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BACKGROUND & AIMS:
 Anemia is a common manifestation of inflammatory bowel disease (IBD) that can greatly affect
patients’ quality of life. We performed a prospective study of a large cohort of patients with IBD
to determine if patterns of anemia over time are associated with aggressive or disabling
disease.
METHODS:
 We performed a longitudinal analysis of demographic, clinical, laboratory, and treatment data
from a registry of patients with IBD at the University of Pittsburgh Medical Center from 2009
through 2013. Patients with a complete follow-up evaluation (at least 1 annual visit with lab-
oratory results) were included. Anemia was defined by World Health Organization criteria.
Disease activity scores (the Harvey–Bradshaw Index or the ulcerative colitis activity index) and
quality-of-life scores (based on the short IBD questionnaire) were determined at each visit;
laboratory data, including levels of C-reactive protein and erythrocyte sedimentation rates, as
well as patterns of IBD-related health care use, were analyzed.
RESULTS:
 A total of 410 IBD patients (245 with Crohn’s disease, 165 with ulcerative colitis; 50.5% female)
were included. The prevalence of anemia in patients with IBD was 37.1% in 2009 and 33.2% in
2013. Patients with IBD and anemia required significantly more health care and had higher
indices of disease activity, as well as a lower average quality of life, than patients without
anemia (P < .0001). Anemia (persistent or recurrent) for 3 or more years was correlated
independently with hospitalizations (P < .01), visits to gastroenterology clinics (P < .001),
telephone calls (P < .004), surgeries for IBD (P [ .01), higher levels of C-reactive protein
(in patients with ulcerative colitis, P [ .001), and a higher erythrocyte sedimentation rate
(P < .0001). Anemia was correlated negatively with quality-of-life scores (P < .03).
CONCLUSIONS:
 Based on a longitudinal analysis of 410 patients, persistent or recurrent anemia correlates with
more aggressive or disabling disease in patients with IBD.
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See editorial on page 1767.
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ICrohn’s disease (CD) and ulcerative colitis (UC), are
chronic inflammatory disorders characterized by a vari-
able clinical course. CD often has a progressive pattern
from inflammatory to more complicated disease with
stenoses or fistulae.1 UC may become more extensive
with time, increasing the possibility of colectomy or
cancer.2 IBD patients who manifest an aggressive disease
course characterized by frequent relapses, persistent
inflammatory activity, a need for intensified medical
treatment, and/or surgical management recently were
defined as having severe or disabling disease.3
There is a lack of reliable and universally accepted
biomarkers that predict the disease course in IBD.
Moreover, the assessment of disease activity in IBD is
difficult.4,5 Concerning the use of biomarkers in the
management and prognosis of IBD, C-reactive protein
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(CRP) and fecal calprotectin are the most widely used,
but both have several limitations and are far from ideal.
Because of the shortcomings of clinical and biochemical
indices, endoscopic evaluation and assessment of
mucosal healing is becoming increasingly important in
the clinical management of IBD patients.6

Anemia is an important complication and/or extra-
intestinal manifestation of IBD, which is present in one
third of the IBD patients, resulting in a significant impact
on their quality of life. Several recent studies have focused
on the prevalence, pathophysiology, and treatment of
anemia in IBD7–11; however, the data on anemia and its
course over time in the outpatient clinic setting as a po-
tential marker of disabling disease are limited. A recent
study of 62 uncomplicated CD patients showed that low
hemoglobin or hematocrit levels were independent pre-
dictors of the first complication or CD-related surgery.12

Persistent anemia is common in IBD,13 but its potential
role in disease stratification is unknown.

The aim of this study was to investigate if the pres-
ence and duration of anemia in IBD patients followed up
longitudinally correlated with a clinical pattern of
aggressive/disabling disease.
Patients and Methods

The characteristics of the consented, prospective,
longitudinal, natural history registry of patients with IBD
at the University of Pittsburgh Medical Center have been
described previously.14 In addition to demographic in-
formation, the registry houses temporally organized pre-
scription, endoscopic, pathologic, radiologic, laboratory,
and other clinical data regarding health care use of
enrolled patients and is updated routinely through In-
formation Technology support. De-identified longitudinal
data were used in the analysis from patients with a
definitive IBD diagnosis according to established criteria.
Patients who were seen during the 5-year period from
January 1, 2009, to December 31, 2013, and who had
complete follow-up evaluation, defined as at least 1 annual
visit during this period with laboratory evaluations, were
included. Demographic, clinical, and laboratory data pro-
spectively collected from clinic visits and information
from electronic medical record–based computer searches
and manual confirmation of information were recorded.
Complete blood count data, disease activity scores,
biochemical markers of inflammation and anemia, and
patterns of medication use were monitored prospectively
in all patients. Patterns of health care use such as emer-
gency department (ED) or GI clinic visits, telephone calls
to the IBD office, and hospitalizations also were recorded
prospectively. Disease location and behavior in CD and
extent of bowel involvement in UC was classified accord-
ing to the Montreal classification.15 The disease activity
also was evaluated prospectively using clinical activity
scores such as the Harvey–Bradshaw index (HBI) for CD16

and the ulcerative colitis activity index (UCAI) for UC.17
Prospectively collected health-related quality of life, as
measured by the validated short IBD questionnaire
(SIBDQ),18 also was analyzed. The average scores of the
HBI, UCAI, and SIBDQ, as well as the CRP and erythrocyte
sedimentation rate (ESR) 5-year measurements, were
calculated and used in the analysis.

Anemia was defined as a hemoglobin (Hb) level less
than 13 g/dL in men and a Hb level less than 12 g/dL in
nonpregnant women based onWorld Health Organization
criteria.19 IBD patients were divided into 3 groups: pa-
tients without anemia (group A), patients with anemia for
1 or 2 (consecutive or not) years (group B), and patients
with anemia for 3 (consecutive or not) or more years
(group C). Persistent anemia was considered the absence
of hematopoietic response (normal Hb level) after treat-
ment, and recurrent anemia was considered the response
to treatment followed by a decrease of Hb level. Patients
with other important diseases that may manifest with
anemia such as renal or heart failure, cirrhosis, and ma-
lignancies were excluded from the analysis. Information
on possible iron supplementation for anemic patients was
characterized using electronic records. Proportions of
patients treated for anemia at the time of the evaluation
with oral or intravenous (IV) iron were recorded.

The University of Pittsburgh’s Institutional Review
Board approved enrollment and participation of the pa-
tients in the research registry (PRO12110117).

Statistical Analysis

Data are presented either as means � SD for contin-
uous, normally distributed variables, or as medians and
range for nonparametric data. The Kolmogorov–Smirnov
test was used to evaluate distribution normality. Dif-
ferences between groups were evaluated using the Stu-
dent t test for parametric continuous data and the
Mann–Whitney U test for nonparametric continuous
data. Data from contingency tables were analyzed using
chi-squared analysis. Correlation with Spearman rho (r)
was used for assessing the relationship between anemia
status and biomarkers or disease activity indices. A lo-
gistic regression analysis was used to adjust for potential
confounders. In the final model, the dependent variable
was the presence of persistent anemia, and the cova-
riates were those with significance less than 0.1 in the
univariate analysis. P values less than .05 were consid-
ered statistically significant.

Results

A total of 421 IBD patients met the inclusion criteria
of complete follow-up evaluation with at least 1 annual
visit including complete blood count and biomarker (CRP
and ESR) evaluation. Eleven cases were excluded owing
to uncertain IBD diagnosis or because of the presence of
other diseases related to the manifestation of anemia. In
the final study population there were 245 patients with



Figure 1. Prevalence of anemia in inflammatory bowel dis-
ease patients over the 5-year period.
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CD and 165 patients with UC. The demographic and
clinical data of the IBD patients included in the study are
presented in Table 1.

The prevalence of anemia was 37.1% (CD, 36.7%; UC,
37.6%) in 2009, with a small decrease in 2013 to 33.2%
(CD, 34.3%; UC, 31.5%). The prevalence of anemia per
year in IBD patients is presented in Figure 1. No signif-
icant differences between CD and UC or the time periods
of the study concerning the prevalence of anemia were
found (P > .05). The burden of anemia as expressed by
years with anemia of the IBD patients is presented in
Figure 2. A total of 137 IBD patients (33.4%) were
without anemia at any time (group A), 140 IBD patients
(34.1%) had anemia for 1 to 2 years (group B), and 133
patients (32.5%) had anemia for 3 or more years (group
C). The median number of measurements with a normal
Hb value was 12 (range, 5–48) in group A, 11 (range,
3–36) in group B, and 9 (range, 0–29) in group C. The
median number of Hb measurements with low values
were 0 in group A, 2 (range, 1–17) in group B, and 12
(range, 3–150) in group C. Among patients in group C, 30
(23.6%) had persistent anemia (no measurement with
normal Hb) and 103 (77.4%) had recurrent anemia
(measurements with low and normal Hb level). Twenty-
four patients (80%) with persistent anemia and 78 pa-
tients (75.7%) with recurrent anemia had active disease
(HBI or UCAI > 4). Iron supplementation at any time was
administered to 167 patients (131 oral, 36 IV). Folate or
vitamin B12 deficiency was found in 4 and 7 cases with
Table 1. Demographic and Clinical Characteristics of
Inflammatory Bowel Disease Patients Included in
the Study

Diagnosis CD UC Total IBD

Patients, n (%) 245 (59.8) 165 (40.2) 410 (100)
Median age, y (range) 39 (17–79) 43 (15–83) 40 (15–83)
Female sex, n (%) 137 (55.9) 70 (42.4) 207 (50.5)
Smoking, yes, n (%) 102 (41.6) 63 (38.2) 165 (40.2)
Median disease duration,

y (range)
13 (0–63) 10 (0–70) 11 (0–70)

Montreal classification for UC
Proctitis, E1, n (%) 14 (8.6)
Left-sided colitis, E2, n (%) 59 (35.6)
Extensive colitis, E3, n (%) 92 (55.8)

Montreal classification for CD
Inflammatory, B1, n (%) 99 (40.4)
Stricturing, B2, n (%) 92 (37.6)
Penetrating, B3, n (%) 54 (22.0)
Perianal, p, n (%) 57 (23.3)
Ileum, L1, n (%) 58 (23.7)
Colon, L2, n (%) 49 (20.0)
Ileocolon, L3, n (%) 132 (53.9)
Upper GI, L4, n (%) 6 (2.4)

Use of immunomodulators,
n (%)

113 (46.1) 53 (32.1) 166 (40.0)

Use of biologics, n (%) 94 (38.4) 20 (12.1) 114 (27.8)
History of surgery for IBD,

n (%)
149 (60.8) 46 (27.9) 195 (47.6)
anemia, respectively. CD patients with a history of sur-
gery (149) were receiving vitamin B12 replacement. No
cases with myelodysplastic syndrome were observed.

IBD patients without anemia during the 5 years were
found to have significantly lower clinical or biochemical
activity scores (average values for the 5 years), and
lower rates of health care use (ED or GI clinic visits,
telephone calls, and hospitalizations), as well as a higher
SIBDQ score compared with patients with anemia (for all
parameters, P < .0001). IBD patients from group C had
significantly higher clinical or biochemical activity scores
(average values for the 5 years), and higher rates of
health care use (ED or GI clinic visits, telephone calls, and
hospitalizations), as well as a lower SIBDQ score
compared with patients from groups A and B (Table 2).
The prevalence of complicated disease (stricturing or
penetrating) was higher in CD patients from groups C
(61.7%) and B (58.9%) compared with CD patients from
group A (48.6%), but the difference was not statistically
significant (P ¼ .07). The prevalence of extensive UC was
significantly higher in group C (58.5%) compared with
groups A (38.3%) and B (37.9%) (P ¼ .004).
Figure 2. The burden of anemia, as expressed by years with
anemia, of the inflammatory bowel disease patients included
in the study.



Table 2. Activity Indices, Quality-of-Life Scores, and Health Care Use in Inflammatory Bowel Disease Patients in Relation to
Anemia Status

Parameter Group Aa Group Bb Group Cc P value

5-year average CRP, median, mg/L (range) 0.2 (0.02–5.2) 0.5 (0.02–9.5) 1.1 (0.02–23.5) <.001
5-year average ESR, mean � SD, mm/h 14.7 � 8.5 18.8 �12.0 34.1 � 20.8 <.0001
5-year average HBI for CD, median (range) 2.0 (0–17) 3.3 (0–23) 5.7 (0.4–21.8) <.001
5-year average UCAI for UC, median (range) 1.7 (0–13) 3.0 (0–13) 5.3 (0–28) .001
5-year average SIBDQ, median (range) 58 (22.7–69.8) 52.4 (26.5–70) 47.2 (18.2–67.3) <.001
Telephone calls, median (range) 13 (0–95) 17 (0–157) 28 (0–288) <.001
Emergency department visits, median (range) 0 (0–52) 1 (0–79) 4 (0–78) <.0001
GI department visits, median (range) 8 (0–29) 11 (0–81) 12 (0–107) <.001
Hospitalizations, median (range) 0 (0–7) 1 (0–27) 3 (0–27) <.0001

aPatients without anemia.
bPatients with anemia for 1–2 years.
cPatients with anemia for �3 years.
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Concerning the use of IBD medications, patients from
group C had significantly lower use of thiopurines
(azathioprine or mercaptopurine) compared with group
A patients (P ¼ .008), but the use of methotrexate or
biologic agents was similar among groups (Table 3). In 7
cases (5 CD, 2 UC) with persistent anemia, erythropoietic
growth factors (2 epoetin alfa, 5 darbepoetin alfa) also
were administered. Blood transfusions occurred rarely
(4% of the patients) and were given in cases with a Hb
less than 7 g/dL (17 patients: 5 in group B and 12 in
group C).

In the Spearman correlation the anemia status of the
IBD patients was correlated significantly with the CRP
level (r ¼ 0.37; P < .0001), ESR (r ¼ 0.46; P < .0001),
SIBDQ (r ¼ -0.29; P < .0001), ED (r ¼ 0.41; P < .0001)
or GI clinic (r ¼ 0.13; P ¼ .007) visits, telephone calls
(r ¼ 0.26; P < .0001), hospitalizations (r ¼ 0.49;
P < .0001), and history of a surgery for IBD (r ¼ 0.25;
P < .0001). Anemia status also was correlated signifi-
cantly with HBI (r ¼ 0.32; P < .0001) in CD patients and
with UCAI (r ¼ 0.34; P < .0001) in UC patients. No
Table 3. Use of Medications and History of Surgeries in
Inflammatory Bowel Disease Patients in Relation to
Anemia Status During the Evaluation

Medication Group Aa Group Bb Group Cc P value

Azathioprine or
mercaptopurine,
n (%)

57 (41.6) 47 (33.6) 34 (25.6) .008d

Methotrexate, n (%) 6 (4.4) 13 (9.3) 13 (9.8) .14
Biologics, n (%) 32 (23.4) 45 (32.1) 37 (27.8) .48
Oral iron, n (%) 5 (3.6) 10 (7.1) 20 (15.0) .002d

IV iron, n (%) 0 (0) 4 (2.9) 10 (7.5) .003d

History of IBD
surgery, n (%)

39 (28.5) 74 (52.9) 82 (61.6) <.0001d

aPatients without anemia.
bPatients with anemia for 1–2 years.
cPatients with anemia for �3 years.
dGroup A vs group C.
association with diagnosis (CD vs UC), sex, smoking
status, or disease duration was found (P > .05).

Table 4 shows the factors associated with persistent/
recurrent anemia in the logistic regression analysis. After
adjustment, the parameters that were found to be asso-
ciated with persistent/recurrent anemia in the final
model were ESR (P < .0001), SIBDQ (P ¼ .03), GI clinic
visits (P ¼ .001), telephone calls (P ¼ .004), hospitali-
zations (P ¼ .01), and surgery for IBD (P ¼ .01). Logistic
regression analysis of only CD patients showed similar
results but in contrast to univariate analysis showed no
correlation of persistent/recurrent anemia with HBI
(odds ratio [OR], 1.04; 95% confidence interval [CI],
0.94–1.15; P ¼ .38). Logistic regression analysis in UC
patients showed further significant correlation of
persistent/recurrent anemia with UCAI (OR, 1.22; 95%
CI, 1.03–1.44; P ¼ .002) and with CRP level (OR, 2.54;
95% CI, 1.31–4.92; P ¼ .006).

Discussion

In this study we found that patients with IBD and
anemia and particularly those with persistent or recur-
rent anemia required significantly more health care and
had higher indices of disease activity, as well as lower
average quality of life, than patients without anemia.
Table 4. Determinants of Persistent/Recurrent Anemia in
Inflammatory Bowel Disease Patients in the
Adjusted Analysis

Independent variables OR (95% CI) P

CRP level, mg/L 1.08 (0.88–1.33) .45
ESR level, mm/h 1.08 (1.06–1.11) <.0001
SIBDQ 0.97 (0.94–0.99) .03
ED visits 0.99 (0.93–1.05) .73
GI clinic visits 0.93 (0.89–0.97) .001
Telephone calls 1.02 (1.01–1.04) .004
Hospitalizations 1.20 (1.04–1.39) .01
History of surgery for IBD 2.15 (1.17–3.98) .01
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The prevalence of anemia in IBD according to sys-
tematic reviews ranges from 6% to 74%.9,20 A recent
meta-analysis of European studies showed an overall
anemia prevalence of 27% for CD and 21% for UC.11 Two
recent Scandinavian studies showed a significant
decrease of the prevalence of anemia in IBD during the
disease course.21,22 In contrast, Wiskin et al13 showed
that 30% of pediatric IBD patients had persistent anemia
2 years after diagnosis.

Our study showed that one third of IBD patients had
anemia at any time during the study period. These
prevalence rates are similar to previous reports, but in
marked contrast we found only a small decrease in the
prevalence of anemia in IBD patients over time (37.1% in
2009 and 33.2% in 2013), despite IBD treatment and
iron supplementation. IBD-related therapy was not
significantly different in patients with anemia compared
with those without anemia with the exception of thio-
purines. The more frequent use of thiopurines in patients
without anemia compared with patients with anemia
may be related to differences in the tolerability of these
medications in patients with anemia.

Several clinical and serologic markers have been
investigated extensively in IBD for disease stratification,
diagnostic association, and, to a lesser degree, for disease
prognostication. Although red cell parameters have been
linked to the diagnosis of anemia or to IBD activity,23

little attention has been given to the presence of ane-
mia as a marker of disease severity or disease course
prediction. Rieder et al12 recently showed that the
presence of anemia in CD patients could serve as an in-
dependent predictor of disease-related complications or
surgeries. Our study showed that anemia is correlated
significantly with disease severity and outcome. The
presence of persistent/recurrent anemia was found to be
associated significantly with all the examined parameters
of IBD-related health care use. There is evidence that IBD
patients with disabling disease have significantly higher
health care use and cost compared with IBD patients
with mild disease or those in remission.14,24,25 We also
found a significant association between anemia status
and disease activity measured by clinical activity indices
(HBI or UCAI) and biochemical markers (CRP and ESR).
The presence of persistent/recurrent anemia was
correlated significantly with all of these parameters in
the univariable analysis. However, in the multivariable
analysis the statistical significance remained only for
ESR. Multivariate analysis in UC patients showed signif-
icant correlation of persistent/recurrent anemia with
UCAI and CRP whereas in CD no significant association
between persistent/recurrent anemia and HBI or CRP
was found. These rather unexpected differences between
UC and CD could be related to variations in the type of
anemia (iron deficiency vs anemia of chronic disease),
which unfortunately we were not able to investigate
more thoroughly in the present study. The higher rates of
IBD-related surgeries in CD, which often include small-
bowel resection, also could contribute to the difference
between UC and CD. Persistent/recurrent anemia was
found in our study to be associated significantly with a
history of IBD-related surgeries, which are known to be
more common in patients with severe disease. Finally,
we found that in our study population, IBD patients with
anemia had significantly decreased quality-of-life scores
as measured by the SIBDQ compared with patients
without anemia. The presence of persistent/recurrent
anemia independently was correlated negatively with the
mean SIBDQ. Several previous studies already have
established that disease severity is a major factor in the
reduction of quality of life among IBD patients.24–26

Our results also suggest that anti-TNF therapy,
despite its significant beneficial effects on disease activ-
ity and clinical outcomes, has only a modest effect on
anemia. Data on the therapeutic effect of anti-TNF
treatment on anemia in IBD patients are limited. A
recent pediatric study in accordance with our results
showed no significant differences in Hb levels between
responders and nonresponders to anti-TNF treatment.27

Moreover, we recently showed that anemia in IBD pa-
tients who are receiving anti-TNF treatment often per-
sists and remains a significant manifestation of IBD even
after 1 year of treatment.28

The suggested criteria for the definition for disabling
disease in IBD include hospitalization for flare-up or
complications, presence of disabling chronic symptoms,
need for immunosuppressive therapy or intestinal
resection, or perianal surgery.3 The present study showed
that persistent/recurrent anemia independently is
correlated significantly with parameters considered
characteristics of disabling disease such as hospitaliza-
tions, continued active disease, and IBD-related surgeries.
Based on these results, the presence of persistent/recur-
rent anemia could be considered to be associated with
disabling disease and probably as an important parameter
in therapeutic decisions for IBD patients. Disabling dis-
ease is certainly the result of active and complicated IBD,
but according to our findings the presence of anemia and
especially of persistent/recurrent anemia could serve as a
marker for the appropriate management, possibly pre-
venting a disabling course. Our results also emphasize
that anemia should not be neglected in the general man-
agement of IBD patients and the appropriate treatment for
anemia should be administered. We also found that IBD
patients with persistent/recurrent anemia more often
have active, extensive, and complicated disease, obviously
as a secondary manifestation. Based on these observa-
tional data we cannot support that treatment of anemia
alone has any potential independent influence on the
disease course, but future prospective case-controlled
studies are needed. IBD patients with persistent anemia
should have a complete evaluation to characterize the
type of anemia and exclude other causes of anemia. First-
line treatment in these cases should be IV iron replace-
ment followed by erythropoiesis-stimulating agents in
patients with persistent anemia and characteristics of
anemia of chronic disease.
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This study had several strengths but it also had some
limitations. First, the study was conducted in a tertiary
center and the study population might not be represen-
tative of the overall US or international IBD general pop-
ulation. Biases related to the referral centers and selection
of more severe IBD patients could be involved. Second, the
absence of enough data on the iron status of IBD patients
did not permit investigation of possible differences con-
cerning the type of anemia or to clarify howmany patients
have characteristics of anemia of chronic disease, which is
useful information for their treatment.

In summary, anemia status in IBD patients may serve
as a biomarker for assessment of disease severity andmay
be predictive of clinical outcome. The presence of
persistent/recurrent anemia in IBD is correlated inde-
pendently with parameters associated with disabling
disease and with worse health-related quality of life.
Persistent/recurrent anemia for 3 or more years could be
used as an objective marker of disabling disease in IBD,
helping to identify patients who need more aggressive
management. Future studies in other tertiary or
population-based cohorts should validate these results.
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