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External validation of a tool to assess medication-related 

admissions in four Swedish hospitals 

Background 

The MedBridge trial is a large ongoing clinical trial on medication reviews in elderly 

patients in Sweden with participating hospitals from Uppsala, Enköping, Västerås and 

Gävle. A tool for assessing medication-related admissions (MRAs) has been developed 

and validated in Uppsala: Assessment Tool for identifying Hospital Admissions Related 

to Medications (AT-HARM10). MRAs is often used as an outcome for medication 

reviews and similar interventions. Validation of AT-HARM10 outside of Uppsala is 

therefore warranted. 

Aim 

The aim was to externally validate AT-HARM10. This was needed since AT-HARM10 

was for the first time used outside Uppsala.  

Materials and methods 

The readmissions of elderly patients within the MedBridge trial were collected from all 

participating hospitals. The assessors in this study were two final-year pharmacy 

students. First, the assessors assessed the readmissions independently of each other and 

then a consensus meeting was held where the readmissions were discussed, and a 

consensus was reached. The outcomes in this study were the assessment time, inter-rater 

reliability and content validity between the hospitals from Uppsala, Enköping, Västerås, 

and Gävle. The time was measured every day during the assessment period. The inter-

rater reliability was calculated for every consensus meeting. The content validity was 

based on the questions from AT-HARM10 and was collected for each of the assessed 

readmissions and compared between the four participating hospitals. The content 

validity of the distribution of questions U1-P10 between the hospitals was tested with a 

χ2-test. 

Results  

In this study, 1687 unplanned readmissions from 893 patients were assessed. Uppsala 

University Hospital had 6.6 minutes as total mean assessment time including consensus 

meeting. The total mean time from Enköping, Västerås and Gävle were 6.48, 6.32 and 

6.16 minutes respectively. The strength of agreement between the two assessors was 

substantial in Uppsala, Västerås and Gävle (ĸ 0.80, 0.79 and 0.76 respectively) and 

perfect in Enköping (ĸ 0.89). For the content validity were there no differences between 

the hospitals in the distribution of question U1-P10. 

Conclusion 

AT-HARM10 was for the first time used outside Uppsala and has been externally 

validated with data from the hospitals in Enköping, Västerås, and Gävle. The time 

needed per admission for the two assessors was low which confirms that it is possible to 

have final-year pharmacy students as assessors. This information is important both 

within the MedBridge trial and if the tool would be used in outer clinical studies.  
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Populärvetenskaplig sammanfattning 

Att använda sig av kliniska apotekare inom den svenska sjukvården är ett nytt sätt att 

arbeta på vilket gör det relativt ostuderat inom Sveriges gränser. För att undersöka de 

positiva effekterna av kliniska apotekare pågår det just nu en stor klinisk studie som 

heter Medications Reviews Bridging Healthcare (MedBridge). Patienter som ingår i 

MedBridgestudien kommer från sjukhusen i Uppsala, Enköping, Västerås och Gävle. 

Inom MedBridgestudien har det utvecklats ett verktyg för bedömning av 

återinläggningar utifall de är läkemedelsrelaterade eller inte. Verktyget består av 10 

frågor och heter Assessment Tool for identifying Hospital Admissions Related to 

Medications (AT-HARM10). Frågorna hjälper en bedömare att svara på om en 

återinläggning är läkemedelsrelaterad på något sätt, till exempel att patienter får 

biverkningar av sina läkemedel och behöver läggas in på sjukhus. Hittills har detta 

verktyg endast använts på patienter från Akademiska sjukhuset i Uppsala. Därför är det 

osäkert hur verktyget fungerar på patienter från de andra sjukhusen som är medverkande 

i MedBridgestudien.  

Syftet med denna studie var att vidare validera verktyget med tanke på att det för första 

gången skulle användas för bedömning av återinläggningar från sjukhusen i Enköping, 

Västerås och Gävle. Tre olika delar validerades, hur lång tid en bedömning tog, hur bra 

överens bedömarna var och hur fördelningen såg ut för användandet av frågorna i AT-

HARM10.  

Bedömningar genomfördes av två apotekarstudenter under åtta veckor vilket resulterade 

i 1687 bedömda återinläggningar. Ett konsensusmöte genomfördes där de två 

bedömarna diskuterade om de hade bedömt på samma sätt eller om det skilde sig. Tiden 

det tog att bedöma dokumenterades för varje arbetsdag. Även vilken fråga som hade 

använts till varje enskild bedömning dokumenterades av båda bedömarna. 

I genomsnitt tog det 4,4 minuter att bedöma en återinläggning vilket var lågt jämfört 

med den första valideringsstudien som genomfördes 2018. Att det gick fortare i denna 

studie kan bero på att antalet bedömningar som genomfördes var betydligt större än i 

den första valideringsstudien av AT-HARM10. När det gällde överenskommelsen så var 

den också bra jämfört med tidigare studier. Detta kan bero att de två 

apotekarstudenterna hade ungefär samma bakgrund inom farmakoterapi. Fördelningen 

av de 10 frågorna som verktyget bestod av såg likadan ut mellan de olika medverkande 

sjukhusen i denna studie. Det fanns alltså ingen skillnad när det gällde vilken fråga som 

förekom mest.  

Att det är lätt att det blir fel under bedömningarna om inte alla har samma basnivå om 

när en återinläggning ska klassas som läkemedelsrelaterad är något som har kommit 

fram under studiens gång. Detta gör det svårare att jämföra andelen 

läkemedelsrelaterade återinläggningar mellan sjukhusen. Lärdomen av detta är att 

betydligt mer träning behövs innan bedömarna kan sätta igång just för att undvika 

problem längre fram i bedömningsprocessen. Information som fåtts ut av denna studie 

är viktigt både inom MedBridgestudien och om AT-HARM10 ska användas i andra 

kliniska studier i framtiden.  
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1. Background 

1.1 Clinical pharmacy 

The life expectancy of people has increased over the last century which leads to a wider 

use of medication over a longer period (1). Comorbidity is common among elderly 

patients which leads to high usage of medication, often more than ten medications per 

day. With the use of many medications at the same time, the risk of interactions and 

adverse drug reactions (ADR) increases and therefore also the risk of readmissions (2). 

Medication-related problem (MRP) is a common reason for readmissions of elderly 

patients (3). ADR, non-compliance, and problems with the administration of the 

medication are some examples which all are classified as MRPs. Medication-related 

admissions (MRAs) are admissions where an MRP is the main reason for the admission 

or significantly contributing reason for the admission. In a recent systematic review 

from the Netherlands, 21 % of the readmissions of elderly patients were due to MRPs 

(4). Extra readmissions which are due to MRPs leads to suffering for the patients and 

unnecessary expenses for the society (5). 

To use pharmacists in clinical practice is relatively new in Sweden compared to 

countries as the United States of America and Great Britain where clinical pharmacists 

have been a part of the medical team for a long time (6). In Sweden, clinical 

pharmacists are doing medication reviews, mostly on patients over 75 years old who 

have more than five prescribed medications (7). Medication reviews are structured 

examinations of a patient’s medication to optimize it and improve the health situation 

(8). When conducting studies to measure whether the clinical pharmacist has a positive 

impact on the clinical work, the outcome has often been if all-cause readmissions or 

MRAs of elderly patients are decreased compared to usual care without clinical 

pharmacists. 

In a study conducted by Gustafsson et al. from 2016, 458 patients with dementia or 

cognitive impairment were included, showed that 41.3 % of the admissions were MRAs 

(9). Patients with these diagnoses are often comorbid with many medications which will 

increase the risk of ADRs and other MRPs. According to this result, a lot can be done to 

reduce MRPs which will lead to a decrease in readmissions of elderly patients. A 

follow-up study by Gustafsson et al was conducted in 2017, where no significant 

decrease in readmissions could be found in the study group which had medication 

reviews done by clinical pharmacists. However, the study showed a trend towards a 

positive effect, but was not statistically proven (10).  

A Danish randomized clinical trial (RCT), conducted in 2018, included 1476 patients 

(11). The Patients were randomized into two different intervention groups and one 

control group. The first intervention group was given medication reviews from a clinical 

pharmacist at the hospital. The second intervention group was given a medication 

review at the hospital and two follow-up sessions, one after one week and another after 

six months after discharge. Patients in the control group had medical care without any 

medication reviews from clinical pharmacists. The result showed that the readmissions 
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after 180 days and visits to the emergency department (ED) decreased. In the first 

intervention group, there was only a short medication review made during the admission 

which did not show any decreases in readmissions compared to the control group. A 

conclusion of that study was that longer follow-up sessions were needed. 

In other studies, the results of these interventions have not been showing any decrease 

in readmissions. An example is a meta-analysis conducted in 2016 with ten studies 

including a total of 3575 patients (12). Many of the studies in this meta-analysis had a 

small patient’s population and the follow-up sessions were short. This is one reason 

why the results may not have been positive since the outcome of these studies are if 

readmissions and ED visits decrease which take time to study. With this opposing result 

is it difficult to conclude if clinical pharmacists are contributing and making a 

difference to the usual care. Therefore, larger studies are needed with at least twelve 

months follow up.   

1.2 MedBridge trial 

Medication Reviews Bridging Healthcare (MedBridge) is a Swedish study which started 

in February 2017. In this RCT two intervention groups and one control group was used 

(13). The first intervention group (I1) received a medication review at the hospital. 

Patients randomized to the second intervention group (I2) received both a medication 

review at the hospital during their stay and after discharge. The control group (C) 

received usual care from physicians without any medication reviews from a clinical 

pharmacist. In the MedBridge trial, the incidence of unplanned readmissions and visits 

to the ED during a 12-month follow-up is the primary outcome. One of the secondary 

outcome measures is the incidence of unplanned MRAs during follow-up. 

1.3 Methods to assess medication-related admissions   

In studies to identify MRAs, it is common to use the World Health Organization 

(WHO) criteria for causality assessment of ADRs. With the WHO system, only ADRs 

is considered which makes it possible to miss potential MRAs that were due to e.g. 

administration or compliance issues. The WHO system consists of six gradations to take 

into consideration, certain, probable, possible, unlikely, conditional and unclassifiable 

(14). With more gradations to take into consideration, the process can be very time-

consuming. In a British study, a flow-chart was conducted to recognize if admissions 

were medication-related and if they were avoidable (15). The chart was called Liverpool 

avoidability assessment tool (LAAT) and consisted of questions and whether the answer 

to the questions was “yes” or “no“, the next question would differ. The British tool is 

supposed to help understand how ADRs can be avoided. The advantage of LAAT is that 

the avoidability is a measured term. The limitation with LAAT is that only ADRs is 

considered, just like the WHO system which will leave out possible reasons for 

admissions. 

In Thevelin et al from 2018, a standardized chart review for identifying MRAs among 

elderly patients were developed (16). This chart consisted of three parts; the first part 

included the medical information about the patient including the medications. In the 

second part, the assessors had trigger points at help to easier find potential MRAs. In 
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this study, 26 trigger points were available; an example of a trigger point is if a patient 

is hospitalized for heart failure exacerbation and have taken non-steroidal anti-

inflammatory drugs (NSAID). In the third part, a clinical expert determines whether a 

patient was hospitalized due to MRPs or not. The study used the WHO causality 

assessment to categorize the admission as medication-related or not (17). The advantage 

of using this system for classifying potential MRAs is that it can measure a wider range 

of MRPs which will lead to more precise results. This will, on the other hand, be very 

time-consuming and will increase the research expenses. The WHO causality 

assessment system is commonly used in many studies which makes it easy to compare 

the result between different studies. Finally, the performance of the method by Thevelin 

et al. has not yet been validated. 

1.4 AT-HARM10 

The Assessment Tool for identifying Hospital Admissions Related to Medications (AT-

HARM10) has been developed within the MedBridge trial as a practical tool to identify 

MRAs (18). This tool consists of ten yes or no questions and makes it possible to say if 

an admission is possibly medication-related or unlikely medication-related. The first 

three questions answers if it is unlikely (U) that an admission has occurred due to MRPs 

and the other seven should be able to answer if it is medication-related somehow (P). 

The questions are presented in appendix 9.1. The assessors start with question U1 and 

then follow the tool in numeric order until they could answer a question with a “yes” 

where the assessor stops. If none of the ten questions could be answered with a “yes”, 

the tool has failed to assess the admission and experts will be needed to assess the 

admission. In the first validation study of AT-HARM10, the average assessment time 

per readmission was 5.7 minutes (range 2.5-14 minutes) (18). With the easy set-up of 

the tool, it is supposed to be usable for final-year pharmacy-students with little 

experience in clinical work. The research expenses are lower using this tool because 

there is little need for professionals. AT-HARM10 has unlikely and possibly as 

gradations to categorize potential MRAs. This makes it easier for the assessors since it 

is easier to categorize an MRA as possibly than certain. AT-HARM10 was developed to 

be more practical and less time consuming than the tools that already exist. It is the first 

validated tool to identify the full range of MRAs (18). The tool has however only been 

validated with admissions from Uppsala University Hospital which makes the external 

validation uncertain.  

In this study, external validation of AT-HARM10 was made since it was used for the 

first time in a context outside of Uppsala University Hospital. This study also allowed 

for further measurement of the time it takes to assess readmissions on a larger study 

population than within the first validation study. 

 

2. Aim 
In this study, the aim was to externally validate the AT-HARM10. This was needed 

since AT-HARM10 was used for the first time outside Uppsala.  
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2.1 Objectives 

To measure the assessment time per readmission. 

To measure the inter-rater reliability (IRR). 

To measure the content validity of the ten questions in AT-HARM10. 

 

3. Materials and methods  

3.1 Population  

Patients participating in the MedBridge trial were included in this study. Patients from 

hospitals in Uppsala, Enköping, Gävle, and Västerås were included. Inclusion criteria in 

the MedBridge trial were patients 65 years old and above whom were hospitalized to 

one of the eight wards included in this study. The exclusion criteria in the MedBridge 

trial were if the patient was not registered in the Hospital´s County, had a medication 

review within 30 days of start of the study, was at a palliative stage or was only 

admitted for one day. The eight including wards were randomized within the 

MedBridge trial (Table 1). Patients from the geriatric ward in Gävle were not included 

due to a problem with the randomization. Patients from all MedBridge study groups 

(intervention 1, 2 and control) were included. The follow-up period after their first 

admission was 12 months.   

 

Table 1. Patients included in this study were hospitalized to these hospitals and their 

respective wards 

HOSPITAL WARD SPECIALTY INCLUDED IN THIS STUDY 

Uppsala Acute internal medicine 

Internal medicine 

Yes 

Yes 

Enköping Internal medicine ward 1 

Internal Medicine ward 2 

Yes 

Yes 

Västerås Acute, Stroke, Neurology 

Diabetes and Nephrology 

Yes 

Yes 

Gävle Geriatric ward 

Stroke ward 

No 

Yes 

3.2 Selection of readmissions for assessment 

All unplanned hospital readmissions of included patients during 12-month follow-up 

were assessed within this study. The patients that were assessed in this study came from 

the MedBridge trial and were randomized by the supervisor. The assessors had a 

randomized list of all the patients they were supposed to assess. The assessors did not 
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have any information about which study group the patients belonged to. Some patients 

from Uppsala and Enköping had not had a full 12-month follow-up period. Those 

patients without a full 12-month period where readmissions have occurred after this 

study will be assessed later within the MedBridge trial.  

3.3 Training of the assessors  

The assessments were made by two final-year pharmacy students, Filip Nacke (assessor 

one) and Lucyna Danieyko (assessor two). Before the assessments started, a training 

session was provided by the supervisor Thomas Kempen and Ulrika Gillespie, the 

project leader of the MedBridge trial. The training session consisted of one day where 

the two assessors first worked with a few patients and then a meeting was held with the 

two researchers where the patient cases were discussed. All questions from AT-

HARM10 were discussed how they were supposed to be used when assessing the 

admissions. AT-HARM10 had instructions on every question and examples which was 

used as a basis for the training session. After the training session, the two assessors then 

worked on their own with the assessments of readmissions included in the Medbridge 

trial.  

3.4 Data collection 

The information of each included patient available prior to the assessment were 

admission notes from physicians, medication list, laboratory data during the hospital 

stay and three months before the admission and discharge notes from physicians. All 

this information could be found in the medical record system. Cosmic (Cambio 

Healthcare Systems, Stockholm, Sweden) medical record system was used at the 

hospitals of Uppsala, Enköping and Västerås. In the hospital of Gävle, Melior (Siemens 

Health Services and MediTelligence, Gothenburg, Sweden) was used as a medical 

record system. The assessors first independently assessed the readmissions by 

answering the questions from AT-HARM10. A consensus meeting was held in case of 

conflicting results. Approximately one consensus meeting was held every day where the 

two assessors could discuss their patients and together determine if it was unlikely or 

possibly that the readmission was due to MRPs. It was important to have regular 

consensus meetings to not forget about the readmissions that were assessed. At the end 

of each day, the total amount of assessments was counted, and the assessment time was 

measured. The two assessors had a document where they filled in the time and 

assessment made every workday. The same operation was made when the average time 

of reaching consensus per admission was measured. The ten questions included in the 

AT-HARM10 could only be answered with “yes” or “no”. If the answer would be “no” 

the assessor should continue to the next question until they could answer with a “yes”. 

The questions that were answered by “yes” for each assessment were documented.  

3.5 Data analysis  

The assessment time was measured each day for both assessors. The two assessors 

wrote down the time they worked with the assessments and how many readmissions 

they had assessed. The average time per readmission was calculated for each day of 
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assessment and an overall average time over the whole assessment period was 

calculated as well. When all assessments were finished after eight weeks of work the 

IRR and content validity was calculated and compared between the four hospitals. IRR 

is the degree of agreement between assessors (19). IRR can be calculated between 

multiple assessors that assessed the same thing for e.g. readmissions. In this study, the 

IRR was calculated between assessor one and two. Within IRR different measurements 

are used depending on the number of assessors. In this study are their two assessors, 

therefore was the Cohen’s ĸ used (20). In Table 2 an interpretation of the Cohen’s ĸ is 

presented. 

A figure with all ĸ values for every consensus meeting was made to see if the value 

changed over the period, the figure contained a regression coefficient (R2) and a dotted 

line showing the distribution of the ĸ values. Descriptive statistics were used to present 

the average ĸ value for each of the hospitals separately. 

In this study, is it important that all questions in AT-HARM10 are relevant and thus 

used during the assessments. This can be measured with content validity. With content 

validity, the relevance of the questions can be tested (21). A χ2-test was made to test the 

differences in the distribution of the questions from AT-HARM10 between the four 

participating hospitals, the significance level was 0.05. With the χ2-test is it possible to 

see if there are differences between hospitals in which questions seem most relevant. 

With this information, it was possible to research if a pattern among the question existed 

which will be shown in the content validity. 

χ2 -test for questions U1-U3. 

H0= There are no differences in the distribution of questions U1-U3 for the assessments 

for the hospitals of Uppsala, Enköping, Gävle, and Västerås. 

H1= There are differences in the distribution of questions U1-U3 for the assessments for 

the hospitals of Uppsala, Enköping, Gävle, and Västerås. 

χ2-test for questions P4-P10  

H0= There are no differences in the distribution of questions U1-U3 for the assessments 

for the hospitals of Uppsala, Enköping, Gävle, and Västerås. 

H1= There are differences in the distribution of questions U1-U3 for the assessments for 

the hospitals of Uppsala, Enköping, Gävle, and Västerås. 
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Table 2. Interpretation of Cohen´s ĸ values (20).  

ĸ STRENGTH OF AGREEMENT 

0 none 

0-0,2 slight 

0,21-0,4 fair 

0,41-0,6 moderate 

0,61-0,8 substantial 

0,81-1 perfect 

3.6 Ethical approval  

Ethical approval was not needed for this study since it is a part of the MedBridge trial 

which already has ethical approval from the Swedish Central Ethical Review Board 

(CEPN Ö21-2016).  

 

4. Results  

4.1 Patient demographics 

The total amount of patients in the MedBridge trial was 2639. In this study, 1964 

patients were included and 893 of these had readmissions to the hospitals after they 

were included in the MedBridge trial (Figure 1). A flowchart with all admissions is 

presented in Appendix 9.3. The total number of assessed unplanned readmissions in this 

study was 1687. The number of assessed readmissions from Uppsala was 637 and from 

Enköping 589. In Västerås 297 readmissions were assessed and in Gävle 164, which is 

presented in Figure 2.  

 

 

Figure 1.  The number of including patients in this study and the number of unplanned 

readmissions for each patient  

Patients total in the Medbridge trial: 

2639 

Patients included in this study: 

1964 

Patients with readmissions: 

893 

Unplanned readmissions: 

1687 
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Figure 2. The number of assessed readmissions from each of the participating hospitals 

4.2 The results of the assessments  

Assessments from Uppsala University Hospital had the lowest amount of possibly 

MRAs with only 17 %. Västerås hospital had the highest amount of possibly MRAs 

with 52 %. Assessments from Enköping hospital had 18 % possibly MRAs and Gävle 

had 29 % possibly MRAs which is presented in Table 3. Consensus could not be 

reached in two cases between the assessors. Therefore, the two readmissions will be 

assessed later within the MedBridge trial by a professional.  

 

Table 3. The percentages of unlikely and possibly MRAs for each of the hospitals 

Hospital Unlikely MRAs (%) Possibly MRAs (%) 

Uppsala (n=637) 83 17 

Enköping (n=589) 82 18 

Västerås (n=297) 48 52 

Gävle (n=164) 

Total (n=1687) 

71 

75 

29 

25 

4.3 Time measurement 

The mean time per readmission from Uppsala was 4.7 with a range of 3.0-13.1 (the 

range is presented in parenthesis) minutes for Assessor one and 4.14 (2.14-12.5) 

minutes for assessor two which is presented in Table 4. The mean time per readmission 

from Enköping was 4.5 (3.2-13.6) minutes for assessor one and 4.20 (2.3-12.9) minutes 

for assessor two (Table 4). The mean time per readmission from Västerås was 4.6 (2.96-

4.8) minutes for assessor one and 4.13 (2.2-4.7) minutes for assessor two (Table 4). The 

All assessed 

unplanned 

readmissions: 

1687 

Assessed 

readmissions 

from Uppsala: 

637 

Assessed 

readmissions 

from Västerås: 

297 

Assessed 

readmissions 

from Gävle: 

164 

Assessed 

readmissions 

from Enköping: 

589 
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mean time per readmission from Gävle was 4.8 (4.36-4.83) minutes for assessor one 

and 4.17 (4.13-5.29) minutes for assessor two (Table 4). In Figure 3 and 4 the mean 

time per readmission for each day is presented for each assessor. The mean time per 

readmission combined for all hospitals was 4.4 minutes for both assessors. The mean 

time at the consensus meeting was 1.95 (0.57-2.36) minutes for Uppsala, 2.1 (0.55-2.43) 

minutes for Enköping and 1.85 (1.1-3.5) minutes for Västerås. The mean time at the 

consensus meeting for Gävle was 2.05 (1.3-3.1) minutes. The total time per readmission 

was calculated and consisted of the mean time per readmission for both the assessors 

divided by two together with the mean time per readmission at the consensus meeting. 

For Uppsala this time was 6.37 minutes, Enköping 6.45 minutes, Västerås 6.22 minutes 

and Gävle 6.54 minutes.  

 

Table 4. The mean time per readmission for the assessors, consensus meeting and the 

total mean time for each hospital. Standard deviation (SD) is presented in parenthesis  

 Uppsala, min  

(SD) 

Enköping, min 

(SD) 

Västerås, min 

(SD) 

Gävle, min 

(SD) 

Assessor 

one 
4.80 (4.21) 4.70 (4.12) 4.60 (0.84) 4.50 (0.27) 

Assessor 

two  
4.20 (2.66) 4.17 (2.34) 4.14 (0.14) 4.13 (0.58) 

Consensus 

meeting  
2.1 (0.64) 2.05 (0.57) 1.95 (0.43) 1.85 (0.37) 

Mean total 

per assessor 
6.6 6.48 6.32 6.16 

  

 

Figure 3. The time per readmission over the whole work period from all hospitals for 

assessor 1 
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Figure 4. The time per readmission over the whole work period from all hospitals for 

assessor 2 

4.4 Inter-rater reliability 

The strength of agreement was substantial in Uppsala, Västerås and Gävle (ĸ 0.80, 0.79 

and 0.76 respectively) and perfect in Enköping (ĸ 0.89; Table 5). In figure 4 the ĸ 

values of the whole assessment period are presented where the range for the ĸ value was 

between 0.23-1. The linearity of the ĸ values was low with an R2 value of 0,0082. In 

Table 6 all the dates where a consensus meeting was held are presented including the 

number of readmissions discussed at each consensus meeting. The ĸ values from all 

consensus meetings separately by hospital and dates are presented in Appendix 9.2.  

 

Table 5. The ĸ values for the four hospitals included in this study  

HOSPITAL ĸ STRENGTH OF AGREEMENT 

Uppsala (n=637) 0.80 Substantial 

Enköping (n=589) 0.89 Perfect 

Västerås (n=297) 0.79 Substantial 

Gävle (n=164) 0.76 Substantial 
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Figure 4. The IRR over time for all readmissions assessed within this study. The dotted 

line and the R2 value show the distribution of the ĸ values and the linearity of ĸ values  

 

Table 6. The dates of the consensus meetings including the ĸ values for the two 

assessors and the number of readmissions for each meeting 

DATES OF 

CONSENSUS MEETING 

NUMBER OF 

READMISSIONS  
ĸ VALUE FOR EACH 

ASSESSMENT   
15 FEB 72 0.80 

18 FEB 45 0.70 

19 FEB 46 0.51 

20 FEB 87 0.65 

21 FEB 86 0.88 

22 FEB 45 0.76 

25 FEB 105 0.67 

26 FEB 71 0.88 

27 FEB 54 0.91 

28 FEB 98 0.94 

4 MAR 104 0.93 

7 MAR 190 0.80 

11 MAR 199 0.96 

12 MAR 60 1 

13 MAR 19 0.51 

14 MAR 14 0.73 

27 MAR 274 0.75 

2 APR 14 0.71 

3 APR 35 0.75 

4 APR 119 0.74 
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4.5 Content validity   

In Table 7 the number of used questions is presented for each of the hospitals. The 

distribution of the questions from AT-HARM10 for each assessment is presented per 

hospital in Figure 5 (questions U1-U3) and 6 (questions P4-P10). The differences in the 

distribution of the questions between the four hospitals were tested with a χ2-test where 

no differences could be found. P-values for questions U1-U3 and P4-P10 were 0.5108 

and 0.1396 respectively.  

 

Table 7. The number of used AT-HARM10 questions from each hospital participating 

in this study  

QUESTION UPPSALA ENKÖPING VÄSTERÅS GÄVLE 

U1 198 184 61 54 

U2 307 221 70 58 

U3 42 38 15 14 

P4 6 7 3 0 

P5 26 57 66 21 

P6 5 8 5 1 

P7 0 1 0 0 

P8 42 57 69 11 

P9 1 2 0 1 

P10 10 14 8 4 

TOTAL 637 589 297 164 

 

 

Figure 5. The distribution of question U1-U3 for assessments from all four hospitals. χ2 

-test on differences in distribution between hospitals: p-value= 0.5108 
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Figure 6. The distribution of question P4-P10 for assessments from all four hospitals. χ2 

-test on differences in distribution between hospitals: p-value= 0.1396 

 

5. Discussion 

5.1 Summary of the results  

In this study, AT-HARM10 was further validated by measuring the assessment time per 

readmission, IRR and content validity. The average assessment time per readmission 

was 4.4 minutes for all four hospitals combined. The average total time was 6.39 

minutes which contained individual assessment time from each assessor combined with 

the time at the consensus meeting. In the first validation study of AT-HARM10 the 

average time per readmission was 5.7 minutes (17). In the first validation study of AT-

HARM10 there was no consensus meeting and therefore only the time per readmissions 

before consensus meeting could be compared. With a lower time more assessments can 

be made which is positive, however, in the first validation study only 150 assessments 

were done. In this study the mean time per readmission decreased over time. The 

average times are low compared to other studies. For example, in Thevelin et al, the 

average time per assessment was 23 minutes with a range of 17-29 minutes for 

individual assessment and the average time at the consensus meeting was 13 minutes 
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with a range between 8-18 minutes. One reason why the time for each assessment is 

short for AT-HARM10 is that it only consists of ten questions without detailed parts 

which the tool from Thevelin et al does. As expected, the average time per readmission 

became shorter as the study went on since the assessors were learning how the tool 

worked. With a short time per readmission, it is possible to use AT-HARM10 when 

large study population are to be assessed. Most of the time the two assessors had come 

up with the same assessment, but in some cases, a discussion was needed before an 

agreement was reached. In two cases, an expert was needed to assess the patients which 

will be done later within the MedBridge trial. 

IRR values for admissions from all four hospitals included in this study was substantial 

or perfect with ĸ values of 0.76-0.89. This shows that two final-year pharmacy students 

can assess and come to a consensus for nearly all the admissions. The two assessors 

have gone the same education and have the same background within pharmacotherapy 

which is helpful. The ĸ values over time for the assessments were in the range from 0.6 

to 1.0 except six outliers which were under 0.6. In the first validation study of AT-

HARM10, the ĸ value was between 0.45-0.75 (16). With a higher ĸ value it seems that 

the agreement between the two assessors in this study is higher than in the first 

validation study. However, it should be known that the number of readmissions 

assessed within this study was greater than in the first validation study of AT-HARM10, 

therefore is the results more complicated to compare since the conditions were not the 

same between the two studies. Compared to Thevelin et al which had a ĸ value between 

0.33-0.86 the highest value is near the highest value in this study, however, there is a 

larger range which increases the uncertainty over the results from Thevelin et al (16). In 

the study from Bracken et al where the ĸ values in the range of 0.12-0.75 which is a 

wider range than in this study (15). With a wider range of the ĸ values increases the 

uncertainties of the results and where the true value lies. The consistency of the ĸ value 

seems to be higher in this study with a smaller range of the ĸ value compared to the 

studies from Bracken et al and Thevelin et al (15-16). All outliers in this study come 

from the first part of the assessment period. The insecurity of the procedure in the 

beginning may have led to the outliers since after a while the assessors were more used 

to the task which gave a more stable ĸ value. The ĸ value was after the beginning on the 

same level throughout the whole period, which shows that AT-HARM10 can be used 

independently of from which hospitals the patient come from. The linearity was low 

with an R2 value of 0.0082, however, were almost every ĸ value close to the dotted line 

which shows that the distribution of ĸ values was small.  

The ten questions in AT-HARM10 were used during the assessments and nearly all the 

assessments could be answered with a “yes” except two assessments which were not 

able to be assessed since the two assessors could not come to a consensus. The reason 

why a consensus could not be reached for the special cases was that the information in 

the medical record system was not enough. Therefore, will an expert in the field assess 

the two special cases later within the MedBridge trial. The most used question was U2 

which answered if a disease has a negative progression e.g. metastasized cancer. A 

question which was used very little was P7 which was about the interaction between 

medications or between medications and diseases. This question was rarely used 

because medication interactions lead to adverse drug effects which were already 
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answered by P5 (following the correct order of the questions). If the AT-HARM10 

would be adjusted in the future an addition about interaction could be added to P5s 

instructions and P7 could then be removed. In the first validation study of AT-

HARM10, the three most used questions were U1, P8, and P4 which differs from this 

study where the three most used questions from Uppsala University Hospital were U2, 

U1, and P8 (17). The reason for this difference is logical since the amount of unlikely is 

much higher in this study than the previous validation study of AT-HARM10. In the 

first validation study of AT-HARM10 the amount of unlikely MRAs were 50 % 

compared to 83 % in this study. The content validity from the three outer participating 

hospitals could not be compared with the first study since it only contained patients 

from Uppsala University Hospital. There were no differences in the distribution of 

question U1-P10 between the hospitals which shows that the relevance of each question 

seems to be the same for each hospital  

5.2 Strength and limitations   

The size of the population of this study is an advantage as well as that the patients come 

from four different hospitals from different regions in Sweden. All the readmissions that 

were assessed during this study were all blinded about which study group the patients 

belonged to. This was important since the assessor might have assessed less objective if 

they would have known about which group the patients belonged to.  

Another strength with this study was that the medical records systems had the same 

information about the patients which gave an equal ground for the assessments. The 

same information was available prior to assessment independently from which hospital 

the patients were hospitalized.  

One limitation of this study was the fact that the assessors had a relatively short training 

in using AT-HARM10 which led to a misinterpretation of the exact definition of 

unlikely and possibly MRAs. This misinterpretation was discovered after all 

readmissions from Uppsala, Enköping, and Västerås were assessed. It was decided to 

redo the assessments in Västerås, resulting in a higher percentage of possibly MRAs. It 

is therefore difficult to compare the rate of unlikely/possibly between the hospitals since 

readmissions from Västerås was remade and readmissions from the outer hospitals were 

not. Reassessment of the readmissions in Uppsala and Enköping should be considered 

for the full MedBridge trial. The disadvantage with AT-HARM10 depends greatly on 

the assessor's interpretation. Therefore, it is even more important to have an extensive 

training period before assessing readmissions.  

For readmissions at Gävle hospital, a failure in the randomization process resulted in 

that only readmissions from one ward were assessed. This was first discovered after the 

assessment period was ended. All the readmissions assessed in Gävle came from the 

stroke ward and none from the geriatric ward. The assessors did not notice this and the 

readmissions from the geriatric ward will be assessed later within the MedBridge trial.  

5.3 Future directions   

With this study, it has been shown that AT-HARM10 can be used to assess 

readmissions from other hospitals than Uppsala University Hospital. For future work 
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with AT-HARM10, it is important to have more training before the assessments begin. 

The training period should contain more admissions to work with and how to assess an 

admission in general. The assessors felt that the training went to fast and that the 

number of test assessments was too low. 

 

6. Conclusion  
AT-HARM10 was for the first time used outside Uppsala and has been externally 

validated with data from the hospitals in Enköping, Västerås, and Gävle. The time 

needed per admission for the two assessors was low which confirms that it is possible to 

have final-year pharmacy students as assessors. It has been shown that AT-HARM10 is 

a useful tool for assessing admissions if they are medication-related or not. The most 

important lesson to take with you to future use of the tool is that the assessors are given 

the right amount of training before they start the assessments. 
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9. Appendices 

9.1 The questions from AT-HARM10  

U1. Was the admission caused by an infection or a previously undiagnosed disease (e.g. 

diabetes or heart failure) that is not medication related? 

U2. Was the admission caused by the progression of a previous disease that is not 

medication related? (With the progression of several chronic diseases, such as 

congestive heart failure, a medication-related component can rarely be excluded.)  

U3. Was the admission caused by physical trauma, substance intoxication, social 

circumstances or allergies (e.g. car accident, wasp allergy, alcohol excess, mushroom 

poisoning that are not medication-related?  

P4. Is it hinted or stated in the medical record that the admission was medication-related 

(including non-compliance)? 

P5. Might (side) effects of the medications the patient was taking (prescribed or non-

prescribed) prior to hospitalization have caused the admission?  

P6. Are there abnormal laboratory results or vital signs that could be medication-related 

might have caused the admission? 

P7. Was there any drug-drug interaction or drug-disease interaction (i.e. a 

contraindication) that might have caused the admission? 

P8. Did the patient have any previously diagnosed untreated or suboptimally treated 

indications that might have caused the admission? 

P9. Was the patient admitted because of a problem with the dosage form or 

pharmaceutical formulation (i.e. failure to receive the medication)? 

P10. Is the cause of the admission response to cessation or withdrawal of medication 

therapy? 
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9.2 The IRR-values from each hospital 

Table A1. The ĸ-values for admissions from Uppsala for each day of a consensus 

meeting  

DATES ĸ ADMISSIONS 

15 FEB 0.72 27 

18 FEB 0.87 18 

19 FEB 0.75 22 

20 FEB 0.85 53 

21 FEB 0.81 45 

22 FEB 0.52 23 

25 FEB 1 42 

26 FEB 0.76 43 

27 FEB 0.95 32 

28 FEB 0.97 58 

04 MAR 0.96 69 

07 MAR 0.85 72 

11 MAR 0.93 103 

12 MAR 1 30 

 

Table A2. The ĸ-values for admissions from Enköping for each day of a consensus 

meeting  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DATES ĸ ADMISSIONS 

15 FEB 0.88 35 

18 FEB 0.54 27 

19 FEB 0.26 24 

20 FEB 0.46 34 

21 FEB 0.96 41 

22 FEB 1 22 

25 FEB 0.34 63 

26 FEB 1 28 

27 FEB 0.88 22 

28 FEB 0.91 50 

04 MAR 0.89 45 

07 MAR 0.98 78 

11 MAR 0.98 82 

12 MAR 1 38 
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All admissions: 

2979 

Uppsala: 

1044 

Enköping: 

1021 

Västerås: 

456 

Gävle: 

458 

Assessed 

readmission: 

637 

Loss: 

4 

 

No 

readmissions 

or planned 

admissions: 

403 

 

 

 

Assessed 

readmission: 

589 

Loss: 

4 

No 

readmissions 

or planned 

admissions: 

428 

Assessed 

readmission: 

297 

Loss: 

2 

No 

readmissions 

or planned 

admissions: 

157 

 

Assessed 

readmission: 

164 

Loss: 

5 

No 

readmissions 

or planned 

admissions: 

289 

Table A3. The ĸ-values for admissions from Västerås for each day of a consensus 

meeting  

DATES ĸ ADMISSIONS 

07 MAR 0.51 20 

13 MAR 0.72 19 

14 MAR 0.73 14 

27 MAR 0.75 244 

 

Table A4. The ĸ-values for admissions from Gävle for each day of a consensus meeting  

DATES ĸ ADMISSIONS 

02 APR 0.71 14 

03 APR 0.75 35 

04 APR 0.74 115 

9.3 Flow chart with all the admissions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A1. A flowchart over all the admissions covered in this study. Loss is due to 

double registration and that some readmissions were privacy classified 


