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Abstract
Inflammatory bowel disease (IBD) is caused by the activation of an abnormal immune response in the intestinal mucosa; the spleen is
involved in the main immune response. Ulcerative colitis (UC) and Crohn disease (CD) have different inflammatory mechanisms; this
study aimed to quantitatively measure and compare the spleen volumes between patients with UC and CD and examine the
relationship between spleen volume and disease activity in both.
We retrospectively analyzed 44 patients with IBD aged 30–60years (UC group, n=24; CD group, n=20). The control group

comprised 19 patients with pancreatic cysts that did not affect the spleen volume. All patients underwent computed tomography (CT)
between April 2014 andMarch 2019. Using the Image J software, spleen volumes in the UC, CD, and control groups were measured
accurately from the CT images and adjusted for the body weight.
No significant differences in the sex, age, or body weight were noted between the UC and CD groups and the control group. The

spleen volumes, adjusted for the body weight, were 2.2±1.0cm3/kg, 2.0±1.0cm3/kg, and 3.6±1.7cm3/kg in the control, UC, and
CD groups, respectively. The volumes differed significantly between the CD and control groups (P= .01), but not between the UC and
control groups (P= .43). Furthermore, a significant strong correlation was found between the disease activity and the body weight-
adjusted spleen volume in patients with CD (P< .01).
The spleen volume, adjusted for the body weight, was significantly larger in patients with CD than in the controls and was also

strongly correlated with the CD activity. These results suggest that the immune response in CD may affect the spleen volume.

Abbreviations: CD = Crohn disease, CDAI = Crohn Disease Activity Index, IBD = inflammatory bowel disease, ROC = receiver
operating characteristic curve, TNF = tumor necrosis factor, UC = ulcerative colitis.
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1. Introduction

Genetic and environmental factors are believed to be involved in
the pathophysiology of Crohn disease (CD) and ulcerative colitis
(UC); however, the detailed mechanisms remain unclear.[1–4] In
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inflammatory bowel disease (IBD), various cytokines are thought
to be involved in excessive T-cell activation in the intestinal
mucosa.[5–9] These inflammatory substances may affect not only
the intestinal tract, but also other organs.
Lymphoid tissue aggregates in the spleen; this is strongly

correlated with an immune response.[10] Splenomegaly has
various etiologies, such as portal hypertension, infectious
diseases, blood diseases, and metabolic disorders. According to
previous case reports, patients with CD have a large spleen.[11,12]

However, details on the correlation between IBD and the spleen
remain unknown because this clinical presentation was not
explored in detail due to its rarity and difficulties in the accurate
measurement of the spleen size at that time. Conversely, IBD is
known to be associated with a decreased splenic function;
however, the relationship between disease activity and the spleen
volume is unknown.[13] Furthermore, the spleen volume is
strongly affected by age and body weight; therefore, these factors
should be considered when comparing the spleen volumes
between CD and UC.[14] This study aimed to calculate the
accurate spleen volume of patients with IBD using the Image J
software (a science image analysis program) and to examine the
relationship between spleen volume and IBD activity.

2. Materials and methods

2.1. Study group

We identified 24 and 20 patients diagnosed with UC (UC group)
and CD (CD group), respectively, at the Fukushima Medical
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Figure 1. Spleen volume measurement using computed tomography (CT) in a
patientwithCrohndisease.Using the ImageJsoftware, theoutlineof the spleen is
drawn (red line) on each slice of the CT image, and the spleen area is calculated.
The thickness of each CT slice is multiplied by the corresponding spleen area on
the slice; summation of the volumes of all slices gives the total spleen volume.
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University and the Ohta Nishinouchi Hospital between April
2014 and March 2019. In this study, only patients between 30
and 60years of age were included. An age-matched control group
was also maintained; this comprised 19 patients who were
diagnosed with pancreatic cysts that did not affect the spleen
volume. Patients with factors that affected the spleen volume
were excluded from the study. These factors comprised liver
disease, portal hypertension, heart disease, infectious disease,
blood disease, and cancer. Additionally, patients receiving tumor
necrosis factor (TNF)-a antagonists or immunomodulators were
also excluded from this study. The study protocol and design
were approved by the Ethics Committee of the Fukushima
Medical University. Informed consent was obtained in an opt-out
manner on the institutional website.
2.2. Measurement of the spleen volume

All computed tomography (CT) images thatwere takenwith a slice
width of 5–7mm were analyzed with the Image J software
(National Institute of Health, Bethesda,MD).[14] An outline of the
spleen was made on each slice, and the spleen area was measured
accordingly; the spleen volume in each slice was calculated by
Table 1

Characteristics of patients with inflammatory bowel disease and the

Control (n=19) UC (n=24)

Age 44.7±4.9 42.5±8.1
Sex, n (%)
Male/Female 13/6 12/12
Body weight (kg) 62.6±12.7 63.0±12.5
Period of illness (years) – 10.8±10.1
Disease extent, n (%)

– Rectal, 2
– Left-sided, 11
– Pancolitis, 11

5-aminosalicylic acid, n (%) – 23 (95.8)
Prednisolone, n (%) – 5 (20.8)

Statistical analysis was conducted using Mann–Whitney’s U test and Fisher’s exact test with P-values
CD=Crohn disease, NS=not significant, UC=ulcerative colitis, vs= versus.
The P-value

∗
was compared between the UC and control groups, and the P-value† was compared betw

Data are expressed as mean± standard deviation.
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multiplying the spleen area by the corresponding slice thickness.
The total spleen volume in each patient was calculated by
combining the total spleen volumes of all slices (Fig. 1).

2.3. Evaluation of disease activity in IBD

For each patient, the condition of the large intestinal mucosa was
evaluated fromthefindingsof the lower gastrointestinal endoscopy
performed at the same time as theCT.CDactivitywas scoredusing
the Crohn’s Disease Activity Index (CDAI)[15]; this tool includes
weight, general health status, stool frequency, degree of abdominal
pain, hematocrit, and complications. Conversely, UC activity was
scored using the partial Mayo score[16]; this tool includes stool
frequency, rectal bleeding, and the physician’s general assessment.
Using electronic medical records, we collected the blood test data
that were obtained closest to when CT was performed.

2.4. Receiver operating characteristic curve

The receiver operating characteristic curve (ROC) for the spleen
volume (adjusted for body weight) in the prediction between UC
and CD is evaluated to determine cut-off value.

2.5. Statistical analysis

Categorical variables were compared using the chi-square test or
the Fisher’s exact test. Quantitative variables were compared
using the Mann–Whitney U test. The Pearson’s correlation
coefficient was used for the comparative study of inflammatory
activity and spleen volume after adjusting for the bodyweight. All
statistical analyses were performed using EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is a
graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria).[17] More precisely, EZR is a
modified version of the R commander that was designed to add
statistical functions frequently used in biostatistics. A P-value
<.05 was considered statistically significant.
3. Results

3.1. Patients’ characteristics

The characteristics of the control, UC, and CD groups are shown
in Table 1. The mean ages of the UC and CD groups were 42.5±
controls.

CD (n=20) P-value UC vs Control
∗
/CD vs Control†

44.2±8.7 0.39
∗
/0.60†

0.22
∗
/0.65†

15/5
55.2±13.1 0.91

∗
/0.11†

7.6±6.6 –

–

Ileal, 4
Ileocolonic, 12
Colonic, 4
10 (50.0) –

3 (15.0) –

<.05 being considered statistically significant.

een the CD and control groups.



Table 2

Results of blood tests in patients with inflammatory bowel disease and the controls.

Control (n=19) UC (n=24) CD (n=20) P-value UC vs Control
∗
/CD vs Control†

WBC count (/ml) 6868±3075 7592±3114 9165±3257 .43
∗
/.03†

Plt count (104/ ml) 22.6±5.9 33.1±10.3 35.6±13.1 <.01
∗
/<.01†

CRP level (mg/dl) 0.2±0.2 1.6±3.3 7.2±9.6 .18
∗
/<.001†

Alb level (g/dl) 4.2±0.4 3.6±0.7 3.3±0.7 <.01
∗
/<.01†

TB level (mg/dl) 0.9±0.4 0.7±0.4 0.7±0.4 .19
∗
/.18†

AST level (U/L) 17.5±5.0 18.6±10.0 19.8±12.2 .65
∗
/.73†

ALT level (U/L) 19.1±12.9 21.5±19.4 21.8±15.0 .93
∗
/.96†

ALP level (U/L) 197.6±37.3 203.7±67.0 281.5±146.2 .98
∗
/.02†

GTP level (U/L) 36.5±33.6 31.2±24.8 41.7±47.6 .78
∗
/.92†

Statistical analysis was conducted using Mann–Whitney’s U text with P-values <.05 being considered statistically significant.
Alb= albumin, ALP= alkaline phosphatase, ALT= alanine transaminase, AST= aspartate transaminase, CD=Crohn disease, CRP=C-reactive protein, GTP=g-glutamyltransferase, Plt=platelet, TB= total
bilirubin, UC=ulcerative colitis, WBC=white blood cell.
The P-value

∗
was compared between the UC and control groups, and P-value† was compared between the CD and control group.

Data are expressed as mean± standard deviation.
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8.1years and 44.2±8.7years, respectively; these did not differ
significantly from the mean age of the control group (44.7±4.9
years; control vs. UC, P= .39; control vs. CD, P= .60). The mean
body weights of the UC and CD groups were 63.0±12.5kg and
55.2±13.1kg, respectively; these did not differ significantly from
the mean body weight of the control group (62.6±12.7kg;
control vs. UC, P= .91; control vs. CD, P= .11). The disease
classification was determined based on the extent of the disease.
Accordingly, 2, 11, and 11 patients from the UC group had a
rectal-type, left-side-type, and total colon-type disease, respec-
tively; furthermore, 4, 12, and 4 patients from the CD group had
a small intestine-type, small intestine colon-type, and colon-type
disease, respectively. The mean disease durations in the UC and
CD groups were 10.8±10.1years and 7.6±6.6years, respective-
ly. Furthermore, 3 (15.0%) and 5 (20.8%) patients in the CD and
UC groups were taking prednisolone at the time of the CT
examination, respectively.
Table 2 shows the blood test results. All blood data for the

control group were within the normal ranges. However, the
platelet counts were significantly higher in the UC (33.1±10.3�
104/mL) and CD (35.6±13.1�104/mL) groups than in the
control group (22.6±5.9�104/mL). The albumin levels were
significantly lower in the UC (3.6±0.7g/dL) and CD (3.3±0.7g/
dL) groups than in the control group (4.2±0.4g/dL) (control vs
UC, P< .01; control vs. CD, P< .01). The serum C-reactive
protein (CRP) level in the UC group (1.6±3.3mg/dL) did not
differ significantly from that in the control group (0.2±0.2mg/
dL); however, the CRP level in the CD group (7.2±9.6mg/dL)
was significantly higher than that in the control group (P< .001).
Table 3

The correlation between disease activity and splenic volume.

Control (n=19) UC

Partial Mayo score – 4
CDAI –

Spleen volume (cm3) 134.6±65.2 124
Spleen volume adjusted for body weight (cm3/kg) 2.2±1.0 2

Statistical analysis was conducted using Mann–Whitney’s U test with P-values <.05 being considered
CD=Crohn disease, CDAI=Crohn Disease Activity Index, NS=not significant, UC=ulcerative colitis.
The P-value

∗
was compared between the UC and control groups, and the P-value† was compared bet

Data are expressed as mean± standard deviation.
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3.2. Spleen volume

The mean spleen volume in the control group was 134.6±65.2
cm3 (Table 3). The mean spleen volumes in the UC and CD
groups were 124.3±61.2cm3 and 194.2±103.4cm3, respective-
ly; these did not differ significantly from that of the control group
(P= .69 and P= .06, respectively). In contrast, after adjusting for
the body weight, the spleen volumes in the control group and the
CD group were 2.2±1.0cm3/kg and 3.6±1.7cm3/kg, respec-
tively; this difference was significant (P= .01). Figure 2A & B
show the relationships of the spleen volume, adjusted for the
body weight, with the albumin level and platelet count in the UC
and CD groups; no significant correlations between the platelet
count and the spleen volume were observed in either group.
However, the albumin level in the CD group showed a
significantly strong negative correlation with the spleen volume
(rs= -0.46, P= .04), but these in the UC group did not.

3.3. The relationship between disease activity and the
spleen volume

The relationship between disease activity and the spleen volume
(adjusted for the body weight) was compared between the UC
and CD groups using the Pearson’s correlation coefficient. The
mean partial Mayo score on CT was 4.9±3.8, indicating a mild
UC activity. However, the mean CDAI was 104.1±60.6,
indicating inactive CD. Figure 3 shows the relationships of the
partial Mayo score in the UC group and the CDAI in the CD
group with the spleen volume (adjusted for the body weight). The
partial Mayo score and the CDAI showed a significantly positive
(n=24) CD (n=20) P-value UC vs Control
∗
/CD vs Control†

.9±3.8 – NS
– 104.1±60.6 NS

.3±61.2 194.2±103.4 .69
∗
/.06†

.0±1.0 3.6±1.7 .43
∗
/.01†

statistically significant.

ween the CD and control groups.
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Figure 2. Relationship between the spleen volumes (adjusted for the body weight) and the platelet counts and albumin levels in patients with ulcerative colitis (UC)
and Crohn disease (CD). (A).No significant negative correlation is observed between the spleen volume (adjusted for the body weight) and the platelet count in the
UC and CD groups (rs= -0.24, P= .26 and rs= -0.14, P= .56, respectively). (B). No significant correlation is found between the spleen volume (adjusted for the body
weight) and the albumin level in the UC group (rs= -0.32, P= .13). However, a significant negative correlation is found between the two in the CD group (rs= -0.46,
P= .04).
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(rs=0.48, P= .02) and a strong, significantly positive (rs=0.57,
P< .01) correlation with the spleen volume. No significant
correlations were found between the CRP level and the spleen
volume, adjusted for body weight, in either group (UC: rs=0.33,
P= .12; CD: rs=0.16, P= .51; data not shown).

3.4. Receiver operating characteristic curve

ROC curve analysis was performed for determining the
predictive cut-off values of the spleen volume (adjusted for body
4

weight) for UC and CD. The cut-off value, specificity, and
sensitivity were found to be 2.5cm3/kg, 0.65, and 0.79,
respectively, for both UC and CD. The area under the ROC
curve was 0.78 (95% confidence interval: 0.64–0.92) (Fig. 4).

4. Discussion

By accurately measuring the spleen volume using the Image J
software, this study identified the relationship between IBD
activity and the spleen volume (adjusted for body weight) in



Figure 3. Relationship between the disease activity and the spleen volume (adjusted for the body weight) in patients with ulcerative colitis (UC) and Crohn disease
(CD). The partial Mayo score in patients with UC shows a significant positive correlation with the spleen volume adjusted for the body weight (rs=0.48, P= .02). The
Crohn disease activity index in patients with CD shows a significant, strong positive correlation with the spleen volume adjusted for the body weight (rs=0.57,
P= .009).
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patients with UC and CD; it is the first to do so. It was found that
this adjusted spleen volume did not differ significantly between
the UC and control groups. However, it was significantly larger in
the CD group than in the control group; accordingly, we
identified a significant and strong positive correlation between
the CD activity and the spleen volume (adjusted for the body
Figure 4. Receiver operating characteristic curve for determining the spleen
volume (adjusted for the body weight) predictive for ulcerative colitis and Crohn
disease. The cut-off value, specificity, and sensitivity of the spleen volume
(adjusted for the body weight) are 2.5cm3/kg, 0.65, and 0.79, respectively. The
area under the curve is 0.78 (0.64–0.92).
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weight). These results suggest that the immune response in CD
may affect the spleen volume. The cut-off value of the spleen
volume (adjusted for the body weight) for both UC and CD was
2.5cm3/kg, which may be useful in their diagnosis.
The mechanism underlying IBD involves an abnormal immune

response in the intestinal tract. The intestinal mucosa is exposed
to feces and dietary antigens every day; it is precisely controlled to
prevent an excessive immune response. The onset of IBD is
thought to be a result of the breakdown of this precise control of
the immune response.[1–4] We hypothesized that the abnormal
immune response in the intestinal mucosa in patients with IBD
may affect other organs, especially the spleen, which is strongly
involved in the immune response.
The mean spleen volume in healthy individuals aged 40–49

years has been reported to be 131.0±83.0cm; this is extremely
similar to the spleen volume of the control group in this study
(134.6±65.2cm3).[3,14] Therefore, our method of measuring the
spleen was considered acceptable. The spleen volume is positively
associated with the body weight; thus, a body-weight adjusted
spleen volume was compared between the IBD groups and the
control group in this study.[14] This study showed that only the
body weight-adjusted spleen volume in the CD group was
significantly larger than that in the control group.We believe that
there was no significant difference in the spleen volume
(unadjusted for body weight) between in the CD and the control
groups due to the relatively small bodyweight in the CD group. In
this study, no pathological swelling of the lymph nodes was
found near the intestine in both the UC andCD groups. However,
it was suspected that the inflammatory cells and cytokines entered
the blood vessels and affected the spleen due to the breakdown of
the intestinal tract barrier in CD. Inflammation in UC is limited to
the large intestinal mucosa; however, in CD, the inflammation
affects the entire length and all layers of the digestive tract. This
may be the reason why the body weight-adjusted spleen volume
was different between the UC and CD groups.[18] Our study may

http://www.md-journal.com
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show one of the essential differences in the pathogenic
mechanisms of UC and CD in the entire body. According to
previous publications, the platelet counts were significantly
higher in patients with IBD than in healthy individuals;
furthermore, they were elevated in patients with CD even when
the CRP levels were not.[19,20] In this study, the platelet counts
were significantly higher in the UC and CD groups than in the
control group; however, no significant correlation was identified
between the platelet count and the spleen volume, adjusted for the
body weight, in either group.
Splenomegaly occurs with various etiologies, including portal

hypertension, infectious diseases, blood disorders, and metabolic
disorders. The spleen size in patients with portal hypertension is
correlated with the portal pressure,[21] and splenomegaly due to
portal hypertension increases the splenic function and is
accompanied by thrombocytopenia.[22] Conversely, IBD is
accompanied by a decreased splenic function,[13] and TNF-a (a
major cytokine in IBD)damages themarginal zoneof the spleen.[23]

Regarding spleen dysfunction in IBD,Muller et al. used differential
interference contrast microscopy and showed that pitted eryth-
rocytes, which reflect the reticuloendothelial function in UC, are
increased in IBD.[24] Sabatino et al reported that immunoglobulin
Mmemory B cells, which are correlated with the splenic function,
were reduced in IBD.[25,26] Immune diseases, including rheuma-
tism, have been reported to be associated with hyposplenism[10];
however, the association between the spleen volume and immune
disease activity was unclear. This study provides the first statistical
evidence of the association between IBD disease activity and the
spleen volume. The immune response in CD, specifically, was
thought to have led to spleen swelling and an elevated number of
platelets due to decreased spleen function; the detailedmechanisms
remain unclear.[9]

This study had some limitations. First, this was a single-center
retrospective study, and the sample size was small. The CRP level
in the CD group was significantly higher than that in the control
group; however, the CD activity was evaluated as “inactive”
according to the CDAI. This discrepancy may be because the
evaluation of CDAI was subjective. Second, Di Sabatino et al
reported that TNF-a antagonists improve the splenic function in
patients with CD; however, in this study, patients taking TNF-a
antagonists or immunomodulators were excluded.[27] Therefore,
we could not investigate the effects of these drugs on the spleen
volume. It will be necessary to investigate the relationship
between changes in the disease activity due to treatments and
corresponding changes in the spleen volume in the future. Finally,
this study only included a short-term analysis, which revealed
that the body weight-adjusted spleen volume was associated with
inflammatory activity; however, the long-term outcomes,
including the remission state, were not analyzed due to the
small sample size. A prospective, multi-center study with a
large sample size and further studies on the relationship between
the spleen and IBD may help provide evidence to clarify the
inflammatory mechanism of IBD.
5. Conclusions

We performed accurate spleen volume measurements, after
considering the age and body weight, in patients with IBD. The
spleen volume, adjusted for the body weight, was significantly
larger in patients with CD than in the control group and was
strongly correlatedwith the disease activity.We speculate that the
immune response in CD may affect the spleen volume.
6
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