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Abstract

Inflammatory bowel disease (IBD) is characterized by many clinical features. Anemia is 1 of the most frequent complications am
or extraintestinal manifestations of IBD. There are conflicting data regarding the relationship between changes in hemoglobin
levels and disease prevalence in IBD patients with and without antitumor necrosis factor (antiTNF) therapy. In our study, we aimed
to investigate the long-term effect of antiTNF agents on anemia in IBD.

The records of IBD patients followed-up in our hospital between January 2011 and January 2021 were reviewed retrospectively.
Demographic, clinical, endoscopic, radiological and medical treatment data of the patients were recorded. Complete blood
count and laboratory markers of inflammation and disease activation, were recorded at the beginning and at the first year of
treatment in all patients. The data of patients with and without antiTNF therapy were analyzed statistically. A total of 240 IBD
patients who met the inclusion criteria were enrolled in the study. The number of patients with and without antiTNF therapy was
102 (42.5%) and 138 (57.5%), respectively. The change in all laboratory parameters between the beginning and the first year of
treatment was statistically significant (P < .001) in all IBD patients with and without antiTNF therapy. The change in Hb level after
1 year of treatment was significantly different in patients with antiTNF therapy compared to those without therapy (3.00+1.78g/
dL vs 1.19+£1.38g/dL, P < .001). In the multiple regression analysis, male gender, antiTNF therapy, baseline Hb level and iron
therapy were independent significant variables of hematopoietic response. This study showed that with appropriate treatment,
hemoglobin levels of IBD patients with and without antiTNF therapy increased within 1 year, and the use of antiTNF agents in the
treatment of IBD was an independent variable in correcting anemia.

Abbreviations: ADA = adalimumab, antiTNF = anti-tumor necrosis factor, CD = Crohn’s disease, CER = certolizumab, CRP
= C-reactive protein, ESR = erythrocyte sedimentation rate, HB = hemoglobin, HTC = hematocrit, IBD = inflammatory bowel
disease, IFX = infliximab, MCH = mean corpuscular hemoglobin, MCHC = mean corpuscular hemoglobin concentration, MCV =
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mean corpuscular volume, RDW = red cell distribution width, UC = ulcerative colitis

1. Introduction

Anemia is a common complication and/or extraintestinal
manifestation associated with inflammatory bowel disease
(IBD)."" Compared to other complications, it is frequently
overlooked and negatively affects the quality of life.”! The
most common type of anemia in IBD is chronic iron deficiency
due to chronic intestinal bleeding and intestinal iron absorp-
tion disorders. However, anemia of chronic disease, in which
hepcidin plays an important role in its pathophysiology, is
also common in IBD.’! Anemia causes a significant increase in
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health care costs due to the increased need for medication and
hospitalizations.*

IBD is a term for Crohn disease (CD) and ulcerative colitis
(UC) that are characterized by chronic inflammation of the gas-
trointestinal tract of unknown etiology presenting with different
clinical features.’! antitumor necrosis factor (antiTNF) agents,
which have an important place in the treatment of moderate and
severe IBD, are monoclonal antibodies that show their effects by
inhibiting the pro-inflammatory cytokine TNF-a. There are 3
antiTNF agents commonly used in remission induction, remis-
sion maintenance and treatment of extraintestinal findings in
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IBD. These are infliximab (IFX), adalimumab (ADA) and cer-
tolizumab (CER).1-8!

The aim of this study is to examine the change in hemoglo-
bin levels in the follow-up of IBD patients with and without
antiTNF therapy, and to investigate the relationship between
this change and the antiTNF agent used and prevalence of
the disease. Thus, we tried to evaluate the long-term effects of
antiTNF agents on anemia in IBD.

2. Patients and Methods

2.1. Data collection and preparation

The records of the patients who were followed-up with the
diagnosis of IBD in Ondokuz Mayis University Faculty of
Medicine between January 2011 and January 2021 were
reviewed retrospectively. Age, gender, medical treatments,
endoscopic and radiological extent of the disease were
recorded. Among the laboratory parameters used in the fol-
low-up, hemoglobin (Hb), hematocrit (Htc), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), red
cell distribution width (RDW), erythrocyte sedimentation
rate (ESR), and C-reactive protein (CRP) values at diagnosis
(year 0) and at the end of 1 year of treatment (year 1) were
recorded. An increase of > 2 g/dL in Hb levels was accepted as
a hematopoietic response. The extent of the disease in patients
with UC and CD was classified according to the Montreal
classification system.!!

Those who used antiTNF agents for any disease such as der-
matological or rheumatological diseases, those younger than 18
years old, patients with hematological and oncological cancer,
those who had bowel surgery, and those with a history of trans-
plantation, immunodeficiency and hemoglobinopathy were
excluded from the study (Fig. 1).

2.2. Ethical approval

Ethics committee approval, numbered OMUKAEK 2021/488,
was obtained from the local ethics committee for this study.

2.3. Statistical analysis

The Statistical Package for the Social Sciences for Windows
15.0 (SPSSInc., Chicago, Illinois, USA) was used for statistical

UK CD
n=159 n=81

Exclusion criteria;

* <18 years old

* Patients with cancer

* Anti-TNF agent usage for
any other disease

* History of bowel surgery

* History of transplantation

* History of immunodeficiency
and hemoglobinopathy

Y

A total of 240 IBD patients were included

Figure 1. Patient flow diagram. CD = Crohn disease, IBD = Inflammatory
bowel disease, UK = Ulcerative colitis.
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analysis of the data. Descriptive statistics were given as the mean
= standard deviation, frequency, and percentage. Kolmogorov-
Smirnov test was used to evaluate whether the continuous
variables were normally distributed. Normal distribution was
obtained by applying transformation to the data that did not
show normal distribution. The independent samples t-test was
used to compare the means between the 2 groups, and the chi-
square test was used to compare the categorical data. Univariate
and multivariate logistic regression analyzes were applied to test
which variables could form a model in terms of hematopoietic
response. Gender, IBD subtype (Crohn disease), age, antiTNF
therapy, iron therapy, baseline hemoglobin, baseline ESR were
used as potential confounders. Data were summarized by mean
= standard deviation. Values of P < .05 were considered statis-
tically significant.

3. Results

A total of 240 IBD patients, 159 (66.25%) UC and 81 (33.75%)
CD, who met the criteria were included in the study. The mean
age was 40.1=14.3 years for UC patients and 33.312.3 years
for CD patients. The number of patients with and without
antiTNF therapy was 102 (42.5%) and 138 (57.5%), respec-
tively. Of the patients using antiTNF agents, 74 (72.5%) were
using IFX, 22 (21.6%) were using ADA, and 6 (5.9%) were using
CER. The rate of use of antiTNF agents was higher in patients
with CD (66.7%, P < .001), and IFX was the most commonly
used antiTNF agent in both CD and UC patients. Twenty-seven
(26%) patients with antiTNF therapy and 36 (22%) patients
without antiTNF received iron therapy. According to the
Montreal classification, the most frequent involvement in UC
patients was E1 (proctitis) and L3 (ileocolonic) in CD patients.
The clinical and demographic characteristics of IBD patients are
given in Table 1.

The changes in all laboratory parameters (Hb, Hct, MCV,
MCH, MCHC, RDW, ESR, CRP) were statistically significant in
all patients. There was a significant difference between baseline
Hb levels of patients with antiTNF therapy (10.7 1.9 g/dL) and
those without (12.3+2.1g/dL) (P < .001). When the laboratory
parameters of IBD patients at year 0 and at year 1 were catego-
rized according to antiTNF use, the changes in Hb, Hct, MCV
and MCH values were statistically significant. These changes are
given in Table 2.

The Hb level was significantly higher in male patients
(P <.001) at year 1 compared to year 0, while the change in Hb
level was similar in both genders. Also, in antiTNF subgroups,
the change in Hb levels at year 0 and at year 1 was similar.

Considering the subgroups in UC patients according to the
Montreal classification, the change in Hb level was signifi-
cantly different (P < .001). Especially, Hb change in E3 group
was higher than both E2 group and E1 group. The Hb change
was not different in the subgroup analysis according to the
disease involvement site in CD patients. The Hb change in
younger patients with CD (<40 years) was numerically higher
than in older patients (240 years), but it was statistically
similar.

The Hb change after 1 year of treatment was significantly
different in patients who received antiTNF therapy compared
to those who did not (3.00=1.78¢g/dL vs 1.19+1.38¢g/dL,
P <.001) (Fig. 2).

In the single regression analysis, a significant correlation
was found between hematopoietic response and antiTNF ther-
apy, iron therapy, baseline Hb and baseline ESR. However, in
multiple regression analysis, male gender (OR = 0.360; 95%
CI: 0.162-0.803; P = .012), antiTNF therapy (OR = 4.830;
95%CI: 2.237-10.430; P < .001), baseline Hb level (OR =
0.452; 95% CI: 0.341-0.600; P < .001) and iron therapy (OR
= 2.686; 95% CI: 1.023-7.053; P = .045) were independent
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The clinical and demographic characteristics of IBD patients.

Total IBD uc cb P
Age, (Years + SD) 37.0+13.9 40.1+£14.3 33.3+123 <.001
Gender, [Male (%)] 143 (59.6) 100 (62.9) 43 (53.1) 143
antiTNF theraphy, n (%) 102 (42.5) 48 (30.2) 54 (66.7) <.001
IFX; n (%) 74 (72.5) 41 (85.4) 33(61.1) .006
ADA, n (%) 22 (21.6) 6(12.5) 16 (29.6) .036
CER, n (%) 6 (5.9 1(2.1) 5(9.3 124
Other drugs used for IBD treatment
5- Aminosalicylic acid, n (%) 95 (39.6) 85 (53.5) 10 (12.3) <.001
Azathioprine, n (%) 18(7.5) 0 18 (22.2) <.001
5-Aminosalicylic acid + Azathioprine, n (%) 127 (52.9) 74 (46.5) 53 (65.4) <.001
Montreal classification for UC
Proctitis [E1, n (%)] 67 (42.1)
Left sided colitis [E2, n (%)] 46 (28.9)
Extensive colitis [E3, n (%)] 46 (28.9)
Montreal classification for CD
lleum [L1, n (%)] 35(43.2)
Colon[L2, n (%)] 4(4.9
lleocolon [L3, n (%)] 42 (51.9)
Upper Gl [L4, n (%)] 0
Inflammatory [B1, n (%)] 38 (46.9)
Stricturing [B2, n (%)] 22 (27.2)
Penetrating [B3, n (%)] 21(25.9)
Perianal [p, n (%)] 11(13.6)
Iron theraphy, n (%) 63 (26.3) 49 (30.8) 14 (17.3) .024
Oral, n (%) 32(13.3) 26 (16.4) 6 (7.4) .054
v, n (%) 31(12.9 23 (14.5) 8(9.9) 316
The significance of bold values is P < .05.
Changes in laboratory parameters of IBD patients.
Antitnf (+) Antitnf (=)
IBD Total Total uc (H)] Total uc cb
Hb year 0 (g/dL) (mean + SD) 11.6+2.2 10.7+1.9 104+1.9 109+1.9 12.3+2.1 123422 11.8+16
Hb year 1 (g/dL) (mean + SD) 13.6+14 13715 139+15 135+1.6 135+1.4 135+1.4 131+1.0
P <.001 <.001 .009 <.001 <.001 <.001 <.001
Het year 0 (%) (mean + SD) 36.1+5.6 33.8+5.3 33.3+5.6 34.3+5.0 37.7+52 37.9+55 36.8+3.9
Het year 1 (%)(mean + SD) 41.0+3.7 41.2+38 41.6+3.4 40.9+441 40.8+3.6 41.0+3.7 39.6+2.8
P <.001 <.001 .017 <.001 <.001 <.001 .003
MCV year 0 (fL) (mean + SD) 82.0+8.3 81.4+89 81.2+10.0 81.6+8.0 82.4+79 83.1+7.7 79.0+7.7
MCV year 1 (fL) (mean + SD) 85.4+6.7 85.5+6.4 85.2+6.3 85.8+6.4 85.3+6.9 85+6.4 86.2+8.8
P <.001 <.001 <.001 <.001 <.001 <.001 .009
MCH year 0 (pg) (mean + SD) 26.3+3.8 25.8+39 255+4.2 26.0+3.6 26.7+3.7 26.9+3.6 254+32
MCH year 1 (pg) (mean + SD) 28.3+3.0 28.4+3.0 28.4+3.0 28.4+31 28.1+3.0 28.0+2.9 285+3.2
P <.001 <.001 <.001 <.001 <.001 <.001 .018
MCHC year 0 (g/dL)(mean + SD) 32.0+2.0 315+1.9 31.2+1.9 31.8+1.8 324+20 325+2.0 32.0+1.4
MCHC year 1 (g/dL) (mean + SD) 33.1+15 33.1+1.6 33.3+1.6 33.0+1.6 33.0+£15 329+15 33.0+1.2
P <.001 .003 238 .001 <.001 <.001 <.001
RDW year 0 (%)(mean + SD) 151+2.6 16.0+2.8 16.5+3.1 15.6+2.1 14.4+21 142+21 15.1+241
RDW year 1 (%)(mean + SD) 145+2.6 144+24 145+27 14.3+2.1 146+2.8 145+2.8 14.8+2.7
P .005 <.001 .038 <.001 <.001 .003 .068
ESR year 0 (mm/h) (mean + SD) 41.5+26.6 46.5+26.1 43.8+22.2 49.0+£29.0 37.7+26.5 34.6+25.6 50.3+26.4
ESR year 1 (mm/h) (mean + SD) 22.8+16.6 22.7+16.3 22.1+13.8 23.1+18.3 23.0+16.8 21.6+16.4 28.6+17.4
P <.001 .004 .006 .106 <.001 <.001 241
CRP year 0 (mg/L) (mean + SD) 26.0+36.9 29.1+36.6 21.3+27.3 36.0+£42.3 23.6+37.0 21.5+35.2 32.0+43.0
CRP year 1 (mg/L) (mean + SD) 6.2+8.8 6.9+11.6 54+58 8.2+14.8 57+5.9 55+6 6.4+5.5
P <.001 .079 .891 155 .065 A 496

The significance of bold values is P < .05.

significant variables in terms of hematopoietic response

(Table 3).

4. Discussion

Although there are many data showing the efficacy of antiTNF
agents in the treatment of IBD, data are limited regarding the

effectiveness of antiTNF agents on anemia which is the most

common systemic complication of IBD.I'"Y Anemia in IBD may
develop due to many factors such as blood loss due to muco-
sal damage, dietary factors and inflammatory changes during
active disease. As is known, inflammatory cytokines (especially

TNF-a) adversely affect duodenal iron absorption via hepcidin
and inhibit erythropoiesis with their systemic effects on bone
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Figure 2. The change in Hb level at year 1 in patients with and without
antiTNF treatment.

marrow stem cells.!'=13! Anemia is also associated with the extent
and activity of the disease in IBD. Effective treatment of the dis-
ease provides mucosal healing, reduces inflammatory cytokines
and makes anemia less common."* Our study showed that Hb
levels significantly improved with appropriate treatment in all
IBD patients and the mean Hb levels of patients who addition-
ally used antiTNF agents increased significantly after 1 year of
treatment compared to those who did not. It was thought that
the effect of iron therapy in the emergence of this result was very
low, since the patients with and without antiTNF therapy in this
study used iron therapy at a similar rate.

AntiTNF agents not only abolish the cytokine effect on
erythroid gene expression and increase erythropoietin produc-
tion leading to erythropoiesis, but also inhibit hepcidin pro-
duction by reducing proinflammatory cytokines. Moreover,
they increase intestinal iron absorption by providing mucosal
healing and reduce intestinal blood loss.”! In a study includ-
ing 362 IBD patients in which the effects of antiTNF agents
on Hb levels were examined, it was shown that inhibition of
TNF-a was effective for the treatment of anemia in both UC
and CD patients.>! In a case report by Domenech et al, in a
CD patient with anemia resistant to medical treatment, anemia
improved after IFX treatment.!'") Also, in a cross-sectional study
conducted by Bergamaschi et al, it was observed that anemia
improved in 12 of 18 patients who continued IFX treatment.!'”!
On the other hand, a multicenter study in 410 IBD patients, of
whom 114 (27.8%) used antiTNF agents, revealed that anemia
was associated with disease severity and frequency of hospital
admission, but the effect of antiTNF agent use on anemia was
limited."®! In another study by the same group, including 430
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patients using antiTNE, it was demonstrated that anemia con-
tinued to be an important problem after 1 year of treatment, but
the use of antiTNF provided a significant improvement in Hb
levels, and this improvement was more pronounced in those with
severe anemia. It was suggested that this improvement might be
due to both antiTNF therapy and iron replacement therapy."”! In
our study, age, type of antiTNF, route of administration of iron
therapy (oral & parenteral), immunomodulatory therapy, type,
extent, location and pattern of the disease were not effective on
hematopoietic response according to multiple logistic regression
analysis. However, antiTNF therapy, Hb level at the beginning
of treatment, gender and iron theraphy were found as indepen-
dent significant variables in terms of hematopoietic response.
These findings suggest that oral or parenteral iron therapy may
be prescribed to IBD patients with severe anemia at the time of
admission. The severity of anemia at the beginning of treatment
and the improvement in anemia in the first year of treatment
are also important parameters for determining IBD activity and
severity."”! The significant increase in Hb levels in those using
antiTNF agents in our study confirms the knowledge that inflam-
matory processes play an important role in the anemia among
IBD patients.

Our study has some important limitations. First, the study
population consisted of moderate and severe IBD patients
because the study was conducted in a tertiary healthcare insti-
tution. Second, the type of anemia and possible changes in the
parameters could not be investigated due to the lack of iron
parameters in the follow-up of IBD patients. Third, the IBD
activity was evaluated with ESR and CRP. Fourth, the results
were limited in the ability to represent patients with pediat-
ric-onset IBD as the study included patients older than 18 years.
Finally, although using an antiTNF agent, regardless of the type,
was interpreted as a significant improvement in Hb levels, the
small number of patients treated with CER was not sufficient to
evaluate the effectiveness of this drug.

5. Conclusion

In conclusion, this study shows that Hb levels of IBD patients with
and without antiTNF therapy increase significantly within 1 year
with appropriate treatment, and the use of antiTNF agents in the
treatment of IBD is an independent variable in correcting anemia.
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