the risk of post-bariatric surgery anemia and to stratify the association
between age, gender, and types of surgery.

METHODS

This study is a population-based cohort study. We conducted this nationwide
study using claims data from National Health Insurance Research Database in
Taiwan. There were 4373 morbidly obese patients in this study cohort.
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RESULTS

Among patients who were diagnosed with morbid obesity, 2864 received bariatric
surgery. All obesity-associated comorbidities decreased in the surgical group.
Increasing risk of post-bariatric surgery anemia among obese patients was found
by Cox proportional hazards regression [adjusted hazard ratio (HR): 2.36]. Also,
we found significantly increasing cumulative incidence rate of anemia among
patients receiving bariatric surgery by log-rank test. After adjusting for age and
gender, the increasing incidence of post-bariatric surgery anemia was found
among women (adjusted HR: 2.48), patients in the 20-29-year-old group (adjusted
HR: 3.83), and patients in the 30-64-year-old group (adjusted HR: 2.37). Moreover,
malabsorptive and restrictive procedures had significantly higher adjusted HRs,
3.18 and 1.55, respectively.

CONCLUSION

Bariatric surgery give rise to anemia risk among obese patients, specifically in
women, young- and middle-aged patients, and patients undergoing
malabsorptive procedures in our population-based cohort study in Taiwan.

Key Words: Anemia; Bariatric surgery; Malabsorptive procedure; Obesity; Restrictive
procedure; Women

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Based on a population-based cohort study in Taiwan, this study demonstrated
that obese patients receiving bariatric surgery had significantly higher risk of anemia than
patients who did not receive bariatric surgery. After adjusting for gender and age, women,
young-aged (20-29 years) and middle-aged (30-64 years), had significantly higher
incidence of post-bariatric surgery anemia. Both malabsorptive procedures and restrictive
procedures increased the incidence of anemia. However, malabsorptive procedures had a
higher hazard ratio of post-bariatric surgery anemia than restrictive procedures.

Citation: Wang TY, Huang HH, Hsich MS, Chen CY. Risk of anemia in morbidly obese
patients after bariatric surgery in Taiwan. World J Diabetes 2020; 11(10): 447-458
URL: https://www.wjgnet.com/1948-9358/full/v11/i10/447 htm

DOI: https://dx.doi.org/10.4239/wjd.v11.i10.447

INTRODUCTION

The incidence of obesity has increased rapidly and has tripled over the past decades!"},
significantly threatening public health. Bariatric surgery has been shown to be the
most effective long-term treatment for morbidly obese patients!*! considering that this
surgery results in significant and sustainable weight loss and improves comorbidities,
long-term mortality, and patients” quality of lifel*l. Although bariatric surgery is
considered safe and has beneficial effects, the development of anemia after bariatric
surgery remains a concern. Anemia due to micronutrient deficiencies is identified as a
common adverse effect, specifically among patients without regular nutrient
supplementation postoperatively.

Post-bariatric surgery anemia can influence as many as two-thirds of patients
undergoing bariatric surgery’l. During these years, several efforts were made to
decrease the incidence rate of post-bariatric surgery anemia. First, considering the
metabolic sequelae of bariatric surgery, lifelong micronutrient supplementation was
considered mandatory!'”l. Moreover, the quality and sustainability of medical follow-
up consultation became important issues!’l. Some studies revealed that the incidence of
anemia is lower in sleeve gastrectomy than that in Roux-en-Y gastric bypass!'-'"l.
Furthermore, a cohort study in France suggested that the increasing popularity of
sleeve gastrectomy is another reason why the incidence of anemia has reduced®.
However, recently, the prevalence of post-bariatric surgery anemia is still considered
nonnegligible. In France, 5% of patients were diagnosed with anemia after bariatric
surgery between 2008 and 2016!"l. Additionally, if a patient did not receive an
outpatient follow-up, the prevalence of anemia could even be 57% 10 years after Roux-
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en-Y gastric bypass!'l.

Postoperative anemia may develop as a result of several factors. First, absorption of
folate and iron mainly happens in the proximal jejunum and duodenum.
Malabsorptive procedures, like intestinal bypass, may cause deficiencies of folate, iron,
and vitamin B12 and lead to anemia" "l Restrictive procedures, like sleeve
gastrectomy, may also reduce the intrinsic factor, gastric acid, and food gastric passing
time and subsequently reduce the bioavailability and digestion of nutrients!l.
Furthermore, the net effects observed as a result of the adaptation of bariatric surgery
may synergistically affect the hemoglobin level. These complicated factors include
reduction of inflammation, adaptation of micronutrient absorption, limited meat
intake, attenuated energy intake, and menstruation!'>">'*'¥l,

A large cohort study from France revealed the long-term anemia incidence among
patients who receiving a bariatric procedure!l. Studies assessing the long-term
incidence of post-bariatric surgery anemia have not been conducted yet. This study
used the nationwide data [Taiwanese National Health Insurance Research Database
(NHIRD)] with large sample size. This study aimed to estimate and compare the long-
term incidence of anemia between morbidly obese patients who underwent bariatric
surgery vs patients who did not undergo bariatric surgery and to stratify the
association between gender, age, and types of bariatric surgery in morbidly obese
patients who received bariatric surgery or not.

MATERIALS AND METHODS

Data sources

This study is a population-based cohort study in which data were obtained from the
NHIRD. The National Health Insurance (NHI) provided coverage for approximately
99.2% of the Taiwan population (more than 23.03 million residents). The NHI is
managed by the National Health Insurance Administration (NHIA) since 1995.

The National Health Research Institute (NHRI) obtained the identification-
encrypted data from NHIA and established the NHIRD. The Longitudinal Health
Insurance Database 2000 (LHID2000), which was used in this study, comprised 1
million randomly sampled medical information from the registry of all beneficiaries in
2000. There was no significant difference in age- and gender-distributions between the
data in the LHID2000 and the original NHIRD. The diagnosis code of International
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes
were used.

These data of NHIRD were all de-identified by obfuscating the information about
patients and medical facilities to ensure privacy. Moreover, data confidentiality is
maintained in accordance with the data regulations of NHIA and NHRI. Because the
NHIRD comprises de-identified secondary data for research, informed consent from
subjects was waived because anonymous data were used. Furthermore, the
Institutional Review Board of China Medical University (CMUH104-REC2-115)
approved this study.

Study population and outcomes

Patients who were diagnosed with morbid obesity (ICD-9-CM, 278.01) with age = 20
years and < 100 years and received bariatric surgery (ICD-9-CM, 44.99, 44.95, 44.68,
44.39, 44.38, 44.31, 43.89, and 43.82) between study period January 1, 2000 to December
31, 2010 were recruited. Furthermore, we excluded morbidly obese patients who
receiving surgery before obesity diagnosed data, patients who received surgery out of
period between 2000 to 2010, patients with diagnosed date of anemia before the index
date, those aged < 20 years or = 100 years, and those with missing information of
gender or age. Patients who were diagnosed with anemia (ICD-9-CM, 280 and 281.0)
and patients who were not diagnosed were analyzed. Morbidly obese patients were
identified by the ICD-9-CM codes, with at least one diagnosis in admission during the
whole study period. The data from the Registry for Catastrophic Illness Patient
Database, a subset of the NHIRD, confirmed the diagnostic accuracy of morbid
obesity!""*l.

Potential confounders

By referring to the ICD-9-CM codes, the potential confounding factors for morbid
obesity were systematically identified among the data from NHIRD. Age, gender,
comorbidities, insurance premium, occupation, medications, and level of urbanization
were identified as confounding factors. Hyperlipidemia (ICD-9-CM, 272), diabetes
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mellitus (ICD-9-CM, 250, 366.41, 357.2, 362.01-362.02, and 357.2), hypertension (ICD-9-
CM, 401-405), coronary artery disease (ICD-9-CM, 411-414), congestive heart failure
(ICD-9-CM, 428), stroke (ICD-9-CM, 430-438), asthma (ICD-9-CM, 493), chronic
obstructive pulmonary disease (ICD-9-CM, 490-492, 494, and 496), peripheral arterial
occlusive disease (ICD-9-CM, 440-444), and chronic kidney disease (ICD-9-CM, 285.21,
250.4, 403-404, and 581-588) were found to be the comorbidities associated with major
adverse cardiovascular events. We applied multivariate logistic regression with
baseline covariates to calculate propensity scores. The baseline characteristics of study
(with bariatric surgery) cohort and comparison (without bariatric surgery) cohort were
compared. Furthermore, both cohorts were matched by standardized mean
differences, calculated as the difference in proportions or means of a variable divided
by a pooled estimate of the standard deviation of the variable.

Statistical analyses

Demographic characteristics differences and comorbidities differences between the
study cohort (receiving bariatric surgery) and comparison (without surgery) cohort
were analyzed. We conducted the chi-squared test for noncontinuous variables and
the two-sample t-test for continuous variables. Cox proportional hazards regression
was performed to calculat the hazard ratios (HRs) with 95% confidence intervals (Cls)
for each variable. Differences in the incidence of major adverse cardiovascular events
between the study cohort and comparison cohort were estimated using the Kaplan-
Meier curves by performing the log-rank test. Statistical Analysis System (SAS) version
9.4 statistical package (SAS Institute Inc., Cary, NC, United States) was used for
statistical analyses. The level of significance was set at 0.05.

RESULTS

A total of 4922 adult patients were hospitalized for morbid obesity during the study
period between 2000 to 2010. Of these, 3086 patient received bariatric surgery, and
1666 patients did not receive bariatric surgery. To reduce the influence of pre-surgery
anemia, our study group was recruited and analyzed after the exclusion of those who
were diagnosed anemia before the index date. Finally, 2864 patients who were
diagnosed with morbid obesity and received bariatric surgery in the study cohort and
1509 patients who were diagnosed morbid obesity and did not receive bariatric
surgery in the comparison cohort were recruited. (Figure 1). There were significantly
more female patients in the study cohort than that in the comparison cohort (64.8% vs
54.2%, respectively, P < 0.0001) (Table 1). The mean age of the study cohort was
significant younger than that of the comparison cohort (33.1 + 9.1 vs 44.3 + 15.3,
respectively, P < 0.0001). Compared to the comparison cohort, some demographic
characteristics, like hypertension, hyperlipidemia, coronary artery disease, congestive
heart failure, stroke, peripheral arterial occlusive disease, chronic kidney disease,
chronic obstructive pulmonary disease, diabetes mellitus, gastrointestinal ulcer, and
gastrointestinal hemorrhage were significantly lower (P < 0.0001) in the study cohort.
The means (median) of the follow-up period were 5.68 (5.31) years for the study cohort
and 4.21 (3.84) years for the comparison cohort.

In Table 2, asthma, female sex, and gastrointestinal ulcer increased the risk of
anemia significantly according to the univariate analyses. Receiving bariatric surgery
increased the rate of anemia significantly (HR = 1.71; 95%CI: 1.2-2.44; P = 0.003).
Receiving bariatric surgery also caused a significantly increased rate of anemia after
adjusting for the potential confounding factors of gender, age, and all comorbidities in
multivariate analyses (adjusted HR = 2.36; 95%CI: 1.52-3.65; P = 0.0001).

The Kaplan-Meier curves of the both cohorts suggested significantly increasing
cumulative incidence of anemia in the study cohort (with bariatric surgery) (P =
0.0002) (Figure 2).

In Table 3, the HR of post-bariatric surgery anemia and the incidence rate of anemia
were stratified by age and gender. Female, age of 20-29 and 30-64 years had
significantly higher adjusted HRs (3.83 and 2.87, respectively).

In Table 4, HR of post-bariatric surgery anemia and the incidence rate were
stratified by malabsorptive and restrictive procedures. Malabsorptive and restrictive
procedures had significantly higher adjusted HRs (3.18 and 1.55, respectively).
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Table 1 Demographic characteristics of patients diagnosed morbid obesity receiving and not-receiving bariatric surgery

Receiving bariatric surgery

Variable No [n = 1509 (34.51%)] Yes [n = 2864 (65.49%)] P value'
n % n %

Malabsorptive procedures - - 1773 61.91 -

Restrictive procedures - - 2465 86.07 -

Sex < 0.0001

Female 818 54.21 1855 64.77

Male 691 45.79 1009 35.23

Age at baseline, yr <0.0001

20-29 302 20.01 1305 45.57

30-64 1034 68.52 1558 54.4

65-100 173 11.46 1 0.03

mean + SD 44.30+15.25 33.09 +9.07 <0.0001”

Comorbidities

Hypertension 751 49.77 254 8.87 <0.0001

Hyperlipidemia 314 20.81 110 3.84 < 0.0001

Diabetes mellitus 525 34.79 174 6.08 <0.0001

Coronary artery disease 261 11723 69 241 <0.0001

Congestive heart failure 243 16.1 39 1.36 <0.0001

Stroke 123 8.15 37 1.29 <0.0001

Chronic kidney disease 124 8.22 22 0.77 < 0.0001

Asthma 186 12.33 75 2.62 <0.0001

Chronic obstructive pulmonary disease 145 9.61 34 1.19 < 0.0001

Peripheral arterial occlusive disease 29 1.92 3 0.1 <0.0001"

Gastrointestinal ulcer 185 12.26 73 2.55 < 0.0001

Gastrointestinal bleeding 44 2.92 12 042 <0.0001

IChi-square test.

%t test.

“Fisher’s exact test. The means (median) of follow-up period were 5.68 (5.31) years and 4.21 (3.84) years for the study bariatric surgery cohort and
comparison cohorts, respectively. SD: Standard deviation.

DISCUSSION

Our study demonstrated that patients who were diagnosed with morbid obesity and
received bariatric surgery had significantly higher risk of anemia than patients who
did not receive bariatric surgery. After stratification by gender and age, female sex,
young-aged (20-29 years) and middle-aged (30-64 years) patients had significantly
higher HRs than male sex and older-aged patients. Malabsorptive procedures had a
higher HR of post-bariatric surgery anemia than restrictive procedures.

Currently, bariatric surgery is considered a promising treatment strategy because of
its long-term benefits for morbidly obese patients. These benefits include the
following: Sustainable body weight loss; improvement in comorbidities; reduction in
medicine use; and improvement in patients” quality of lifel"l. However, post-bariatric
surgery anemia, which mainly results from micronutrient deficiencies, is recognized as
the most common adverse effect™!. The metabolic sequela, such as anemia, was
identified before the 1990s”'*J. Moreover, recently, post-bariatric surgery anemia
remains a challenge. The large cohort study from France revealed that 5% were
diagnosed with anemia after bariatric surgery. Furthermore, the overall risk rate of
diagnosing anemia postoperatively was 7.8%!""l. In our study, we demonstrate that
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Table 2 Cox model with hazard ratio and 95% confidence intervals of anemia associated with receiving bariatric surgery among

morbidly obese patients

Anemia Crude' Adjusted’
Variable

No.(n=221)  HR (95%Cl) P value HR (95%Cl) Pvalue
Receiving bariatric surgery
No 38 1.00 reference 1.00 reference
Yes 183 1.71 (1.2-2.44) 0.003 2.36 (1.52-3.65) 0.0001
Gender
Female 186 1.00 reference 1.00 reference
Male 85 0.32 (0.22-0.46) <0.0001 0.33 (0.23-0.48) < 0.0001
Age
20-29 years 88 1.00 reference 1.00 reference
30-64 years 126 1.08 (0.82-1.41) 0.6028 1.06 (0.79-1.41) 0.6956
65-100 years 7 1.33 (0.61-2.88) 0.4724 1.33 (0.54-3.3) 0.5391
Comorbidities (ref = non-)
Hypertension 41 1.07 (0.76-1.51) 0.6837 143 (0.9-2.27) 0.1349
Hyperlipidemia 18 1.06 (0.65-1.71) 0.8249 1.14 (0.64-2.01) 0.6595
Diabetes mellitus 26 0.95 (0.63-1.44) 0.812 0.96 (0.59-1.57) 0.8826
Coronary artery disease 15 1.23 (0.73-2.08) 0.441 1.17 (0.61-2.25) 0.6403
Congestive heart failure 10 1.02 (0.54-1.93) 0.9436 091 (0.42-1.94) 0.8027
Stroke 4 0.63 (0.23-1.7) 0.3611 0.52 (0.18-1.5) 0.2286
Chronic kidney disease 7 1.32 (0.62-2.8) 0.4752 1.47 (0.66-3.28) 0.3504
Asthma 17 1.74 (1.06-2.85) 0.0293 1.85 (1.05-3.25) 0.034
Chronic obstructive pulmonary 6 0.93 (0.41-2.08) 0.8514 0.56 (0.22-1.43) 0.2267
disease
Peripheral arterial occlusive disease 1 0.99 (0.14-7.05) 0.9905 1.47 (0.2-10.88) 0.705
Gastrointestinal ulcer 20 217 (1.37-3.44) 0.001 2.25 (1.34-3.77) 0.0021
Gastrointestinal bleeding 5 2.64 (1.09-6.42) 0.0321 1.83 (0.7-4.78) 0.2204

ICrude HR: Represented relative hazard ratio.
2Adjusted HR: Represented adjusted hazard ratio: Mutually adjusted for sex, age, receiving bariatric surgery, and baseline comorbidities (as like tables) in

Cox proportional hazard regression.

obese patients who received bariatric surgery significantly had 2.36-fold higher risk of
anemia than obese patients who did not receive bariatric surgery.

Post-bariatric surgery anemia is considered mainly due to micronutrient deficiency.
Deficiencies of vitamin B12, iron, and vitamin D were commonly observed
postoperatively!”*1. Additionally, oral supplementation of these nutrients was
described in the updated guidelines!”l. Other beneficial postoperative physiological
changes regarding anemia were already determined. Weight loss after bariatric
surgery reduces inflammation, consequently reducing anemia. Chronic inflammation
has been recognized as a characteristic feature of morbid obesity**!. Decreasing
inflammatory markers such as ferritin, C-reactive protein, haptoglobin, and white
blood cell count were noted after bariatric surgery!****l. However, the positive effects
of post-bariatric surgery anemia are less observed than the negative effects in the long-
term.

This study also proposed that females had a greater risk of post-bariatric surgery
anemia than males among obese patients. Women are nearly 3-fold more likely to have
a diagnosis of anemia postoperatively compared with men. The results are similar to
the result of a study conducted in France"". von Drygalski ef al"*l revealed that Roux-
en-Y bypass surgery increased the percentage of anemia from 12% to 23%. During the
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Table 3 Incidence rate and hazard ratio with 95% confidence intervals of anemia associated with receiving bariatric surgery, stratified

by sex and age

Receivi . oo i
Receiving bariatric surgery eceiving vs not-receiving bariatric

surgery
Variable No Yes

Crude HR Adjusted HR?

Event Personyears IR Event Personyears IR

Total 38 6359 598 183 16277 11.24 1.71(1.20-2.44)" 2.36(1.52-3.65)°
Gender
Female 27 3455 7.82 159 10688 14.88 1.67(1.10-2.53)° 2.48(1.50-4.09)°
Male 11 2905 3.79 2 5588 429 1.24(0.60-2.55) 2.04(0.89-4.70)
Age group, yr
20-29 yr 4 1386 2.89 84 7825 10.73 3.11(1.14-8.54)° 3.83(1.13-12.99)"
30-64 yr 27 4341 622 99 8446 11.72 1.81(1.18-2.79)° 2.37(1.45-3.88)°
65-100 yr 7 632 11.07 0 6 0 = =

1R: Incidence rates, per 1000 person-years.

“Represented adjusted hazard ratio: Mutually adjusted for sex, age, receiving bariatric surgery, and baseline comorbidities (as like tables) in Cox
proportional hazard regression.

2P <0.05.

°P <0.01.

P <0.001. HR: Hazard ratio.

Table 4 Cox model with hazard ratio and 95% confidence intervals of anemia associated with receiving malabsorptive procedures or

restrictive procedures among morbidly obese patients

Anemia Crude’ Adjusted’
Variable
No. (n = 221) HR (95%Cl) P value HR (95%Cl) P value
Malabsorptive procedures
No 64 1 Reference 1 Reference
Yes 157 2.76 (2.06-3.70) <0.0001 3.18 (2.29-4.40) <0.0001

Restrictive procedures
No 62 1 Reference 1 Reference

Yes 159 1.38 (1.02-1.86) 0.0356 159 (1.10-2.19) 0.0129

ICrude HR: Represented relative hazard ratio.
2Adjusted HR: Represented adjusted hazard ratio: Mutually adjusted for sex, age, receiving bariatric surgery or not, baseline comorbidities (as like tables)

in Cox proportional hazard regression. CI: Confidence interval; HR: Hazard ratio.

postoperative period, premenopausal women have greater prevalence of anemia than
postmenopausal women and men. According to the National Health and Nutrition
Examination Survey studies, women in their childbearing years generally have a
greater percentage of anemia than men (12.2% vs 1.5%, respectively), and the gender
differences were no longer observed after the age of 50 years"”]. However, data from
our study revealed that, after adjusting age and other confounding factors, the risk of
post-bariatric surgery anemia is still higher in women than in men. Obesity is
associated with an irregular menstruation cycle®l. After bariatric surgery, a more
consistent menstrual cycle rather than amenorrhea or irregular menstruation cycle is
observed. Hence, premenopausal women are highly diagnosed with anemia
postoperatively. Another study suggested that women are at a higher risk of eating
less than men, although with limited evidence, which may add other risk for iron
deficiency anemial™.

We also found that young-aged (20-29 years) and middle-aged (30-64 years)
patients had significantly higher HRs post-bariatric surgery anemia than older-aged
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The hospitalization claims data of all enrollees
(23 million residents) in Taiwan

Y
Diagnosis morbid obesity (ICD-9-CM: 278.01) during year 2000 to 2010
(7 = 4922)

Excluded
Bariatric surgery date before the
obesity disease date (7 = 167)

Y
Non-Bariatric surgery
cohort (7 = 1666)

Bariatric surgery after who
initial diagnosed obesity

(7 = 3086)
Excluded
» New diagnosis date of
bariatric surgery out of 2000 Excluded
to 2010 years (7 = 33) e Less than 20 years or older than
e Less than 20 years or older 100 years or missing information
than 100 years or missing of sex or age (7 = 94)
information of sex or age (7 =  Diagnosed date of anemia
137) before the index date (7 = 63)
« Diagnosed date of anemia
before the index date (7 =
52)
Y Y
Bariatric surgery No Bariatric surgery
cohort (7 = 2864) cohort (7 = 1509)

Figure 1 Flowchart of the patient selection (patients diagnosed with morbid obesity who received bariatric surgery) and comparison
cohort (patients diagnosed with morbid obesity who did not receive bariatric surgery). ICD-9-CM: International Classification of Diseases, Ninth
Revision, Clinical Modification.

patients. A study conducted in France revealed that patients aged less than 52 years
have a 50% higher risk of developing post-bariatric surgery anemia than elderly
patients!"l. Groups were classified according to the age of 52 years because
menstruation was taken into consideration!"'l. Thus, considering that premenopausal
women are at an increased risk of developing anemia, a French cohort did not consider
the effect of age. The following factors may potentially explain the effect of age on
anemia after bariatric surgery, although with insufficient evidence: Young-aged
individuals consume less calories and nutrients than required and have limited
compliance to medical follow-up and limited adherence to micronutrient supplement
consumption. Furthermore, the small sample size of older-aged patients, that is, only
six older-aged obese patients underwent bariatric surgery, must be taken into
consideration.

The risks of post-bariatric surgery anemia vary among different types of surgery.
Our study revealed that obese patients who underwent malabsorptive procedures
have 3.18-fold higher risk of developing anemia than patients who did not undergo
malabsorptive procedures. Moreover, obese patients who underwent restrictive
procedures also have 1.55-fold higher risk of developing anemia than patients who did
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Figure 2 Cumulative incidence of anemia in morbidly obese patients who received bariatric surgery and patients who did not receive

bariatric surgery.

Jaishideng®

not undergo restrictive procedures. Previous studies also demonstrated that
malabsorptive procedures have greater risk of anemia than restrictive procedures. The
French cohort showed that the risk rates of developing anemia due to micronutrient
deficiency were 13.0% after gastric bypass, 5.6% after sleeve gastrectomy, and 4.0%
after adjustable gastric banding. Both malabsorptive and restrictive procedures lessen
the volume of gastric pouch and also reduce hydrochloric acid production. Gut
hypoacidity reduces transit time; consequently, early satiety and decreased intake
amount contribute to the risk of micronutrient deficiency anemia after bariatric
surgery. In addition to stomach reduction, malabsorptive procedures (e.g., Roux-en-Y
bypass surgery) further bypass the main sites of iron absorption (duodenum and a
portion of the jejunum). Hence, malabsorptive procedures theoretically result in more
iron deficiency. However, patients who underwent malabsorptive procedures are
possibly able to adapt iron absorption!™'l. Therefore, postoperative iron deficiency is
insignificantly different between the two types of surgery. One meta-analysis also
revealed that sleeve gastrectomy and Roux-en-Y bypass surgery are comparable
regarding the risk of postoperative iron deficiency®l.

On the contrary, malabsorptive procedures have significant effects on vitamin B12
absorption. Roux-en-Y bypass surgery reduces acid secretion, affects intrinsic factor
function, and limits the mixing of food with pancreatic secretions. Consequently,
vitamin B12 maldigestion and malabsorption lead to higher risk anemia
postoperatively®*. One meta-analysis revealed that Roux-en-Y bypass surgery had
3.55-fold higher risk of postoperative vitamin B12 deficiency than sleeve
gastrectomy?!. Recent studies demonstrate that malabsorptive procedures result in
excess weight loss at midterm, but the difference was not statistically significant. The
morbidity rates of the two procedures were statistically insignificant!” 1,

Our study has the following strength: The nationwide cohort with large sample size,
paying careful attention to post-bariatric surgery anemia in morbidly obese patients.
However, there are some limitations in our study. First, the Taiwan NHIRD did not
comprise information regarding hemoglobin level, body weight, and height.
Therefore, the associations between body mass index changes, body weight changes,
and post-bariatric surgery anemia could not be analyzed. To reduce the influence of
pre-surgery anemia, our study group was analyzed after excluding who had anemia
diagnosis before index date. Second, due to the retrospective cohort design of the
study, the evidence of this study was lower in statistical quality than randomized
trials. Third, regimens for micronutrient supplementation were not assessed in this
study. Thus, we could not further analyze the micronutrient deficiency between
groups.
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CONCLUSION

In conclusion, our study demonstrated that morbidly obese patients who received
bariatric surgery had a significantly higher risk of developing anemia than patients
who did not receive bariatric surgery. After the stratification of confounding factors,
female sex, young-aged (20-29 years) and middle-aged (30-64 years) patients, and
patients who underwent malabsorptive procedures had significantly higher HRs than
male sex, older-aged patients, and patients who did not undergo malabsorptive
procedures.
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ARTICLE HIGHLIGHTS

Research background

Bariatric surgery is considered to be the most effective long-term treatment for
morbidly obese patients. However, post-bariatric surgery anemia is identified as a
common adverse effect and remains a challenge nowadays. This study revealed the
long-term incidence of anemia in morbidly obese patients who received a bariatric
procedure in large cohorts.

Research motivation

Although post-bariatric surgery anemia is identified as a common adverse effect, there
are insufficient population-based cohort studies to demonstrate the long-term
incidence of anemia and the risk of post-bariatric surgery anemia.

Research objectives
To estimate the risk of post-bariatric surgery anemia and to stratify the association
between sex, age, and type of surgery.

Research methods

This study is a population-based cohort study. We conducted this nationwide study
using claims data from National Health Insurance Research Database (NHIRD) in
Taiwan. There were 4373 morbidly obese patients in this study cohort.

Research results

There were 4373 patients in the cohort. Among patients who were diagnosed with
morbid obesity, 2864 received bariatric surgery. All obesity- and obesity-associated
comorbidities decreased in the surgical group. Increasing risk of post-bariatric surgery
anemia among obese patients was found by Cox proportional hazards regression
[adjusted hazard ratio(HR): 2.36]. Also, we found significantly increasing cumulative
incidence rate of anemia among patients receiving bariatric surgery by log-rank test.
After adjusting for age and sex, the increasing incidence of post-bariatric surgery
anemia was found among women (adjusted HR: 2.48), patients in the 20-29-year-old
group (adjusted HR: 3.83) and patients in 30-64-year-old group (adjusted HR: 2.37).
Moreover, malabsorptive and restrictive procedures had significantly higher adjusted
HRs, 3.18 and 1.55, respectively.

Research conclusions

We demonstrated the long-term incidence of post-bariatric surgery anemia and the
risk of post-bariatric surgery anemia via a population-based cohort study in which
data were obtained from the Taiwan NHIRD. Bariatric surgery increases the risk of
anemia among obese patients, specifically in women, young- and middle-aged
patients, and patients undergoing malabsorptive procedures. Malabsorptive
procedures have a higher risk of anemia than restrictive procedures. Bariatric surgery
increases the long-term risk of anemia. Considering the risk of post-bariatric surgery
anemia, lifelong micronutrient supplementation was considered mandatory.
Moreover, the quality and sustainability of medical follow-up consultation became an
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important consideration of bariatric surgery.

Research perspectives

A population-based database, like the Taiwan NHIRD, could provide the evidence of
long-term risk. The data could also provide information for further analysis of the
associated risks. A prospective cohort study or randomized trial could provide better
statistical quality.
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