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Introduction
Inflammatory bowel disease (IBD) is a chronic 
inflammatory condition, the major forms of which 
are ulcerative colitis (UC) and Crohn’s disease 
(CD). The major signs and symptoms of IBD are 
in the gut; however, extraintestinal manifestations 
are frequent.1 Anemia is a common extraintesti-
nal manifestation of IBD.2 Anemia in patients 

with IBD significantly increases healthcare costs 
and negatively affects quality of life.3,4 The prev-
alence of anemia in patients with IBD is approxi-
mately 20–30%, and it is more common in CD 
than in UC.5–7 Anemia in patients with IBD may 
stem from a variety of causes. The most frequent 
are iron deficiency caused by bleeding and 
absorption disorder, iron homeostasis disorder 
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Background: Anemia is a common extraintestinal manifestation of inflammatory bowel 
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analysis of severely anemic patients with IBD, iron supplementation increased the magnitude 
of the improvement in Hb level (8.5 ± 1.5–11.4 ± 2.1 g/dL; p = 0.001) compared with the anti-
TNF-α group (9.3 ± 0.8–11.4 ± 2.7 g/dL; p = 0.081). Disease activity was significantly improved 
in both groups at year 1 compared with year 0. Persistent anemia was significantly correlated 
with severe anemia at baseline (p = 0.017).
Conclusion: In anemic patients with IBD, anti-TNF-α agents led to clinically meaningful 
improvements in anemia independent of iron supplementation. Also, iron supplementation 
could be helpful in severely anemic patients with IBD.
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caused by inflammation, and vitamin B12 and 
folic acid deficiency caused by bone marrow sup-
pression and absorption disorder.7,8 Among 
these, iron-deficiency anemia and chronic inflam-
mation are the most important causes; indeed, 
iron-deficiency anemia is reported in up to 90% 
of anemic patients with IBD.9 According to the 
European Crohn’s and Colitis Organization 
(ECCO) guidelines, iron supplementation is rec-
ommended for all IBD patients with iron-
deficiency anemia.10

Tumor necrosis factor-alpha (TNF-α) inhibitors 
(infliximab and adalimumab) are the first-line bio-
logic treatments for IBD patients, and mucosal 
healing is key in the treatment of chronic inflam-
matory diseases.11,12 The inflammatory activity of 
IBD is a risk factor for anemia.13,14 Because IBD-
related anemia results from a combination of iron 
deficiency and chronic inflammation, treatment of 
anemia in patients with IBD aims to resolve 
mucosal inflammation and provide supplemental 
iron. Although anti-TNF-α treatment reportedly 
increases hemoglobin (Hb) levels in patients with 
ankylosing spondylitis and rheumatoid arthri-
tis,15,16 data on the effects of anti-TNF-α agents 
on anemia or Hb levels in patients with IBD are 
sparse. To our knowledge, three studies have eval-
uated the effects of anti-TNF-α and iron supple-
mentation on anemia in patients with IBD.17–19 
All of these studies involved Western populations. 
Therefore, we evaluated the efficacy of iron sup-
plementation in Asian patients with IBD treated 
with anti-TNF-α agents.

Materials and methods

Study design and patients
We retrospectively reviewed the medical records 
of patients with IBD who started anti-TNF-α 
(infliximab or adalimumab) treatment from 
January 2000 to December 2014 in a tertiary 
medical center in South Korea. The observation 
period was 1 year. This study was approved by the 
Institutional Review Board of Gil Medical Center 
(GCIRB2018-054) and informed consent was 
not needed because of the retrospective nature of 
the study and the fact that the analysis used anon-
ymous clinical data. Clinical symptoms as well as 
radiological, histopathological, radiological, and 
international criteria were assessed to diagnose 
UC and CD.20,21 The epidemiological and clini-
cal data obtained included patient age, sex, 

endoscopic and radiologic findings, medications, 
and disease location according to the Montreal 
classification system.22

Only patients naïve to biologic agents and with 
information on laboratory results at initiation of 
anti-TNF-α treatment were included. Also, all 
included IBD patients had received anti-TNF-α 
treatment for at least 1 year (continuously during 
the study period) and had available laboratory 
and follow-up data at years 0 and 1 after starting 
anti-TNF-α treatment. Patients treated with iron 
supplementation or blood transfusions in the 
3 months prior to screening or who had a history 
of erythropoietin treatment were excluded. The 
Hb level, hematocrit, mean corpuscular volume, 
mean corpuscular hemoglobin level, mean cor-
puscular hemoglobin concentration, red blood 
cell (RBC) count, white blood cell count, platelet 
count, C-reactive protein (CRP) level, and eryth-
rocyte sedimentation rate (ESR) were measured 
using routine laboratory tests. Disease activity 
was scored at years 0 and 1 by calculating the 
Mayo Score (Ulcerative Colitis Disease Activity 
Index; UCDAI) or Harvey–Bradshaw Simple 
Index (HBI).23,24

Iron supplementation and definition of anemia
We divided IBD patients into the anti-TNF-α 
and anti-TNF-α with iron supplementation 
groups. Iron supplementation was defined as tak-
ing oral iron [Feroba-You SR (Bukwang 
Pharmacy, Seoul, South Korea) or Ferrumpola 
(JW Pharmaceutical Corporation, Seoul, South 
Korea)] for more than 6 months during the study 
period. We diagnosed anemia according to the 
age- and sex-specific Hb thresholds set by the 
World Health Organization (WHO).25 The WHO 
defines anemia as an Hb level of <13.0 g/dL in 
males and <12.0 g/dL in females. The prevalence 
of anemia was estimated as the ratio of the num-
ber of anemic patients to the total number of 
patients enrolled. Patients with an Hb level of 
<10.0 g/dL were defined as severely anemic, irre-
spective of age and sex.6,13 The Hb level and prev-
alence of anemia in years 0 and 1 were evaluated 
in both groups.

Statistical analysis
Data were collected and statistical analysis was 
performed using SPSS 20.0 (IBM Corp., Armonk, 
NY, USA). Categorical variables are expressed as 
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percentages and frequencies, and continuous var-
iables as the means ± standard deviations (SDs) 
(or medians with interquartile ranges). Pre- and 
post-treatment comparisons were performed 
using the paired t-test (or the Wilcoxon signed-
rank test for medians). A multivariate logistic 
regression analysis was performed to identify fac-
tors associated with persistent anemia after 1 year 
of therapy. A p-value < 0.05 was considered 
indicative of significance.

Results
A total of 79 IBD patients treated with anti-TNF-
α agents (37 with UC and 42 with CD) were 
included in this study. Table 1 lists their baseline 
demographic and clinical characteristics. The 
anti-TNF-α agents administered were infliximab 
(64 patients) and adalimumab (15 patients). The 
prevalence of anemia was 75.9% (60/79) and that 
of severe anemia was 34.2% (27/79). The mean 
disease duration of the patients with IBD was 
52.1 months. Of all patients, 27 (34.2%) received 
an anti-TNF-α agent and iron supplementation 
simultaneously, and 52 (65.8%) received only an 
anti-TNF-α agent.

The laboratory parameters of the patients were 
evaluated at years 0 and 1 (Table 2). At year 1, 
the mean Hb level in both groups increased sig-
nificantly compared with the baseline [12.0 ± 1.8–
13.3 ± 2.0 g/dL in the anti-TNF-α group 
(p < 0.001) and 9.8 ± 2.4–11.7 ± 2.3 g/dL in the 
anti-TNF-α and iron supplementation group 
(p = 0.004)]. The hematocrit and RBC count also 
increased significantly compared with the base-
line in both groups. The mean levels of CRP and 
ESR decreased at years 0 and 1 in both groups. 
Table 3 shows the change in hemoglobin and dis-
ease activity in the UC and CD groups.

We performed a subgroup analysis of patients 
with IBD and severe anemia (Table 4). The mean 
Hb level of patients with IBD treated with only 
anti-TNF-α agents was not significantly different 
between years 0 and 1 (9.3 ± 0.8–11.4 ± 2.7 g/dL; 
p = 0.081). However, the change in Hb level was 
greater in the anti-TNF-α agent and iron supple-
mentation group (8.5 ± 1.5–11.4 ± 2.1 g/dL; 
p = 0.001). The hematocrit and RBC count also 
increased significantly only in the anti-TNF-α 
agent and iron supplementation group.

The prevalence of anemia among the IBD patients 
was 75.9% at baseline and 41.8% at year 1 
(Figure 1). The prevalence of anemia in the anti-
TNF-α group was 67.3% at year 0 and 34.6% at 
year 1, and that in the anti-TNF-α and iron sup-
plementation group was 92.6% at baseline and 
55.6% at year 1. The median UCDAI and HBI 
scores were significantly lower in both groups at 
year 1 compared with year 0 (Table 5). The logis-
tic regression analysis revealed that persistent 

Table 1.  Baseline characteristics of inflammatory bowel disease patients 
treated with anti-tumor necrosis factor-alpha (TNF-α) agents.

Characteristic Value

Number of patients 79

Age, years, mean ± SD 39.2 ± 14

Gender, male/female 56/23

Body mass index, mean ± SD 20.7 ± 3.0

Type of anti-TNF-α

  Infliximab 64 (81%)

  Adalimumab 15 (19%)

Ulcerative colitis 37

  Proctitis 6 (7.6%)

  Proctosigmoiditis 11 (13.9%)

  Left-sided 13 (16.5%)

  Pan-colitis 7 (8.9%)

Crohn’s disease 42

  Ileal 12 (15.2%)

  Ileocolic 9 (11.4%)

  Colic 20 (25.3%)

  Unclassified 1 (1.3%)

Disease duration, months, mean ± SD 52.1 ± 51.0

Operation 10 (12.6%)

Initial anemia 60 (75.9%)

Initial severe anemia 27 (34.2%)

Oral iron supplementation 27 (34.2%)
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Table 2.  Hematologic and disease activity parameters pre- and post-treatment in inflammatory bowel disease patients at years 0 
and 1.

Anti-TNF-α group (n = 52) p value Anti-TNF-α with iron 
supplementation group (n = 27)

p value

  Year 0 Year 1 Year 0 Year 1  

Hb, g/dL 12.0 ± 1.8 13.3 ± 2.0 <0.001 9.8 ± 2.4 11.7 ± 2.3 0.004

Hct, % 36.4 ± 5.1 39.6 ± 5.0 <0.001 30.8 ± 6.5 36.3 ± 5.6 0.002

MCV, fL 85.0 ± 6.3 87.1 ± 7.0 0.059 80.9 ± 9.3 82.2 ± 11.7 0.622

MCH level, pg 28.0 ± 2.8 29.2 ± 3.2 0.022 25.7 ± 3.8 26.5 ± 4.8 0.458

MCHC, g/dL 32.9 ± 1.2 33.4 ± 1.5 0.015 31.6 ± 1.5 32.1 ± 1.8 0.297

RDW, % 14.7 ± 2.1 13.9 ± 2.1 0.042 16.7 ± 3.0 15.8 ± 2.6 0.287

RBC count, ×106/µL 4.3 ± 0.7 4.6 ± 0.6 0.004 3.8 ± 0.8 4.5 ± 0.7 0.003

WBC count, ×103/µL 8.2 ± 3.2 7.2 ± 2.7 0.040 9.3 ± 6.2 7.7 ± 3.8 0.115

PLT count, ×103/µL 338.6 ± 103.4 281.0 ± 101.8 0.001 366.9 ± 110.8 319.3 ± 80.0 0.057

CRP level, mg/dL 3.6 ± 4.1 0.8 ± 1.1 0.004 3.7 ± 4.3 1.1 ± 1.3 0.025

ESR, mm/h 28.2 ± 24.5 16.4 ± 14.0 0.025 29.1 ± 19.2 23.1 ± 18.4 0.354

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; PLT, platelet; RBC, red blood cell; RDW, red cell distribution width; WBC, 
white blood cell.

Table 3.  Hematological and disease activity parameters pre- and post-treatment in patients with ulcerative colitis and Crohn’s 
disease at years 0 and 1.

Ulcerative colitis (n = 37) p value Crohn’s disease (n = 42) p value

  Year 0 Year 1 Year 0 Year 1  

Hb, g/dL 10.9 ± 2.3 12.8 ± 2.0 0.001 11.5 ± 2.2 12.7 ± 2.4 <0.001

Hct, % 33.5 ± 6.5 38.6 ± 4.7 0.001 35.2 ± 6.0 38.4 ± 6.0 0.001

MCV, fL 86.4 ± 6.1 86.8 ± 7.4 0.791 81.5 ± 8.1 84.3 ± 10.2 0.088

MCH level, pg 28.1 ± 2.6 28.7 ± 3.5 0.348 26.5 ± 3.6 27.9 ± 4.3 0.058

MCHC, g/dL 32.4 ± 1.2 33.0 ± 1.7 0.093 32.5 ± 1.6 33.0 ± 1.7 0.071

RDW, % 15.1 ± 2.7 14.5 ± 2.7 0.303 15.6 ± 2.5 14.7 ± 2.2 0.038

RBC count, ×106/µL 3.9 ± 0.7 4.5 ± 0.5 <0.001 4.4 ± 0.8 4.6 ± 0.7 0.031

WBC count, ×103/µL 8.5 ± 5.6 7.2 ± 3.2 0.058 8.6 ± 3.4 7.5 ± 3.1 0.080

PLT count, ×103/µL 331.3 ± 116.0 285.1 ± 82.3 0.018 361.3 ± 97.3 301.2 ± 105.9 0.003

CRP level, mg/dL 2.8 ± 3.6 0.6 ± 0.8 0.015 4.5 ± 4.5 1.3 ± 1.4 0.005

ESR, mm/h 28.2 ± 21.4 21.4 ± 15.1 0.226 28.9 ± 24.1 16.1 ± 16.5 0.032

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; PLT, platelet; RBC, red blood cell; RDW, red cell distribution width; WBC, 
white blood cell.
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anemia after 1 year of therapy was significantly 
associated with severe anemia at baseline [odds 
ratio (OR): 3.41; 95% confidence interval: 1.25–
9.28; p = 0.017] (Table 6).

Discussion
This is the first report on the efficacy of anti-
TNF-α agents for treating anemia in biologic-
naïve Asian patients with IBD. To date, only 

Table 4.  Major hematologic and disease activity parameters pre- and post-treatment in inflammatory bowel disease patients with 
severe anemia at years 0 and 1.

Anti-TNF-α group
(n = 11)

p value Anti-TNF-α with iron 
supplementation group (n = 16)

p value

  Year 0 Year 1 Year 0 Year 1  

Hb, g/dL 9.3 ± 0.8 11.4 ± 2.7 0.081 8.5 ± 1.5 11.4 ± 2.1 0.001

Hct, % 28.6 ± 3.6 34.7 ± 6.6 0.060 27.2 ± 4.4 36.0 ± 4.9 <0.001

MCV, fL 85.5 ± 7.2 87.1 ± 10.4 0.722 79.6 ± 10.9 80.7 ± 10.7 0.719

MCH level, pg 28.0 ± 3.4 28.7 ± 4.8 0.768 24.8 ± 4.2 25.6 ± 4.5 0.574

MCHC, g/dL 32.7 ± 1.5 32.7 ± 2.5 0.967 31.0 ± 1.4 31.5 ± 1.7 0.378

RDW, % 16.3 ± 2.5 16.0 ± 3.6 0.889 17.2 ± 2.9 16.2 ± 2.4 0.315

RBC count, ×106/µL 3.4 ± 0.7 4.0 ± 0.7 0.112 3.5 ± 0.7 4.5 ± 0.7 <0.001

WBC count, ×103/µL 9.7 ± 4.2 8.6 ± 4.7 0.235 7.8 ± 3.5 7.6 ± 2.6 0.802

PLT count, ×103/µL 335.6 ± 117.4 284.8 ± 164.2 0.448 365.1 ± 130.7 344.1 ± 83.7 0.541

CRP level, mg/dL 7.6 ± 4.1 1.0 ± 0.9 0.014 3.9 ± 4.2 1.1 ± 1.3 0.059

ESR, mm/h 53.3 ± 28.1 14.5 ± 5.3 0.022 28.2 ± 18.1 22.9 ± 21.0 0.541

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentration; MCV, mean corpuscular volume; PLT, platelet; RBC, red blood cell; RDW, red cell distribution width; WBC, 
white blood cell.

Figure 1.  The prevalence of anemia in patients with inflammatory bowel disease before and after treatment.
IBD, inflammatory bowel disease; TNF-α, tumor necrosis factor-alpha.
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Table 5.  Disease activity in inflammatory bowel disease patients treated with anti-TNF-α agents at years 0 
and 1.

Year 0 Year 1 p value

Median UCDAI (IQR)

  Total UC patients 9.0 (8.0–11.0) 3.0 (2.0–5.0) <0.001

  Anti-TNF-α 9.0 (8.0–11.0) 3.0 (2.0–5.0) <0.001

  Anti-TNF-α + iron 9.5 (8.0–10.3) 3.0 (1.8–4.3) <0.001

Median HBI (IQR)

  Total CD patients 9.5 (9.0–11.0) 2.0 (0.8–3.0) <0.001

  Anti-TNF-α 9.0 (9.0–10.0) 1.0 (0.0–2.0) <0.001

  Anti-TNF-α + iron 11.0 (8.5–13.0) 2.0 (1.5–4.0) 0.004

CD, Crohn’s disease; HBI, Harvey–Bradshaw Simple Index; IQR, interquartile range; TNF-α, tumor necrosis factor alpha; 
UC, ulcerative colitis; UCDAI, Ulcerative Colitis Disease Activity Index.

Table 6.  Multivariate logistic regression analyses of factors associated with persistent anemia after 1 year of 
therapy.

Variables OR 95% CI p value

Age >50 years 1.97 0.47–8.19 0.351

Female 0.95 0.29–3.10 0.936

Operation history 0.98 0.20–4.90 0.977

UC 0.42 0.14–1.27 0.125

Adalimumab 0.51 0.12–2.25 0.373

Iron supplementation 2.12 0.65–6.93 0.213

Severe anemia at baseline 3.41 1.25–9.28 0.017

No changes in disease activitya 6.01 0.63–57.8 0.120

Disease phenotype, UCb

  Proctosigmoiditis 1.63 0.13–21.1 0.708

  Left-sided 0.97 0.08–12.4 0.979

  Pan-colitis 2.32 0.12–43.6 0.573

Disease phenotype, CDc

  Ileocolic 3.36 0.35–32.0 0.291

  Colic 1.24 0.17–8.88 0.830

aIf disease activity does not change to remission (or mild) after 1 year.
bCompared with the UC proctitis phenotype.
cCompared with the CD ileal phenotype.
CD, Crohn’s disease; CI, confidence interval; OR, odds ratio; UC, ulcerative colitis.
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three studies have evaluated the effects of anti-
TNF-α therapy and iron supplementation on 
anemia in patients with IBD,17–19 and none have 
yet been reported in Asia. Also, all patients 
enrolled in this study were receiving biologic ther-
apy for the first time and had a confirmed diagno-
sis of IBD. This enabled us to link anti-TNF-α 
effects with outcomes of anemia treatment during 
the first year. Anti-TNF-α treatment increases 
the Hb level and decreases inflammatory activity. 
These effects were similar in the UC and CD 
groups. In addition, severely anemic patients with 
IBD who received an anti-TNF-α agent and iron 
supplementation exhibited a significantly greater 
increase in Hb level compared with those who 
received only an anti-TNF-α agent.

Research on the effects of anti-TNF-α agents and 
iron supplementation on Hb levels and anemia in 
patients with IBD is limited.17–19 Koutroubakis 
et  al. evaluated the effect of anti-TNF-α treat-
ment on Hb levels in 430 patients with IBD.17 
The median Hb level did not change between 
years 0 and 1, and the prevalence of anemia at 
year 1 was similar to that at baseline (36.6% ver-
sus 38.1%; p = 0.77). In addition, a hematopoietic 
response was observed in only 33.6% of the ane-
mic patients with IBD, 94% of whom received 
iron supplementation.17 This is inconsistent with 
our findings, but the difference may be explained 
as follows. First, the proportion of CD patients 
was 53% in this work, compared with 75.3% in 
the previous study. In addition, the rates of sur-
gery related to IBD were 12.6% and 47.2%, 
respectively. This indicates that the patients in 
the previous study had a longer duration of IBD, 
and so their intestinal chronic inflammation was 
more severe and they experienced more compli-
cations. In fact, the disease duration in the previ-
ous study was approximately twofold that of our 
patients. IBD (and particularly CD) is a progres-
sive disease; therefore, delayed administration of 
anti-TNF-α agents can exacerbate bowel mucosal 
inflammation and lead to irreversible structural 
damage.26 The impact of disease duration on the 
efficacy of anti-TNF-α agents is greatest for CD. 
Therefore, in the previous study, because the 
patients suffered from IBD for a longer time 
period and the percentage of patients with CD 
was high, it is likely that anti-TNF-α treatment 
was less efficacious than in our study. Second, the 
previous study enrolled a larger proportion of 
women compared with this work (29.1% versus 
51.6%). Anemia is rarer in men than in women, 

so anemia in male patients with IBD is likely to be 
associated with IBD. However, the frequency of 
iron-deficiency anemia is higher in women than 
in men, irrespective of the presence of IBD.27 In 
addition, it is likely that other factors, such as 
menstruation or hemolytic anemia, affect anemia 
in women. Hence, if the treatment only focused 
on IBD, the likelihood of achieving significant 
improvement in anemia will be lower in women 
than in men. Therefore, the effects of anti-TNF-
α agents on anemia in the previous study were 
less marked than those reported here. By con-
trast, anti-TNF-α therapy was effective against 
anemia in patients with IBD in two other previ-
ous studies, similar to our findings.18,19

Generally, intravenous iron should be considered 
a first-line treatment in patients with clinically 
active IBD and previous intolerance to oral iron 
because orally administered iron has low bioavail-
ability and may cause an absorption disorder 
related to increased hepcidin production.10 In this 
study, oral iron was used instead of intravenous 
iron, which may explain the lack of a clear benefit 
in terms of Hb elevation in all patients with IBD. 
Interestingly, among severely anemic patients 
(34.2% of the total patient population), oral iron 
supplementation resulted in a significant increase 
in the Hb level. Unlike the ECCO guidelines 
(oral iron recommended for mildly anemic 
patients with IBD), our results showed that oral 
iron is beneficial in severely anemic patients.10 
Although oral iron has disadvantages compared 
with intravenous iron,9,28 the convenience of oral 
administration enables prolonged use. The effec-
tiveness of oral iron supplementation in severely 
anemic patients with IBD needs to be confirmed 
in large clinical studies.

This study used only oral iron supplementation 
for the following reasons. First, according to the 
guidelines, intravenous iron should be used as a 
first-line treatment in patients who are intolerant 
of oral iron supplementation.10,29 Because all 
patients enrolled in this study tolerated oral iron 
supplementation (used >6 months), there was no 
reason to perform additional intravenous iron 
supplementation. Second, although intravenous 
iron supplementation is safer than in the past, 
life-threatening reactions can occur, albeit 
rarely.30,31 Also, intravenous iron supplementa-
tion is not used initially unless there is a specific 
reason, such as the inability to take oral iron sup-
plementation, a severe absorption disorder, severe 
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blood loss, or the need to use erythropoiesis-stim-
ulating agents. Patients in this study did not 
undergo parenteral iron supplementation because 
they did not fulfill any of these criteria.

Iron deficiency occurs in patients with IBD 
because of, for example, intestinal blood loss (a 
major reason), decreased dietary intake, iron mal-
absorption, and functional deficiencies. In par-
ticular, intestinal inflammation interferes with 
iron absorption, increases hepcidin production, 
and internalizes or decomposes iron.32,33 Because 
inflammation hampers the transport of iron from 
intestinal epithelial cells to the circulation, iron 
accumulates in macrophages and monocytes.34,35 
Ultimately, a chronic inflammatory status pre-
vents iron from entering the circulation. 
Therefore, the most important consideration in 
patients with IBD is controlling chronic inflam-
mation. Indeed, iron supplementation in patients 
with uncontrolled inflammation is not beneficial.

It was confirmed that the risk of persistent anemia 
appearing after 1 year of treatment was high when 
initially accompanied by severe anemia. IBD dis-
ease status is likely to be severe in the presence of 
initial severe anemia, and the response to treat-
ment with an anti-TNF-α agent is likely to be 
worse than that of patients with a milder disease 
status. Considering the importance of inflamma-
tion control in the improvement of anemia, it is 
highly likely that the treatment response to anti-
TNF-α agents affects the recovery from anemia. 
In addition, the OR value tended to increase 
when disease activity did not improve. This may 
provide another basis for showing that IBD dis-
ease control plays an important role in the recov-
ery of anemia. Also, if the initial hemoglobin level 
is too low, the anemia will not completely resolve, 
even after some recovery.

This study had several limitations. First, it was a 
retrospective single-center study; therefore, we 
were unable to identify the causes of anemia. 
Second, the latent effects of concomitant thera-
pies were not evaluated. Third, the patients were 
assessed in a tertiary hospital; therefore, the data 
may exhibit a selection bias towards patients with 
severe IBD. Thus, the associations with anemia 
observed in this study may not reflect associa-
tions in the general IBD patient population. 
Finally, a small number of patients were enrolled 
in our study, which restricted the subgroup anal-
ysis. We conducted a normality test to reduce the 

statistical error that may occur due to the small 
number of patients. If normality was not satis-
fied, the statistical analysis was performed using 
a non-parametric method to secure some statisti-
cal power. In conclusion, anti-TNF-α therapy 
increases Hb levels and decreases the rate of ane-
mia in IBD patients after 1 year. Iron supplemen-
tation also improves anemia in patients with IBD, 
particularly the Hb level in those with severe ane-
mia. Therefore, iron supplementation may be 
useful in patients with IBD and severe anemia, 
but controlling the underlying inflammation 
using biologics is more important.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This research 
was supported by Basic Science Research Program 
through the National Research Foundation of 
Korea (NRF) funded by the Ministry of Education 
(grant number: 2020R1I1A306686511)

ORCID iD
Su Young Kim  https://orcid.org/0000-0002- 
6486-8445

References
	 1.	 Peyrin-Biroulet L, Van Assche G, Gómez-Ulloa 

D, et al. Systematic review of tumor necrosis 
factor antagonists in extraintestinal manifestations 
in inflammatory bowel disease. Clin Gastroenterol 
Hepatol 2017; 15: 25–36.e27.

	 2.	 Martin J, Radeke HH, Dignass A, et al. Current 
evaluation and management of anemia in patients 
with inflammatory bowel disease. Expert Rev 
Gastroenterol Hepatol 2017; 11: 19–32.

	 3.	 Wells CW, Lewis S, Barton JR, et al. Effects of 
changes in hemoglobin level on quality of life 
and cognitive function in inflammatory bowel 
disease patients. Inflamm Bowel Dis 2006; 12: 
123–130.

	 4.	 Ershler WB, Chen K, Reyes EB, et al. Economic 
burden of patients with anemia in selected 
diseases. Value Health 2005; 8: 629–638.

	 5.	 Eriksson C, Henriksson I, Brus O, et al. 
Incidence, prevalence and clinical outcome 
of anaemia in inflammatory bowel disease: a 

https://journals.sagepub.com/home/tag
https://orcid.org/0000-0002-6486-8445
https://orcid.org/0000-0002-6486-8445


SY Kim, S An et al.

journals.sagepub.com/home/tag	 9

population-based cohort study. Aliment Pharmacol 
Ther 2018; 48: 638–645.

	 6.	 Filmann N, Rey J, Schneeweiss S, et al. 
Prevalence of anemia in inflammatory bowel 
diseases in European countries: a systematic 
review and individual patient data meta-analysis. 
Inflamm Bowel Dis 2014; 20: 936–945.

	 7.	 Gomollon F and Gisbert JP. Anemia and 
inflammatory bowel diseases. World J 
Gastroenterol 2009; 15: 4659–4665.

	 8.	 Guagnozzi D and Lucendo AJ. Anemia in 
inflammatory bowel disease: a neglected issue 
with relevant effects. World J Gastroenterol 2014; 
20: 3542–3551.

	 9.	 Kulnigg S and Gasche C. Systematic review: 
managing anaemia in Crohn’s disease. Aliment 
Pharmacol Ther 2006; 24: 1507–1523.

	10.	 Dignass AU, Gasche C, Bettenworth D, et al. 
European consensus on the diagnosis and 
management of iron deficiency and anaemia in 
inflammatory bowel diseases. J Crohns Colitis 
2015; 9: 211–222.

	11.	 Billiet T, Rutgeerts P, Ferrante M, et al. 
Targeting TNF-α for the treatment of 
inflammatory bowel disease. Expert Opin Biol Ther 
2014; 14: 75–101.

	12.	 Behm BW and Bickston SJ. Tumor necrosis 
factor-alpha antibody for maintenance of 
remission in Crohn’s disease. Cochrane Database 
Syst Rev 2008; CD006893.

	13.	 Lucendo AJ, Arias A, Roncero O, et al. Anemia 
at the time of diagnosis of inflammatory bowel 
disease: prevalence and associated factors in 
adolescent and adult patients. Dig Liver Dis 2017; 
49: 405–411.

	14.	 Burisch J, Vegh Z, Katsanos KH, et al. 
Occurrence of anaemia in the first year of 
inflammatory bowel disease in a European 
population-based inception cohort-an ECCO-
EpiCom study. J Crohns Colitis 2017; 11: 
1213–1222.

	15.	 Papadaki HA, Kritikos HD, Valatas V, et al. 
Anemia of chronic disease in rheumatoid 
arthritis is associated with increased apoptosis 
of bone marrow erythroid cells: improvement 
following anti-tumor necrosis factor-alpha 
antibody therapy. Blood 2002; 100:  
474–482.

	16.	 Furst DE, Kay J, Wasko MC, et al. The effect 
of golimumab on haemoglobin levels in patients 
with rheumatoid arthritis, psoriatic arthritis or 
ankylosing spondylitis. Rheumatology (Oxford) 
2013; 52: 1845–1855.

	17.	 Koutroubakis IE, Ramos-Rivers C, Regueiro M, 
et al. The influence of anti-tumor necrosis factor 
agents on hemoglobin levels of patients with 
inflammatory bowel disease. Inflamm Bowel Dis 
2015; 21: 1587–1593.

	18.	 Cortes X, Borrás-Blasco J, Molés JR, et al. 
Safety of ferric carboxymaltose immediately after 
infliximab administration, in a single session, in 
inflammatory bowel disease patients with iron 
deficiency: a pilot study. PLoS One 2015; 10: 
e0128156.

	19.	 Lucendo AJ, Roncero O, Serrano-Duenas MT, 
et al. Effects of anti-TNF-alpha therapy on 
hemoglobin levels and anemia in patients with 
inflammatory bowel disease. Dig Liver Dis 2020; 
52: 400–407.

	20.	 Van Assche G, Dignass A, Panes J, et al. The 
second European evidence-based consensus 
on the diagnosis and management of Crohn’s 
disease: definitions and diagnosis. J Crohns Colitis 
2010; 4: 7–27.

	21.	 Magro F, Gionchetti P, Eliakim R, et al. 
Third European evidence-based consensus on 
diagnosis and management of ulcerative colitis. 
Part 1: definitions, diagnosis, extra-intestinal 
manifestations, pregnancy, cancer surveillance, 
surgery, and ileo-anal pouch disorders. J Crohns 
Colitis 2017; 11: 649–670.

	22.	 Satsangi J, Silverberg MS, Vermeire S, et al. 
The Montreal classification of inflammatory 
bowel disease: controversies, consensus, and 
implications. Gut 2006; 55: 749–753.

	23.	 Schroeder KW, Tremaine WJ and Ilstrup DM. 
Coated oral 5-aminosalicylic acid therapy for 
mildly to moderately active ulcerative colitis. 
A randomized study. N Engl J Med 1987; 317: 
1625–1629.

	24.	 Harvey RF and Bradshaw JM. A simple index of 
Crohn’s-disease activity. Lancet 1980; 1: 514.

	25.	 McLean E, Cogswell M, Egli I, et al. Worldwide 
prevalence of anaemia, WHO vitamin and 
mineral nutrition information system, 1993-2005. 
Public Health Nutr 2009; 12: 444–454.

	26.	 Berg DR, Colombel JF and Ungaro R. The role 
of early biologic therapy in inflammatory bowel 
disease. Inflamm Bowel Dis 2019; 25: 1896–1905.

	27.	 Lee JO, Lee JH, Ahn S, et al. Prevalence and risk 
factors for iron deficiency anemia in the Korean 
population: results of the fifth Korea national 
health and nutrition examination survey. J Korean 
Med Sci 2014; 29: 224–229.

	28.	 Zimmermann MB, Chassard C, Rohner F, 
et al. The effects of iron fortification on the gut 

https://journals.sagepub.com/home/tag


Therapeutic Advances in Gastroenterology 13

10	 journals.sagepub.com/home/tag

microbiota in African children: a randomized 
controlled trial in Cote d’Ivoire. Am J Clin Nutr 
2010; 92: 1406–1415.

	29.	 Lamb CA, Kennedy NA, Raine T, et al. British 
society of gastroenterology consensus guidelines 
on the management of inflammatory bowel 
disease in adults. Gut 2019; 68(Suppl. 3): 
s1–s106.

	30.	 Auerbach M and Ballard H. Clinical use of 
intravenous iron: administration, efficacy, and 
safety. Hematology Am Soc Hematol Educ Program 
2010; 2010: 338–347.

	31.	 DeLoughery TG and Auerbach M. Is low-
molecular weight iron dextran really the 
most risky iron?–unconvincing data from an 
unconvincing study. Am J Hematol 2016; 91: 
451–452.

	32.	 Bergamaschi G, Di Sabatino A, Albertini R, et al. 
Serum hepcidin in inflammatory bowel diseases: 
biological and clinical significance. Inflamm Bowel 
Dis 2013; 19: 2166–2172.

	33.	 Nemeth E, Tuttle MS, Powelson J, et al. 
Hepcidin regulates cellular iron efflux by binding 
to ferroportin and inducing its internalization. 
Science 2004; 306: 2090–2093.

	34.	 Theurl I, Mattle V, Seifert M, et al. Dysregulated 
monocyte iron homeostasis and erythropoietin 
formation in patients with anemia of chronic 
disease. Blood 2006; 107: 4142–4148.

	35.	 Knutson MD, Oukka M, Koss LM, 
et al. Iron release from macrophages after 
erythrophagocytosis is up-regulated by ferroportin 
1 overexpression and down-regulated by hepcidin. 
Proc Natl Acad Sci U S A 2005; 102: 1324–1328.

Visit SAGE journals online 
journals.sagepub.com/
home/tag

SAGE journals

https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag



