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Abstract

INTRODUCTION: Inflammatory bowel disease (IBD) is a non-specific chronic inflammatory disease. Previous studies confirmed
that inflammation plays an important role and red blood cell distribution width (RDW) is related to the activity of IBD.
OBJECTIVES: To identify the prognosis value of RDW in the intestinal resection of IBD. PATIENTS AND METHODS: A
total of 366 patients were included in this retrospective analysis, diagnosed with IBD between March 2012 and November 2014 in
the Sixth Affiliated Hospital of Sun Yat-Sen University. All participants were followed up at least 5years. Patients’ demographic
characteristics and laboratory data were obtained from medical record within 24h at first hospitalization. We compared the
clinical features in the intestinal resection and non-intestinal resection groups. Kaplan–Meier estimates of the probability
of intestinal resection post-admission time were computed, and compared with log-rank test according to stratification of
RDW value. RESULTS: There were 93 patients in the intestinal resection group and 273 in the non- intestinal resection
group. Significant higher RDW values were detected in the intestinal resection group (P<0.001). RDW was obviously related
to indicators such as C-reactive protein (p=0.008). Univariate Cox regression analysis demonstrated that IBD type (Crohn’s
disease or ulcerative colitis) (P<0.001), RDW (P<0.001), C-reactive protein (P<0.001) and others were associated with intestinal
resection probability. But only RDW [OR: 1.088 (95% CI 1.009-1.173), P=0.03] and IBD type (P=0.001) were independent
predictors. CONCLUSIONS: RDW and IBD type were independent predictors of intestinal resection in IBD. KEY WORDS:
inflammatory bowel disease, intestinal resection, red blood cell distribution width

Prognostic value of red blood cell distribution width for intestinal resection in inflammatory bowel disease

ABSTRACT

INTRODUCTION: Inflammatory bowel disease (IBD) is a non-specific chronic inflammatory disease.
Previous studies confirmed that inflammation plays an important role and red blood cell distribution width
(RDW) is related to the activity of IBD.

OBJECTIVES: To identify the prognosis value of RDW in the intestinal resection of IBD.

PATIENTS AND METHODS: A total of 366 patients were included in this retrospective analysis,
diagnosed with IBD between March 2012 and November 2014 in the Sixth Affiliated Hospital of Sun Yat-Sen
University. All participants were followed up at least 5years. Patients’ demographic characteristics and
laboratory data were obtained from medical record within 24h at first hospitalization. We compared the
clinical features in the intestinal resection and non-intestinal resection groups. Kaplan–Meier estimates of
the probability of intestinal resection post-admission time were computed, and compared with log-rank test
according to stratification of RDW value.

RESULTS: There were 93 patients in the intestinal resection group and 273 in the non- intestinal resection
group. Significant higher RDW values were detected in the intestinal resection group (P <0.001). RDW
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was obviously related to indicators such as C-reactive protein (p=0.008). Univariate Cox regression analysis
demonstrated that IBD type (Crohn’s disease or ulcerative colitis) (P <0.001), RDW (P <0.001), C-reactive
protein (P <0.001) and others were associated with intestinal resection probability. But only RDW [OR:
1.088 (95% CI 1.009-1.173), P=0.03] and IBD type (P=0.001) were independent predictors.

CONCLUSIONS: RDW and IBD type were independent predictors of intestinal resection in IBD.

KEY WORDS: inflammatory bowel disease, intestinal resection, red blood cell distribution width

INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammatory disease, including Crohn’s disease (CD) and
ulcerative colitis (UC). The inflammatory markers are often elevated in IBD patients, such as C-reactive
protein (CRP). However, there is significant heterogeneity in CRP response between CD and UC patients.
CRP was significantly increased in CD patients, but only modest-to-absent increased in UC patients1, 2.
Therefore, CRP cannot assess the severity and activity of the disease well. The heterogeneity of inflammatory
factors may partly explain different treatment strategies and outcomes.

So far, the treatment of IBD has been regarded as a challenge due to its extensive heterogeneity and ex-
tensive extraintestinal manifestations. It includes drug treatment and surgical treatment. The medications
that induce remission include steroids and Tumor Necrosis Factor inhibitors3. The surgical treatment in-
cludes bowel resection, stricturoplasty or drainage of abscess. Approximately two-thirds of IBD patients
will require surgical treatment during their lifetime3. The most common indications for intestinal resection
in IBD patients are perforation, persistent obstruction, abscesses that cannot be drained percutaneously,
and intractable bleeding3. Timely surgical treatment can improve the prognosis of patients who have failed
conservative medications. Therefore, it is very important to determine which patients need surgical treat-
ment. Various indicators have been used to assess the severity of IBD patients4. Unfortunately, there is no
indicator that can accurately predict the prognosis of patients.

Red blood cell distribution width (RDW) is a simple method to measure the size distribution width of red
blood cells. It is simple and easy to obtain. Some studies have shown that RDW is associated with disease
activity in IBD5-8. In addition, studies have found that RDW can predict poor prognosis of colorectal
cancer9. However, the value of RDW in predicting the possibility of intestinal resection in IBD has not been
studied. Therefore, we conducted a retrospective study to determine the prognostic value of RDW in IBD.

PATIENTS AND METHODS

Study design and participants

A total of 366 patients were diagnosed with IBD between October 2012 and November 2014 were selected
for this study, and followed until May 2020.This study was approved by the institutional review board at
the sixth affiliated Hospital of Sun Yat-Sen University. Written informed consent was waived by the Ethics
Commission.

Data collection

Data including patient’s demographic information, comorbidities, home medications, initial laboratory test,
inpatient medications, treatments, and outcomes were collected from medical record. The results of the first
blood laboratory test after admission was recorded. Follow-up data were collected by telephone interviews
with patients or review of the patients’ records. An automatic hematology analyzer was used to test rou-
tine blood indexes, and a Hitachi 7170-automatic biochemical analyzer was used to measure biochemical
indicators.

Definitions

Disease activity was determined for patients with CD and UC with the Crohn’s disease activity index and
Mayo score, respectively. Patients with CD were divided into the following 3 groups according to the
Crohn’s disease activity index: (1) 150[?]mild activity< 220; (2) 220[?] moderate activity < 450; and severe
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activity[?]45010. The UC patients were divided into the following 3 groups according to the Mayo score: (1)
3[?] mild activity <6; (2) 6 [?]moderate activity <10, and 10[?] severe activity11, 12.

Statistical analysis

Patients were divided into 3 groups, mild activity, moderate activity, and severe activity, according to the
criteria mentioned above. The data were analyzed using the SPSS software, version 24.0 (SPSS Inc. Chicago,
Illinois, United States). Continuous variables are presented as mean (SD) or medians (interquartile range
[IQR]), as appropriate. Categorical variables were summarized as numbers and percentage. Correlation
between data sets was evaluated using Person correlation analysis. A receiver operating characteristic curve
was generated to identify the optimal cutoff value of RDW for predicting intestinal resection. Time to event
was defined as the time from diagnosis to the first time intestinal resection. Kaplan–Meier estimates were
used to draw the cumulative incidence curves, compared by log-rank tests. Univariate Cox analyses were
performed to identify predictors for the probability of intestinal resection. All variables with a P <0.05 were
then tested in a multivariate Cox analyses (forward LR procedure). A two-sided alpha of less than 0.05 was
considered statistically significant.

RESULTS

Patient characteristics

A total of 366 patients with complete data were included in this study. The patient characteristics are
reported in Table 1. The median (IQR) age of 366 patients with IBD was 30 (22-41) years, and 33.1%
were female. These included 261 CD patients and 105 UC patients. 89 CD patients (34.1%) had received
intestinal resection during follow-up, but only 4 UC patients (3.8%) received intestinal resection therapy.
Patients with CD are more likely to receive intestinal resection. The RDW was shown to be significantly
higher in intestinal resection group as compared with non- intestinal resection group (16.20% [3.24%] vs.
14.76% [2.70%], p<0.001) (Table 1). Systolic blood pressure, platelet count, neutrophil ratio, lymphocyte
ratio, C-reactive protein and high-sensitivity C-reactive protein differed significantly between the intestinal
resection group and non- intestinal resection group (p < 0.05). But, there were no significant differences
in age, proportion of females, diastolic pressure, creatinine, uric acid, platelet distribution width and white
blood cell count (p > 0.05).

RDW and proportion of intestinal resection in different activities subgroups

The RDW in patients with different activities were 14.65 (2.48), 16.21 (3.41) and 17.61 (4.02), respectively.
The P value between the moderate activity and the severe activity was 0.028, but the P value was <0.001
between any other two groups (Figure 1). Of these, the proportion of patients undergoing intestinal resection
was also statistically different in different activities groups. 20.7% were in the mild activity (57/275), 36.5%
were in the moderate activity (23/63), and 46.4% were in the severe activity (13/28). And there were
statistical differences between the three groups, p = 0.001, the chi-square value was 13.802 (Table 2).

Correlations between RDW and baseline parameters

RDW was significantly correlated with HGB (r = -0.629, p<0.001) , HCT (r = -0.566, p <0.001), PLT (r =
0.385, p<0.001), PDW(r =-0.253, p<0.001), CRP (r = 0.164, p = 0.008) (Figure 2). However, there was no
significant correlation between RDW and WBC (r = 0.059, p = 0.26).

Probability of surgery from diagnosis

During the mean follow-up of 5 years, a total of 93 patients underwent intestinal resection, of which 89
patients with CD and 4 patients with UC. ROC curve analysis demonstrated that the optimal cutoff value of
RDW for predicting intestinal resection was 13.95% with an area under the curve of 0.662 (p <0.001) (Figure
3). The sensitivity and specificity were 76.3% and 48.7%, respectively. Kaplan-Meier analysis showed that
patients with RDW [?]13.95% had a significantly higher probability of intestinal resection than those with
RDW < 13.95% (p<0. 001) (Figure 4).
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Independent prognostic markers of surgery

A univariate Cox regression analysis identified IBD type (CD or UC) (P<0.001), systolic blood pres-
sure (P<0.001), RDW (P<0.001), plalet count (P=0.001), neutrophil ratio (P<0.001), lymphocyte ratio
(P=0.002), C-reactive protein (P<0.001) and high-sensitivity C-reactive protein (P=0.04) as significant
prognostic factors of probability of intestinal resection. The multivariate analysis demonstrated that RDW
(OR 1.088 (95% CI 1.009-1.173), P=0.03) and IBD type (P=0.001) were independent predictors of intesti-
nal resection probability in IBD (Table 3).

Discussion

Our study demonstrated that RDW reflects the severity of the disease and is associated with inflamma-
tory indicators. Patients with severe disease often fail to receive conservative treatment and need surgical
treatment. Our result further demonstrated that RDW and IBD type were independent predictors for
intestinal resection.

Red cell distribution width (RDW) reflects the size variability of circulating red blood cells. It has shown
promising potential as an index of disease activity and severity in various pathologic conditions13-17. A
number of clinical studies have been performed to evaluate its application as a surrogate marker of disease
activity in IBD5, 7, 8, 18-20. To the best of our knowledge, we firstly found RDW was significantly higher
in intestinal resection compared with non-intestinal resection group. Furthermore, RDW was significantly
correlated with CRP, hs-CRP and other inflammatory indicators, which was consistent with the study by
Cakal B et al5. This study also showed that the patients with higher RDW were at a higher risk of receiving
intestinal resection than those with lower RDW. Using multivariate Cox regression analysis, we finally found
that RDW was an independent prognostic marker of intestinal resection probability in IBD. Our results
are complementary to recent data that have demonstrated the value of RDW in evaluating the severity
of disease in patients with IBD patients5, 21. Our results suggest the potential role of RDW in treatment
selection. The exact mechanism of RDW associated with disease severity is unclear. There are several
possible mechanisms. Firstly, The RDW may elevate in conditions of ineffective red cell production (iron
deficiency, B12 or folate deficiency, and hemoglobinopathies), increased red cell destruction (hemolysis), or
after blood transfusions22, 23. Anemia caused by IBD may be one reason contribute to the elevation of RDW.
In addition, IBD are chronic inflammatory conditions of the gastrointestinal tract24. Chronic inflammation
may impair erythropoietin by the exertional effect of cytokines, such as interleukin-1, interleukin-6, tumor
necrosis factor-α, interferon-γ—production and so on25, 26. Finally, these events lead to the alterations of
red blood cell life span, diminished responsiveness of bone marrow to erythropoietin and impaired iron
metabolism, disrupting the normal process of hematopoiesis25, 26. In summary, anemia and the direct or
indirect effects of inflammation and oxidative stress may possibly explain the correlation of RDW with
disease activity27, 28.

Also, Nguyen GC suggested that diagnosable malnutrition was associated with greater mortality and worse
outcomes29. And Mańkowska-Wierzbicka D found a correlation between hs-CRP concentrations at diagnosis
and risk of surgery in the group of CD patients, but not in the group of UC patients30. However, we found
no such correlation in the present study, and a previous study support our results31.

Our study demonstrated that RDW was superior to CRP and other inflammatory indicators for the prediction
of bowel resection probability. But it contains several limitations. First, information on the dynamic changes
in RDW was lacking, and the data collected for each patient on admission may have been from different
disease stages. Second, the sample size of our population was small. Thus, Large-scale well-designed studies
are necessary to conduct to evaluate whether the limited but rather encouraging data are sufficient to
establish RDW as a reliable activity index. Third, as a retrospective study, some other parameters which
may predict prognosis were not done in all the patients.

We concluded that RDW is an independent predictor of bowel resection in IBD patients. Considering the
cost-effective and popularity of RDW, It is worthy of clinical use.

4



P
os

te
d

on
A

u
th

or
ea

1
S
ep

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

05
10

25
.5

97
71

75
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Acknowledgments

The study was funded by “The Fundamental Research Funds for the Central Universities (19ykpy10)”.

Contribution statement

XJ, ZM, ZY, and CS collected the epidemiological and clinical data. XJ and CZ processed statistical data.
XJ, ZW, ZM, and ZY drafted the manuscript. ZW, ZM and OY revised the final manuscript. All authors
agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.

References

1. Abdelrazeq AS, Wilson TR, Leitch DL, et al. Ileitis in ulcerative colitis: is it a backwash? Diseases of
the colon and rectum . Nov 2005;48(11):2038-46. doi:10.1007/s10350-005-0160-3

2. Rudolph WG, Uthoff SM, McAuliffe TL, et al. Indeterminate colitis: the real story. Diseases of the colon
and rectum . Nov 2002;45(11):1528-34. doi:10.1007/s10350-004-6461-0

3. Gajendran M, Loganathan P, Catinella AP, Hashash JG. A comprehensive review and update on Crohn’s
disease. Disease-a-month : DM . Feb 2018;64(2):20-57. doi:10.1016/j.disamonth.2017.07.001

4. Biasci D, Lee JC, Noor NM, et al. A blood-based prognostic biomarker in IBD. Gut . Aug 2019;68(8):1386-
1395. doi:10.1136/gutjnl-2019-318343

5. Cakal B, Akoz AG, Ustundag Y, et al. Red cell distribution width for assessment of activity of inflamma-
tory bowel disease. Digestive diseases and sciences . Apr 2009;54(4):842-7. doi:10.1007/s10620-008-0436-2

6. Katsaros M, Paschos P, Giouleme O. Red cell distribution width as a marker of activity in in-
flammatory bowel disease: a narrative review.Annals of gastroenterology . Jul-Aug 2020;33(4):348-354.
doi:10.20524/aog.2020.0486

7. Song CS, Park DI, Yoon MY, et al. Association between red cell distribution width and disease activity
in patients with inflammatory bowel disease. Digestive diseases and sciences . Apr 2012;57(4):1033-8.
doi:10.1007/s10620-011-1978-2
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31. Bamba S, Sasaki M, Takaoka A, et al. Sarcopenia is a predictive factor for intestinal resection in admitted
patients with Crohn’s disease. PloS one . 2017;12(6):e0180036. doi:10.1371/journal.pone.0180036

Table 1 Baseline characteristics of patients with IBD and comparison between the intestinal resection group
and the non- intestinal resection group

Characteristic Total (n=366)
Intestinal resection
group (n=93)

Non-intestinal
resection group
(n=273) P-value

Age, years 30(22-41) 30(23-37) 30(22-42) 0.21
Female, n(%) 33.1 39.8 30.8 0.11
CD/UC, n(%) 261/105 89/4 172/101 0.001
SBP, mmHg 111(12) 107(12) 112(12) 0.001
DBP, mmHg 68(9) 66(9) 68(9) 0.07
Cr, μmol/L 60.96(18.86) 57.70(16.46) 62.50(19.79) 0.16
UA, μmol/L 329.65(117.03) 326.82(104.52) 330.93(122.57) 0.81
RDW, % 15.15(2.94) 16.20(3.24) 14.76(2.70) <0.001
PLT, 10E9/L 315.64(118.50) 347.67(131.42) 304.73(111.94) 0.005
PDW, fl 10.90(2.01) 10.68(1.87) 10.97(2.06) 0.23
WBC, 10E9/L 7.78(3.20) 7.94(3.85) 7.72(2.96) 0.57
NEUR 0.64(0.14) 0.69(0.20) 0.63(0.12) 0.009
LYMR 0.24(0.10) 0.21(0.11) 0.25(0.10) 0.005
CRP, mg/L 23.37(28.96) 35.36(35.28) 19.36(25.40) 0.001
Hs-CRP, mg/L 9.10(7.64) 10.76(4.91) 8.54(8.31) 0.02

Values are expressed as the mean (SD) or median (IQR).

Abbreviations: CD, Crohn’s disease; UC, ulcerative colitis; SBP, systolic blood pressure; DBP, diastolic
blood pressure; Cr, creatinine; UA, uric acid; RDW, red blood cell distribution width; PLT, platelet; PDW,
platelet distribution width; WBC, white blood cells; NEUR, neutrophil ratio; LYMR, lymphocyte ratio;
CRP, C-reactive protein; Hs-CRP, high-sensitivity C-reactive protein.

Table 2 Proportion of intestinal resection in different activities subgroups

Activities subgroups Intestinal resection group Non-intestinal resection Total

Mild activity 57 (20.7%) 218 (79.3%) 275
Moderate activity 23 (36.5%) 40 (63.5%) 63
Severe activity 13 (46.4%) 15 (53.6%) 28

Table 3 Univariate and multivariate Cox regression analyses of predictors of surgery in patients IBD

Variable Univariate Cox analysis Univariate Cox analysis Multivariate Cox analysis Multivariate Cox analysis

HR(95% CI) p-value HR(95% CI) p-value
Age, years 0.991(0.975-1.006) 0.24 - -
Female, n(%) 0.726(0.749-1.101) 0.13 - -
CD/UC, n(%) 10.703(3.929-29.154) <0.001 0.130(0.041-0.416) 0.001
SBP, mmHg 0.967(0.950-0.985) <0.001 - -
DBP, mmHg 0.977(0.953-1.002) 0.07 - -

7



P
os

te
d

on
A

u
th

or
ea

1
S
ep

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

05
10

25
.5

97
71

75
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Variable Univariate Cox analysis Univariate Cox analysis Multivariate Cox analysis Multivariate Cox analysis

Cr, μmol/L 0.989(0.972-1.006) 0.22 - -
UA, μmol/L 1.000(0.997-1.002) 0.73 - -
RDW, % 1.116(1.059-1.176) <0.001 1.088(1.009-1.173) 0.03
PLT, 10E9/L 1.003(1.001-1.004) 0.001 - -
PDW, fl 0.937(0.844-1.041) 0.22 - -
WBC, 10E9/L 1.029(0.963-1.099) 0.40 - -
NEUR 5.462(2.337-12.767) <0.001 - -
LYMR 0.033(0.004-0.284) 0.002 - -
CRP, mg/L 1.010(1.005-1.016) <0.001 - -
Hs-CRP, mg/L 1.016(1.001-1.032) 0.04 - -

Hosted file

Figure 2.docx available at https://authorea.com/users/432493/articles/535982-prognostic-

value-of-red-blood-cell-distribution-width-for-intestinal-resection-in-inflammatory-

bowel-disease
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