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Abstract 
 
Background 
Medication Reviews Bridging Healthcare (MedBridge) is a currently ongoing cluster-
randomized controlled trial (cluster-RCT) that aims to investigate the effects of hospital-
initiated comprehensive medication reviews including active follow-up after discharge 
(intervention 2) on older patients’ healthcare utilization compared to usual care (control) 
and solely hospital-based reviews (intervention 1).  The trial takes place at in total eight 
wards in four hospitals in Sweden: Uppsala University Hospital and the hospitals in 
Enköping, Gälve and Västerås. The primary outcome is the number of unplanned hospital 
visits after 12 months, and data collection will continue until December 2019. To enhance 
the generalizability of the study findings, presentation of baseline characteristics is 
recommended. Assessment of imbalance in these characteristics between study groups is 
often performed in RCTs to rule out effect modification and to support understanding of 
the study findings. In particular, the comorbidity at baseline is hypothesized to be 
associated with the trial’s primary outcome.  
 
Aim 
To assess the baseline characteristics of patients within the MedBridge trial with a focus on 
comorbidity and to investigate whether there is any imbalance in these characteristics 
between the three study groups.  
 
Methods and materials 
Anonymized data on predefined baseline characteristics of all patients included in the 
MedBridgy trial (n=2640) were extracted from the hospitals’ electronical medical record 
system and collected in an electronic data capture system for data management and 
statistical analysis. Charlson Comorbidity Index (CCI) scores were calculated from the 
patients’ pre-diagnosed diseases. Baseline characteristics were presented with descriptive 
statistics. Analysis of variance and Chi-square tests were used to analyze imbalance in 
baseline characteristics between study groups. 
 
Results and discussion 
Study patients were on average 80.6±8.1 years old and had 9.4±5.5 prescribed medications 
upon hospital admission, including 894 in the control group, 922 randomized in 
intervention 1 and 822 randomized in intervention 2. The most common reasons for 
hospital admission were circulatory (33.5%) and respiratory system diseases (15.3%) 
diseases. The average CCI-score was 1.97±1.95 and no difference was found between the 
study groups (P=0.092). There were however differences in the prevalence of two pre-
diagnosed diseases, cerebrovascular (P=0.001) and renal disease (P=0.024). No 
differences were found in other baseline characteristics.  
 
Conclusion 
No differences were found in baseline characteristics between study group in the 
MedBridge trial, except for prevalence of pre-diagnosed cerebrovascular and renal disease. 
These results imply that patient recruitment was properly performed and the identified 
differences are unlikely to significantly affect the MedBridge trial’s primary outcome. 
 
 
 
 
 
 
 
 
 
Keywords: Baseline characteristics, Charlson Comorbidity Index, Comorbidity, 
Significant difference. 



 

 

  



 

 

Populärvetenskaplig sammanfattning 
 
Läkemedel kan rädda liv, förlänga liv och möjliggör att många kan leva i en längre period. 
Men samtidigt det finns möjlighet att leva allt längre liv, ökar risken också att drabbas av 
läkemedelsrelaterade problem såsom felaktig användning och läkemedelsinteraktioner. 
Tidigare studier har visat att läkemedelsproblem förorsakar 5–10% av alla 
sjukhusinläggningar varje år.   
    MedBridgestudien är en pågående klinisk studie på Akademiska Sjukhuset i Uppsala och 
sjukhusen i Enköping, Gävle och Västerås  som syftar till att studera effekter av samverkan 
av kliniska apotekare under patientens sjukhusvistelse. Två interventioner jämförs med en 
kontrollgrupp som får vanlig sjukvård utan kliniska apotekare involverade: Invervention 1, 
en omfattande läkemedelsgemongång utförd av kliniska apotekare under sjukhusvistelse 
och intervention 2, samma som intervention 1 men med ytterligare en aktiv uppföljning i 
form av telefonsamtal och medicinska remisser utförda av kliniska apotekare för att 
säkerställa att inga läkemedelsrelaterade problem uppstår. Under ett uppföljningsår 
kommer skillnader i oplanerade återinläggningar mellan studiegrupperna mätas. 
Studieresultatet planeras att bli publicerad preliminärt mellan 2019 och 2020. 
    Kliniska studier är känsliga för systematiska fel såsom misslyckad randomiserad 
patientfördelning i studiegrupper som kan påverka förekomsten av utfall. Att analysera 
baslinjeegenskaper kan bland annat styrka studieresultatets trovärdighet och öka studiens 
generaliserbarhet. Syftet med denna delstudie inom MedBridge är därmed att analysera 
om det finns skillnader i baslinjeegenskaper mellan studiegrupperna som kan medföra 
påverkan på förekomsten av utfallet, d.v.s. oplanerade återinläggning på sjukhus inom 12 
månader efter utskrivningen från sjukhus.  
    Studiegrupperna utgjordes av äldre över 65 år gammal på åtta sjukhusavdelningar på de 
fyra sjukhus som ingår i studien. De anonymiserade patienternas baslinjeegenskaper 
såsom ålder, antal förskrivna läkemedel och tidigare diagnostiserade sjukdomar samlades 
in från patientjournalen. I denna delstudie användes en ytterligare parameter, Charlson 
komorbiditet index (CCI), som kan förutsäga sannolikheten för dödlighet inom ett år och 
är förknippad med risk för återinläggningar. Ju högre CCI-poäng, desto större är 
vårdbehov och dödlighet hos patienten. Statistiska metoder variansanalys och Chi-2-test 
användes för att analysera om det fanns statistiskt signifikanta skillnader mellan 
studiegrupperna.   
    Ett antal av 2640 patienter delades in i tre grupper: 894, 922 och 824 patienter tillhörde 
kontrollgruppen, intervention 1 respektive intervention 2. Inga skillnader hittades i CCI-
poäng eller andra egenskaper t.ex. ålder, kön, njurfunktion, oplanerade sjukhusbesök inom 
senaste 12 månader och social hjälp. Skillnader upptäcktes dock i prevalens av 
cerebrovaskulära sjukdomar (mer patienter bar sjukdomen i intervention 1 än i 
kontrolgruppen och intervention 2) och njursjukdomar (mer patienter bar sjukdomen i 
intervention 1 än kontrolgruppen). På en sjukhusavdelning upptäcktes även en skillnad i 
CCI-poäng att patienter i kontrollgruppen hade lägre genomsnittlig CCI-poäng än 
patienterna i intervention 1. Sammanfattningsvis innebär det att det är osannolikt att 
skillnaderna kommer att ha en signifikant påverkan på utfallet i MedBridge-studien. 
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1 Background  
 

1.1 Elderly and medication-related problems 
Wordwide, the population is aging. Multimorbidity has become a common problem and 
affects more than half of the patients aged 65 years or older with an increasing prevalence 
in higher age [1]. As a consequence, the prevalence of polypharmacy, defined as using more 
than four prescribed medications, is increasing [2].  
    Increasing sensitivity to drug effects, older age and polypharmacy are risk factors for 
developing medication-related problems (MRPs) among older patients [3, 4]. MRPs such 
as adverse drug reactions and non-compliance to prescribed medication therapy are a 
common causes of hospital admissions [4]. According to various studies concerning 
hospital admissions associated with MRPs, it was 5-10% of hospital admissions were due 
to MRPs, but 50% of them were avoidable [3, 5]. 
    Pharmacist interventions, like medication reviews, have been suggested to solve and 
prevent MRPs, reducing patient morbidity and costs of healthcare [6, 7]. Rapid 
identification of medication error and providing medication advices performed by clinical 
pharmacist can greatly benefit in ward rounds [8].  
    In 2016, a Cochrane meta-analysis based on ten randomized controlled trials (RCTs) 
concluded that there was no evidence that medication reviews reduce mortality or hospital 
readmissions, although they did find evidence that medication reviews may reduce 
emergency department contacts [9]. High-quality RCTs with long-term follow-up (at least 
12 months) were warranted to provide more definitive evidence on the effects of medication 
reviews [9]. 
    A recent RCT  in Denmark compared the effects of an extended pharmacist intervention 
to a basic pharmacist intervention and usual care in hospitalized patients [10]. The basic 
intervention consisted of a patient-centered medication review conducted by a clinical 
pharmacist shortly after hospital admission. The extended intervention consisted of a 
medication reconciliation on discharge of patients in addition to basic intervention, a 
comprehensive medication review by a clinical pharmacist during the hospitalization. The 
risk of readmission was reduced in the extended intervention group compared with usual 
care within 30- and 180-days follow-up. However, no reduction in drug-related 
readmissions was found in the basic and extended intervention group compared to usual 
care after 30 or 180 days. Ravn-Nielsen et al. [10] concluded that clinical pharmacist 
intervention might reduce the number of emergency department visits and hospital 
readmissions. A limitation of this study was the lack of a 12-month follow-up [9, 10]. 
 

1.2  The ongoing Medication Reviews Bridging Healthcare trial  
The Medication Reviews Bridging Healthcare (MedBridge) trial, is a currently ongoing 
multicenter, three-treatment cluster-randomized crossover clinical trial [11]. The clinical 
trial takes place at eight wards within four hospitals in Sweden: Uppsala University 
Hospital and the hospitals in Gävle, Enköping and Västerås. The aim of the MedBridge trial 
is to investigate the effects of hospital-initiated comprehensive medication reviews 
including an active follow-up on healthcare utilization amongst study patients (≥ 65 years) 
[11]. The primary outcome, the incidence of unplanned hospital visits after 12 months, will 
be measured among following three study groups:  

 Control (C): Usual care, without pharmacist intervention during hospital stay. A 
medication reconciliation upon admission is included according to Swedish 
legislation [12]. 

 Intervention 1 (I1): The patients receive medication reconciliation performed by a 
clinical pharmacist upon hospital admission and upon discharge from the hospital, 
aiming to identify discrepancies and inappropriate medication on the medication 
list of the patient in collaboration with the ward physician and patient.   

 Intervention 2 (I2): The same as in I1, an active follow-up included electronic 
medication review referral sent by the clinical pharmacist or the ward physician in 
case of any monitoring needs or necessary subsequent actions within primary care. 
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Two follow-up phone calls by the clinical pharmacist to the patient will be made 
within 2 months after the hospital discharge to ensure for example adequate 
medication management at home and reinforcement of medication information.   

    Subgroups based on baseline characteristics were defined to investigate whether there 
are differences between subgroups in terms of effectiveness of the interventions, e.g. 
patients aged 65-74 years and 75 or older and number of prescribed medications (<5, 5-9 
and ≥10) [11-12]. 

 

1.3 Baseline characteristics in randomized controlled trials 
Generally, it is important to know the characteristics of the participants included in a study, 
beside the inclusion and exclusion criteria. A table of baseline characteristics can give 
readers a view for example how relevant the study result of an RCT is to an individual 
patient. Elkins [13] noted that a table of baseline characteristics in each group should be 
included in a randomized trial, the author and readers can use the table to judge whether 
any characteristics have been imbalanced and can affect the outcome of the study, i.e. the 
presence of effect modification by any other variable than the allocated study group.   
    RCTs are considered the best way to compare the effectiveness of different interventions, 
but the design is vulnerable to bias if randomization is not properly conducted [14]. The 
purpose of randomization is to prevent selection bias and the study groups will be 
comparable, but it doesn’t guarantee that the baseline characteristics between study groups 
can be equal, meanwhile there is a greater risk of imbalance for trials with small group size 
[15, 16]. The chance that this is due to variation in the study population can not be 
eliminated completely, but this can be reduced by increasing sample size [15]. The 
occurrence of imbalance in baseline characteristics after a randomization can be explained 
by chance rather than bias because each study participant has an equal probability of being 
assigned to control group or therapy through randimization, i.e. the risk of selection bias 
has been reduced  [15, 16].   
    An example of impact of imbalance on the outcome of an RCT is a baseline characteristic 
analysis of the proning severe acute respiratory distress syndrome patients (PROSEVA) 
study [17]. In this RCT, prone positioning, the patient lying flat with the chest down, led to 
decreased mortality compared to supine-only positioning, lying with the chest up, among 
patients with severe acute respiratory distress syndrome (ARDS). However, diabetes was 
present in 17% (n=39) in the supine group and 21% (n=50) in the prone group respectively. 
Moss et al. [18] found that diabetes had been shown to be protective factor in ARDS 
development meanwhile it was more frequently present in the prone group in the 
PROSEVA-study. It was therefore suggested that there was an imbalance in a baseline 
protective factor, i.e. diabetes for ARDS between both groups. 
    In contrast to a traditional RCT, in which study patients are randomized at individual 
level, the MedBridge study is a cluster-RCT in which the study wards (clusters) have been 
randomized to one intervention (C, I1 and I2) under three consecutive periods of eight 
weeks before patient inclusion. Cluster-randomization decreases the risk for 
contamination bias, i.e. patients within one group are exposed to the intervention of 
another study group. However, recruitment of individual study patients after cluster-
randomization increases the risk of recruitment bias, i.e. intervention allocation may 
influence the percentage of patients agreeing to participate, which may lead to imbalances 
in baseline characteristics between study groups [19, 20]. Prognostic variables, or baseline 
characteristics for clusters and individuals, should be described for every treatment group, 
most simply as tables of summary data [21]. These variables provide information on 
whether the recruitment was properly conducted, and it enhances the generalizability of 
the study findings [15, 20]. Failure to address imbalance in prognostic baseline variables 
may lead to incorrect conclusions in RCTs [17, 22, 23]. It is therefore necessary to 
investigate the balance in baseline characteristics between the study groups within the 
MedBridge trial. 
 

1.3.1 Comorbidity indices 
Comorbidity describes a condition that co-exists with a disease of interest and is associated 
with increased mortality [24]. To measure comorbidity, co-existing diseases can be 
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combined into a single score using a comorbidity index. The most common used 
comorbidity indices include the Charlson Comorbidity index (CCI) and the Elixhauser 
Comorbidity Measure (ECM) [24-26].  
    The Charlson Comorbidity index is a valid and reliable method to measure comorbidity 
among elderly that can be used in clinical research [27, 28]. The CCI is originally developed 
in the 1980s, it assigns weights to specifics disease to predict log-term survivability of 
patients [21, 24]. The assigned weight of the included diseases is based on the strength of  
their association with mortality: the greater a weight, the stronger the association with 
mortality [24]. The CCI can predict the risk of both short-term and long-term mortality for 
elderly and can be used as a significant predictor of one-year survival [25, 28]. According 
to various studies concerning the CCI, higher CCI-score at admission is associated with risk 
of readmission [29, 30]. The CCI-score is therefore particularly relevant to be measured as 
a baseline characteristics for trial with hospital visits as an outcome measure.  
 

2 Aim 
 
To present and assess the baseline characteristics of patients within the MedBridge trial 
with a focus on comorbidity and to investigate whether there is any imbalance in these 
characteristics between the three study groups.  
 

2.1  Objectives 
The questions of interest in this sub-study are the following: 

 What are the baseline characteristics of patients within the MedBridge trial? 

 What are the main causes of hospital admission for the patients within the whole 
trial?  

 Are there any differences in the baseline characteristics between the study groups 
within the whole trial? 

 Are there differences in comorbidity between the study groups within each hospital 
and study ward?  

 

3 Methods and materials 
 

3.1  Study setting and study population 
Four hospitals are taking part in the MedBridge trial: Uppsala University Hospital, and the 
hospitals in Gävle, Enköping and Västerås. Two wards within each hospital were included, 
resulting in a total of eight wards. The study wards differ in terms of medical specialty 
(Table 1). Each ward acted as a cluster and was randomized to six consecutive eight-week 
periods during which one of the three study interventions (C, I1 or I2) was performed. 
Patient recruitment lasted between February 2017 and October 2018. A detailed overview 
of the MedBridge study periods and randomization result is presented in Table A1 in 
Appendix A.  
 
Table 1. The included study wards per study site including explanation of medical specialty 
that each ward represented.   

Hospital Hospital ward specialty Abbreviation  
Enköping Internal medicine ward 1 Med.1 

Internal medicine ward 2  Med.2 
Gävle Geriatric ward Geriatrik 

Stroke Ward Stroke 
Västerås Acute, Stroke and Neurology ward ASN 

Diabetes and Nephrology ward  DN 
Uppsala Acute internal medicine ward AVA 

Internal medicine ward  30E 
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3.2  In- and exclusion criteria 
This sub-study included all eligible patients participating in the MedBridge trial. Patients 
who were eligible were asked for informed consent.  
 

3.2.1 Inclusion criteria 
The MedBridge trial included patients aged 65 years or older who had been admitted to the 
one of the study wards [11].  
 

3.2.2 Exclusion criteria 
Patients were excluded if they had received medication review by a clinical pharmacist 

within the last 30 days as stated within medical record, were in a palliative stage as stated 

within medical record, and/or admitted at the study ward for only one day [11].  
 

3.3 Data collection  
All data of the patients on baseline characteristics were anonymized and extracted from 
two electronical medical record systems: Cosmic© (Cambio Healthcare Systems AB, 
Sweden) used at hospitals in Enköping, Uppsala and Västerås, and Melior© (Siemens AB, 
Healthcare Service, Sweden) used in Gävle Hospital. Following baseline characteristics and 
subgroups were included: 

 Gender (male and female), age (65-74 and ≥75 years), body mass index (BMI) and 
estimated glomerular filtration rate (eGFR)  

 Social support: spouse or partner, health support services including home care and 
residential home 

 Number of prescribed medications: <5, 5-9 and ≥10 medications 

 Whether the patients were using automated drug dispensing system 

 Number of previous unplanned hospital visits including hospital admissions and 
emergency department visits within 12 months prior to admission: 0-1 and ≥2 visits 

 Whether the patients had received medication review by a clinical pharmacist 
within the last 12 months 

 Pre-diagnosed diseases e.g. AIDS (acquired immune deficiency syndrome), chronic 
pulmonary disease, congestive heart failure and diabetes mellitus 

 The main cause of hospital admission as stated in the discharge note 
 
     The extracted data from the medical records were collected in an electronic data capture 
system (Castor EDC©, The Netherlands). The data on Castor EDC© were extracted to 
Excel for statistical analysis.  
    The international disease classification system (ICD-10), define the universe of diseases, 
signs and symptoms in 22 chapters and are used as the diagnostic classification standard 
for clinical researches [31]. Physicians at the four hospitals in the MedBridge study use 
ICD-10 to document reasons for hospital admission for patients in epicrisis note. Thorough 
description of ICD-10 code classification is presented in Table B1 in Appendix B. The 
prediagnosed diseases of patients were identified by screening ICD-10 codes documented 
by physicians in a maximum of two years prior to hospital admission, according to 
Standard Operating Procedure presented in Appendix C (in Swedish). 

 

3.4 Data analysis 
Descriptive statistics were used to present the baseline characteristics at different levels 
(whole trial, each hospital and each study ward) per study group. Sunburst chart was used 
to present the prevalence of the main cause of hospital admission. The frequency of CCI-
score within the MedBridge trial was presented in diagram. Numerical data such as BMI 
were presented in mean value with standard deviation. Categorical data such as medical 
history was presented in number with proportion in bracket in its belonging study group. 
The eGFR was presented with advanced kidney failure, defined as lower than 30 
ml/min/1.73m2. 
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    The comorbidity was defined by using the newly developed ICD-10 coding algorithms for 
Charlson Comorbidities in 2005 [32]. The CCI consists of a total of 17 diseases with two 
degrees for diabetes and liver disease depending on the severity.  The assigned weights for 
each comorbidity is presented in Appendix D for calculating the CCI-score that the 
patients had [25]. The number of patients per CCI-score was presented in a diagram to 
present the distribution of the CCI-score among the patients. The  data regarding the 
distribution of the CCI-score were presented with mean, standard deviation, median,  lower 
quartile (Q1), upper quartile (Q3) and interquartile range (IQR, being equal to the 
difference between Q3 and Q1).    
    The quantitative data were analyzed by one-way analysis of variance (ANOVA) and the 
categorical data were analyzed by Chi-square (χ2) test. ANOVA was used to determine 
whether there was significant difference in the means of quantitative variables between the 
study groups. The χ2 test was used to analyze whether there was significant difference 
between observed frequencies and expected frequencies of the categorical variables 
between the study groups. The statistical significance level was set at 0.05. The null 
hypothesis (H0) and alternative hypothesis (H1) in this sub-study were: 
    H0: There is no statistically significant difference in the analyzed baseline characteristic 
between groups. 
    H1: The difference in baseline characteristic between groups is significant. 
    If P-value>0.05, H0 would not be rejected, it would indicate that the baseline 
characteristic was in balance. If P-value≤0.05, H0 would be rejected and H1 would be 
accepted. This indicated that there was imbalance in the baseline characteristic. A Post-
Hoc test with Bonferroni procedure [33] was carried out in case of a difference between the 
three study groups. As three comparisons (C-I1, C-I2 and I1-I2) were possible, the 
significance level of Bonferroni test was 0.05/3≈0.0167. The statistical calculation and 
analysis were performed by using Excel 2016 (Microsoft Office 365 ProPlus) and SPSS 
Statistics IBM© (Version 20).  
 

3.5 Ethical approval 
The MedBridge study had received ethical approval number Ö21-2016 from Central Ethical 
Review Board in Sweden [11]. 
 

4 Result  
 
After the participant enrollment, a total of 2640 patients were included in the MedBridge 
study. Study population in each study group, control (C), intervention 1 (I1) and 
intervention 2 (I2) were 894, 922 and 824 patients respectively. 

 

4.1 Baseline characteristics  
The data on baseline characteristics per study group are presented in Table 2. The data 
regarding the pre-diagnosed disease per study ward are presented in Table E1-E8 in 
Appendix E. The average age was similar between study groups, ranging from 80.3 to 
80.8 years (p=0.432). The mean number of prescribed medications upon admission ranged 
from 9.3 to 9.6 medicines (P=0.515). Just over half of the patients had an unplanned 
hospital visit within the last 12 months (P= 0.303 for differences between groups).    
    Most baseline characteristics did not differ between the study groups except for pre-
diagnosed diseases cerebrovascular disease (P=0.001) and renal disease (P=0.024). The 
post-hoc analysis revealed that cerebrovascular disease was more prevalent in I1 (13.8%) 
than C (8.5%) and I2 (10.0%). Renal disease was more prevalent in I1 (13.6%) compared to 
C (9.5%). The mean CCI-score did not differ between the study groups (P=0.092).  
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Table 2. Baseline characteristics such as gender, age, number of prescribed 
mediations upon admission and number of the healthcare contacts in the last 
12 months within the MedBridge trial, the data presented per study group (C, 
I1 and I2). 

 Study group (n= 2640)  
Baseline characteristic Control 

(n= 894) 
Intervention 1 
(n= 922) 

Intervention 2 
(n= 824) 

P-value 
(post-hoc)1 

Gender     
    Male, n (%) 447 (50) 465 (50.4) 372 (45.1)  

.0532     Female, n (%) 447 (50) 457 (49.6) 452 (54.9) 
Age mean, years ± SD 80.3 ± 8.2 80.8 ± 7.8 80.7 ± 8.4 .4323 
    65-74, n (%) 260 (29.1) 233 (25.3) 228 (27.7)  

.1832     ≥75, n (%) 634 (70.9) 689 (74.7) 596 (72.3) 
BMI mean ± SD 26.1 ± 5.6 25.8 ± 5.1 25.8 ± 5.4 .6873 

Patient with eGFR<30, n (%) 155 (17.4) 184 (20.0) 136 (16.8)  .1422 
Social support, n (%)     
    Spouse or partner 397 (44.4) 431 (46.7) 372 (45.1) .5922 

    Home care and/or Residential 
home 318 (35.6) 345 (37.4) 324 (39.3) 

 
.2762 

    None 237 (26.5) 221 (24.0) 196 (23.8) .3332 

Number of prescribed medications 
mean ± SD4 9.4 ± 5.5 9.6 ± 5.7 9.3 ± 5.4 

 
.5153 

    <5, n (%) 164 (18.3) 180 (19.5) 152 (18.4)  
    5-9, n (%) 330 (36.9) 315 (34.2) 317 (38.5)  
    ≥10, n (%) 397 (44.4) 424 (46.0) 354 (43.0) .4632 

Patient with automated drug 
dispensing system, n (%) 216 (24.2) 245 (26.6) 218 (26.5) 

 
.4232 

Patient visited hospital 12 months 
prior to admission, n (%) 471 (52.7) 518 (56.2) 442 (53.6) 

 
.3032 

Number of hospital visits  12 
months prior to admission  mean ± 
SD 1.3 ± 2.0  1.4 ± 2.1 1.4 ± 2.5 

 
 
.3273 

    0-1, n (%) 633 (70.8) 613 (66.5) 576 (69.9)  
    ≥2, n (%) 261 (29.2) 309 (33.5) 248 (30.1) .1112 
Patient received medication review  
12 months prior to admission, n 
(%) 134 (15.0) 149 (16.2) 122 (14.8) 

 
 
.6892 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 1 (0.1) 0 (0) 0 (0) .3762 

    Cancer excl. Malignant neoplasm 
of skin 125 (14.0) 135 (14.6) 90 (10.9) 

 
.0542 

    Diabetes 252 (28.2) 281 (30.5) 214 (26.0) .1132 

    Dementia 78 (8.7) 88 (9.5) 79 (9.6) .7802 

    Cerebrovascular disease 

76 (8.5) 127 (13.8) 82 (10.0) 

.0012  

(C-I1: <.001 
 C-I2: .299 
 I1-I2: .014) 

    Congestive heart failure  242 (27.1) 265 (28.7) 216 (26.2) .4802 

    Hypertension 606 (67.8) 649 (70.4) 572 (69.4) .4792 

    Ischemic heart diseases 178 (19.9) 190 (20.6) 164 (19.9) .9132 

      Myocardial infarction  103 (11.5) 111 (12.0) 118 (14.3) .1802 

    Atrial fibrillation and flutter 235 (26.3) 265 (28.7) 225 (27.3) .4992 

    Chronic pulmonary disease 121 (13.5) 124 (13.4) 118 (14.3) .8472 

    Asthma 67 (7.5) 66 (7.2) 61 (7.4) .9612 

    Peptic ulcer disease 8 (0.9) 15 (1.6) 14 (1.7) .2832 

    Liver disease 4 (0.4) 7 (0.8) 5 (0.6) .6932 

    Rheumatic disease 55 (6.2) 53 (5.7) 52 (6.3) .8772 

    Renal disease  

85 (9.5) 125 (13.6) 101 (12.3) 

.0242 

(C-I1: .007 
 C-I2: .067 
 I1-I2: .419) 

    None 19 (2.1) 22 (2.4) 16 (1.9) .8132 

CCI-score mean ± SD 1.9 ± 1.9  2.1 ± 2.0 2.0 ± 2.0 .0923 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), BMI(body mass index), CCI(Charlson Comorbidity Index), eGFR(estimated glomerular filtration 
rate),  SD(Standard deviation) 
1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017.  
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2Analyzed by χ2-test. 
3Analyzed by one-way ANOVA test. 
4Missing medication lists: 3 in the control group, 3 and 1 in the intervention 1 and intervention 2 respectively. 
 

4.2 Reasons for hospital admission  
The main reasons for hospital admission are presented in a sunburst chart in Figure 1. 
Circulatory system diseases (33.5%) and respiratory system diseases (15.3%) were the most 
common reasons for hospital admission in the MedBridge trial. Subcategorization within 
the ICD-10 showed that cerebrovascular disease (14.4%), congestive heart failure (8.1%), 
chronic obstructive pulmonary disease (COPD) (3.1%) and influenza or pneumonia (5.2%) 
were the most prevalent diseases within these two chapters1.  

 
Figure 1. Reasons for hospital admission classified by ICD-10 (Appendix B) within the whole MedBridge 
trial, analyzed from a total of 2640 patient and presented with percentage. A secondary classification was 
performed to classify common diseases within each category via www.icd.internetmedicin.se.  
Abbreviations: COPD (chronic obstructive pulmonary disease), TIA (transient ischemic attack) and UTI 
(Urinary tract infection). 
 

 

4.3 The distribution of Charlson Comorbidity Index score 
CCI-score per study group are presented for each ward and hospital in Table 3. Differences 
were not found in CCI-score between the study groups within neither the whole trial nor 
between hospitals. However, a difference was found between C (2.6 ± 2.2) and I1 (3.6 ± 
2.4) in ward DN in the hospital of Västerås (P=0.014, PC-I1=0.005). This implied that the 
patients in the control group had a lower average CCI- score than the intervention 1 group 
patients. 

                                                      
1 Diseases, signs and symptoms are defined in 22 chapters in the international disease classification 
system (ICD-10). Diseases of circulatory system (chapter IX) and respiratory system (chapter X) are 
two chapters in the ICD-10. 
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Table 3. The mean and standard deviation of CCI-score at study sites (the 
whole trial, hospital and ward) per study group.  

Study site Number 
of 

patients 

Control, 
mean ± 

SD  

Intervention 1, 
mean ± SD 

Intervention 2, 
mean ± SD 

P-value 
(Post-hoc)1 

Total  2640 1.9 ± 1.9 2.1 ± 2.0 2.0 ± 2.0 .092 
Enköping 722 2.2 ± 2.0 2.2 ± 2.2 2.1 ± 2.2 .859 

Med.1 370 2.0 ±1.9 2.4 ± 2.3 2.0 ± 2.0 .257 
Med.2 352 2.3 ± 2.2 2.1 ± 2.1 2.2 ± 2.4 .704 
Gävle 598 1.4 ± 1.4 1.5 ± 1.5 1.3 ± 1.2 .454 

Geriatrik 208 1.3 ± 1.3 1.8 ± 1.6 1.3 ± 1.2 .055 
Stroke 290 1.5 ± 1.5 1.4 ± 1.4 1.3 ± 1.3 .811 

Uppsala 699 1.9 ± 1.9 2.0 ± 1.9 1.9 ± 1.8 .730 
30E 373 1.8 ± 1.6 2.1 ± 1.8 1.7 ± 1.8 .327 
AVA 326 2.0 ± 2.3 2.0 ± 1.9 2.1 ± 1.7 .874 

Västerås 621 2.0 ± 2.0 2.6 ± 2.3 2.3 ± 2.2 .051 
DN 296 

2.6 ± 2.2 3.6 ± 2.4 2.8 ± 2.3 

.014 
(C-I1: .005 
C-I2: .465 

I1-I2: .025) 
ASN 325 1.5 ± 1.8 1.9 ± 1.9 1.7 ± 1.9 .379 

1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. The data were analyzed by one-way ANOVA test. 

 

    The number of patients per CCI-score within the MedBridge trial is presented in a 
diagram in Figure 2 and the CCI-score distribution in each study group is presented in 
diagrams in Appendix F. The CCI-score ranged from 0 (n=676) to 13 (n=1) . The most 
frequent CCI-scores were 1 (n=676) score, followed by 0 (n=658) and 2 scores (n=495). 
 

 
Figure 2. The CCI-score distribution within the MedBridge trial. Mean ±SD: 1.97 ±1.95, median: 1. Q1: 1, Q3: 
3, IQR: 2.  
 

5 Discussion 
 

5.1 Summary of the results 
In the MedBridge trial, the study patients were constituted of patients on average 80.6±8.1 
years old and having 9.4±5.5 prescribed medications upon hospital admission and 51.4 % 
were female. The CCI-score of the patients was on average 1.97±1.95.  
    The most common reasons for hospital admission in the MedBridge trial were circulatory 
system disease (33.5%) and respiratory system disease (15.3%), including such as 
cerebrovascular disease (14.4%), congestive heart failure (8.1%) and COPD (3.1%). This 
corresponded to a statistical analysis performed by the Swedish National Board of Health 
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and Welfare in 2017, concluding that circulatory system disease was the most common 
category of reason for hospital admission [34].  
    The result of baseline characteristics analysis indicated that there was neither a 
difference in CCI-score  (P=0.092) nor in other variables such as age (P=0.432), number 
of previous unplanned hospital visits (1.35±2.20, P=0.327) between the study groups. 
There were however differences in the prevalence of two pre-diagnosed diseases, 
cerebrovascular (P=0.001, PC-I1<0.001, PI1-I2=0.014) and renal disease (P=0.024, PC-

I1=0.007) between the study groups.  
    Among the analyzed baseline characteristics, the CCI-score was the only variable that 
was validated and could predict the mortality of the patients, showing non-significant 
difference between the study groups [25, 28]. In summary, these results showed that the 
three study groups had similar baseline characteristics and the differences were unlikely to 
significantly affect the outcome of the MedBridge trial. This indicated that the study groups 
had similar baseline characteristics and the study groups were comparable. The standard 
deviation regarding the CCI-score was nearly same or greater than the mean, this could 
indicate large variance of the primary outcome in each study group.  
     No difference in CCI-score between the study groups within the MedBridge trial or in 
the study hospitals was discovered, but a difference was found between C and I1 in the 
hospital ward DN in Västerås (PDN= 0.014, PC-I1=0.005). This could imply the cumulative 
mortality attributable to comorbid diseases in I1 (3.6 ± 2.4) is greater than C (2.6 ± 2.2), 
i.e. a greater risk of readmission for the patients in the intervention 1 than the patients in 
the control group in the hospital ward DN.  
    There were both similarities and differences in the baseline characteristics of the study 
patients between the MedBridge trial and the previously mentioned RCTs performed by 
Ravn-Nielsen et al. [10] in Denmark and Gillespie et al. [7] in Sweden. 
    In the RCT performed by Gillespie et al. [7], patients aged 80 years or older constituted 
the study population and the average number of prescribed medications was 8, but the CCI-
score was not measured. In the RCT performed by Ravn-Nielsen et al. [10], the median age 
was 73 and the median number of prescribed medications was 9 . The median of  CCI-score 
was 2  and the CCI-score ranged from 1 to 4 [10]. The patients in the MedBridge trial had a 
lower average age, but the patients had a greater average number of prescribed medications 
upon admission compared to the RCT by Gillespie et al. [7]. The CCI-score ranged between 
0 and 13, this implied a greater variability of the CCI-score and health risk in the MedBridge 
trial compared to the RCT by Ravn-Nielsen et al. [10].  
    However, the high average or median of age (≥65 years) and number of prescribed 
medications (≥ 5 medications) indicate that the previous RCTs by Ravn-Nielsen et al. [10] 
and Gillespie [7] and the MedBridge trial contain patients that are at high risk to be 
readmitted to the hospital (primary outcome).  

 

5.2 Strengths and limitations  
In the MedBridge trial, the size of the study groups was nearly one thousand patients and 
there were more than two hundred patients in the subgroups, i.e. large sample size, this 
could be a strength that protects the baseline characteristics from imbalances.  The 
electronic medical record systems are to a large degree shared between different healthcare 
providers at the regional level, resulting in complete and trustworthy data regarding 
previous hospital visits and pre-diagnoses diseases. In addition, except the common 
baseline characteristics, e.g. gender, BMI, advanced kidney failure and pre-diagnosed 
disease, the CCI-score, a validated and reliable parameter of predicting mortality and risk 
of readmission to hospital, was included within this sub-study to measure the multiple 
comorbidities among the study patients [28].  
    There were also limitations that should be mentioned. In the CCI, the assigned weights 
of AIDS and peptic ulcers diseases are six and one respectively. The applied CCI in this sub-
study could be considered an outdated version because the prognosis of the previously 
mentioned diseases may have changed through time since the CCI was invented in 1984 
[28]. Currently, proton pump inhibitors and antiviral agents are available for the treatment 
of peptic ulcers and AIDS, respectively [35, 36]. An adjustment of weights is recommended 
because of the lower mortality rate of both diagnoses [37, 38]. An alternative of comorbidity 
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index within this sub-study could have been the ECM developed by Elixhauser et al. [26] 
with 30 categories (17 same as the CCI and 13 new categories). When the ECM was 
compared with the CCI, there were various studies results revealed that the ECM tended to 
outperform CCI in predicting both short- and long-term mortality [39, 40]. However, there 
was no available data about the reliability of the ECM [24].  
    Different interpretations during the screening of the medical journal about the social 
support of patients could be a source of error. Continuous discussion was performed during 
data collection to assure that the interpretation did not differ.  
    The statistical method used in assessing baseline characteristics in this sub-study was 
single variable analysis in single level. Within the MedBridge trial, the patients were 
clustered in each hospital ward and each hospital ward was further grouped in each 
participating hospital, i.e. the data were grouped in a total of three levels. More complex 
statistical methods, using multivariate multilevel modelling may have been more 
appropriate [41].  
    Even though testing for imbalance is recommended by some researchers and has been 
performed frequently in the past, this practice has been discouraged by numerous of 
statisticians, epidemiologists and other researchers [14, 42-44]. The Consolidated 
Standards of Reporting Trials (CONSORT) 2010 statement states that “significance tests 
are not necessarily wrong, just illogical. Such hypothesis testing is superfluous and can 
mislead investigators and their readers.” [14]. However, the significance tests were 
important for the MedBridge trial because the study patients were recruited after cluster-
randomization of the wards, hence a risk for bias. Presentation of summary baseline 
information, for both clusters and individuals, most simply as tables of summary data, is 
recommended and has been done in this sub-study as well [14, 20]. Thorough description 
of the baseline characteristics allows readers to assess whether the study results can be 
generalized to the patients in the MedBridge trial, i.e. the external validity.  
 

5.3 Future directions 
The results indicated that the baseline characteristics differed in terms of cerebrovascular 
diseases and renal disease between the three study groups, but no difference in the CCI-
score or in any other baseline characteristics. These results can have positive impacts on 
the interpretation of the results of the MedBridge trial, i.e. enhancing the generalizability 
and the trustworthiness of the trial findings.  
 

6 Conclusion 
 
Baseline characteristics of patients within the MedBridge trial, such as age, main reason 
for hospital admission and CCI-score, have been presented. No differences were found in 
baseline characteristics between study groups, except for prevalence of pre-diagnosed 
cerebrovascular and renal disease. These results imply that patient recruitment was 
properly performed and the identified differences are unlikely to significantly affect the 
MedBridge trial’s primary outcome. 
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Appendix A The MedBridge study periods 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

T
a

b
le

 A
1

. 
T

h
e

 M
ed

B
ri

d
g

e
 s

tu
d

y
 p

er
io

d
s.

 E
a

ch
 h

o
sp

it
a

l 
w

a
rd

 w
a

s 
a

ll
o

ca
te

d
 t

o
 o

n
e

 i
n

te
rv

e
n

ti
o

n
 (

C
, 

I1
 o

r 
I2

) 
d

u
ri

n
g

 t
h

re
e 

co
n

se
cu

ti
v

e
 p

er
io

d
s 

o
f 

e
ig

h
t 

w
ee

k
s.

 T
h

e
 t

h
re

e
 c

o
n

se
cu

ti
v

e
 8

-w
ee

k
 p

er
io

d
s 

w
a

s 
ro

ta
te

d
 t

w
ic

e
. 



 

16 
 

Appendix B The international disease classification system codes 
 
In the following table, the chapter number, code range and the title of the chapter are listed 
from the international version of ICD-10. Available from: 
http://apps.who.int/classifications/icd10/browse/2010/en. 

 
Table B1. ICD-10 codes and chapters. 

ICD-10 code Chapter description 

A00-B99 Certain infectious and parasitic diseases 

C00-D48 Neoplasms 

D50-D89 Diseases of the blood and bloodforming organs and certain disorders involving 

the immune mechanism 

E00-E90 Endocrine, nutritional and metabolic diseases 

F00-F99 Mental and behavioural disorders 

G00-G99 Diseases of the nervous system 

H00-H59 Diseases of the eye and adnexa 

H60-H95 Diseases of the ear and mastoid process 

I00-I99 Diseases of the circulatory system 

J00-J99 Diseases of the respiratory system 

K00-K93 Diseases of the digestive system 

L00-L99 Diseases of the skin and subcutaneous tissue 

M00-M99 Diseases of the genitourinary system 

N00-N99 Diseases of the genitourinary system 

O00-O99 Pregnancy, childbirth and the puerperium 

P00-P96 Certain conditions originating in the perinatal period 

Q00-Q99 Congenital malformations, deformations and chromosomal abnormalities 

R00-R99 Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere 

classified 

S00-T98 Injury, poisoning and certain other consequences of external causes  

U00-U99 Codes for special purposes 

V01-Y98 Factors influencing health status and contact with health services 

Z00-Z99 Factors may lead to hospital visitation and admission 

 
  

http://apps.who.int/classifications/icd10/browse/2010/en
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Appendix C Standard Operating Procedur – Lokal koordinator 
Uppsala/Enköping 
 
Allmän regel: baserat på inskrivningsanteckningen och den tillgängliga diagnos 
kodningssystem (Dynamiska översikter  Koder LUL), max två år tillbaka i tiden. Kodning 
enligt den adjusted ICD-10 Version: 2016. Svensk version via 
http://www.internetmedicin.se/icd.aspx?action=query. Klassificering enligt den Modified 
Charlson Comorbidity Index av Quan et al. 2005 (17 kategorier), inklusive en separat kod 
för KOL och astma. Extra tilläggningar: hypertoni, arytmi och ischemiska hjärtsjukdomar 
utan (tidigare) hjärtinfarkt. Om diagnosen inte passar in i en Charlsonkategori, då väljs” 
Other”.  
 
OBS: om det inte finns diagnoskoder inom de senaste två åren, men det finns 
diagnoskoder till kroniska sjukdomar längre tillbaks i tiden, då får man gå utifrån dessa 
diagnoskoder så länge de också har registrerats vid utskrivning under det nuvarande 
vårdtillfälle.  
 

Table C1: ICD-10 codes corresponding to comorbidities in the eCRF (Castor EDC)  
Comorbidities  ICD-10 

AIDS/HIV  B20.x-B22.x, B24.x  

Any malignancy, incl. lymphoma  

and leukemia, excl. malignant 

neoplasm of skin  

C00.x-C26.x, C30.x-C34.x, C37.x-C41.x, C43.x, C45.x-C58.x, C60.x-C76.x, C81.x-

C85.x, C88.x, C90.x-C97.x  

Metastatic solid tumor  C77.x-C80.x  

Diabetes without chronic 

complication  

E10.0, E10.l, E10.6, E10.8, E10.9, E11.0, E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, E12.6, 

E12.8, E12.9, E13.0, E13.1, E13.6, E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, E14.9  

Diabetes with chronic complication  E10.2-E10.5, E10.7, E11.2-E11.5, E11.7, E12.2-E12.5, E12.7, E13.2-E13.5, E13.7, E14.2-

E14.5, E14.7  

Dementia  F00.x-F03.x, F05.1, G30.x, G31.1  

Hemiplegia or paraplegia  G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, G83.0-G83.4, G83.9  

Cerebrovascular disease  G45.x, G46.x, H34.0, I60.x-I69.x  

Congestive heart failure  I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5-I42.9, I43.x, I50.x, P29.0  

Hypertension I10.x-I15.x 

Ischemic heart diseases (except for 

myocardial infartion) 

I20.x, I23.x, I24.x, I25.0, I25.1, I25.3-I25.9 

Myocardial infarction  I21.x, I22.x, I25.2  

Atrial fibrillation and flutter I48.x 

Peripheral vascular disease  I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9   

Chronic pulmonary disease (except 

for COPD and asthma) 

I27.8, I27.9, J40.x-J43.x, J46.x, J47.x, J60.x-J67.x, J68.4, J70.1, J70.3  

Chronic obstructive pulmonary 

disease 

J44.x 

Asthma J45.x 

Peptic ulcer disease  K25.x-K28.x  

Mild liver disease  B18.x, K70.0-K70.3, K70.9, K71.3-K71.5, K71.7, K73.x, K74.x, K76.0, K76.2-K76.4, 

K76.8, K76.9, Z94.4  

Moderate or severe liver disease  I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, K72.9, K76.5, K76.6,  

K76.7  

Rheumatic disease  M05.x, M06.x, M31.5, M32.x-M34.x, M35.1, M35.3, M36.0  

Renal disease  I12.0, I13.1, N03.2-N03.7, N05.2-N05.7, N18.x, N19.x, N25.0, Z49.0-Z49.2, Z94.0, 

Z99.2  

Other  Check box in case there are one or more other diseases 

None  

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), COPD (Chronic obstructive pulmonary disease) 
  

http://www.internetmedicin.se/icd.aspx?action=query
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Appendix D Assigned weights for diseases in Charlson Comorbidity Index  
 
The included diseases have different weight based on their strength of association to 
mortality. 
 
Table D1. Weighted index of comorbidity in Charlson Comorbidity Index.  

Assigned weight for 

diseases1 

Comorbidity 

1 Cerebrovascular disease 

Chronic pulmonary disease 

Congestive heart failure 

Connective tissue disease 

Dementia 

Diabetes without chronic complication  

Mild liver disease 

Myocardial infarction 

Peptic ulcer disease 

Peripheral vascular disease 

2 Any malignancy incl. lymphoma and leukemia excl. malignant 

neoplasm of skin 

Diabetes with end organ damage 

Hemiplegia or paraplegia 

Renal disease 

3 Moderate or severe liver disease 

6 AIDS 

Metastatic solid tumor 
Abbrevations: AIDS (Acquired immune deficiency syndrome) 
1The total equals the sum of scores.  
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Appendix E Medical history and Charlson Comorbidity Index score per 
hospital ward 
 
The data regarding medical history and CCI-score per study ward were presented below. 
Table E1-E2, E3-E4, E5-E6 and E7-E8 presents the data from the hospital of Enköping, 
Gävle, Uppsala University Hospital and the hospital of Västerås respectively.  
 
Table E1. Baseline characteristics, Medical history and CCI-score in ward Med.1. 

 Study group (n=370)   
 Control 

(n= 133) 
Intervention 1 
(n= 140) 

Intervention 2 
(n= 97) 

P-value 
(Post hoc)1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 
    Cancer excl. Malignant neoplasm of 
skin 27 (20.3) 24 (17.1) 15 (15.5) 

 
.6163 

    Diabetes 

32 (24.1) 48 (34.3) 17 (17.5) 

.0123 
(C-I1: .064 
 C-I2: .232 
 I1-I2:.004) 

    Dementia 10 (7.5) 17 (12.1) 4 (4.1) .0823 
    Cerebrovascular disease 

0 (0) 11 (7.9) 5 (5.15) 

.0063 

(C-I1: <.001 
 C-I2: <.001 

 I1-I2: <.001) 
    Congestive heart failure  50 (37.6) 44 (31.4) 34 (35.1) .5603 

    Hypertension 93 (69.9) 99 (70.7) 73 (75.3) .6453 

    Ischemic heart diseases 29 (21.8) 32 (22.9) 25 (25.8) .7733 

        Myocardial infarction  19 (14.3) 26 (18.6) 20 (20.6) .4253 

    Atrial fibrillation and flutter 35 (26.3) 43 (30.7) 30 (30.9) .6603 

    Chronic pulmonary disease 20 (15.0) 27 (19.3) 16 (16.5) .6383 

    Asthma 11 (8.3) 10 (7.1) 9 (9.3) .8363 

    Peptic ulcer disease 1 (0.8) 4 (2.9) 4 (4.1) .2403 

    Liver disease 1 (0.8) 2 (1.4) 0 (0) .4813 

    Rheumatic disease 8 (6.0) 10 (7.1) 8 (8.2) .8063 

    Renal disease  18 (13.5) 22 (15.7) 7 (7.2) .1453 

    None 4 (3.0) 3 (2.1) 2 (2.1) .8653 

CCI-score mean ± SD 2.0 ±1.9 2.4 ± 2.3 2.0 ± 2.0 .2574 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 

1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable. 
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 
 

 
Table E2. Baseline characteristics, Medical history and CCI-score in hospital ward Med.2. 

 Study group (n=352)   
 Control 

(n= 120) 
Intervention 1 
(n= 120) 

Intervention 2 
(n= 112) 

P-value 
(Post hoc)1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 

    Cancer excl. Malignant neoplasm of skin 30 (25.0) 23 (19.2) 24 (21.4) .5453 

    Diabetes 40 (33.3) 31 (25.8) 26 (23.2) .1983 

    Dementia 13 (10.8) 12 (10) 10 (8.9)  .8893 

    Cerebrovascular disease 0 (0) 0 (0) 0 (0) -2 

    Congestive heart failure  33 (27.5) 33 (27.5) 28 (25) .8853 

    Hypertension 87 (72.5) 97 (80.8) 85 (75.9) .3113 

    Ischemic heart diseases 21 (17.5) 27 (22.5) 21 (18.8) .5983 

      Myocardial infarction  17 (14.2) 21 (17.5) 20 (17.9) .7013 

    Atrial fibrillation and flutter 26 (21.7) 38 (31.7) 32 (28.6) .2053 
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    Chronic pulmonary disease 20 (16.7) 16 (13.3) 28 (25) .0613 

    Asthma 

15 (12.5) 9 (7.5) 4 (3.6) 

.0423 

(C-I1: .197 
 C-I2: .013 
 I1-I2: .194) 

    Peptic ulcer disease 2 (1.7) 2 (1.7) 3 (2.7) .8183 

    Liver disease 1 (0.8) 2 (1.7) 1 (0.9) .7953 

    Rheumatic disease 7 (5.8) 13 (10.8) 9 (8.0) .3693 

    Renal disease  4 (3.3) 14 (11.7) 10 (8.9) .0523 

    None 0 (0) 1 (0.8) 0 (0) .3793 

CCI-score mean ± SD 2.3 ± 2.2  2.1 ± 2.1 2.2 ± 2.4 .7044 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 

1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable. 
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 
 

 
Table E3. Baseline characteristics, Medical history and CCI-score in hospital ward 
Geriatrik. 

 Study group (n=208)   
 Control 

(n= 72) 
Intervention 1 
(n= 73) 

Intervention 2 
(n= 63) 

P-value1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 
    Cancer excl. Malignant neoplasm of skin 8 (11.1) 10 (13.7) 3 (4.8) .2123 

    Diabetes 17 (23.6) 23 (31.5) 10 (15.9) .1033 

    Dementia 6 (8.3) 6 (8.2) 7 (11.1) .8083 

    Cerebrovascular disease 7 (9.7) 10 (13.7) 10 (15.9) .5553 

    Congestive heart failure  19 (26.4) 18 (24.7) 17 (27.0) .9493 

    Hypertension 43 (59.7) 45 (61.6) 33 (52.4) .5223 

    Ischemic heart diseases 11 (15.3) 15 (20.5) 9 (14.3) .5673 

    Myocardial infarction  0 (0) 3 (4.1) 1 (1.6) .1923 

    Atrial fibrillation and flutter 17 (23.6) 22 (30.1) 17 (27.0) .6753 

    Chronic pulmonary disease 11 (15.3) 4 (5.5) 5 (7.9) .1173 

    Asthma 4 (5.6) 5 (6.8) 5 (7.9) .8583 

    Peptic ulcer disease 0 (0) 0 (0) 0 (0) -2 
    Liver disease 0 (0) 1 (1.4) 2 (3.2) .3033 

    Rheumatic disease 2 (2.8) 2 (2.7) 5 (7.9) .2413 

    Renal disease  3 (4.2) 10 (13.7) 5 (7.9) .1213 

    None 5 (6.9) 0 (0) 3 (4.8) .0853 

CCI-score mean ± SD 1.3 ± 1.3 1.8 ± 1.6 1.3 ± 1.2 .0554 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 
1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable. 
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 

 
 
Table E4. Baseline characteristics, Medical history and CCI-score in hospital ward Stroke. 

 Study group (n=390)   
 Control 

(n= 137) 
Intervention 1 
(n= 146) 

Intervention 2 
(n= 107) 

P-value 
(Post-hoc)1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 1 (0.7) 0 (0) 0 (0) .3963 

    Cancer excl. Malignant neoplasm of 
skin 13 (9.5) 12 (8.2) 6 (5.6) 

.5323 

    Diabetes 37 (27.0) 32 (21.9) 29 (27.1) .5273 

    Dementia 14 (10.2) 7 (4.8) 9 (8.4) .2193 
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    Cerebrovascular disease 36 (26.3) 46 (31.5) 26 (24.3) .4043 

    Congestive heart failure  20 (14.6) 23 (15.8) 11 (10.3) .4383 

    Hypertension 86 (62.8) 84 (57.5) 70 (65.4) .4153 

    Ischemic heart diseases 

24 (17.5) 18 (12.3) 7 (6.5) 

.0373 

(C-I1: .220 
 C-I2: .011 
 I1-I2: .128) 

    Myocardial infarction  2 (1.5) 2 (1.4) 3 (2.8) .6523 

    Atrial fibrillation and flutter 34 (24.8) 22 (15.1) 25 (23.4) .0963 

    Chronic pulmonary disease 10 (7.3) 12 (8.2) 6 (5.6) .7273 

    Asthma 5 (3.6) 11 (7.5) 9 (8.4) .2513 

    Peptic ulcer disease 0 (0) 1 (0.7) 1 (0.9) .5593 

    Liver disease 0 (0) 0 (0) 0 (0) -2 
    Rheumatic disease 4 (2.9) 3 (2.1) 3 (2.8) .8843 

    Renal disease  6 (4.4) 8 (5.5) 7 (6.5) .7573 

    None 

1 (0.7) 10 (6.8) 4 (3.7) 

.0283 

(C-I1: .008 
 C-I2: .100 
 I1-I2: .285) 

CCI-score mean ± SD 1.5 ± 1.5 1.4 ± 1.4 1.3 ± 1.3 .8114 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 

1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable.  
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 

 
 
Table E5. Baseline characteristics, Medical history and CCI-score in hospital ward 30E. 

 Study group (n=373)   
 Control 

(n= 141) 
Intervention 1 
(n= 129) 

Intervention 2 
(n= 103) 

P-value1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 
    Cancer excl. Malignant neoplasm of 
skin 15 (10.6) 13 (10.1) 6 (5.8) 

.3903 

    Diabetes 37 (26.2) 41 (31.8) 32 (31.1) .5583 

    Dementia 13 (9.2) 12 (9.3) 8 (7.8) .9023 

    Cerebrovascular disease 3 (2.1) 1 (0.8) 0 (0) .2593 

    Congestive heart failure  52 (36.9) 48 (37.2) 31 (30.1) .4543 

    Hypertension 94 (66.7) 98 (76.0) 72 (69.9) .2383 

    Ischemic heart diseases 39 (27.7) 31 (24.0) 22 (21.4) .5183 

      Myocardial infarction  26 (18.4) 19 (14.7) 13 (12.6) .4413 

    Atrial fibrillation and flutter 46 (32.6) 50 (38.8) 32 (31.1) .4083 

    Chronic pulmonary disease 23 (16.3) 25 (19.4) 15 (14.6) .6063 

    Asthma 12 (8.5) 15 (11.6) 6 (5.8) .2983 

    Peptic ulcer disease 0 (0) 1 (0.8) 2 (1.9) .2453 

    Liver disease 0 (0) 1 (0.8) 0 (0) .3873 

    Rheumatic disease 18 (12.8) 14 (10.9) 11 (10.7) .8433 

    Renal disease  12 (8.5) 20 (15.5) 15 (14.6) .1753 

    None 1 (0.7) 0 (0) 1 (1.0) .5663 

CCI-score mean ± SD 1,8 ± 1.6 2,1 ± 1.8 1,7 ± 1.8 .3274 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 
1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2not computable. 
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 
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Table E6. Baseline characteristics, Medical history and CCI-score in hospital ward AVA. 
 Study group (n=326)   
 Control 

(n= 108) 
Intervention 1 
(n= 116) 

Intervention 2 
(n= 102) 

P-value1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 
    Cancer excl. Malignant neoplasm of skin 14 (13.0) 16 (13.8) 8 (7.8) .3443 

    Diabetes 29 (26.9) 31 (26.7) 26 (25.5) .9703 

    Dementia 8 (7.4) 12 (10.3) 17 (16.7) .0983 

    Cerebrovascular disease 1 (0.9) 2 (1.7) 2 (2.0) .8133 

    Congestive heart failure  29 (26.9) 49 (42.2) 37 (36.3) .0533 

    Hypertension 77 (71.3) 86 (74.1) 74 (72.5) .8923 

    Ischemic heart diseases 24 (22.2) 28 (24.1) 27 (26.5) .7723 

      Myocardial infarction  18 (16.7) 20 (17.2) 22 (21.6) .6063 

    Atrial fibrillation and flutter 41 (38.0) 43 (37.1) 34 (33.3) .7613 

    Chronic pulmonary disease 20 (18.5) 20 (17.2) 23 (22.5) .5923 

    Asthma 9 (8.3) 5 (4.3) 12 (11.8) .1263 

    Peptic ulcer disease 2 (1.9) 2 (1.7) 1 (1.0) .8583 
    Liver disease 0 (0) 0 (0) 1 (1.0) .3323 

    Rheumatic disease 11 (10.2) 5 (4.3) 6 (5.9) .1973 

    Renal disease  16 (14.8) 18 (15.5) 20 (19.6) .6023 

    None 0 (0) 0 (0) 1 (1.0) .3323 

CCI-score mean ± SD 2.0 ± 2.3 2.0 ± 1.9 2.1 ± 1.7 .8744 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 
1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable. 
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 

 
 
 
Table E7. Baseline characteristics, Medical history and CCI-score in hospital ward DN. 

 Study group (n=296)   
 Control 

(n= 90) 
Intervention 1 
(n= 83) 

Intervention 2 
(n= 123) 

P-value 
(Post-hoc)1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 
    Cancer excl. Malignant neoplasm 
of skin 11 (12.2) 19 (22.9) 15 (12.2) 

 
.0713 

    Diabetes 

37 (41.1) 45 (54.2) 45 (36.7) 

.0403 

(C-I1: .085 
 C-I2: .503 
 I1-I2: .012) 

    Dementia 10 (11.1) 10 (12.0) 12 (9.8) .8683 

    Cerebrovascular disease 

11 (12.2) 24 (28.9) 19 (15.4) 

.010 
(C-I1: .006 
 C-I2: .504 
 I1-I2: .020) 

    Congestive heart failure  22 (24.4) 31 (37.3) 38 (30.9) .1853 

    Hypertension 72 (80.0) 62 (74.7) 92 (74.8) .6213 

    Ischemic heart diseases 13 (14.4) 23 (27,7) 30 (24.4) .0863 

      Myocardial infarction  8 (8.9) 11 (13.3) 23 (18.7) .1233 

    Atrial fibrillation and flutter 18 (20.0) 24 (28.9) 31 (25.2) .3913 

    Chronic pulmonary disease 11 (12.2) 8 (9.6) 19 (15.4) .4633 

    Asthma 6 (6.7) 4 (4.8) 9 (7.3) .7683 

    Peptic ulcer disease 2 (2.2) 2 (2.4) 3 (2.4) .9943 

    Liver disease 2 (2.2) 0 (0) 1 (0.8) .3313 

    Rheumatic disease 3 (3.3) 3 (3.6) 4 (3.3) .9903 

    Renal disease  21 (23.3) 25 (30.1) 32 (26.0) .5953 
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    None 2 (2.2) 4 (4.8) 2 (1.6) .3613 

CCI-score mean ± SD 

2.6 ± 2.2 3.6 ± 2.4 2.8 ± 2.3 

.0144 

(C-I1: .005 
 C-I2: .465 
 I1-I2: .025) 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 

1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable.  
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 

 
 
Table E8. Baseline characteristics, Medical history and CCI-score in hospital ward DN. 

 Study group (n=325)   
 Control  

(n= 93) 
Intervention 1 
(n= 115) 

Intervention 2 
(n= 117) 

P-value1 

Pre-diagnosed diseases, n (%)     
    AIDS/HIV 0 (0) 0 (0) 0 (0) -2 
    Cancer excl. Malignant neoplasm of 
skin 7 (7.5) 18 (15.7) 13 (11.1) 

.1883 

    Diabetes 23 (24.7) 30 (26.1) 29 (24.8) .9663 

    Dementia 4 (4.3) 12 (10.4) 12 (10.3) .2143 

    Cerebrovascular disease 18 (19.4) 33 (28.7) 20 (17.1) .0803 

    Congestive heart failure  17 (18.3) 19 (16.5) 20 (17.1) .9453 

    Hypertension 54 (58.1) 78 (67.8) 73 (62.4) .3433 

    Ischemic heart diseases 17 (18.3) 16 (13.9) 23 (19.7) .4863 

      Myocardial infarction  13 (14.0) 9 (7.8) 16 (13.7) .2753 

    Atrial fibrillation and flutter 18 (19.4) 23 (20.0) 24 (20.5) .9793 

    Chronic pulmonary disease 6 (6.5) 12 (10.4) 6 (5.1) .2793 

    Asthma 5 (5.4) 7 (6.1) 7 (6.0) .9743 

    Peptic ulcer disease 1 (1.1) 3 (2.6) 0 (0) .1953 

    Liver disease 0 (0) 1 (0.9) 0 (0) .4003 

    Rheumatic disease 2 (2.2) 3 (2.6) 6 (5.1) .4213 

    Renal disease  5 (5.4) 8 (7.0) 5 (4.3) .6693 

    None 6 (6.5) 4 (3.5) 3 (2.6) .3393 

CCI-score mean ± SD 1.5 ± 1.8 1.9 ± 1.9 1.7 ± 1.9 .3794 

Abbrevations: AIDS/HIV(acquired immune deficiency syndrome and Human immunodeficiency virus 
infection), CCI(Charlson Comorbidity Index), SD (standard deviation) 
1Bold in P<0.05 and a Post-hoc test was conducted, the Bonferroni-adjusted P-value needed for significance 
was 0.017. 
2Not computable. 
3Analyzed by χ2-test. 
4Analyzed by one-way ANOVA test. 
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Appendix F  The distribution of Charlson Comorbidity Index score per 
study group 
 

 
Figure F1. CCI-score distribution in the control group. Mean ±SD: 1.88 ±1.90. Median: 1. Q1: 0, Q3: 3, IQR:3.  

 

 
Figure F2. CCI-score distribution in the Intervention 1 group. Mean ±SD: 2.08 ±2.01. Median: 2. Q1: 1, Q3: 3, 
IQR: 2.  

 

 
Figure F3. CCI-score distribution in the Intervention 2 group. Mean ±SD: 1.95 ±1.95. Median: 1. Q1: 0, Q3: 3. 
IQR: 3. 
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