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M edical rehabilitation (MR) is a “service for 
 participation.” In Germany, the DRV (Deutsche 
Rentenversicherung, German Pension Insurance) 

is its most important funding agency. The aim of MR is 
“to prevent impairment on the earning capacity of in-
sured persons or early withdrawal from professional life 
or to integrate them in professional life as permanently as 
possible“ (section 9 subsection 1 of Book VI of the Ger-
man Social Code [SGB VI]).A further aim of MR is to 
avert, eliminate, mitigate or compensate for and prevent 
progression of impairing chronic diseases (sec-
tion 42 subsection 1, SGB IX).

Anyone wishing to participate in an MR program 
must submit an application themselves, which the 
 attending physician accompanies with a form-based 
medical opinion. The DRV reviews whether certain 
medical and legal requirements are met. With an 
 approval rate of 83%, the DRV funded about 832 936 
inpatient MR services for adults in 2018 (1), includ-
ing 3687 services for insured persons with chronic 
 inflammatory bowel disease (IBD), such as Crohn’s 
disease (CD) and ulcerative colitis (UC). The mean 
rehabilitation duration was 23 days. The services 
were usually provided in specialized facilities located 
far away from the usual place of residence of the 
 patient (2).

CD and UC belong to the group of disorders in 
which multiple areas are usually affected during peri-
ods of high disease activity (3). In addition to physical 
impairments, patients experience psychosocial prob-
lems, such as poor sex life, dietary restrictions, stress, 
or depression) (4). Such complex problems require an 
equally complex care approach. This is the strength of 
inpatient MR: It is provided by a multidisciplinary 
team, “all under one roof“. Besides medical special-
ists, the MR team comprises nursing staff, psycholo -
gists, physiotherapists, sports therapists, and occupa-
tional therapists, as well as nutritionists, social 
workers, and vocational counsellors. 

The German system of inpatient MR is nearly 
unique; no other country has a directly comparable 
system in place (5). Thus, the increasing amount of 
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data from studies conducted in other countries (6) 
does not do away with the question of the effective-
ness and benefits of the German MR system. In 2014, 
the German Advisory Council on the Assessment of 
Developments in the Health Care System stated: “In 
conclusion, the lack of an evidence base is the core 
problem of the entire (national) rehabilitation sector. 
Studies on the absolute effectiveness of existing reha-
bilitation measures are lacking.“ (7)

In the following, we report results of a randomized 
controlled trial (MERCED study) evaluating the ef-
fectiveness of inpatient medical rehabilitation com-
pared to the continuation of routine care close to 
where the patient lives (absolute effectiveness). Par-
ticipants were working persons with chronic inflam-
matory bowel disease covered by social insurance. 
Since the study included a number of pension funds 
and health insurances as well as several rehabilitation 
clinics, statements on the general effectiveness of MR 
can be made. The study is based on a design that has 
been gradually optimized since 2006 (8–11). It 
allows—to the best of our knowledge for the first 
time for this indication—to compare inpatient MR 
with the continuation of ongoing standard care. Our 
approach was pragmatic (12, 13) and—by involving a 
patient advisory board– also participatory (14). 

The aim of the project is to reduce the deplored evi-
dence deficit for an exemplary indication and, in 
doing so, contribute to the evidence base for MR in 
terms of methodology and content. At the same time, 
it is intended to demonstrate the repeatedly doubted 
feasibility of conducting a randomized controlled trial 
(RCT) on the absolute effectiveness of inpatient MR.

Methods
(For detailed information, please refer to the eMethods 
Section).

 Study design 
The study was funded by the German Research Foun-
dation (reference no.: RA 314/13–1) and conducted as a 
pragmatic, multicenter, parallel group, randomized 
controlled trial with two points of measurement (T0, 
T1) at an interval of twelve months. 

Inclusion criteria and recruitment 
Working DRV-insured patients aged from 18 to 63 
years, who were members of one of the four partici -
pating statutory health insurances, were included in this 
study. All of these patients had at least two reports of 
incapacity for work because of Crohn’s disease 
(ICD-10 K50) or ulcerative colitis (K51) in their health 
insurance billing data. Their respective health insur-
ance mailed them the study information and invitation 
provided by us. Interested insured persons contacted 
the study administration in Lübeck which sent them 
 detailed study information as well as a questionnaire to 
assure they met the inclusion criteria and to document 
the baseline situation. Invited persons were excluded if 
they lacked the subjective need for rehabilitation, if 

they lacked at least one complicating psychosocial 
problem (4), if they stated not being able to participate 
in a rehabilitation program in the near future, if they 
had undergone MR in the past 2 years, and if informed 
consent was not provided.  

Randomization and rehabilitation application
The included insurees were 1:1 randomized to the two 
arms of the study. The intervention group (IG) was sup-
ported by the study administration in preparing the reha-
bilitation application with written material, access to an 
additional information website, and individual counsel-
ing by phone/email. Using their “option” (“Wunsch- und 
Wahlrecht” of section 9 SGB IX; the right to individual 
wishes and choice), they were asked to select one of the 
7 rehabilitation facilities listed by the patient organiza -
tion DCCV (Deutsche Morbus Crohn/Colitis ulcerosa 
Vereinigung e. V., German Crohn’s Disease/Ulcerative 
Colitis Association). The standardized procedures for 
submitting a rehabilitation application, application 
 review, application approval, and conduct of the reha-
bilitation program remained untouched.  

The participants in the control group (CG) con -
tinued their previous treatment without any change. 
After the 12-month follow-up survey (T1), they 
 received the study administration’s support offer.

Outcomes and measuring tools
The evaluation of the effectiveness of participation in 
medical rehabilitation was performed exclusively on 
the basis of patient-reported data from self-comple-
tion questionnaires. The primary outcome was the 
 experienced limitation to participation in social life, 
measured using the index for measuring limitations in 
participation (IMET) (15, 16). Nine items are used to 
obtain data on limitations in various areas of everyday 
activities (including work, school, housework, leisure 
time, social relations) using numerical rating scales 
(0 = not impaired at all; 10 = completely impaired). 
The total score (0–90) was calculated based on these 
 ratings. 

In order to cover a broad range of potential reha-
bilitation effects, a total of 12 secondary outcomes 
were included and analyzed (Table 1).

Data analysis
The primary analysis included all insured persons with 
data available for both points of measurement (com-
plete case analysis, CCA). They were analyzed in the 
study arm to which they had been randomly allocated, 
regardless of their MR participation. Drop-out analyses 
were performed to estimate potential bias. A subgroup 
analysis compared IG participants who underwent an 
MR program during the study period with CG partici-
pants who did not undergo rehabilitation. During the 
sensitivity analysis for the primary outcome, data for 
all missing cases were imputed for an intention-to-treat 
(ITT) analysis, using various methods. 

The significance level for the type 1 error was set 
at 5%. For the testing of the secondary outcomes, 
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a Bonferroni correction was applied to adjust the 
 significance level (24). For interval-scale outcomes, 
differences between T0 and T1 measurements were 
calculated for each participant and the mean differ-
ences (Δ T0−T1) between IG and CG were tested for 
significance using two-sided t-tests for independent 
samples. For nominal and ordinal data, the Chi-square 
test was used for significance testing. As effect sizes 
for continuous parameters, Cohen’s d was calculated, 
for dichotomous parameters odds ratios.

Patient advisory board 
This participatory research project was supported by 
the patient organization  DCCV e. V. and by an eight-
member patient advisory board for the entire duration 
of the project. Its involvement ranged from stage 1 
(consultation) to 3 (collaboration) of the 4-stage model 
described by Sweeney & Morgan (14); for example, the 
patient advisory board was  involved in the selection of 
the outcomes.

Ethics Committee and registration
The study was approved by the Ethics Committee of 
the University of Lübeck (reference number 16–047 of 
8 March 2016) and registered with the German 
 Registry of Clinical Studies (DRKS00009912).

Results
Study sample
Of the 4359 insured persons informed about the study, 
1144 requested detailed study information. 228 of the 
758 insured persons willing to participate did not meet 
the inclusion criteria. 530 insured persons were included 
in the study and randomized to IG (268) or CG (262). 
The recruitment target was set at 300 patients in each 
study arm. Twelve months later, 431 study participants 
filled in the follow-up questionnaire. The drop-out rate 
for the interval between study inclusion and follow-up 
survey was 21.3% (57 of 268) and 16% (42 of 262) in 
the IG and the CG, respectively (p = 0.122) (Figure). 

The baseline characteristics of the analysis group 
are listed in Table 2. 

In a drop-out analysis, the 99 drop-outs were 
 compared with the 431 patients who participated in 
the follow-up survey. Only for the parameter “disease 
duration,” a significant difference was found: The 
 disease duration among the drop-outs was 3 years 
shorter on average (eTable 1).

Application advice and rehabilitation participation
All participants in the IG received the written in-
formation pack; in addition, 28% (59 of 211) also made 
use of the website. 43% (90 of 211) approached the 

TABLE 1

Secondary outcomes 

IBD, inflammatory bowel disease

Outcome 
(time window)

Disease activity (during the 
preceding 7 days)

Self-monitoring and insight  
(current)

Constructive attitudes (current)

Emotional well-being (current)

Psychological distress
 (during the preceding 2 weeks)

Vitality 
(past 7 days)

Level of being informed about IBD 
(current)

Health-related quality of life 
 (current)

Current state of health 
(compared to initial survey)  

Employment status
(current)

Days of incapacity for work  
(in the past 3 months)

Subjective employment prognosis 
(current)

Tool (reference) 

German Inflammatory Bowel Disease  Activity  
Index (GIBDI) (17)

Health Education Impact Questionnaire  
(heiQ) (18, 19)

Health Education Impact Questionnaire  
(heiQ) (18, 19)

Health Education Impact Questionnaire  
(heiQ) (18, 19)

Patient Health Questionnaire-4  
(PHQ-4) (20)

Subscale Short Form 36  (SF-36) (21)

Individual item  

EuroQuol Visual Analogue Scale 
(EQ-VAS) (22)

Individual item 

Individual item 

Individual item 

Subjective prognostic employment (SPE)  
scale  (23)

Range/categories used

0–18

1–4

1–4

1–4

0–12

0–100

0–10

0–100

Much better/somewhat better/about as 
12 months ago/somewhat worse/much worse

Working yes = working full-time, part-time or 
marginally employed

0–90

Unfavorable prognosis: score ≥ 2
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study administration directly with questions about the 

application process, either by phone or email. 

112 (53.1%) of the IG members reported to have 

undergone a rehabilitation program which had been 

conducted in 81% in one of the 7 recommended reha-

bilitation facilities. The MR was performed about 4 

months (median) after the baseline survey (interquar-

tile range: 3–6 months).

In the CG, 15 patients (6.8%) had undergone MR 

between T0 and T1.

Complete case analysis for primary and secondary 
outcomes 
The complete case analysis (N = 431) showed statisti-

cally significant advantages for the primary outcome in 

the IG (Table 3): The experienced limitation in social 

participation was reduced in the IG by 7.3 (SD = 21.1), 

in the CG by 2.9 (SD = 17.3) points (p = 0.018); this 

corresponds to a small effect size of d = 0.23. A clini-

cally relevant improvement by 10 points in the IMET 

was achieved by 43.8% and 32.1% in the IG and CG,

respectively (p = 0.013). The statistically significant 

advantage in the primary outcome for the IG was con-

firmed by the additional  ITT analysis (eMethods, 
 eTable 2).

Likewise, in 6 of the 12 secondary outcomes, sig-

nificant advantages for the IG were found after alpha-

error adjustment (p-values ≤ 0.004). The largest effect 

size (d = 0.37) was demonstrated for disease activity 

(reduction in the GIBDI [German Inflammatory 

Bowel Disease Activity Index] by 1.4 and 0.3 points in 

the IG and CG, respectively; p<0.001); at the time of 

the follow-up survey, 51.2% and 36.1% of the patients 

were in remission in the IG and CG, respectively 

(GIBDI ≤ 3) (p = 0.002), including steroid-free re-

mission: 41.1% versus 29.5% (p = 0.017). In 2 of the 3 

documented self-management aspects, the IG showed 

greater improvements; similarly, the increase in vital-

ity and health-related quality of life was more pro-

nounced in the IG (effect sizes around 0.3). In the 

 direct measurement of change at the time of the fol-

low-up survey, 58% and 35% showed an improved 

health status in the IG and CG, respectively (p<0.001). 

In the other secondary outcomes, differences 

 between IG and CG were not significant, but more

 favorable developments were also apparent in the IG, 

also in terms of constructive attitudes, level of being 

informed, and mental stress. The differences in the 

work-related outcomes were non-significant and irrel-

evant from a social medicine perspective. 

Subgroup analysis (rehabilitants in the IG versus  
non- rehabilitants in the CG) 
In addition to the primary analysis, only rehabilitants of 

the IG (N = 112) were compared to the non-rehabili-

tants of the CG (N = 205). At baseline, the two groups 

did not differ from each other (eTable 3). The rehabili-

tants of the IG achieved significantly better scores with 

larger (up to medium) effect sizes in all primary out-

comes as well as all secondary outcomes, with the 

 exception of work-related outcomes (eTable 4). 

Utilization of healthcare services outside the
 rehabilitation sector
Patients in the IG and CG provided information about 

the utilization of the outpatient and inpatient healthcare 

sector before and during the study. No differences were 

found with regard to the type and frequency of consul-

tation with specialists, the use of various medications 

and the use of rehabilitative services at the place of 

residence (eTable 5).

Discussion
MERCED evaluated the effectiveness of inpatient MR 

for working persons with statutory health insurance 

suffering from IBD who at that time stated that they 

were in need of rehabilitation and prepared to undergo 

rehabilitation. The pragmatically designed RCT had no

influence on the procedures of the rehabilitation fund-

ing authorities and the rehabilitation clinics. 

FIGURE  

Flowchart of the study procedure
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92 Deutsches Ärzteblatt International | Dtsch Arztebl Int 2020; 117: 89–96



M E D I C I N E

TABLE 2

Sample characteristics at baseline (complete cases: N = 431) 

IBD, inflammatory bowel disease; GIBDI, German Inflammatory Bowel Disease Activity Index (*cannot be calculated for patients with stoma or indeterminate colitis); IG, intervention group; 
CG, control group; M, mean; N, number of valid cases; NRS, numerical rating scale; SD, standard deviation

Patient characteristics

Sex

Age in years

Employment status

School education (years)

Residential region

Diagnosis

Disease duration 

Course of disease “during 
the preceeding years“

Disease activity during 
the past 7 days 
(GIBDI*) 

Surgery for IBD

Rehabilitation for IBD

Medication intake in  
the preceeding 3 months

Number of IBD-related 
specialist visits

Satisfaction with IBD care

Female

18–30

31–40

41–50

51–64

Working, yes

Full-time  

Up to 9

10–11

12–13

Core cities

Dense surrounding areas

Rural surrounding areas

Rural areas

Crohn’s disease

Ulcerative colitis

Indeterminate colitis 

In years

In remission

Alternating relapse/remission

Increasing/continuous activity

None (0–3)

Mild  (4–7)

Moderate  (8–11)

Severe  (≥ 12)

Ever (yes)

Ever (yes)

5-aminosalicylates

Corticosteroids

Immunosuppressants

Biologic agents

None  

Past 12 months

NRS (0 = not satisfied at all; 
10 = very satisfied)

Total

valid N

431

431

431

429

430

431

426

423

394

429

431

431

431

430

n (%)/
M (SD)

246 (57.1%)

75 (17.4%)

92 (21.3%)

116 (26.9%)

148 (34.3%)

431 (100%)

326 (75.6%)

52 (12.1%)

188 (43.8%)

189 (44.1%)

136 (31.6%)

182 (42.3%)

60 (14.0%)

52 (12.1%)

229 (53.1%)

192 (44.5%)

10 (2.3%)

14.0 (10.2)

53 (12.5%)

218 (51.5%)

152 (35.9%)

113 (28.7%)

187 (47.5%)

83 (21.1%)

11 (2.8%)

134 (31.2%)

173 (40.1%)

231 (53.6%)

184 (42.7%)

115 (26.7%)

166 (38.5%)

16 (3.7%)

18.6 (16.2)

6.3 (2.5)

IG = 211

valid
N

211

211

211

211

211

211

206

207

193

209

211

211

211

211

n (%)/
M (SD)

126 (59.7%)

33 (15.6%)

40 (19.0%)

56 (26.5%)

82 (38.9%)

211 (100%)

155 (73.5%)

27 (12.8%)

96 (45.5%)

88 (41.7%)

63 (29.9%)

90 (42.7%)

32 (15.2%)

26 (12.3%)

120 (56.9%)

86 (40.8%)

5 (2.4%)

15.0 (10.6)

25 (12.1%)

105 (50.7%)

77 (37.2%)

56 (29.0%)

90 (46.6%)

42 (21.8%)

5 (2.6%)

66 (31.6%)

89 (42.2%)

114 (54.0%)

92 (43.6%)

54 (25.6%)

82 (38.9%)

6 (2.8%)

19.1 (16.0)

6.2 (2.4)

CG = 220

valid
N

220

220

220

218

219

220

220

216

201

220

220

220

220

219

n (%)/
M (SD)

120 (54.5%)

42 (19.1%)

52 (23.6%)

60 (27.3%)

66 (30.0%)

220 (100%)

171 (77.7%)

25 (11.5%)

92 (42.2%)

101 (46.3%)

73 (33.3%)

92 (42.0%)

28 (12.8%)

26 (11.9%)

109 (49.5%)

106 (48.2%)

5 (2.3%)

13.1 (9.7)

28 (13.0%)

113 (52.3%)

75 (34.7%)

57 (28.4%)

97 (48.3%)

41 (20.4%)

6 (3.0%)

68 (30.9%)

84 (38.2%)

117 (53.2%)

92 (41.8%)

61 (27.7%)

84 (38.2%)

10 (4.5%)

18.1 (16.4)

6.3 (2.5)
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Our analyses suggest that inpatient MR for this indi-
cation is of general and absolute effectiveness and 
benefit. The hypothesis of its specific effectiveness is 
supported by the finding that there were no differences 
between IG and CG patients’ utilization of other medi-
cal services, neither before nor after MR.

In the complete case analysis, the primary outcome 
and most secondary outcomes showed significantly 

higher levels of improvement in the IG compared to 
the CG. The effect sizes achieved were in the smaller 
range. Clinically relevant improvement in social 
 participation and steroid-free remission were signifi-
cantly more frequently observed in the IG compared 
to the CG. The subgroup analysis comparing rehabili-
tants (IG) with non-rehabilitants (CG) found numeri-
cally larger effect sizes; this also indicates specific 

TABLE 3

Results of the complete case analysis (IG: N = 211; CG: N = 220)

*1 Non-adjusted; for secondary outcomes, only p values ≤ 0.004 are statistically significant after Bonferroni adjustment.  
*2 Cohen’s d with denominator as mean pooled SD and corrected for different group sizes; positive d value = advantage IG, negative value = advantage CG 
*3 GIBDI incalculable for stoma and indeterminate colitis
*4 Only persons working at T1
 IBD, inflammatory bowel disease; EQ-VAS, EuroQuol Visual Analogue Scale; ES, effect size; GIBDI, German Inflammatory Bowel Disease Activity Index; heiQ, Health Education Impact 
 Questionnaire; IG, intervention group; IMET, index for measuring restrictions  of participation (“Index zur Messung von Einschränkungen der Teilhabe”); CI, confidence interval;  
CG, control group; M, mean; N, number of valid values; NRS, numerical rating scale; OR, odds ratio; PHQ-4, Patient Health Questionnaire (short form with 4 items); SD, standard deviation;  
SF-36, short form 36 questionnaire; SPE, subjective prognostic employment scale (without pensioners ); T0, baseline; T1, follow-up

Outcome

Primary outcome

Limitation in social participation (IMET) (0–90) 
(higher scores = worse)

Secondary outcomes

Disease activity during the preceeding  
7 days (GIBDI*3) (0–18) 
(higher scores = worse)

Self-monitoring and insight  
(heiQ scale) (1–4)
(higher scores = better) 

Constructive attitudes  (heiQ scale) (1–4) 
(higher scores = better)

Emotional well-being  (heiQ scale) (1–4)
(higher scores = worse)

Psychological distress (PHQ-4) (0–12) 
(higher scores = worse)

Vitality (SF-36, subscale) (0–100)
(higher scores = better)

Level of being informed about IBD
(NRS 0–10) 

Health-related quality of life  (EQ-VAS) (0–100)
(higher scores = better)

Current state of health at T1               a lot/somewhat 
(compared to T0)                                               better

Employment status at T1 Working, yes

Negative subjective employment prognosis  
(SPE) at T1 Score ≥ 2

Number of sick days taken off from work*4 in the 
 preceeding 3 months (0–90)

Group

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

N

210

218

188

184

208

210

209

211

205

215

211

216

209

218

210

219

209

219

209

220

210

220

204

214

188

195

T0

M (SD)

34.68 (19.29)

32.79 (18.33)

5.55 (2.83)

5.32 (2.89)

2.96 (0.45)

3.01 (0.46)

3.12 (0.51)

3.13 (0.54)

2.38 (0.66)

2.37 (0.66)

4.44 (2.70)

4.28 (2.78)

35.46 (16.87)

36.49 (18.07)

6.56 (2.43)

6.78 (2.41)

60.76 (16.57)

63.12 (15.98)

122 (58.4%)

76 (34.5%)

193 (91.9%)

204 (92.7%)

92 (45.1%)

104 (48.6%)

11.67 (17.87)

9.72 (15.15)

T1

M (SD)

27.34 (20.39)

29.87 (20.37)

4.17 (3.07)

5.05 (3.22)

3.21 (0.41)

3.13 (0.45)

3.31 (0.52)

3.21 (0.57)

2.08 (0.66)

2.25 (0.64)

3.29 (2.61)

3.75 (2.73)

45.05 (20.46)

39.86 (20.60)

7.49 (2.33)

7.26 (2.46)

67.58 (17.47)

64.81 (18.48)

10.30 (21.09)

10.77 (20.86)

Δ T0–T1

7.33 (21.05)

2.92 (17.31)

1.38 (3.00)

0.27 (3.06)

0.25 (0.41)

0.12 (0.38)

0.19 (0.49)

0.08 (0.47)

−0.30 (0.58)

−0.12 (0.60)

1.15 (2.69)

0.53 (2.58)

−9.59 (19.75)

−3.37 (18.25)

−0.92 (2.52)

−0.48 (2.02)

−6.82 (18.92)

−1.69 (16.82)

1.37 (26.13)

−1.06 (22.33)

Difference  ΔIG vs. ΔCG

p value*1

0.018

<0.001

0.001

0.022

0.003

0.015

0.001

0.042

0.003

<0.001

0.749

0.474

0.329

ES *2 [95% CI]

0.23
[0.04; 0.42]

0.37
[0.16; 0.57]

0.33
[0.14; 0.52]

0.23
[0.04; 0.42]

0.31
[0.11; 0.50]

0.24
[0.05; 0.43]

0.33
[0.14; 0.52]

0.20
[0.01; 0.39]

0.29
[0.10; 0.48]

OR = 2.7
[1.8; 3.9]

OR = 0.9
[0.4; 1.8]

OR = 0.7
[0.5; 1.1]

0.10
[−0.10; 0.30]
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 effectiveness. Neither of the two analyses showed sig-
nificant advantages for the IG in terms of the strictly 
socio-medical outcome parameters (employment 
status, subjective employment prognosis, number of 
sick days taken off from work). This finding will have 
to be addressed in a separate publication. It should be 
noted that staying in or returning to work is not the 
sole purpose of DRV-financed MR (25). In patients 
with IBD, MR appears to be most effective in terms 
of clinical and psychosocial outcomes. 

Our study shows that randomized controlled trials 
can be conducted to evaluate the absolute general 
 effectiveness of MR—contrary to opinions expressed 
for decades (26–28). To this end, recruitment was car-
ried out with full disclosure to the target persons 
 before they submitted their application for rehabili-
tation. The EPRA study, which was carried out almost 
at the same time, used an alternative approach: It ran-
domized asthma patients after their rehabilitation 
 applications had been approved to either immediate 
or delayed start of rehabilitation (29). Due to strong 
rehabilitation preferences of the recruited patients, it 
can be assumed that such a waiting group design (30) 
only allows the evaluation of short-term effects of 
MR. The situation before submission of a rehabili-
tation application is different. Frequently, these IBD 
patients—and their physicians—express doubt about 
the effectiveness and sustainability of MR. By pro -
actively approaching insured persons who had pre-
viously been selected by their health insurances and 
who continued to select themselves, participants were 
found who were prepared to postpone a rehabilitation 
application by one year.

Limitations and weaknesses of the  
MERCED study
In the MERCED study, the strategy of proactively 
 approaching insured persons potentially in need of 
 rehabilitation may have brought a patient group to MR 
which is not normally seen there. However, the fact that 
the patient population of the MERCED study is more 
similar in its characteristics to other samples recruited 
in rehabilitation clinics (31, 32) than to IBD samples 
from outpatient care (33, 34) supports the appropriate-
ness of the approach (eTable 6). Only in the area of 
school education is there an obvious difference: The 
proportion of patients with lower school education 
(max. 9 years)  is smaller in the MERCED study. This 
most likely reflects the structure of the persons insured 
by the recruiting health insurances (35).

In the period between T0 and T1, about 20% of the 
randomized insured persons were lost to follow-up; 
these were not included in our complete case analysis. 
While no evidence of bias was found in the drop-out 
analysis, such bias cannot be excluded. A further 
weakness lies in the lack of clinical confirmation of 
the diagnosis. Instead, two incapacity for work cer -
tificates with matching ICD coding in the health 
 insurance data and the self-declaration of a medically 
confirmed IBD were required for inclusion. 

In all cases, these were conditions and changes 
 reported by the insured persons; health insurance data 
on incapacity for work were not available as origi -
nally planned.

For every participant, the second survey was con-
ducted almost exactly twelve months after the first. 
The follow-up period after the end of medical reha-
bilitation, on the other hand, was not uniform in the 
IG. The median duration was 8 months (interquartile 
range: 6; 9). This is due to differences in the length of 
the interval between rehabilitation application and 
 approval and start of rehabilitation. 

Instead of the target of at least 60%, only 53% (112 
of 211) of the IG patients participating until the end of 
the study completed a medical rehabilitation program 
(see Figure). It is therefore all the more remarkable 
that the analyses consistently indicated significant 
and relevant, albeit weak, advantages for the IG. 

In summary, this pragmatic, randomized, standard 
care–controlled trial generated evidence on the effec-
tiveness and additional benefit  of inpatient MR in 
working persons with statutory health insurance suf-
fering from IBD which we think is convincing. There 
is little doubt that the greater improvements observed 
in the IG can be attributed to MR. However, the 
mechanisms of action of this highly complex inter-
vention cannot be determined with this study design. 
Also unanswered remains the question of the cost-
 effectiveness of MR. Further comparable studies on 
this and other indications should be conducted— 
including studies with controlled variation of the 
 rehabilitation program. 

Key messages
● In Germany, the practical feasibility, legal admissibility, and ethical justifiability of 

randomized controlled trials on the absolute effectiveness of inpatient medical 
 rehabilitation has repeatedly been doubted. In 2014, the German Advisory Council 
on the Assessment of Developments in the Health Care System stressed the “lack 
of evidence base“ as a “fundamental problem“ in this service sector.  

● MERCED, a randomized controlled trial, removes these doubts and provides 
 evidence for the effectiveness and benefits of an (on average) three-week inpatient 
medical rehabilitation for working persons with statutory health insurance living with 
chronic inflammatory bowel disease (IBD).

● IBD patients, the majority of whom participated in medical rehabilitation at spe -
cialized IBD clinics, showed superior improvements in clinical and psychological 
 outcomes after twelve months compared to IBD patients receiving standard care. 

● Medical rehabilitation seems to be a neglected health care option and should be 
 included in IBD-specific guidelines.
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eTABLE 1

Drop-out analysis—baseline survey data

Characteristics

Sex

Age in years

Employment status

School education (in years)

Residential area 

Diagnosis

Disease duration 

Course of disease
 “during the preceeding years“

Disease activity 
during the past 7 days (GIBDI*)

Surgery for IBD

Rehabilitation for IBD

Medication intake during  
the past 3 months
(yes)

Number of IBD-related
 specialist visits

Satisfaction with IBD care

Limitation in social participation 
(IMET)

Self-management
(heiQ scales)
(1–4)

Level of being informed about IBD 
(NRS)

Current health-related quality of life 
(EQ-VAS)

Female

18–30

31–40

41–50

51–64

Working full-time

Up to 9

10–11

12–13

Core cities

Dense surrounding areas

Rural surrounding areas

Rural areas

Crohn’s disease

Ulcerative colitis

Indeterminate colitis 

In years 

In remission

Alternating relapse/remission

Constantly/increasingly active

Remission (0–3)

Mild  (4–7)

Moderate  (8–11)

Severe  (≥  12)

Ever (yes)

Ever (yes)

5-aminosalicylates

Corticosteroids

Immunosuppressants

Biologic agents 

None  

Past 12 months

0–10

0–90

Self-monitoring and insight 

Constructive attitudes 

Emotional well-being
 (the higher, the poorer)

0–10

0–100

Drop-outs (N = 99)

Valid N

99

99

99

93

99

99

99

99

93

98

99

99

99

99

98

97

99

98

99

97

N (%)/M (SD)

65 (65.7%)

22 (22.2%)

26 (26.3%)

24 (24.2%)

27 (27.3%)

80 (80.8%)

8 (8.6%)

39 (41.9%)

46 (49.5%)

33 (33.3%)

36 (36.4%)

14 (14.1%)

16 (16.2%)

59 (59.6%)

37 (37.4%)

3 (3.0%)

11.4 (9.1)

11 (11.1%)

42 (42.4%)

46 (46.5%)

22 (23.7%)

44 (47.3%)

21 (22.6%)

6 (6.5%)

34 (34.7%)

33 (33.3%)

52 (52.5%)

42 (42.4%)

26 (26.3%)

37 (37.4%)

6 (6.1%)

20.1 (18.2)

5.8 (2.5)

36.4 (18.6)

3.0 (0.4)

3.1 (0.5)

2.5 (0.7)

6.3 (2.6)

60.0 (18.8)

Completers (N = 431)

Valid N

431

431

431

429

430

431

426

423

394

429

431

431

431

430

430

422

428

429

431

429

N (%)/M (SD)

246 (57.1%)

75 (17.4%)

92 (21.3%)

116 (26.9%)

148 (34.3%)

326 (75.6%)

52 (12.1%)

188 (43.8%)

189 (44.1%)

136 (31.6%)

182 (41.3%)

60 (14.0%)

52 (12.1%)

229 (53.1%)

192 (44.5%)

10 (2.3%)

14.0 (10.2)

53 (12.5%)

218 (51.5%)

152 (35.9%)

113 (28.7%)

187 (47.5%)

83 (21.1%)

11 (2.8%)

134 (31.2%)

173 (40.1%)

231 (53.6%)

184 (42.7%)

115 (26.7%)

166 (38.5%)

16 (3.7%)

18.6 (16.2)

6.3 (2.5)

33.8 (18.9)

3.0 (0.5)

3.1 (0.5)

2.4 (0.7)

6.7 (2.4)

62.0 (16.3)

p value

0.118

0.343

0.207

0.501

0.614

0.418

0.022

0.148

0.301

0.507

0.210

0.847

0.961

0.932

0.833

0.291

0.409

0.107

0.212

0.519

0.824

0.090

0.217

0.282
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IFW, incapacity for work; IBD, inflammatory bowel disease; EQ-VAS, EuroQuol Visual Analogue Scale; GIBDI, German Inflammatory Bowel Disease Activity Index (*cannot be calculated for 
 patients with stoma or indeterminate colitis); heiQ, Health Education Impact Questionnaire; IMET, index for measuring limitations of participation (“Index zur Messung von Einschränkungen der 
Teilhabe”); M, mean; N, number of valid cases; NRS, numerical rating scale; PHQ-4, Patient Health  Questionnaire (short form with 4 items); SD, standard deviation; SF-36, Short Form 36 
 questionnaire; SPE, subjective prognostic employment scale

Characteristics

Vitality  (SF-36)

Psychological distress (PHQ-4)

Sick days taken off from work  
in the past 3 months

Negative subjective  
employment prognosis

0–100

0–12

0–90

SPE ≥ 2

Drop-outs (N = 99)

Valid N

98

97

97

99

N (%)/M (SD)

32.7 (16.8)

4.8 (2.6)

13.3 (21.2)

50 (50.5%)

Completers (N = 431)

Valid N

430

428

422

429

N (%)/M (SD)

36.1 (17.5)

4.4 (2.7)

11.3 (17.1)

225 (52.4%)

p value

0.081

0.138

0.325

0.727

eTABLE 2

Additional  ITT analysis for the primary outcome (limitation in social participation) using various imputation methods

*1 Baseline values replace missing values in the 12-month follow-up history.
*2 Best/worst scenario: Missing cases in der IG replaced by mean change in the IG responders who underwent rehabilitation (“best”: improvement of 10 points);  

missing cases in the CG replaced by mean change in the CG responders who did not undergo rehabilitation (“worst“: improvement of 3 points) 
*3 Worst/best scenario: Missing cases in the IG replaced by mean change in the CG responders who did not undergo rehabilitation (“worst“: improvement by 3 points);  

missing cases in the CG replaced by mean change of the IG responders who underwent rehabilitation (“best“: improvement of 10 points) 
*4 Multiple imputation using the Markov chain Monte Carlo method (MCMC), 50 imputations, 10 iterations, in the model all outcomes as well as age, sex, school education, and disease duration 
CCA, complete case analysis; ES, effect size; IG, intervention group; ITT analysis, intention to treat analysis; CG, control group; CI, confidence interval; T0, baseline; T1, follow-up; Δ, difference

Imputation method

Last observation carried forward*1

Best/worst scenario*2

Worst/best scenario*3

Multiple imputation*4

No imputation (CCA)

N (IG/CG)

267/261

267/261

268/262

210/219

ΔT0−T1
IG

5.77 (18.90)

7.91 (18.66)

6.40 (18.71)

7.29 (22.86)

7.33 (21.05)

ΔT0−T1
CG

2.44 (15.85)

2.93 (15.81)

4.09 (16.03)

2.98 (18.90)

2.92 (17.31)

p value

0.029

0.001

0.128

0.017

0.018

ES
[95% CI]

0.19
[0.02; 0.36]

0.29
[0.12; 0.46]

0.13
[−0.04; 0.30]

0.21
[0.04; 0.38]

0.23
[0.04; 0.42]
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eTABLE 3

Sample characteristics at baseline (subgroup analysis: rehabilitants in IG versus non-rehabilitants in CG)

CCA, complete case analysis; IBD, inflammatory bowel disease; GIBDI. German Inflammatory Bowel Disease Activity Index (* cannot be calculated for patients with stoma or indeterminate 
 colitis); IG, intervention group; CG, control group; M, mean;  N, number of valid cases; NRS, numerical rating scale; SD, standard deviation

Characteristics

Sex

Age

Employment status

School education (in years)

Residential region

Diagnosis

Course of disease 
“during the preceeding years“ 

Disease duration 

Disease activity during  
the past 7 days   
(GIBDI*) 

Surgery for IBD

Rehabilitation for IBD

Medication intake during  
the preceeding 3 months
 (yes)

IBD-related specialist visits

Satisfaction with IBD care

Female

18–30

31–40

41–50

51–64

Working, yes

Full-time 

Up to 9

10–11

12–13

Core cities

Dense surrounding areas

Rural surrounding areas

Rural areas

Crohn’s disease

Ulcerative colitis

Indeterminate colitis 

In remission

Alternating relapse/remission

Increasing/continuous activity

In years

None  (0–3)

Mild  (4–7)

Moderate  (8–11)

Severe  (≥ 12)

Ever (yes)

Ever (yes)

5-aminosalicylates

Corticosteroids

Immunosuppressants

Biologic agents

None  

Past 12 months

NRS
(0 = not satisfied at all;  
10 =very satisfied)

IG (N = 112)

Valid N

112

112

112

112

112

112

109

109

104

112

112

112

112

112

N (%)/
M (SD)

66 (58.9%)

14 (12.5%)

22 (19.6%)

36 (32.1%)

40 (35.7%)

112 (100%)

85 (75.9%)

12 (10.7%)

53 (47.3%)

47 (42.0%)

36 (32.1%)

46 (41.1%)

14 (12.5%)

16 (14.3%)

62 (55.4%)

50 (44.6%)

0 (0.0%)

9 (8.3%)

59 (54.1%)

41 (37.6%)

14.6 (10.3)

27 (26.0%)

52 (50.0%)

23 (22.1%)

2 (1.9%)

34 (30.4%)

39 (34.8%)

62 (55.4%)

51 (45.5%)

23 (20.5%)

42 (37.5%)

4 (3.6%)

18.9 (13.0)

6.1 (2.6)

CG (N = 205)

Valid N

205

205

205

203

204

205

202

205

189

205

205

205

205

205

N (%)/
M (SD)

11 (54.6%)

41 (20.0%)

49 (23.9%)

53 (25.9%)

62 (30.2%)

205 (100%)

160 (78.0%)

24 (11.8%)

87 (42.9%)

92 (45.3%)

69 (33.8%)

83 (40.7%)

26 (12.7%)

26 (12.7%)

102 (49.8%)

99 (48.3%)

4 (2.0%)

26 (12.9%)

108 (53.5%)

68 (33.7%)

13.1 (9.8)

57 (30.2%)

91 (48.1%)

37 (19.6%)

4 (2.1%)

63 (30.7%)

74 (36.1%)

108 (52.7%)

85 (41.5%)

58 (28.3%)

76 (37.1%)

9 (4.4%)

17.7 (16.0)

6.3 (2.5)

p value

0.461

0.201

1

0.536

0.746

0.978

0.243

0.436

0.210

0.877

0.945

0.821

0.648

0.484

0.130

0.940

0.725

0.506

0.550
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eTABLE 4

Results of the subgroup analysis (IG: 112 rehabilitants versus CG: 205 non-rehabilitants)

*1 Non-adjusted; for secondary outcomes, only p values ≤ 0.004 are statistically significant after Bonferroni adjustment.
 *2 Cohen’s d with denominator as mean pooled SD and corrected for different group sizes; positive d value = advantage IG, negative value = advantage CG 
*3 GIBDI incalculable for stoma and indeterminate colitis.
*4 Excluded are those at T1 who are not working. 
 IBD, inflammatory bowel disease; EQ-VAS, EuroQuol Visual Analogue Scale; ES, effect size; GIBDI, German Inflammatory Bowel Disease Activity Index; heiQ, Health Education Impact 
 Questionnaire; CG, control group; CI, confidence interval; IG, intervention group; IMET, index for measuring limitations of participation (“Index zur Messung von Einschränkungen der Teilhabe”); 
M, mean; N, number of valid values; NRS, numerical rating scale; OR, odds ratio under control of baseline distribution; PHQ-4, Patient Health Questionnaire (short form with 4 items);  
SD, standard deviation; SF-36, Short Form 36 questionnaire; SPE, subjective prognostic employment scale (without pensioners); T0, baseline; T1, follow-up

Outcome

Primary outcome

Limitation in social participation (IMET) (0–90) 
(higher scores = worse)

Secondary outcomes

Disease activity (GIBDI*3) (0–18) 
(higher scores = worse)

Self-monitoring and insight
 (heiQ scale) (1–4)
(higher scores = better)

Constructive attitudes (heiQ scale) (1–4) 
(higher scores = better)

Emotional well-being (heiQ scale) (1–4)
(higher scores = worse)

Psychological distress (PHQ-4) (0–12) 
(higher scores = worse)

Vitality  (SF-36) (0–100) 
(higher scores = better)

Level of being informed about IBD 
(NRS 0–10) 

Health-related quality of life (EQ-VAS) (0–100)
(higher scores = better)

Current state of health                       a lot/somewhat 
at T1 (compared to T0) better

Employment status at T1 Working, yes

Negative subjective 
employment prognosis (SPE) at T1 Score ≥ 2

Number of sick days taken off from work*4  
in the past 3 months (0–90)

Group

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

IG

CG

N

112

203

101

173

112

196

112

197

109

200

112

201

112

204

112

204

111

204

112

205

112

205

107

201

 99

182

T0

M (SD)

35.37 (19.25)

32.44 (17.91)

5.54 (2.70)

5.15 (2.79)

2.96 (0.39)

2.99 (0.47)

3.12 (0.53)

3.14 (0.54)

2.38 (0.67)

2.36 (0.65)

4.48 (2.79)

4.21 (2.72)

35.05 (15.92)

36.74 (17.74)

6.48 (2.31)

6.73 (2.37)

59.98 (16.65)

63.46 (15.76)

82 (73.2%)

67 (32.7%)

101 (90.2%)

191 (93.2%)

41 (38.3%)

98 (48.8%)

12.32 (18.52)

9.14 (14.28)

T1

M (SD)

25.43 (20.13)

29.46 (19.97)

3.50 (2.69)

4.97 (3.20)

3.25 (0.35)

3.11 (0.45)

3.34 (0.48)

3.21 (0.57)

1.99 (0.61)

2.26 (0.64)

2.82 (2.30)

3.78 (2.68)

49.64 (19.45)

39.49 (20.53)

7.81 (1.95)

7.17 (2.47)

71.40 (16.61)

65.03 (18.24)

9.34 (20.44)

9.75 (19.18)

Δ T0−T1

9.94 (22.60)

2.98 (17.02)

2.04 (3.34)

0.17 (3.06)

0.29 (0.40)

0.12 (0.38)

0.22 (0.48)

0.06 (0.47)

−0.39 (0.64)

−0.10 (0.60)

1.66 (2.77)

0.43 (2.55)

−14.60 (20.69)

−2.75 (17.56)

−1.33 (2.55)

−0.44 (1.98)

−11.41 (19.46)

−1.57 (16.73)

2.98 (26.26)

−0.62 (20.14)

Difference  ΔIG vs. ΔCG

p value*1

0.005

<0.001

<0.001

0.005

<0.001

<0.001

<0.001

0.002

<0.001

<0.001 

0.345 

0.080 

0.201

ES*2 [95% CI]

0.36
[0.13; 0.60]

0.59
[0.34; 0.84]

0.44
[0.20; 0.67]

0.34
[0.10; 0.57]

0.47
[0.24; 0.71]

0.47
[0.23; 0.70]

0.63
[0.40; 0.87]

0.41
[0.17; 0.64]

0.56
[0.32; 0.79]

OR = 5.6
[3.4; 9.4]

OR = 0.7
[0.3; 1.5]

OR = 0.7
[0.4; 1.1]

0.16
[−0.09; 0.41]
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eTABLE 5

Treatment outside the rehabilitation sector (complete cases)

IBD, inflammatory bowel disease; IG, intervention group; CG, control group; M, mean; N, number of valid values; SD, standard deviation; T0, baseline; T1, follow-up

Characteristics

Baseline data (T0)

Medication intake
during the preceeding 3 months (yes) 

Surgery for IBD

Hospital stay for IBD

Specialist visits for IBD 
in the past 12 months 

Use of non-medical treatments/  
counseling for IBD (past 12 months)

Follow-up data (T1)

Medication intake
during the preceeding 3 months (yes) 

Surgery for IBD

Hospital stay for IBD

Specialist visits for IBD 
in the past 12 months 

Use of non-medical treatments/  
counseling for IBD (past 12 months)

5-aminosalicylates

Corticosteroids

Immunosuppressants

Biologic agents 

None  

In the past 12 months (yes)

In the past 12 months (yes)

N contacts overall 

N contacts gastroenterologist

0

1–2

3+

5-aminosalicylates

Corticosteroids

Immunosuppressants

Biologic agents 

None 

Past 12 months (yes)

Past 12 months (yes)

N contacts overall 

N contacts gastroenterologist

0

1–2

3+

IG (N = 211)

Valid  
N

211

210

211

211

204

211

210

208

210

210

203

211

N (%)/
M (SD)

114 (54.0%)

92 (43.6%)

54 (25.6%)

82 (38.9%)

6 (2.8%)

19 (9.1%)

71 (33.6%)

19.1 (16.0)

5.8 (5.9)

76 (36.0%)

92 (43.6%)

43 (20.4%)

99 (47.1%)

58 (27.6%)

39 (18.6%)

88 (41.9%)

10 (4.8%)

19 (9.1%)

44 (21.0%)

16.8 (18.7)

5.0 (5.5)

88 (41.7%)

83 (39.3%)

40 (19.0%)

CG (N = 220)
Valid  
N

220

219

220

220

209

219

218

217

217

220

210

220

N (%)/
M (SD)

117 (53.2%)

92 (41.8%)

61 (27.7%)

84 (38.2%)

10 (4.5%)

19 (8.6%)

65 (29.5%)

18.1 (16.4)

6.1 (6.8)

78 (35.6%)

93 (42.5%)

48 (21.9%)

99 (45.4%)

68 (31.2%)

51 (23.4%)

90 (41.3%)

14 (6.4%)

12 (5.5%)

41 (18.9%)

16.7 (16.5)

5.4 (6.0)

100 (45.5%)

82 (37.3%)

38 (17.3%)

p value

0.860

0.708

0.616

0.885

0.350

0.685

0.359

0.498

0.619

0.924

0.720

0.417

0.221

0.896

0.455

0.153

0.594

0.938

0.436

0.728
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eTABLE 6

Comparison of the MERCED sample with other IBD study samples

IBD, inflammatory bowel disease; IC, indeterminate colitis; UC, ulcerative colitis; EQ-VAS, EuroQuol Visual Analogue Scale; Spec. practices, gastroenterological specialist practices;  
GIBDI, German Inflammatory Bowel Disease Activity Index (*cannot be calculated for patients with stoma or indeterminate colitis); IMET, index for measuring restrictions of participation (“Index 
zur Messung von Einschränkungen der Teilhabe”); HI, health insurance; CD, Crohn’s disease; N, number; n .r., not recorded; SPE, subjective prognostic employment scale

Characteristics

Baseline data from the year …

Recruitment via …

Sex (female)

Age in years

School education (max. 9 years)

Working

Diagnosis (UC/CD/IC)

Disease duration in years

Course of disease during the preceeding years
– After relapses now remission
– Alternating relapse/remission
– Constant/increasing activity

Use of biologic agents

No rehabilitation in the past 4 years

Satisfaction with IBD care (0 –10) 

Limitation in social participation (IMET)

Disease activity (GIBDI*)

Health-related quality of life (EQ-VAS)

Negative employment prognosis in working people (SPE ≥ 2)

Level of being informed  (0–10)

PROCED (4)
N = 514

2011

1 HI

55%

42

13%

80%

50/50/0%

12.9

30%
46%
24%

8%

82%

6.9

18.7

3.5

70.5

29%

7.1

CEDnetz (34)
N = 349

2013

Spec. practices

60%

43

21%

80%

44/52/3%

12.4

39%
39%
22%

37%

83%

8.1

20.6

3.2

71.6

25%

8.1

PACED (32)
N = 537

2011

Rehab clinic

66%

43

22%

84%

48/50/2%

12.6

11%
49%
40%

29%

n .r.

n .r.

n .r.

4.6

n .r.

n .r.

n .r.

CEDreha (31)
N = 250

2013

Rehab clinic

61%

45

17%

84%

51/47/2%

12.1

20%
42%
38%

29%

80%

6.6

34.9

4.4

60.7

57%

6.6

MERCED
N = 431

2017

4 KK

57%

43

12%

100%

45/54/2%

14.0

13%
52%
36%

39%

79%

6.3

33.8

5.4

60.0

51%

6.7
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eMethods 
Study design
Since the aim of the MERCED study was to evaluate the effectiveness and 
benefits of medical rehabilitation (MR) under largely real-world health 
care conditions, it was designed as a pragmatic RCT. For classification of 
the chosen approach, the PRECIS-2 tool was used. This tool assesses in 
nine areas (including eligibility, recruitment, setting, flexibility of the inter-
vention, primary outcome) how pragmatic (or explanatory) an RCT is (12, 
13). The MERCED study attempted to increase the external validity and 
generalizability of the study results by involving members of various pen-
sion and health insurance funds, by not influencing the pension insurance’s 
review of the rehabilitation applications, and by offering rehabilitation in 
different rehabilitation facilities, which were also not influenced.

Study procedure
In order to recruit patients for this study, the 4 cooperating statutory health 
insurances (AOK Nordost, BARMER, Novitas BKK, Techniker Kranken -
kasse) sent out a total of more than 4000 study invitations in the first half of 
2017 to insured persons with the following characteristics: working, age 
18–63 years, at least two cases of incapacity for work in the past 12 months 
related to Crohn’s disease (MC) or ulcerative colitis (UC). Among other 
things, the study flyer described the role of the rehabilitative care sector 
and the aim of the study: “The primary aim of medical rehabilitation in a 
specialized clinic is to maintain or regain participation in all aspects of 
daily living. Those affected by illness have the opportunity there to learn 
how to better cope with their disease. Application is required to participate 
in a medical rehabilitation program. If you are employed, the costs will 
usually be covered by the German Pension Insurance. Many of those living 
with IBD wonder whether they would benefit from such a three-week reha-
bilitation program. To date, no study has specifically addressed this ques-
tion. With the MERCED study, we aim to fill this gap.“

Those who were interested contacted the study administration directly 
at the University of Lübeck and were then provided with detailed written 
information explaining the aim and purpose of the study and the impor -
tance of randomization. 

The section “What will happen in the two arms of the study“ stated: 
“As a member of group 1, you will receive a folder with detailed in-
formation and all documents for your rehabilitation application at the 
beginning of the study. If you need help, the study staff will assist you 
with the application process and offer telephone advice. However, the 
decision of the funding authority (German Pension Insurance) on your 
rehabilitation application will not be influenced by the MERCED study. 
Nevertheless, if your application is rejected, we will support you in filing 
an appeal. If you are assigned to Group 2, we will ask you to continue 
with your usual primary care and specialist treatments in medical prac-
tices or in hospital for the following twelve months. We will offer you our 
support in applying for a rehabilitation program only after twelve 
months, immediately after the second survey.“

Insurees wishing to participate in the study completed an 18-page 
questionnaire to collect baseline data on outcome measures and ensure 
fulfillment of the inclusion criteria. The questionnaire also covered treat-
ments so far received for chronic inflammatory bowel disease (IBD). 
After twelve months, all participants in the study were sent a second 
questionnaire which, in addition to the outcome measures, included 
whether the person had undergone rehabilitation. 

eMETHODS SECTION  
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Selection of the inclusion criteria
In line with the study’s pragmatic approach, the inclusion criteria were 
designed to select study participants who showed the least possible 
 difference from other patients utilizing the rehabilitative care sector. 
Since MR necessarily requires that the insured person submits an 
 application, no insur ees were included in the study who did not state to 
be in need of and willing to undergo rehabilitation. In order to make sure 
that an application of a study participant can be approved, insurance 
law requirements and criteria recommended by the German Pension 
 Insurance (DRV) for socio-medical assessment of the need for rehabili-
tation in patients with IBD were also considered in the selection of the 
inclusion criteria (e1).

Assessment of disease activity
One of the secondary outcomes was disease activity. As in many other 
health services research studies on IBD, no physician-based rating of dis-
ease activity was available in the MERCED study. In order to still be able 
to provide insight into disease activity, the German Inflammatory Bowel 
Disease Activity Index (GIBDI), first presented in 2004 by a working 
group of the Competence Network Bowel Disease, was used. (e2). It 
 exclusively relies on patient-reported questionnaire data and is available in 
2 versions. The version designed for UC (GIBDIUC) comprises six items 
and covers the number of loose/liquid stools, general well-being, abdomi-
nal pain, blood in the stool, extraintestinal manifestations (in the form of 
joint, skin and eye involvement), and fever. The version for CD (GIBDICD) 
comprises seven items and covers numbers of liquid stools per day, general 
well-being, abdominal pain, extraintestinal manifestations (in the form of 
joint, skin and eye involvement), fever, fistulas (including anal abscess or 
fissures) as well as height and body weight. In both versions of the GIBDI, 
the score ranges from 0 to 18. Four categories are distinguished: remission 
(0–3), mild activity (4–7), moderate activity (8–11), strong activity (from 
12). This score cannot be calculated for patients with stoma. An evaluation 
study found satisfactory agreement between the patient-based GIBD and 
physician-based disease activity indices (17).  

Randomization  
After study inclusion, 1:1 block randomization (block length 10) was per-
formed, stratified by health insurance carrier. The randomization list was pre-
pared by a study-independent scientist, using the software BiAs for Windows. 
It was impossible to blind study participants from knowledge of their allo-
cation to IG or CG. Study staff responsible for the data analysis were not 
blinded. 

No information about participation in the study was provided to the 
staff of the DRV who reviewed participants’ rehabilitation applications, 
nor to the staff of the rehabilitation clinics providing the rehabilitation 
programs.

Support with the rehabilitation application
Immediately following randomization, all members of the intervention 
group (IG) received an information pack by post. Besides general expla-
nations, including recommendations on how to get medical rehabilitation, 
it comprised the current application forms with instructions for completion. 
Enclosed was an information sheet for the physician with the form for the 
medical findings report, a sample letter for the DRV with notes and sample 
sentences, as well as explanations on their right to individual wishes and 
choice together with a list of seven specialized IBD rehabilitation facilities 
(according to the patient organization DCCV, at least 150 IBD patients 
 per year underwent MR in these facilities). These included the “Klinik am 
See” in Rüdersdorf, the “Klinik Föhrenkamp” in Mölln, the “Klinik Rosen-
berg” in Bad Driburg, the “Vitalisklinik” in Bad Hersfeld, the “Klinik 
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 Niederrhein” in Bad Neuenahr-Ahrweiler, the “Fachklinik Sonnenhof” in 
Waldachtal, and the “Klinik Hartwald” in Bad Brückenau.

All members of the IG were provided with access to an additional 
website containing the material from the information pack in electronic 
form as well as additional information about the medical rehabilitation 
procedure, household support and childcare during the rehabilitation 
stay, reimbursement of travel expenses, and co-payment exemption.

Individual counseling was available to IG members who requested it. 
This service was offered by two specially trained project team members 
who were introduced with photo and contact details (telephone and 
e-mail). 

Beyond the above-mentioned application support, the standardized 
procedure for the submission and review of rehabilitation applications, 
approval, and conduct of the rehabilitation program was not influenced. 

Following randomization, the participants in the control group (CG) 
continued their previous treatment without any change. They were free to 
apply for medical rehabilitation if they felt the need for it. After the 
12-month follow-up, all of them also received the information pack and 
were granted access to the website and given the opportunity of a person-
al consultation.  

Description of IBD care
In order to better understand the results on effectiveness in the healthcare 
context, information about the IBD care received was obtained at both 
points of measurement. Besides information on medication in the past three 
months, participants were asked about the frequency of IBD-related visits 
to specialist practices in the past 12 months (using a list of 16 medical 
specialties). Furthermore, the use of 20 different outpatient non-medical 
treatment and counseling services in the past 12 months was recorded (in-
cluding nutritional counseling, stress management offerings). The global 
satisfaction with the IBD care received was evaluated using a numerical 
rating scale (0–10).  

Participation in medical rehabilitation
At the 12-month follow-up, participants were asked to provide in-
formation about whether they had submitted a rehabilitation application 
and whether they had participated in a rehabilitation program in the 
 period between the first and second survey. In addition to the name of the 
rehabilitation clinic visited, the respondents provided information about 
which treatments and/or consultations they had used during their rehabili-
tation program.

Calculation of sample size  
Sample size planning was based on own study data (33, 34). These data 
showed changes over the course of one year of approximately 7 IMET 
points (SD = 20) for the primary outcome, “limitation of social partici-
pation“ (IMET score) (15, 16) in working insured persons regularly receiv-
ing treatment on an outpatient basis with subjective need for rehabilitation. 
A mean rehabilitation effect of half a standard deviation (difference in dif-
ferential values between IG and CG: 10 points) was assumed. The estimate 
that 60% vs. 10% of participants in the IG and CG, respectively, would 
undergo rehabilitation, resulting in “dilution” of the expected effect, made 
it necessary to be able to detect a difference of 5 IMET points (effect size of 
0.25) between IG and CG with a power of 80% and an alpha of 5%. 
 Assuming 15% loss to follow-up, the calculated sample size for IG and CG 
is 300 persons each (calculation using BiAS 8.1) (e3).

Data analysis
Questionnaire data were entered in Access 2010 input masks and analyzed 
using the statistical software package IBM SPSS Version 22. 
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Imputation of missing cases was not included in the study protocol. 
The primary analysis was designed to evaluate the participants in both 
surveys independently of the reported (non-) participation in an MR  
 program during the study period in the study arm assigned by random -
ization. In the study protocol, this analysis was referred to as the inten-
tion-to-treat (ITT) analysis. However, there are inconsistencies in the 
definition of the term ITT (e4). Stricter definitions require imputation of 
missing values before an ITT analysis can be performed (e5). To avoid 
misunderstandings, we decided to follow the narrower definition of ITT 
for the publication. Consequently, the planned primary analysis was 
 referred to as the complete case analysis (CCA).  

In order to estimate the influence of imputation strategies on the 
 results, an ITT analysis was performed in addition to the CCA as part of a 
sensitivity analysis for the primary outcome. Missing cases were 
 replaced using various imputation methods (e6). 

The “last observation carried forward” (LOCF) method was used for 
direct replacement: a drop-out–related missing value in the follow-up 
survey was replaced by the corresponding value of the baseline measure-
ment.  

Another simple imputation strategy replaced the missing values in a 
worst/best or best/worst scenario. For the worst/best scenario, missing 
cases in the IG were replaced by the mean change observed in non-reha-
bilitants in the CG (worst) and the missing cases in the CG were replaced 
by the mean changes observed in the IG rehabilitants (best). For the best/
worst scenario, the missing cases in the IG were replaced by the mean 
change observed in rehabilitants in the IG (best) and the missing cases in 
the CG were replaced by the mean change observed in non-rehabilitants 
in the CG (worst). 

The Markov chain Monte Carlo (MCMC) method was used for 
multiple imputation. Based on sociodemographic data and the available 
outcomes, 50 different complete data sets were generated and combined 
into a pooled data set.

For the 12 secondary outcomes measures, an alpha-error adjustment 
using the Bonferroni correction was performed and the 5% significance 
level was divided by 12. The resulting adjusted significance level was 
0.4% (24). 

The t-test was used as a null-hypothesis significance test, irrespective 
of the result of the test for normal distribution of the continuous outcome 
measures. This test is considered to be particularly robust against viola -
tion of the normality assumption, especially with larger samples and 
 differential values (e7, e8). Compared to the Mann–Whitney U test, a 
nonparametric statistical significance test, the t-test represents the more 
conservative testing approach.

Odds ratios were calculated as effect sizes for dichotomous outcomes; 
for continuous outcomes, Cohen’s d (Hedges’ g) was calculated in case 
of different sample sizes. For this purpose, differences between IG and 
CG in the mean changes between the two points of measurement are 
standardized based on the pooled standard deviation. This calculation 
was performed using the freeware of Psychometrika (https://www.psy
chometrica.de/effektstaerke.html) (e9). 

Clinical relevance of effects
The minimal clinically important difference (MCID) for the primary out-
come was defined as a change in IMET of ten points (= half a standard 
deviation) (e10). For the secondary outcome of disease activity, considered 
particularly important by the patient advisory board, a GIBDI score of 
less than 3 (= remission) was considered a clinically relevant event in 
the  follow-up survey. The scientific advisory board tightened this criterion 
ex post by proposing to use steroid-free remission as a criterion for 
 relevance.
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Participatory research
Already in the study planning phase, the German Crohn’s Disease/Ul -
cerative Colitis Association (DCCV) e.V.—the largest patient organization 
for people living with IBD in Germany—was involved in the project and 
sent a member to the scientific project advisory board. Additional members 
of the scientific project advisory board included 4 rehabilitation scientists, 
two gastroenterologists, two clinical epidemiologists, and one DRV repre-
sentative. Besides this scientific project advisory board, an eight-member 
patient advisory board supported the project over the entire study period. 
According to the 4-step model by Sweeney and Morgan, the intensity of 
 involvement ranged from 1 (consultation) to 3 (collaboration) (14, e11). All 
project materials (e.g. flyers, cover letters, study information, reminders, 
questionnaires) were critically reviewed by the patient advisory board. The 
three-stage counseling plan for rehabilitation application support was 
jointly developed; the information pack used for this purpose and the 
 information website were improved. The selection of the outcome 
measures was made in mutual agreement; the significance of the results 
was discussed in a separate meeting.

eResults
Review of inclusion criteria 
758 insured persons sent a completed questionnaire to the study adminis-
tration. These questionnaires were used to review the inclusion criteria. 228 
persons were not included in the study. The reasons for this were (in the 
frequency of their occurrence): 
● Lack of subjective rehabilitation need (74%)
● No possibility to undergo rehabilitation in the near future (31%)
● Rehabilitation participation in the past 2 years (28%) 
● Problem field assessment shows no current psychosocial problem field 

(27%)
● Currently not working  (8%)
●  Missing informed consent (3%)
● No confirmation of IBD diagnosis (1%)
● Age >63 years (1%)
●  Not DRV-insured (1%).
119 of the 228 excluded persons (52%) did not meet more than one of 

the eligibility requirements.

Rehabilitation application, rehabilitation facility
Of the 211 participants in the IG responding to the follow-up survey, 76 
 reported that they had not submitted an application. Among the 135 appli-
cants, there were two persons who had submitted their applications only a 
short while before the follow-up survey and had not yet received a deci-
sion. Nineteen applications were definitively rejected by the funding 
author ity. At 14%, the rejection rate was below the general DRV rejection 
rate of 17% (2).

Of the 112 of the 211 IG participants who took part in medical reha-
bilitation during the observation period, 21 (19%) did not visit any of the 
facilities we recommended. Five of them had chosen another clinic for 
themselves, another five had not used their right of choice. Due to a lack 
of information, it remains unclear for which reasons on the part of the 
funding agency the wishes of the remaining eleven rehabilitants were not 
realized. 

Additional ITT analysis for primary outcomes
The robustness of the positive results found with CCA for the limitation in 
social participation (primary outcome) was assessed using an ITT analysis. 

The summary of the results of this analysis, using different imputation 
methods (such as LOCF or multiple imputation), confirms the observation 
of a statistically significant advantage of the IG over the CG (eTable 2).


