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are inversely associated with mucosal healing but not with clinical
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Abstract

Background Epidemiological evidence on the association between physical activity (PA) and
ulcerative colitis (UC) is limited, and the effect of PA on the prognosis of UC is currently unknown.
We evaluated the association between PA and clinical outcomes, including clinical remission and
mucosal healing (MH), in Japanese patients with UC.

Methods The study subjects were 327 Japanese patients with UC. Subjects were asked about the
average time spent per day on 4 types of PA (sedentary, standing, walking, and strenuous activity)
and metabolic equivalents (METs) using a validated questionnaire. Clinical outcomes were
complete MH, MH, and clinical remission. The association between PA, including hours spent
on each type of PA and average daily METs, and clinical outcomes was assessed by multivariate
logistic regression.

Results Plentiful strenuous activity was significantly inversely associated with MH and complete
MH after adjustment (MH: adjusted odds ratio [OR] 0.45, 95% confidence interval [CI] 0.23-
0.89; complete MH: adjusted OR 0.24, 95%CI 0.07-0.62; P for trend=0.008). A very high daily
MET total was significantly inversely associated with complete MH after adjustment (adjusted
OR 0.37,95%CI 0.16-0.80; P for trend=0.010). In contrast, no association between PA and clinical
remission was found (plentiful strenuous activity: adjusted OR 1.10, 95%CI 0.55-2.23; very high
daily total METs: adjusted OR 0.74, 95%CI 0.37-1.46).

Conclusion In Japanese patients with UC, time spent per day on strenuous activity and total
PA per day may be significantly inversely associated with complete MH, but not with clinical
remission.
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Introduction

The clinical course of ulcerative colitis (UC) is characterized
by repeated relapses and remissions [1]. Patients with active UC
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exhibitendoscopicfindingssuchaserythema, decreased or absent
vascular patterns, friability, erosions, spontaneous bleeding, and
ulcerations. Mucosal healing (MH) has been associated with
clinical remission and lower rates of hospitalization, surgery, and
colorectal cancer [2-7]. MH is thus the therapeutic goal for UC.
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Several reports have been published regarding the
association between physical activity (PA) and UC, with
the majority of studies showing that PA has a favorable
effect on disease prevention and symptom alleviation. In
most case-control and prospective cohort studies, PA was
not associated with the onset of UC [8-12]. In one case
control study, however, low PA level was a risk factor for UC
development [13]. One other study showed a non-significant
association between PA and UC disease activity, with higher
levels of PA being associated with less frequent relapses [14].
Nevertheless, the effect of PA on the prognosis of UC is
currently unknown.

Here, we aimed to evaluate the association between PA
and UC prognosis, including clinical remission and MH, in
Japanese patients with UC. The primary objective of this study
was to evaluate the association between total daily metabolic
equivalents (METs) in the previous year and UC prognosis. The
secondary objective was to evaluate the association between the
time spent on each type of PA—namely, sedentary, standing or
walking—as well as strenuous activity, and UC prognosis.

Patients and methods

Study population

Between 2015 and 2019, 387 Japanese patients with UC
visited the Department of Gastroenterology and Metabology
at the Ehime University Graduate School of Medicine, or one
of several affiliated hospitals in Ehime Prefecture, as inpatients
or outpatients. All patients able to give informed consent
and respond to the self-administered questionnaire were
considered candidates for the study. Completed questionnaires
were available for 84% (327/387) of the patients, accordingly
included in the final analysis.

Most UC cases were diagnosed based on endoscopic
findings and confirmed through radiological and histological
findings. This study was conducted in accordance with the
Declaration of Helsinki, and the study protocol was approved
by the institutional review board of the Ehime University
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Graduate School of Medicine (#1505011). Trained staff
obtained written informed consent from all enrolled patients.

Data collection

To obtain data on habits such as smoking, drinking, and
physical activity, we gave patients a self-administered paper-
and-pencil questionnaire; we also examined their medical
records to obtain information on body mass index (BMI),
endoscopic findings, disease extent, clinical remission, and
the use of medication for UC. Current smoking was defined as
positive if a study subject reported smoking at least one cigarette
per day. Current drinking was defined as positive if a study
subject reported consuming alcohol, regardless of amount or
frequency. Height was measured to the nearest millimeter
using a stadiometer with the patient standing completely erect.
Weight was measured in light clothing. BMI was calculated
as weight in kg divided by height in m? All endoscopic
findings used in our analysis had been obtained within the last
6 months. In patients without endoscopic findings in the last
6 months, a new endoscopy was performed to assess mucosal
status. Certified gastrointestinal endoscopists provided most of
the medical reports regarding endoscopic activity.

Assessment of PA

The main area of interest in the present study was daily total
PA level for the past year. We assessed PA using a validated
questionnaire that shows a moderately strong correlation
(r=0.69) with 24-h self-reported PA records (the gold
standard) [15]. In accordance with the Japan Public Health
Center-based Prospective Study (JPHC Study) [15], subjects
were asked, “How long on average have you engaged in the
following activities each day for the past year?”; the activities in
question were “sitting”, “standing’, “walking”, and “strenuous”.
Subjects gave one of the following possible responses about the
average duration of each activity type, estimated in h per day:
(i) none; (ii) 0-<1; (iii) 1-<3; (iv) 3-<5; (v) 5-<7; (vi) 7-<9; (vii)
9-<11; and (viii) >11. Metabolic equivalents (METs) per day
were estimated by multiplying the number of h per day spent
at each activity level by that activity level's MET intensity (h of
sedentary activity x1.5, h of walking or standing x2.0, and h
of strenuous activity x4.5). After summing the METs per day
of all activities, subjects were grouped into 4 exposure levels
according to quartiles of total METs per day.

Assessment of clinical remission, endoscopic activity
and MH

Clinical remission was defined as no rectal bleeding and
stool frequency <3 times per day. MH was assessed according to
the Mayo endoscopic subscore, which consists of the following
4 categories: 0, normal or inactive disease; 1, mild disease with
erythema, decreased vascular patterns, and mild friability; 2,
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moderate disease with marked erythema, absence of vascular
patterns, friability, and erosions; and 3, severe disease with
spontaneous bleeding and ulceration [16]. In this study,
complete MH and MH were defined as categories 0 and 0-1,
respectively. One endoscopy specialist blinded to patient PA
levels was responsible for interpreting the endoscopic findings.

Statistical analysis

To investigate whether different types of PA had different
effects on outcome, we analyzed the relationship between MH
and frequency of sedentary activity (<3 h [reference], 3-8 h,
and >8 h), walking and standing (<4 h [reference], 4-8 h, and
>8h), and strenuous activity (<1 h [reference], 1-3h,and 23 h).
Daily total MET score was divided into quartiles according
to its distribution among the study subjects. The resulting
4 categories were as follows: 1) low METs, <14.75 METs/day
(reference); 2) moderate METs, 19.36-20.00 METs/day; 3)
high METs, 20.00-27.75 METs/da; and 4) very high MET;,
>27.75 METs/day. Logistic regression analysis was performed
to estimate crude odds ratios (ORs) and 95% confidence
intervals (CIs) of clinical outcomes for time spent on each
type of PA and daily total METs. Multiple logistic regression
analysis was employed to adjust for potential confounders.
Age, sex, BMI, prednisolone use, anti-tumor necrosis factor
(TNF)-o. monoclonal antibody use, current drinking, current
smoking, and disease extent (proctitis and left-sided colitis vs.
extensive colitis, including surgical cases) were selected a priori
as potential confounding factors. All statistical analyses were
performed using SAS software version 9.4 (SAS Institute Inc.,
Cary, NC, USA). All probability values for statistical tests were
2-tailed, and P<0.05 was considered statistically significant.

Results

Table 1 shows the characteristics of this cohort. The rates of
clinical remission, complete MH, and MH were 60.6%, 25.1%,
and 61.5%, respectively. Prednisolone, thiopurines, and TNF-o.
monoclonal antibodies were used by 19.6%, 15.6%, and 5.8% of
participants, respectively.

The association between PA and clinical remission is shown
in Table 2. No association was found between time spent on
any one type of PA or total PA and clinical remission.

Table 3 shows the crude and adjusted ORs and 95%Cls
for MH in relation to PA. In the crude analysis, the inverse
association between plentiful strenuous activity and MH was
marginally significant. After adjustment, plentiful strenuous
activity was independently inversely associated with MH
(adjusted OR 0.45, 95%CI 0.23-0.89). Sedentary activities,
walking or standing, and daily total PA were not associated
with MH.

Table 4 shows the crude and adjusted ORs and 95%CIs for
complete MH in relation to PA. Plentiful strenuous activity
(crude OR 0.24, 95%CI 0.07-0.63) and very high daily total
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Table 1 Clinical characteristics of the 327 study participants

Variable n (%)
Age, years, median + IQR, years 48.0£26.0
Male (%) 190 (58.1)
BMI, mean * SD, kg/m? 22.76+4.63
Current smoking (%) 26 (8.0)
Current drinking (%) 134 (41.0)
Medication
5-aminosalicylates, n (%) 300 (91.7)
Prednisolone, n (%) 64 (19.6)
Thiopurines, n (%) 51 (15.6)
TNEF-a monoclonal antibody, n (%) 19 (5.8)
Disease extent: proctitis/left-sided/ 86/93/143/5
pancolitis/others (including surgical cases)
Clinical remission (%) 198 (60.6)
MES, mean + SD 1.20+0.90
Complete mucosal healing (MES 0) (%) 82 (25.1)
Mucosal healing (MES 0-1) (%) 201 (61.5)
Sedentary activities
<3 (h/day) 120 (36.7)
3-8 (h/day) 119 (36.4)
>8 (h/day) 88 (26.9)
Walking or standing
<4 (h/day) 127 (38.8)
4-8 (h/day) 106 (32.4)
>8 (h/day) 94 (28.8)
Strenuous activity (heavy physical work or
strenuous exercise)
<1 (h/day) 231 (70.6)
1-3 (h/day) 50 (15.3)
>3 (h/day) 46 (14.1)
Daily total METs, mean + SD 23.55+13.13
Low (<14.75) 79 (24.2)
Moderate (14.75-20.00) 85 (26.0)
High (20.00-27.75) 79 (24.2)
Very high (>27.75) 84 (25.7)

IQR, interquartile range; SD, standard deviation; BMI, body mass index;
TNE, tumor necrosis factor; MES, Mayo endoscopic subscore; METS,
metabolic equivalents

METs (crude OR 0.40, 95%CI 0.18-0.83) were inversely
associated with complete MH, while sedentary activities and
walking or standing were not associated with complete MH.
After adjustment for confounding factors, plentiful strenuous
activity (adjusted OR 0.24, 95%CI 0.07-0.62; P for trend=0.008)
and very high daily total METs (adjusted OR 0.37, 95%CI
0.16-0.80; P for trend=0.010) were independently inversely
associated with complete MH.

In a sensitivity analysis restricted to patients not using
steroids, plentiful strenuous activity (adjusted OR 0.26, 95%CI
0.08-0.70; P for trend=0.021) and very high METs (adjusted OR
0.35, 95%CI 0.15-0.79; P for trend=0.009) were significantly
inversely associated with complete MH. Similarly, in another
sensitivity analysis restricted to patients in clinical remission,
plentiful strenuous activity (adjusted OR 0.20, 95%CI 0.06-



Table 2 Crude and adjusted ORs and 95%ClIs for clinical remission
in relation to physical activity
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Table 3 Crude and adjusted ORs and 95%CIs for mucosal healing in
relation to physical activity

Variable Prevalence Crude OR  Adjusted OR Variable Prevalence Crude OR Adjusted OR
(%) (95%CI) (95%CI) (%) (95%CI) (95%CI)
Sedentary activities Sedentary
<3 (h/day) 74/120 (61.7) 1.00 1.00 activities 71/120 (59.2) 1.00 1.00
3-8 (h/day) 69/119 (60.0) 0.86 (0.51-1.44) 0.76 (0.43-1.32) <3 (h/day) 68/119 (57.1) 0.92 (0.55-1.54) 0.95 (0.55-1.63)
>8 (h/day) 55/88 (62.5) 1.04 (0.59-1.83) 1.11 (0.59-2.07) 3-8 (h/day) 62/88 (70.5)  1.65 (0.92-2.98) 1.71 (0.91-3.27)
P for trend 0.87 2 (i)
Walking or P for trend 0.14
standing 81/127 (63.8) 1.00 1.00 Walking or
<4 (h/day) 59/106 (55.7) 0.71 (0.42-1.21) 0.66 (0.37-1.17) standing
4-8 (h/day) 58/94 (61.7) 0.92 (0.53-1.59) 0.83 (0.46-1.51) <4 (h/day) 83/127 (65.4) 1.00 1.00
>8 (h/day) 4-8 (h/day) 64/106 (60.4) 0.81 (0.47-1.38) 0.75 (0.42-1.32)
P for trend 0.49 >8 (h/day) 54/94 (57.5)  0.72 (0.41-1.24) 0.67 (0.37-1.21)
. P for trend 0.18
Strenuous activity
<1 (h/day) 138/231 (59.7) 1.00 1.00 Strenuous activity
1-3 (h/day) 31/50 (62.0) 1.10 (0.59-2.09) 1.13 (0.58-2.26) <1 (h/day) 145/231 (62.8) 1.00 1.00
>3 (h/day) 29/46 (63.0) 1.15 (0.60-2.25) 1.10 (0.55-2.23) 1-3 (h/day) 34/50 (68.0)  1.26 (0.67-2.47) 1.47(0.75-3.02)
P for trend 0.73 >3 (h/day) 22/46 (47.8)  0.54 (0.29-1.03) 0.45 (0.23-0.89)
. P for trend 0.09
Total daily PA
(METs) Total daily PA
Low (<14.75) 51/79 (64.6) 1.00 1.00 (METs)
Moderate (14.75-  54/85 (63.5) 0.96 (0.50-1.81) 0.92 (0.46-1.83) Low (<14.75) 50/79 (63.3) 1.00 1.00
20.00) Moderate 58/85 (68.2) 1.25(0.65-2.39) 1.21 (0.61-2.43)
High (20.00- 43/79 (54.4)  0.66 (0.34-1.24) 0.65 (0.32-1.29) (14.75-20.00)
27.75) High (20.00- 45/79 (57.0)  0.77 (0.40-1.45) 0.75 (0.38-1.47)
Very high 50/84 (59.5) 0.81 (0.43-1.52) 0.74 (0.37-1.46) 27.75)
(227.75) Very high 8/84 (57.1)  0.77 (0.41-1.45) 0.68 (0.34-1.34)
(227.75)
P for trend 0.25
P for trend 0.12

ORs were adjusted for age, sex, body mass index, use of prednisolone, use
of tumor necrosis factor-a monoclonal antibody, current drinking, current
smoking, and disease extent

OR, odds ratio; CI, confidence interval; METS, metabolic equivalents; PA,
Pphysical activity

0.57; P for trend=0.005) and very high METs (adjusted OR
0.33, 95%CI 0.13-0.79; P for trend=0.013) were significantly
inversely associated with complete MH.

Discussion

The present study demonstrated that plentiful strenuous
activity and large amounts of total daily PA were independently
inversely associated with complete MH among patients with
UC. To the best of our knowledge, this is the first study to show
an inverse association between PA and clinical outcome in
patients with UC.

Several studies have reported an association between PA
and the onset of UC [8-13]. In a Slovakian case control study
that included 148 patients with UC, participation in 2 sporting
activities per week during childhood was associated with a
lower incidence of UC onset compared to control patients [13].
Other studies have found that the amount of PA or exercise
does not have a preventive effect on the development of UC.
In a Swedish case-control study that included 145 patients

ORs were adjusted for age, sex, body mass index, use of prednisolone, use
of tumor necrosis factor-a monoclonal antibody, current drinking, current
smoking, and disease extent

OR, odds ratio; CI, confidence interval; PA, physical activity; METS,
metabolic equivalents

with UC, recreational, outdoor, or sports activities were not
associated with the onset of UC [8]. In an Asia-Pacific case-
control study that included 256 patients with UC, compared
with less-than-daily PA, daily PA was not associated with
the onset of UC [9]. In an Israeli case-control study that
included 55 patients with UC, PA level—scored according
to a system incorporating the number of h per week of sleep,
sitting, sedentary activity, and strenuous activity during work
and leisure—was similar between UC patients and control
participants [10]. In American and European (Denmark,
Germany, Italy, the Netherlands, Sweden, and the UK)
prospective cohort studies, PA was likewise not associated
with the onset of UC [11,12].

To date, only one study has shown an association between
PA and UC disease activity: in an American cohort study of
515 patients with UC or indeterminate colitis in remission,
relapse occurred less frequently in the plentiful exercise
group; at 6 months, however, no association between amount
of exercise and rate of relapse was found [14]. Compared to
our population, these patients had on average a higher BMI,
younger age, lower proportion of men, and a higher rate of
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Table 4 Crude and adjusted ORs and 95%ClIs for complete mucosal
healing in relation to physical activity

Variable Prevalence Crude OR Adjusted OR
(%) (95%CI) (95%CI)
Sedentary activities
<3 (h/day) 30/120 (25.0) 1.00 1.00
3-8 (h/day) 29/119 (24.4) 0.97 (0.54-1.74) 0.92 (0.50-1.69)
>8 (h/day) 23/88 (26.1) 1.06 (0.56-1.99) 1.18 (0.60-2.34)
P for trend 0.68
Walking or
standing 34/127 (26.8) 1.00 1.00
<4 (h/day) 31/106 (29.3) 1.13 (0.642.01) 1.06 (0.58-1.94)
4-8 (h/day) 17/94 (18.1) 0.60 (0.31-1.15) 0.55 (0.27-1.06)
>8 (h/day)
P for trend 0.10
Strenuous activity
<1 (h/day) 65/231 (28.1) 1.00 1.00
1-3 (h/day) 13/50 (26.0) 0.90 (0.44-1.76) 0.98 (0.46-1.99)
>3 (h/day) 4/46 (8.7)  0.24 (0.07-0.63) 0.24 (0.07-0.62)
P for trend 0.008
Total daily PA
(METs)
Low (<14.75) 25/79 (31.7) 1.00 1.00
Moderate (14.75-  25/85 (29.4) 0.90 (0.46-1.75) 0.84 (0.42-1.69)
20.00)
High (20.00- 19/79 (24.1) 0.68 (0.34-1.37) 0.68 (0.33-1.41)
27.75)
Very high 13/84 (15.5) 0.40 (0.18-0.83) 0.37 (0.16-0.80)
(227.75)
P for trend 0.010

ORs were adjusted for age, sex, body mass index, use of prednisolone, use
of tumor necrosis factor-a monoclonal antibody, current smoking, current
drinking, and disease extent

OR, odds ratio; CI, confidence interval; METS, metabolic equivalents

treatment with biologics; in addition, PA was assessed using
different indices in these 2 studies, which may explain the
different results.

Although the mechanism underlying the link between
PA and disease activity remains unclear, there are several
biologically plausible possibilities. An association between
proinflammatory cytokines (such as interleukin [IL]-6, IL-17,
and TNF-o) and mucosal injury has been reported in patients
with UC[17,18]. There is some evidence that intestinal ischemia
is triggered by strenuous exercise [19]. In humans, high PA
may cause mucosal ischemia and elevate the proinflammatory
response [20,21]. Thus, high PA may cause mucosal injury via
elevated inflammatory cytokines and mucosal ischemia. If this is
the case, then the mild mucosal ischemia and proinflammatory
responses caused by standing, walking, and low to high total
MET might be more easily suppressed by treatment than the
more severe responses induced by plentiful strenuous exercise.
Although exercise habits and higher PA levels have favourable
effects on health in general, the present study suggests that
patients with UC may need to refrain from strenuous exercise.
Strenuous activity was not associated with clinical remission.
The mean PA level in this cohort was lower than that in the
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Japanese general population [22]. Thus, plentiful strenuous
activity and high daily total PA levels may have been too rare in
this cohort to interfere with clinical remission.

This study has some limitations. First, because a cross-
sectional design was employed, we cannot conclude that
there is a causal relationship between PA and complete MH.
Thus, longitudinal and interventional studies should be
performed to confirm the present findings. Second, this study
utilized a self-administered questionnaire, introducing the
possibility that participants may have misreported their own
levels of PA. However, previous epidemiological studies have
relied on similar questionnaires to assess PA [8-13]. Although
our questionnaire’s accuracy has been validated, some
misclassification may have been unavoidable [15]. Changes
in PA over time may also have caused misclassification, which
might have led to an underestimation of the association. Third,
given that the rates of MH and complete MH were 61.5% and
25.1%, respectively, it is likely that most of the patients in
this cohort had been receiving long-term treatment. A long
duration of treatment might have affected both PA and
MH. Fourth, we asked participants to assess their PA over
the previous year. The distance in time between the earlier
parts of that year and the assessment of clinical outcomes
may have resulted in a misclassification. However, the non-
differential misclassification was towards the null. Fourth,
although fecal calprotectin is a reliable marker for MH, we
did not measure it in this cohort. We also did not collect data
regarding any recent changes in medication, although these
might have masked the association between PA and clinical
outcomes. However, a similar association was found in
patients who did not use steroids, indicating that medication
status did not make a difference to the association. Finally,
selection bias could have influenced our results. According to
the large-scale JPHC Study, the mean METs per day among
the Japanese general population in 2005 were 33.5 in men
and 33.4 in women [22], but the corresponding value in
the current study was 23.55. For this and other reasons, the
subjects of the current study were probably not representative
of all Japanese patients with UC. Nevertheless, the median age
and the percentage of males in the present study (48.0 years
and 58.1%, respectively) were similar to those in a Japanese
national study based on UC claims data (44.0 years and
63.9%, respectively) [23].

The treat-to-target strategy is widely accepted as a means
of improving clinical outcomes in patients with UC. Achieving
complete MH (Mayo endoscopic subscore 0) is the ideal
therapeutic goal [24]. In a treat-to-target approach, histological
remission is also considered a significant outcome for UC
patients. In the present study, however, information regarding
the association between PA and histological remission is
missing and further research is warranted.

In conclusion, plentiful strenuous activity and high daily
total PA levels might be significantly inversely associated with
complete MH but not with clinical remission in Japanese
patients with UC.
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Summary Box

What is already known:

« Most studies have found no association between
physical activity and the onset of ulcerative colitis
(UO)

« Anassociation between low physical activity levels
and UC relapse rate has been reported

« Although physical activity has favorable effects on
health, the relationship between physical activity
and disease activity in UC patients is still unclear

What the new findings are:

o Physical activity levels were assessed using a
validated questionnaire

o Plentiful strenuous activity and high daily total
physical activity were significantly inversely
associated with mucosal healing

o No association between physical activity and
clinical remission of UC was found
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