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ABSTRACT
Background: Patients with inflammatory bowel disease (IBD) have an increased risk of compromised
bone mineral density (BMD) and body composition. There are limited data on the physical exercise
(PE) habits of patients with childhood-onset IBD and on the associations between PE and BMD and
body composition.
Patients and methods: In total, 72 young adults with childhood-onset IBD and 1341 normative young
adult controls answered questionnaires regarding PE [hours/week (h/w)] in the last 12months. BMD
and body composition were measured with dual x-ray absorptiometry (DXA) and presented as age-
and gender-adjusted Z-scores for BMD, skeletal muscle index (SMI, the weight of lean mass in arms
and legs/m2), and percentage body fat (Fat %).
Results: A total of 41 (57%) patients with IBD engaged in PE during the previous 12months, as com-
pared to 913 (68%) of the controls (p¼ .053). Sedentary patients had significantly lower median BMD,
SMI, and Fat % Z-scores than the controls with corresponding PE habits (all p< .05). In contrast, highly
active (>4 h/week) patients had total body BMD, SMI, and Fat % in the same range as the controls
with corresponding PE levels (p¼ .151, p¼ .992, and p¼ .189, respectively), albeit with lower BMDs in
the spine (p¼ .007) and femoral neck (p¼ .015). Using multiple regression analyses, a diagnosis of
childhood-onset IBD was independently associated with inferior BMD and body composition, regard-
less of the amount of PE.
Conclusion: Physical exercise is associated with beneficial bone mineral density and body composition
in patients with IBD despite the negative effects of the disease.
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Introduction

Young adults with childhood-onset inflammatory bowel dis-
ease (IBD) have an increased risk to develop altered body
composition traits, i.e. low bone mineral density (BMD), low
skeletal muscle mass, and high-percentage body fat (Fat %)
[1]. Physical exercise plays a vital role in developing and
perpetuating these body composition traits, as is well-docu-
mented in healthy individuals [2–4]. However, the relation-
ships between physical exercise, BMD, and body composition
components in patients with IBD have been studied only to
a limited extent. The few available studies involving pediatric
and adult patients with IBD indicate that despite the pres-
ence of chronic inflammation, physical exercise has positive
effects on BMD, leg lean mass, and fat mass [5,6]. However,

to our knowledge, no study has focused on the extent to
which physical exercise is associated with body composition
traits in young adults with childhood-onset IBD.

Suffering from IBD can have a negative impact on the
engagement in physical exercise. Thus, in a study from
England, Tew et al. found that less than one-fifth of adult
patients with IBD reported a high amount of regular physical
exercise, whereas one-third reported being more or less sed-
entary [7]. For comparison, a physical activity prevalence
study from Sweden reported a higher level of activity in
about two-fifths of healthy adults who were heavily engaged
in physical exercise [8]. In addition, children with IBD appear
to be less physically active than age-matched healthy con-
trols [9]. This is somewhat alarming as regular physical exer-
cise in childhood is thought to serve as the basis for
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establishing health-promoting exercise habits in early adult-
hood [10].

BMD and body composition (lean mass and fat mass) are
usually estimated using dual x-ray absorptiometry (DXA) [11].
Skeletal muscle mass is reliably estimated as the appendicu-
lar lean mass (weight of lean mass in both arms and legs)
divided by the participants height squared, resulting in a
skeletal muscle index (SMI, kg/m2) [11]. A representative fat
mass estimation in patients with IBD is achieved using the
percentage fat of the total body weight (Fat %) [12].

Our primary aim was to investigate the amount of phys-
ical exercise undertaken by young adults with childhood-
onset IBD and its associations with BMD, SMI, and Fat %. A
secondary aim was to evaluate whether there is a link, at the
individual level, between physical exercise habits in adoles-
cence and later in early adulthood.

Patients and methods

Patients and population controls

The present study is part of a longitudinal project investigat-
ing BMD and body composition in patients with childhood-
onset IBD from the Gothenburg region in Sweden. As shown
in Figure 1, at baseline, we initially included 144 patients
with childhood-onset IBD, 126 of whom participated in the
first follow-up after 2 years. A total of 72 of the 126 partici-
pated in the second follow-up in early adulthood (age range,
18–27 years), with a median (IQR) follow-up period of 8.2
(6.9–12) years after initial inclusion (baseline).

In the present study, we focused on the patients’ amount
of physical exercise and the association with body

composition traits, i.e. BMD, skeletal muscle index (SMI; the
sum of arms and legs lean mass/height squared, kg/m2), and
Fat %. We have previously published data on the BMD meas-
urements in this patient cohort during childhood/adoles-
cence: at baseline [13] and at the first follow-up after 2 years
[14]. In addition, we have recently performed a second fol-
low-up of BMD development in early adulthood [15], report-
ing that for the cohort of young adults with childhood-onset
IBD the BMD Z-scores are <�1 and <�2 in 33.8 and 9.5%,
respectively of the patients. We have also published the
complete body composition data for these patients [1]. At
this second follow-up, the participants also answered a ques-
tionnaire regarding their physical exercise habits during the
past year (Figure 1).

Overall, 54 of the 126 patients from the first follow-up did
not participate in the second follow-up, due to relocation
out of the area, unwillingness to participate, or a failure to
establish contact with previous participants. These non-par-
ticipants did not differ significantly from the participants in
the second follow-up regarding age, weight, height, gender,
diagnosis, age at diagnosis, disease duration, and pharmaco-
logic treatment (corticosteroid, azathioprine), or with respect
to the BMD Z-scores at the first follow-up visit [15].

Three previously published population-based control
cohorts from two urban regions in the southwest of Sweden
were pooled and used as controls for the measurements of
physical exercise habits and body composition. The first
cohort included 1068 population-based young adult men in
the age range of 18–25 years from the greater Gothenburg
area, Sweden (the GOOD study [16,17]). The second cohort
entailed normative data collected from 86 young adults (40
men and 46 women) in the age range of 18–30 years from
the greater Malm€o area, Sweden [18]. The third cohort con-
sisted of 187 young adults (97 men and 90 women) in the
age range of 18–25 years, also from the Malm€o region [the
pediatric osteoporosis prevention (POP) study] [19]. Body
composition Z-scores for BMD, SMI, and Fat % were calcu-
lated for all the controls (n¼ 1341, of whom 136 were
women) according to our previously published Z-score calcu-
lations [1].

Data collection

Demographic and clinical characteristics of the patients
Anthropometric and disease-specific characteristics have pre-
viously been published for the patient cohort [15]. In total,
48 of 72 [66.7%] patients included in the study were male
and the median (IQR) age was 22.7 (21.3–24.5) years. The
vast majority of the patients had Caucasian ethnicity.
Anthropometrical data [median (IQR) ] for the patient group
were as follows: height, 175.3 (168.1–181.1) cm; weight, 69.5
(61.2–76.4) kg; and BMI, 22.6 (20.9–25.0) kg/m2. Overall, 47
(65%) patients had ulcerative colitis, 24 (33%) had Crohn’s
disease, and one patient (1%) was diagnosed with IBD-
Unclassified. The median (IQR) age at disease-onset was 11.8
(9.1–13.7) years, and the median (IQR) disease duration was
10.9 (9.4–13.6) years. A previous surgical procedure was
reported in 21 patients [29.2%]. The following pharmacologic

Baseline
(n=144)

First follow-up
(n=126)

Second follow-up
(n=74)

Lost to follow-up, n=18

Lost to follow-up, n=52

Par�cipants Non-par�cipants

Included
(n=72)

Excluded:
Age below 18 years, n=1
No ques�onnaire, n=1

Figure 1. Overview of the longitudinal study of bone mineral density and body
composition in the cohort of patients with childhood-onset IBD. The numbers
of participating patients at baseline, first follow-up (after 2 years), and second
follow-up (about 6 years later) during early adulthood are shown.
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treatments were prescribed from the time of diagnosis to
the time of second follow-up: corticosteroids, n¼ 67 [93.1%];
5-aminosalicylic acid (5-ASA), n¼ 72 [100%]; azathioprine
n¼ 53 [73.6%]; and anti-TNF-a agent as biological therapy,
n¼ 15 [20.8%]. No biological therapies other than TNF-a
inhibitors were used in these patients.

Anthropometric and body composition measurements
Height was measured to the nearest 0.5 cm using a wall-
mounted stadiometer. Weight was measured to the nearest
0.1 kg using a calibrated standard scale with the participants
in light clothing.

BMD (g/cm2), lean mass (kg), and fat mass (kg) were
measured using the Lunar Prodigy DXA (GE Medical Systems
Lunar, Madison, WI). The GOOD cohort controls were meas-
ured with the same Lunar Prodigy DXA apparatus as the IBD
patients, while the control populations from the Malm€o
region were measured using the Lunar DPX-L (ver. 1.3z; GE
Medical Systems Lunar) apparatus [18]. Since the correlation
of BMD, lean mass, and fat mass between different Lunar
machines is strong [20], we used the raw data without
adjustment for the used apparatus.

BMD was measured in the total body, spine, and femoral
neck using the standard software. We calculated the appen-
dicular SMI as the sum of arms and legs lean mass/height
squared (kg/m2), which is a reasonable estimate for total
body skeletal muscle mass [21]. Fat mass was measured for
the total body and calculated as the percentage fat mass
(Fat %) of the total body weight.

Estimation of physical exercise habits

At the second follow-up in early adulthood, we used a stand-
ardized physical exercise questionnaire to gather information
about present physical exercise patterns in the last
12months. The questionnaire also included questions regard-
ing participation in sports during childhood and adolescence.
Physical exercise was defined as regular training, whereas
activities such as leisure walking or bicycling to work were
not taken into account. Physical exercise was registered as
the time in hours per week (h/w) spent on various training
activities. Seasonality was taken into account, and the weekly
amount of training was averaged for the entire year. Thus, in
this study, we use the term ‘Amount of physical exercise’ to
describe the average amount of training over the past year
in hours per week. Corresponding data on physical exercise
in the control group (n¼ 1341) were also registered in hours
per week (h/w) and averaged over the past year.

Statistics

Statistical analyses were performed with the SPSS ver. 26
software (IBM Corp., Armonk, NY). Continuous variables are
presented as median [interquartile range (IQR)]. Age- and
gender-specific Z-scores were calculated based on the previ-
ously published values in the control cohorts for BMD of
total body, spine, and femoral neck, SMI, and Fat % [1].

Differences in variables between the three physical exercise
subgroups were tested with the Kruskal-Wallis one-way
ANOVA or Extended Fisher’s exact test. The differences
between categorical and continuous variables between the
two groups were tested with Fisher’s exact test or the Mann-
Whitney U-test. The logistic regression analysis had ‘physical
exercise, yes/no’ in adulthood as the dependent variable with
gender and diagnosis of IBD as covariates. Each multivariable
linear regression analysis had one body composition trait Z-
score (total body BMD, spine BMD, femoral neck BMD, SMI,
or Fat %) as the dependent variable. Covariates were
‘diagnosis of IBD’ and ‘physical exercise subgroup’ (moderate
or high compared to the sedentary subgroup). SMI Z-score
was also a covariate for the additional femoral neck BMD
regression analysis. All tests were 2-tailed and conducted,
assuming a significance level of 0.05.

Ethical considerations

Informed written consent was obtained from all young-adult
patients with IBD and controls. The study was approved by
the Regional Ethical Review Committee of the University of
Gothenburg (Sweden) (application numbers: for the IBD
cohort 182-02 and 117-11; and for the GOOD study cohort
S600-02 and 017-08) and the Regional Ethics Committee at
the Lund University, Lund, Sweden (LU 471-95, LU 486-96
and 2015/118).

Results

Physical exercise in young adulthood

Of the 72 young adult patients with childhood-onset IBD, 41
(57%) reported regular physical exercise during the last
12months. Participation in physical exercise tended to be
higher in the control group: n¼ 913 (68%) (p¼ .053). In the
patient group, no significant gender differences were found,
52% of the male patients and 66% of the female patients
were engaged in regular physical exercise (p¼ .315). In con-
trast, in the control group, 66% of the males and 86% of the
females exercised regularly (p< .001). To account for this
gender difference between the two diagnostic groups, we
used a logistic regression to adjust for gender. Participation
in regular physical exercise was significantly lower in the
group of patients with IBD than in the control group [odds
ratio (OR) 0.487, 95% CI 0.295–0.805]. Those patients who
engaged in physical exercise weekly spent a median [IQR] of
4 (2–8) h/w on physical exercise, which was similar to the
active controls at 4 (2–6) h/w (p¼ .542). In total, 25 (52%)
male patients and 16 (67%) female patients exercised.
Patients with Crohn’s disease and patients with ulcerative
colitis reported regular exercise in the same proportions, 15
(60%) and 25 (53%), respectively. In young adult patients
with IBD, training in a gym (n¼ 22, 54%) was the most com-
mon exercise form, followed by running (n¼ 7, 17%) and
floorball (n¼ 4, 10%). Twelve patients (17%) were active in
more than one type of sports activity, whereas another
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twelve patients (17%) had never participated in any
sports activity.

To study the association between the amount of physical
exercise and BMD, SMI, and Fat % Z-scores, the study partici-
pants (patients and controls separately) were divided into
three subgroups (tertiles) of physical exercise based on their
grade of physical exercise engagement. The patients, as well
as the controls, were proportionally distributed between the
physical exercise subgroups (p¼ .160): Subgroup 1:
Sedentary, no regular exercise at all, 0 h/w (patients, n¼ 31;
controls, n¼ 428); Subgroup 2: Moderate physical exercise,
1–4 h/w (patients, n¼ 19; controls n¼ 428); and Subgroup 3:
High physical exercise, �4 h/w (patients, n¼ 22; con-
trols, n¼ 485).

The anthropometric characteristics of the patients and
controls in the different physical exercise subgroups are pre-
sented in Table 1. The three exercise subgroups of patients
with IBD had similar clinical characteristics, including diagno-
sis, age of disease onset, disease duration, treatment history,
and smoking habits (Table 2).

The association between bone mineral density and the
grade of physical exercise

The overall group of patients with childhood-onset IBD had
lower median BMD Z-scores [IQR] at all the measured sites
than the entire control group: total body, �0.71 [�1.35–0.41]

vs. 0.00 [�0.68–0.65]; spine, �0.73 [�1.33– �0.13] vs. �0.08
[�0.73–0.64]; and femoral neck, �0.48 [�1.24–0.18] vs. �0.07
[�0.77–0.68] (all p< .001).

The sedentary patients (Subgroup 1) who were not exer-
cising regularly had significantly lower BMD Z-scores for total
body, spine, and femoral neck than the controls with the
same sedentary habits (Subgroup 1) (Figure 2). Comparing
the patients with childhood-onset inflammatory bowel dis-
ease and controls the BMD Z-scores were lower in patients
in the total body (p¼ .002), spine (p¼ .001), and femoral
neck (p¼ .012) (Figure 2). Furthermore, these patients had
significantly lower median BMD Z-scores at all locations than
the entire control group (see the first paragraph)
(all p< .001).

The patients who exercised moderately (Subgroup 2) had
significantly lower BMD Z-scores for total body (p¼ .019) and
spine (p¼ .011) compared with controls who had a corre-
sponding exercise activity (Subgroup 2) (Figure 2). However,
these patients had a median femoral neck BMD Z-score in
the same range as these controls (p¼ .299). Further, the
median BMD Z-scores for the patients with moderate phys-
ical exercise differed from those of the entire control group
(see the first paragraph) at the same locations (total body,
p¼ .011; spine, p¼ .003; and femoral neck; p¼ .159)

Patients with high amount of physical exercise (Subgroup
3) did not differ significantly in median total body BMD Z-
score compared to that of the corresponding controls

Table 1. Anthropometric characteristics of the patients and controls. The patients and controls were categorized separately into three subgroups based on the
amount of physical exercise.

Patients, n¼ 72 Controls, n¼ 1341

Characteristics
Subgroup 1: No

PE, n¼ 31
Subgroup 2:

PE< 4 h/w, n¼ 19
Subgroup 3:

PE� 4 h/w, n¼ 22
Subgroup 1: No
PE, n¼ 428

Subgroup 2:
PE< 4 h/w, n¼ 428

Subgroup 3:
PE� 4 h/w, n¼ 485

Female gender 8 (26%) 8 (42%) 8 (36%) 19 (4%) 63 (15%) 54 (11%)�
Age (years) 22.7 (20.7–24.5) 22.6 (21–24.8) 22.7 (21.7–24.2) 23.7 (23.1–24.5) 23.7 (23.2–24.4) 23.5 (19.1–24.2)�
Height (cm) 176.5 (172.4–181.5) 174.3 (164.9–180.2) 172.7 (166.6–181.4) 180.9 (175.9–186.1) 180.8 (175.2–185.3) 180.3 (175–186.1)
Weight (kg) 70.1 (62.2–76) 68 (62.5–74) 69 (60.1–77.9) 74.6 (66.8–83.8) 73.9 (67.6–81.4) 76 (69.4–83.4)�
BMI (kg/m2) 22.5 (20.5–25.1) 23.5 (22–24.7) 22.4 (20.8–25.9) 22.8 (20.5–25.3) 22.7 (21–24.5) 23.2 (21.7–24.9)�
Physical exercise

per week
0 (0–0) 2 (1.5–3) 7.3 (5–10.9)� 0 (0–0) 2 (1.3–3) 6 (5–9)�

PE, physical exercise; BMI, body mass index.
Results presented as n (%) or median (IQR). Differences between PE subgroups were calculated with an independent-samples Kruskal-Wallis test or Extended
Fischer’s exact test for patients and controls separately, �p< .05.

Table 2. Disease-specific characteristics, treatment history, and lifestyle-related habits of young adults with childhood-onset IBD. The patients were categorized
separately into three subgroups based on their amount of physical exercise.

Subgroup 1: No PE, n¼ 31 Subgroup 2: PE< 4 h/w, n¼ 19 Subgroup 3: PE� 4 h/w, n¼ 22

Disease-specific characteristics
Crohn’s disease 9 (29%) 7 (37%) 8 (36%)
Age at diagnosis (years) 11.5 (8.3–13.4) 11.8 (10.4–13.9) 12.7 (9.2–13.4)
Disease duration (years) 11.2 (9.4–13.7) 10.5 (9.2–13.3) 11.4 (9.4–13.8)

Current and/or previous treatment
Corticosteroids 30 (97%) 18 (95%) 19 (86%)
Azathioprine 23 (74%) 14 (74%) 16 (73%)
Biologics 8 (26%) 2 (11%) 5 (23%)
Surgery 9 (29%) 4 (21%) 8 (36%)

Lifestyle-related habits
PE between 16 and 17 years of age 14 (45%) 12 (63%) 18 (82%)�
Years of physical exercise 7 (0–11) 7 (3–12) 11.5 (6–16)�
Current smoking 7 (23%) 4 (21%) 6 (27%)
Previous and/or current smoking 15 (48%) 7 (37%) 9 (41%)

PE, physical exercise.
Results presented as n (%) or median (IQR). Differences between the PE subgroups were calculated with an independent-samples Kruskal-Wallis test or
Extended Fisher’s exact test for patients and controls, separately, �p< .05.
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(Subgroup 3), p¼ .151 (Figure 2). However, these patients
had significantly lower median BMD Z-scores than the con-
trols with high physical exercise (Subgroup 3) for the spine
(p¼ .007) and femoral neck (p¼ .015) (Figure 2). Notably,
when comparing patients with high physical exercise grade
(Subgroup 3) and the entire control group (see the first para-
graph), we found that they had median BMD Z-scores in the
same ranges for the total body, spine, and femoral neck
(p¼ .829, p¼ .102, and p¼ .406, respectively).

Figure 2. Associations between the amount of physical exercise (PE) and
the bone mineral density (BMD) Z-scores in patients with childhood-
onset inflammatory bowel disease and controls. The patients and the con-
trols are divided separately into three subgroups (Subgroups 1, 2, and 3)
based on the amount of regular PE. BMD Z-scores and each subgroup
median values with IQR for total body, spine, and femoral neck are shown.
The difference between the subgroups was tested with a Kruskal-Wallis
1-way ANOVA for patients and controls separately. The difference between
patients and controls within a PE subgroup was tested with the Mann-
Whitney U-test.

Figure 3. Associations between the amount of physical exercise (PE) and skel-
etal muscle index (SMI) Z-scores in patients with childhood-onset inflammatory
bowel disease and controls. The patients and the controls are divided separ-
ately into three subgroups (Subgroups 1, 2, and 3) based on the amount of
regular PE. SMI Z-scores and each subgroup median values with IQR for Z-
scores and median values with IQR for PE subgroups are shown. The difference
between subgroups was tested with a Kruskal-Wallis 1-way ANOVA for patients
and controls separately. The difference between patients and controls within a
PE subgroup was tested with the Mann-Whitney U-test.

Figure 4. Associations between the amount of physical exercise (PE) and body
fat percentage (Fat %) Z-scores in patients with childhood-onset inflammatory
bowel disease and controls. The patients and the controls are divided separ-
ately into three subgroups (Subgroups 1, 2, and 3) based on the amount of
regular PE. Fat % Z-scores and median values with IQR for physical exercise
subgroups are shown. The difference between subgroups was tested with a
Kruskal-Wallis 1-way ANOVA for patients and controls separately. The difference
between patients and controls within a PE subgroup was tested with the
Mann-Whitney U-test.
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To determine whether higher levels of physical exercise
were associated with better BMD, we used a one-way
ANOVA on ranks. In the patients with IBD, such a trend was
observed for both the total body and femoral neck (p¼ .052
and p¼ .059, respectively). However, such a trend was not
seen for the spine (p¼ .202). For comparison, significant dif-
ferences between the amount of exercise activity and BMD
were seen in the controls (all sites, p< .001) (Figure 2).

The association between skeletal muscle index and the
amount of physical exercise

The overall group of IBD patients had a lower median [IQR]
SMI Z-score than the entire control group: �0.34
[�1.28–0.33] vs. �0.09 [�0.8–0.65] (p¼ .019).

Patients who had no regular training (Subgroup 1) had a
lower SMI Z-score than the corresponding control exercise
subgroup (p¼ .024) (Figure 3). These patients also had a
lower median SMI Z-score than the entire control
group (p< .001).

However, the patients with moderate physical exercise
(Subgroup 2) had a similar median SMI Z-score to the con-
trols who exercised equally (Subgroup 2) (p¼ .439) (Figure
3). These patients also had a similar median SMI Z-score to
the entire control group (p¼ .207).

The patients who exercised the most (Subgroup 3) had
the highest median SMI Z-score of the three exercise groups.
Their median SMI Z-score was similar to that of the controls
with the corresponding amount of exercise (Subgroup 3)
(p¼ .992) (Figure 3). Furthermore, these patients (Subgroup

3) had a median SMI Z-score comparable to that of the
entire control group (p¼ .087).

We found a significant difference in SMI Z-score between
the three patient physical exercise subgroups (ANOVA,
p< .001). The same held true when comparing the three
control exercise subgroups (ANOVA, p< .001) (Figure 3).

The association between fat percentage and the grade
of physical exercise

The overall group of patients with IBD had a higher median
Fat % Z-score than the entire control group: 0.48
[�0.21–1.25] vs. �0.20 [�0.78–0.52] (p< .001).

Those patients with no regular exercise (Subgroup 1) had
a significantly higher median Fat % Z-score than the controls
with the same sedentary habit (p¼ .011) (Figure 4). These
patients also had a higher median Fat % Z-score than the
whole control group (p< .001).

Similarly, patients with moderate training (Subgroup 2)
had higher Fat % Z-scores than the corresponding subgroup
of controls (p¼ .003) (Figure 4). In similarity to the patients
with sedentary habits (Subgroup 1), patients with moderate
physical exercise (Subgroup 2) had a higher median Fat % Z-
score than the entire control group (p¼ .005).

Patients who engaged in a high level of physical exercise
(Subgroup 3) had the lowest median Fat % Z-score, similar
to that in controls with high physical exercise (Subgroup 3)
(p¼ .189) (Figure 4). These patients had a median Fat % Z-
score in the same range as the entire control
group (p¼ .656).

Table 3. Predictors of bone mineral density and body composition measures in young adults with childhood-onset IBD and controls.

Dependent variable
(Model R2) Covariate B

95% Confidence Interval

p ValueLower Higher

SMI Z-score Diagnosis of IBD �0.264 �0.501 �0.026 .029
(Adjusted R2¼0.102) Subgroup 2 vs Subgroup 1 0.224 0.094 0.355 .001

Subgroup 3 vs Subgroup 1 0.779 0.653 0.906 <.001

Fat % Z-score Diagnosis of IBD 0.485 0.255 0.715 <.001
(Adjusted R2¼0.051) Subgroup 2 vs Subgroup 1 �0.302 �0.429 �0.176 <.001

Subgroup 3 vs Subgroup 1 �0.477 �0.600 �0.354 <.001

Total body BMD Z-score Diagnosis of IBD �0.529 �0.762 �0.296 <.001
(Adjusted R2¼0.067) Subgroup 2 vs Subgroup 1 0.201 0.072 0.329 .002

Subgroup 3 vs Subgroup 1 0.560 0.435 0.684 <.001

Spine BMD Z-score Diagnosis of IBD �0.623 �0.858 �0.388 <.001
(Adjusted R2¼0.057) Subgroup 2 vs Subgroup 1 0.064 �0.065 0.193 .332

Subgroup 3 vs Subgroup 1 0.452 0.326 0.577 <.001

Femoral neck BMD Z-score Diagnosis of IBD �0.483 �0.737 �0.229 <.001
(Adjusted R2¼0.083) Subgroup 2 vs Subgroup 1 0.277 0.137 0.416 <.001

Subgroup 3 vs Subgroup 1 0.723 0.587 0.859 <.001
Additional analysis with adjustment for SMI Z-score
Femoral neck BMD Z-score Diagnosis of IBD �0.371 �0.605 �0.138 .002
(Adjusted R2¼0.228) Subgroup 2 vs Subgroup 1 0.18 0.051 0.309 .006

Subgroup 3 vs Subgroup 1 0.389 0.258 0.520 <.001
SMI Z-score 0.426 0.375 0.478 <.001

IBD: Inflammatory bowel disease; PE: physical exercise; SMI: skeletal muscle index; BMD: bone mineral density.
Subgroup 1: Sedentary; Subgroup 2: Moderate PE, between 1 and 4 h/week of PE; Subgroup 3: High PE, �4 h/week of PE; B, unstandardized
regression coefficient.
All patients (n¼ 72) and controls (n¼ 1341) were included in the regression analyses (n¼ 1413). Each linear regression had a body compos-
ition trait Z-score as the dependent variable (SMI, Fat %, total body BMD, spine BMD, femoral neck BMD), and the covariates were diagnosis
of IBD, PE subgroups (Subgroup 2 or 3) compared to the sedentary group (Subgroup 1). In the additional analysis, SMI Z-score was also
used as a covariate.
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A clear trend was seen for both patients and controls: the
higher the amount of exercise, the lower the Fat % Z-scores.
Thus, the difference in median Fat % Z-score between phys-
ical exercise subgroups was significant for the patients as
well as the controls (ANOVA, p¼ .043 and p< .001, respect-
ively) (Figure 4).

Predictors of bone mineral density and body
composition traits

To evaluate whether having childhood-onset IBD constituted
an independent association with BMD or body composition
measures, we performed a series of multiple regression anal-
yses. Each regression model had either BMD or body com-
position Z-score (total body BMD, spine BMD, femoral neck
BMD, SMI, and Fat %) as the dependent variable, with phys-
ical exercise subgroups (Subgroups 2 and 3 compared to
Subgroup 1) and diagnosis of IBD as covariates (Table 3). We
observed an independent negative association between suf-
fering from IBD and all BMD and body composition measure-
ments, regardless of the physical exercise subgroup.
Furthermore, to analyze whether the BMD Z-score increase
was mediated by SMI and not by physical exercise per se, we
performed an additional analysis of BMD in the femoral neck
(weight-bearing part) with the SMI Z-score included as a
covariate. This regression analysis indicated an independent
albeit weaker association between the amount of physical
exercise and the diagnosis of IBD for the femoral neck BMD
Z-score, when accounting for skeletal muscle mass, highlight-
ing the importance of SMI as a mediator of the association
between IBD and BMD (Table 3).

The relationship between physical exercise habits in
late adolescence and young adulthood

To analyze the possible relationships between physical exer-
cise habits in late adolescence and early adulthood, we ana-
lyzed patients aged >21 years. A total of 56 out of 72
patients (78%) was included in this analysis, of whom 34
(61%) exercised regularly and 22 (39%) were sedentary.
Those who had regular physical exercise in adulthood
reported higher rates of sports participation in late adoles-
cence (16–17 years of age) than those who were sedentary
(74 vs. 59%, respectively) (p¼ .049).

Discussion

In the present study, we focused on the amount of physical
exercise and its associations with BMD and body compos-
ition in young adults with childhood-onset IBD. For compari-
son, we used a large normative control cohort from
approximately the same geographic area. Our main finding is
that for patients with IBD, regular physical exercise may help
to counteract the detrimental effects of IBD on BMD and
body composition traits. A greater amount of physical exer-
cise is linked to higher BMD, higher skeletal muscle index,
and a lower body-fat percentage.

We revealed that young adult patients with childhood-
onset IBD who are sedentary are prone to have low BMD
and SMI, in combination with a high Fat %. In contrast,
patients with a high level of physical exercise, i.e. four or
more hours each week, have median values of BMD, SMI,
and Fat % that lie in the same range as those of the con-
trols. In line with our findings, Cronin and colleagues have
reported an increase in lean muscle mass and a decreased
body Fat % after 8weeks of combined aerobic and resistance
training in adult patients with IBD [22]. Furthermore, physical
exercise has been reported to be positively associated with
BMD in adult patients with IBD [5]. Our approach to evaluate
BMD and body composition components simultaneously and
to relate these measures to the patients’ amount of exercise
has, to our knowledge, not been reported previously.

In a multivariable regression model, we show that the
diagnosis of childhood-onset IBD is an individual risk factor
for compromised BMD, SMI, and Fat %, regardless of the
amount of physical exercise undertaken by these patients.
Having IBD implicates several factors that potentially affect
BMD and body composition, such as inflammation per se
[23,24], nutritional deficits [25], and medical treatment side-
effects [26]. It has to be considered that disease-related fac-
tors, such as disease duration and the grade of chronic
inflammation, may vary between the patient physical exer-
cise subgroups, which might affect the measures of BMD
and body composition in parallel with the amount of phys-
ical exercise. However, attempts to define and estimate the
long-term disease course severity have encountered major
methodologic difficulties [27]. Nevertheless, in an attempt to
address this issue, we compared the three physical exercise
subgroups regarding different clinical parameters as potential
surrogate markers for disease severity. However, we found
no differences between the physical exercise subgroups in
terms of diagnosis, age of diagnosis, elapsed time with a
diagnosis of IBD, previously received medical treatment
(including corticosteroid use, azathioprine, or biologic treat-
ment), or surgical therapy (Table 2). Therefore, we believe
that the differences in BMD and body composition observed
between the physical exercise subgroups can be attributed
in large part to the amount of exercise undertaken.

Interestingly, the associations between the individuals’
amount of physical exercise and values for SMI and the Fat
% were more pronounced than those for BMD. This weaker
association between physical exercise and BMD might be
attributable in part to the fact that most of the bone min-
eralization process already occurred during adolescence [28].
However, spine BMD was not associated with the amount of
physical exercise, possibly because training can affect BMD
differently in the axial and appendicular skeleton [2]. Our
research group has previously shown that young adults with
childhood-onset IBD have the opportunity to increase their
BMD beyond the conventional estimated time for peak bone
mass [15], indicating an extended time window for optimiza-
tion of bone mass in early adulthood. In accordance with
this, Nilsson and colleagues found physical activity in early
adulthood to be important for optimizing peak bone mass in
males [2].
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The proportion of young adult patients with IBD who
exercised regularly were lower than that of controls, roughly
60 vs. 70%. Such a difference remained after adjusting for
the difference in gender distribution between the patient
group and controls. In a somewhat older cohort of adults
with IBD (mean age, 42 years; range 19–87 years), DeFilippis
and colleagues [29] have reported an even lower proportion
of patients engaged in physical exercise, i.e. only one-third
were physically active. Taken together, these lines of evi-
dence indicate that younger adults with IBD engage in more
physical exercise than older patients, a trend that has also
been reported for healthy individuals [8].

Furthermore, we show that patients engaged in physical
exercise during late adolescence are likely to continue with
physical exercise in early adulthood. This indication that exer-
cise habits seem to persist during the transition from child-
hood to early adulthood is supported by Lahti and
colleagues in their long-term intervention study of normative
children up to early adulthood [19]. Furthermore, physical
exercise in childhood has been associated with improved
bone mineralization and bone structure in adulthood [30]. To
summarize, this indicates a window of opportunity for pedia-
tricians to promote sports participation during patient ado-
lescence, so as to foster a more prolonged relationship to
physical exercise.

There are several clinical implications of our observation
that physical exercise is associated with beneficial BMD and
body composition in young adults with IBD. Primarily, treat-
ment strategies may include efforts to promote increased
physical exercise. Most adult patients with IBD, around 90%,
consider physical activity to be an important part of daily life
[31]. Despite this, only 37% of patients had discussed phys-
ical exercise with a physician [32]. When achieved, training is
reported to be generally well-tolerated in patients with
chronic IBD and may also increase their quality of life [33,34].
Despite this, a substantial proportion of adult patients report
that their IBD symptoms limit their possibilities for exercise,
approximately one-third of patients reduce their activity lev-
els following the diagnosis of IBD [7,31]. We would like to
suggest that physicians repeatedly discuss physical exercise
habits with their patients. Studies are needed to investigate
how best to stimulate patients with IBD to exercise regularly.
In our opinion, a physiotherapist may add valuable skills to
the multidisciplinary IBD team, e.g. in developing individual
training programs and encouraging patients to exer-
cise regularly.

The main strength of the present study is that the cohort
of young adult patients covers the whole clinical spectrum
of childhood-onset IBD. Furthermore, we had access to a
large normative control cohort from the same region, which
allowed for a reliable comparison of our results. One weak-
ness of the study is that we cannot exclude recall bias, as
the participants and controls were required to answer ques-
tionnaires regarding physical exercise in the past year. This
should, however, apply to both groups equally. The patient
group’s recollection of childhood sports activities may be
subject to an even greater recall bias. We acknowledge that
with our study design, we can draw no causal conclusions

regarding the effect of physical exercise on measured BMD
or body composition.

To conclude, a diagnosis of childhood-onset IBD is inde-
pendently associated with inferior BMD and body compos-
ition in early adulthood. Despite this, those patients who
exercise regularly have the capacity to reach similar levels of
BMD and body composition as healthy controls.

Summary

Physical exercise is associated with beneficial bone mineral
density and body composition in young adult patients with
childhood-onset IBD despite the negative effects of
the disease.
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