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Abstract 

The objective of this study was to investigate the utilization of the diagnose-based Charlson 

Comorbidity Index (CCI) and the medication-based Rx-Risk Comorbidity Index on 

Swedish administrative data. Data was collected over a ten-year period from the National 

Patient Register and the National Prescribed Medication Register on 3609 respondents 

from the national public health survey 2018, aged 16-84 and registered in Stockholm 

County. The overall aim was to identify comorbid conditions in the study population; and 

to examine if the identified comorbidities differ between indices, based on subject 

characteristics such as age and gender. Moreover, the specific aim was to quantify 

correlation between the indices, as well as within indices over look-back periods of up to 

ten years. 

Among the study population, 13 % were identified with at least one comorbid condition 

through CCI, and 87 % had medications indicative of at least one condition covered by Rx-

Risk. Both the original Charlson weights and updated weights by Quan were used to 

compute the comorbidity scores for CCI. Results showed that when CCI and Quan may 

have scored low, the Rx-Risk picked up more conditions. The Spearman rank correlation 

between CCI and Quan scores resulted in relatively high correlation with a coefficient of 

0.82 (p-value < 0.05) over look-back periods of 2, 5 and 10 years. Moreover, the 

correlation between CCI and Rx-Risk was fairly low over all look-back periods with a 

correlation coefficient of 0.34 (p-value < 0.05) at most. The within-correlation showed 

that CCI identified much of the comorbidity between the one- and two-year look-back 

periods, whilst Rx-Risk identified much comorbidity within the one-year look-back period. 

The overall implications of the presented results are that a utilization of Charlson index and 

Rx-Risk is likely to capture comorbid conditions in different health care settings, and thus 

expected correlation is to be of modest level between the two indices. The research question 

of interest should therefore determine which index is favorable when assessment of 

comorbidity is desired. 
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1 Introduction  

The influence of co-existing illnesses on prognosis, therapy and patient outcomes has been 

recognized since the 1970s [1]. In epidemiological studies, clinical trials and health services 

research, controlling for additional co-existing diseases, or comorbidity1, is of great 

importance [2]. For the internal validity of a study to be good, patients should be as 

homogenous as possible with respect to severity of illness, sociodemographic factors and 

comorbid conditions. When this is not the case, as often in observational studies, the 

assistance of reliable methods to quantify the heterogeneity of patients included in the 

analysis are crucial to carry out valid comparisons [1]. 

Comorbidity can directly affect the clinical course of patients with the same diagnosis 

regarding time to detection, prognostic anticipations, therapeutic selection, and post-

therapeutic outcomes of the disease [2]. Many clinical studies emphasizes the essential role 

of comorbid illness in prognosis and treatment of other diseases [3, 4, 5]; by correctly 

classifying and analyzing comorbid diseases, fatality rates can be assessed in a more precise 

manner, for a specific disease or for a general population. Specifically, spurious 

comparisons for patients with identical diagnoses can be avoided by accounting for the 

complexity of co-existing diseases [2]. 

Multiple methods have been developed to measure the impact of multimorbidity2 by 

classifying the severity of disease conditions. de Groot et al. reviewed articles assessing 

comorbidity between 1966 and 2000, identifying the use of thirteen different methods, of 

which four were reviewed and validated [6]. These were the Charlson Comorbidity Index, 

the Cumulative Illness Rating Scale, the Index of Co-existing Disease and the Kaplan 

Index. The scientific field and specific research questions have strongly influenced the 

development of each of the aforementioned indices, amongst which the Charlson 

Comorbidity Index (CCI) is the most extensively used method [6]. The use of comorbidity 

measures for clinical prognosis and comorbidity adjustment has been theoretically justified 

under many assumptions by Austin et al., confirming the utility of summary measures as 

substitutes for individual comorbidity variables in health service research [7]. 

Developed in 1984 by Charlson et al., the Charlson index relies on medical diagnoses to 

categorize the comorbid conditions of patients [1], and it has been successful in predicting 

mortality in various patient populations [3, 8, 9]. The index was updated in 2011 by Quan 

et al., adjusting for the advances made in disease treatment and management, which have 

affected the severity of the index diseases [10]. Pharmacy dispensing information has also 

been used to develop comorbidity indices, as the use of medication is indicative of disease 

conditions [1]. The Rx-Risk Comorbidity Index, developed in 1992 by Von Korff et al. and 

 

 

1 Comorbidity is the presence of one or more additional conditions co-occurring with a primary condition. 

2 Multimorbidity is the occurrence of two or more disease conditions in one individual. 
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formerly known as the Chronic Disease Score (CDS), was the first medication-based 

method [11]. It was initially used for predicting costs of healthcare, though it has 

subsequently been adapted to predict mortality [12]. 

For an application of CCI and Rx-Risk, individual health data information on medical 

diagnoses as well as prescription medications is needed; for which the primary sources of 

data in a Swedish setting are the National Patient Register and the National Prescribed 

Medication Register. The patient register covers diagnoses from the inpatient and specialist 

outpatient healthcare; however, it lacks information from the primary outpatient care [13]. 

Using this information to map the comorbidities of a population with a diagnosis-based 

comorbidity index, such as the CCI, means that diagnoses from the primary care are not 

included even though they could add to the description of a disease condition. This could 

motivate the use of a medication-based comorbidity index, since the prescribed medication 

register includes information on all pharmacy dispensing [14] and therefore picks up 

conditions of individuals treated in the primary care.  

Considering the different ability of the indices, an assessment of their relationship could 

provide a deeper understanding of the interplay of the two approaches with regard to 

applicability, comorbidity assessment, score distribution and correlation. 

The setup of this report is as follows. The first chapter specifies the purpose and aims of 

the study, as well as gives a short introduction to previous studies. The second chapter gives 

an introduction to the comorbidity indices of interest in this report. Chapter three provides 

a brief presentation of the study population and the data sources used to collect information; 

as well as the variables of use and the evaluation of look-back periods and comorbidity 

scores. A discussion on appropriate measures of correlation and a summary of the chosen 

software, packages and functions used in the programming process is also outlined. In 

chapter four, the results of the study are presented. The last chapter provides a discussion 

of the results and potential further developments.  

 Objective  

The purpose of this study is to compare the Charlson Comorbidity Index, based on in- and 

outpatient diagnoses, and Rx-Risk Comorbidity Index, based on prescription medication 

dispensing; using data from the Swedish National Patient Register and the National 

Prescribed Medication Register. The overall aim is to investigate the utilization of the two 

comorbidity indices applied on Swedish administrative data, as well as to quantify 

correlation over different look-back periods. 

  



 

 

 

 

 

 Previous studies 

A study by the University of South Australia [1] compared the performance of the 

medication-based Rx-Risk Comorbidity Index and the diagnosis-based Charlson 

Comorbidity Index (CCI) using pharmacy service and hospital claims data. The researchers 

aimed to verify the ability of predicting all-cause mortality by CCI in the veteran 

community, and to compare the performance with Rx-Risk index ability in predicting 

mortality. A correlation analysis between the two indices was performed using Spearman’s 

rank correlation coefficient, resulting in a fairly low correlation between the two indices. 

The study found both indices to be significant predictors of all-cause mortality [1]. 

Furthermore, a study performed by the American College of Rheumatology [3] comprised 

306 patients who were under care for osteoarthritis in the Veterans Affairs health care 

system. Rx-Risk, Charlson, and the more recently developed Elixhauser Comorbidity Index 

[15] were compared for the ability in predicting health service use. The variables analyzed 

were number of used prescriptions, number of physician visits as well as hospitalization 

probability among individuals with osteoarthritis [3]. Comorbidity scores for Charlson and 

Elixhauser were calculated using one-year data from the Veterans Affairs inpatient and 

outpatient database, and the scores for Rx-Risk were computed from pharmacy data. The 

three comorbidity measures were found to be significant predictors for each health care 

service outcome. Further, the Akaike information criterion was used to identify the most 

favorable comorbidity index. Results showed that models based on Elixhauser and Rx-Risk 

indices were better as predictors than the model based on Charlson index. The Elixhauser 

model was better in predicting physician visits and the model based on Rx-Risk was better 

for the outcome of prescription medication use [3].  

  



 

 

 

4 

 

2 Comorbidity indices 

The comorbidity indices of interest in this report are the diagnose-based Charlson 

Comorbidity Index [16] and its updated version by Quan et al. [10], alongside with the 

medication-based Rx-Risk Comorbidity Index [12]. Multiple studies have validated the 

ability of these methods to predict mortality in different settings, and they have been 

adapted for use with large administrative databases which makes them relatively easy to 

use [5, 9, 12]. This study aims to compare comorbidity indices of different nature, that can 

be used to capture comorbidity in different health care settings and from different data 

sources; other similar comorbidity measures, such as the previously mentioned Elixhauser 

score, are not considered. 

 Charlson Comorbidity Index 

The Charlson Comorbidity Index [16] is a well-established instrument to describe and 

adjust for chronic illness. The index was developed in 1984 using patient information from 

medical records of 559 women with breast cancer. It identifies comorbid conditions, which 

singly or in combination could have an effect on the risk of short-term mortality for patients 

enrolled in longitudinal studies [16]. In the development phase, mortality of the indexed 

diseases was converted to a relative risk (RR) of death within 12 months. Each condition 

was then assigned a weight of 1, 2, 3 or 6 accordingly to their respective RR [16]. The result 

is a weighted index based on 17 conditions. Since the index was developed on a relatively 

small population, Charlson et al. stated that further work in a larger population was required 

to refine the method [16]. Since then, multiple studies have validated the ability of the index 

to predict mortality over various patient populations and numerous diseases [3, 8, 9]. 

In 2011, Quan et al. argued that the effect on mortality of the Charlson comorbidities are 

likely to have changed, following the advances made in the effectiveness of treatment and 

disease management [10]. To reevaluate the Charlson index, a sample of Canadian patients 

aged 18 and over were followed for 1 year after hospital discharge, and mortality was 

observed. The weight of each condition was then reassigned accordingly to the new 

calculated relative risk of death, of which 5 comorbidities were assigned the weight 0. The 

new index of 12 comorbidities was applied and validated on patient data from 6 countries, 

showing good results in predicting in-hospital mortality. The updated weights could 

therefore be considered more appropriate for use with more recent administrative data [10] 

and is, thereby, also covered in this report. The updated weights are presented in table 1, 

alongside with the original Charlson comorbidity weights.  



 

 

 

 

 

The CCI has been adapted for use with administrative health data containing diagnoses 

classified by the International Classification of Diseases (ICD) [5, 9].  

2.1.1 ICD-10 codes 

The International Classification of Diseases (ICD) is an international classification system 

maintained by the World Health Organization (WHO). It has been used for over a hundred 

years [17], and is the international standard for all clinical and research purposes. The 

Table 1. Charlson comorbidities and weights 

 
Charlson comorbidity* 

Updated 
Weight 

Charlson 
Weight 

 

 Myocardial infarction 0 1  

 Congestive heart failure 2 1  

 Peripheral vascular disease 0 1  

 Cerebrovascular disease 0 1  

 Dementia 2 1  

 Chronic pulmonary disease 1 1  

 Rheumatologic disease 1 1  

 Peptic ulcer disease 0 1  

 Mild liver disease 2 1  

 Diabetes without chronic 

complications 

0 1  

 Diabetes with chronic 

complications 

1 2  

 Hemiplegia or Paraplegia 2 2  

 Renal disease 1 2  

 Any malignancy, including 

leukemia and lymphoma 

2 2  

 Moderate or severe liver disease 4 3  

 Metastatic solid tumor 6 6  

 AIDS/HIV 4 6  

 Minimum/Maximum comorbidity score 0/24 0/29  

Abbreviations: AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus. 

The following comorbid conditions are mutually exclusive: diabetes with chronic complications and 
diabetes without chronic complications; mild liver disease and moderate or severe liver disease; and any 
malignancies and metastatic solid tumor. 

*The ICD-10 codes used to compute the Charlson comorbidities are listed in Appendix A. 
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system uses codes to describe the multiple different diseases, injuries, disorders and other 

related health care conditions [18] that are the cause of an individual’s death or contact with 

health care [19]. The ICD classification system is subsequently updated to cover all 

conceivable medical conditions and health problems [19], ICD-10 being the latest update.  

The classification system is hierarchically structured and consists of twenty-two chapters 

divided into sections covering similar diseases. The sections cover a number of categories 

that represents individual diseases. Categories are denoted by three alphanumeric 

characters, one letter and two digits. Additionally, the categories are often divided into 

subcategories denoted with a four-character code consisting of three digits and one letter. 

Different types of diseases or stages of the diseases could be examples of subcategories 

[19]. An example of the structure of ICD-10 codes is illustrated in figure 1. 

 

 

Figure 1 

The ICD-10 code structure 

 Rx-Risk Comorbidity Index 

The Rx-Risk Comorbidity Index is an instrument that identifies and measures an 

individual’s comorbidity status based on their medication profile. It was the first pharmacy-

based comorbidity index, developed in 1992 and originally called the Chronic Disease 

Score (CDS) [11]. The CDS was subsequently updated and renamed as the Rx-Risk index, 

covering 46 comorbidity categories instead of the 17 original categories. Besides predicting 

costs of healthcare, the index has been adapted to predict mortality. The advantage of an 

index using pharmacy dispensing information is that even in a predominately outpatient 

setting, researchers are provided with the ability to measure comorbidity [12]. 

The Rx-Risk index identifies the comorbid conditions through indicative medications and 

relies on drug classifications from the Anatomical Therapeutic Chemical (ATC) 

classification system [20]. Due to advances in pharmaceutical disease management and as 

new medicines are used to treat specific diseases, the Rx-Risk needs continual updating. 

An article by Pratt et al. [12] provides a list of the Rx-Risk comorbidities defined by 

composite list of medications determined by their ATC codes, alongside with the respective 

weights ranging from −1 to 6 for a set of 43 comorbidities of which a few overlap with 

CCI. Three of the 46 comorbid conditions (Tuberculosis, Hepatitis B and C) were excluded 



 

 

 

 

 

in the article, thus also in this report. The comorbidities and the related weights are 

presented in table 2. 

Table 2. Rx-Risk comorbidities and weights  

 Rx-Risk comorbidity* Weight Rx-Risk comorbidity* Weight  

 Alcohol dependency  6 Hypothyroidism 0  

 Allergies  −1 Irritable bowel syndrome 0  

 Anticoagulants  1 Ischemic heart disease:  

angina 

2  

 Antiplatelets  2 Ischemic heart disease: 

hypertension 

−1  

 Anxiety 1 Incontinence 0  

 Arrhythmia 2 Inflammation/pain −1  

 Benign prostatic hyperplasia 0 Liver failure 3  

 Bipolar −1 Malignancies  2  

 Chronic Airways Disease  2 Malnutrition 0  

 Congestive Heart Failure 2 Migraine  −1  

 Dementia 2 Osteoporosis/Paget's −1  

 Depression 2 Pain  3  

 Diabetes  2 Pancreatic Insufficiency 0  

 Epilepsy 0 Parkinson's disease 3  

 Glaucoma 0 Psoriasis 0  

 Gastroesophageal reflux disease 0 Psychotic illness  6  

 Gout 1 Pulmonary Hypertension  6  

 HIV 0 Renal disease 6  

 Hyperkalemia 4 Smoking cessation 6  

 Hyperlipidemia −1 Steroid-response disease  2  

 Hypertension  −1 Transplant  0  

 Hyperthyroidism 2 
  

 

 
Minimum/Maximum comorbidity score 

 
−8/68 

 

 
Minimum/Maximum comorbidity score** 

 
0/68 

 

Abbreviations: HIV, human immunodeficiency virus.  

* The ATC codes used to compute the Rx-Risk comorbidities are listed in Appendix B. 

** Capped version used in this work (see section 3.3.2). 
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2.2.1 ATC codes 

The Anatomical Therapeutic Chemical (ATC) Classification System is an international 

drug classification system controlled by the World Health Organization Collaborating 

Centre for Drug Statistics Methodology (WHOCC) [21]. An example of the complete 

classification of metformin [21] is presented in figure 2, illustrating the structure of the 

code. The ATC codes are alphanumeric and consist of seven characters [19]. The 

pharmaceutical coding system classifies the active substances in a hierarchy with five 

different levels, of which the 1st level consists of anatomical/pharmacological main groups. 

The main groups are then divided into either therapeutic or pharmacological groups on the 

2nd level. The 3rd and 4th levels are therapeutic, pharmacological or chemical subgroups, 

and the 5th level contains the chemical substance [21].   

 

 

Figure 2 

The ATC code structure  

 

  



 

 

 

 

 

3 Methods 

 Study population and data sources 

In its effort to provide a broad description of the state of public health in Sweden, the Public 

Health Authority of Sweden collects and analyses data on health, lifestyle and living 

conditions via the national public health survey. The survey has been conducted annually 

between 2004 and 2016, and biannually post 2016 in a collaborative effort with Swedish 

Regions and County councils [22]. For the 2018 survey, the study comprised a random 

sample of 40 000 individuals aged 16-84, identified from the Statistic Sweden (SCB) 

register over the total population [23]. The study population of this report was restricted to 

participants of the 2018 survey registered in Stockholm County, for whom also data from 

the National Patient Register and the National Prescribed Medication Register was 

collected between 2009 and 2018. For decades, reporting into these administrative registers 

has been mandatory; enabling complete, longitudinal coverage [24]. Thus, individuals who 

do not have any entries registered in either source can be assumed to not have had any 

diagnoses or prescription medication during the study time period.  

3.1.1 The National Patient Register  

Established in 1964, the National Patient Register is one of the largest registers of health 

data in Sweden. The register provides statistics on all disease diagnoses and treatments 

carried out in the inpatient and specialist outpatient care; however, it lacks information from 

the primary outpatient care. It poses as a helpful tool in prevention and treatment of injuries 

and diseases in the population [25]. The information in the patient register consist of 

patient, geographical, administrative and medical data. Patient data consist of personal 

identity number, age, gender and place of residence. Geographical data concerns the county 

council, hospital and department of visit. Administrative data is divided into inpatient and 

outpatient care; inpatient data covering date of admission and discharge, length of stay, 

unplanned or planned admission and where the patient was admitted to and discharged 

from. Similarly, outpatient data consist of date of admission and discharge, unplanned or 

planned admission, acute care data and information on eventual compulsory admission and 

detention. Medical data covers primary and secondary diagnoses, external cause of injury 

and poisoning and procedures [26]. 

3.1.2 The National Prescribed Medication Register  

The National Prescribed Medication Register was established in July 2005 and consists of 

information on all medical prescriptions dispensed from the pharmacies. Information 

concerning medicines given to patients at hospitals or other parts of the health care is 

however not included. The register gives a comprehensive view of the medicines the 

population is using and an increased knowledge of prescribed medicines; as well as the 

long-term health effects they have on individuals, which can reduce suffering, periods of 

illness and save more lives. Furthermore, the register includes information of age, gender, 

personal identity number and place of residence as well as the cost of medicines [14]. 
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 Variables of use 

For the whole study population, variables of use included year of birth, age, gender and a 

unique patient ID. Age was evaluated as the difference between year of birth and 2018. 

Specifically, from the National Patient Register, variables of use included unique patient 

ID, primary diagnoses and secondary diagnoses. The data contained two date variables, of 

which ‘in date’ was used; in the outpatient care this is the date of visit, whilst in the inpatient 

care it is the date of admission. Information on ‘out date’ (date of discharge) was not of 

interest, since we were interested in the time point of an occurring event. From the National 

Prescribed Medication Register, unique patient ID, as well as dispensing date and ATC 

codes of the prescribed medicines, were used. 

3.2.1 Look-back periods 

In order to evaluate comorbidities over time, an index date for each individual needed to 

be determined. The index date of an individual was evaluated as the date of the last 

registered visit in the inpatient or specialist outpatient care; or as the last registered 

dispensing of prescription medication. That is, as the date of the last recorded event in any 

of the registers during the studied time period. Look-back (LB) periods were defined as 

one, two and up to eleven years from the index date. Original Charlson, Quan and Rx-Risk 

scores were calculated for each look-back period. The look-back periods were determined 

retrospectively from each individual index date as visualized in figure 3. 

 

Figure 3 

Timeline explaining the 2-year, 5-year and lifetime look-back periods from each 

individual index date. Lifetime look-back refers to longest period allowed where 

individual data is available in either considered registry. 

 Evaluation of comorbidity scores 

The term weights refer to the disease severity weighting schemes of the different methods 

presented in table 1 and table 2. In the scoring procedure, scores are assigned to the 

identified comorbid conditions among individuals, accordingly to the weighting schemes. 

Total comorbidity scores for each individual are obtained as the sum over all identified 

comorbidities as described below. 



 

 

 

 

 

3.3.1 Charlson and Quan  

For the original Charlson weights, an individual diagnosed with HIV will be assigned a 

score of 6, but a score of 4 for the updated Quan weights; while an individual with Chronic 

Pulmonary disease (COPD) will be assigned a score of 1 in both cases, see table 1. If an 

individual has only one index disease, the total comorbidity score is the weight of that 

disease. If an individual has several identified comorbidities, their weights sum to form a 

total score. That is, an individual with both HIV and COPD will have a total score of 7 

using the original weights (6 + 1), and a total score of 5 using the updated weights (4 + 1). 

A higher total comorbidity score indicates a more severely ill individual. An individual 

with no identified condition has a total score of 0 but could still have co-existing diseases 

which are not covered by the Charlson index. Similarly, individuals of the study population 

who lacks diagnose data will be given a score of 0. Original Charlson scores will be referred 

to as Charlson or CCI scores; and the updated version as Quan scores. 

3.3.2 Rx-Risk 

Construction of individual Rx-Risk scores follows same principle as for Charlson index. 

Each indicated comorbidity is scored accordingly to its weight, and the sum of these scores 

constitute the individual overall scores. Unlike CCI, the Rx-Risk weights takes on both 

positive and negative values, which means that it is theoretically possible for an individual 

to retain a negative sum of weighted scores. For example, if an individual has three 

comorbidities ‘allergies’ (−1), ‘anxiety’ (1) and ‘bipolar disorder’ (−1), the sum of their 

weighted scores is −1, see table 2. In reality, a total score of comorbidities below 0 lacks 

meaning. Therefore, in this report, a capped version is used where all negative sums of 

weighted Rx-Risk scores are set to 0. Similarly, individuals of the study population who 

lacks medication data will be given a score of 0. 

 Measure of correlation 

There are many types of correlation coefficients available, depending on the nature of 

considered variables and underlying distribution assumptions [27]. The most commonly 

used correlation coefficient is the Pearson product moment correlation coefficient. The 

Pearson correlation coefficient is a measure of the strength of the linear relationship 

between two numeric variables and is based on observed values [28]. The Pearson 

correlation coefficient, denoted as 𝑟𝑥𝑦, is mathematically evaluated as a function of the 

estimated covariance and variances of considered variables  

𝑟𝑥𝑦 =
∑ (𝑥𝑖 − x̅)(𝑦𝑖 − y̅)𝑛

𝑖=1

√[∑ (𝑥𝑖 − x̅)2𝑛
𝑖=1 ][∑ (𝑦𝑖 − y̅)2𝑛

𝑖=1 ]
 ∈ [−1,1] 

where 𝑥 and 𝑦 are variables of interest over 𝑛 paired observations; and rests on the 

assumption that both variables should be normally distributed [27] and on interval or ratio 

scale. Other measures of correlation are more appropriate when variables are of ordinal 

scale or have skewed distribution [27].  
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3.4.1 Spearman’s rank correlation coefficient 

The Spearman rank correlation coefficient is a nonparametric rank statistic which assesses 

how efficiently an arbitrary monotonic function can explain the relationship between two 

variables, without making any assumptions of their distribution. The statistic is based on 

the rank of the observed values rather than the actual observed values [29], and is more 

robust to outliers which makes it appropriate to use in the context of medical research [27]. 

The Spearman correlation coefficient, denoted as 𝑟, is estimated as  

𝑟 = 1 −
6 ∑ 𝑑𝑖

2𝑛
𝑖=1

𝑛(𝑛2 − 1)
∈ [−1,1] 

 

where 𝑑𝑖 is the difference in rank values of 𝑥 and 𝑦 for the 𝑖: 𝑡ℎ individual; and rests on the 

assumption that data must be at least ordinal and the values on one variable must be 

monotonically related to the other variable [27]. Since comorbidity scores are categorical 

and on ordinal scale, the Spearman rank correlation coefficient will be used in this study. 

 Statistical software 

To carry out the analysis in this report, and to visualize the result, the statistical software R 

was used. The grammar provided by the dplyr package made the challenges of data 

manipulation easier, and for tidying the data some functions of the tidyr package were 

helpful. To handle date variables, the package lubridate was used. The package ICD was 

used to map the diagnosis data to the Charlson comorbidities, as well as to assign the 

Charlson and Quan weights and evaluate individual scores.  

To combine functionalities from the different packages in a working flow of data steps, we 

developed several user defined functions (UDFs). A UDF-CCI was developed to compute 

the two indices and calculate the respective comorbidity scores (Charlson weights, and 

Quan [10] weights), as well as to keep track of individual comorbidity profiles. To the best 

of our knowledge, no existing R-package is available that has the same set of functionalities 

for implementation and evaluation of Rx-Risk; we therefore in same logical manner as 

UDF-CCI, coded and developed UDF-RxRisk to identify and score comorbidities through 

the conditions on ATC codes mentioned in section 3.3.2. Outputs of UDF-CCI and UDF-

RxRisk in structure look the same. 

To plot and visualize the results of the comorbidity scoring UDFs; functionalities of 

packages ggplot2, gridExtra and lemon provided the right tools. A unified UDF-plot 

function was developed that can plot the results of UDF-CCI and UDF-RxRisk respectively 

by displaying proportion of individuals over the considered comorbidities.  

  



 

 

 

 

 

4 Results 

The following section presents the identified Charlson and indicated Rx-Risk comorbid 

conditions of the studied population over the whole study period. All individuals have been 

included in the analysis, whether they had data in considered register or not. Thereafter, 

results of the correlation analysis are presented; both correlation between the comorbidity 

scores of indices, as well as for comorbidity scores within each index over the individual 

look-back periods of up to ten years. As previously mentioned, look-backs were made for 

up to eleven years, as a precaution to not lose any information. The eleven-year look-back 

did however not add to the analysis and was therefore discarded. Lifetime look-back refers 

to longest period allowed where individual data is available in either considered registry, 

thus results of 10-year look-backs should be interpreted as of “lifetime” look-backs. 

Comorbidities have also been evaluated by gender and by age (dichotomized as above or 

below the age of 70 years in 2018), for which results are also presented in this section. 

Figures for the subgroup analyses are presented in Appendix C and D.  

Table 3. Characteristics of the study population  

 
Characteristics 

Total 
Mean (SD) or n 

Female 
Mean (SD) or % 

Male 
Mean (SD) or % 

 

 Age 51.79 (17.86) 51.38 (17.68) 52.28 (18.05)  

 Age group 
   

 

 16-25 315 8.58 8.9  

 26-35 476 14 12.23  

 36-45 555 15.23 15.56  

 46-55 641 18.24 17.19  

 56-65 623 17.27 17.25  

 66-75 680 19.11 18.52  

 76-85 319 7.56 10.35  

 Patient register 2056 59.63 40.37  

 Medication register 3487 55.26 44.74  

 Patient and/or Medication register 3515 55.02 44.98  

 Patient and Medication register 2028 60.11 39.89  

 Study population 3609 54.23 45.77  

      

The studied population consisted of 3 609 individuals almost equally distributed among 

males and females. Of those, 3 515 individuals had data available either from the National 

Patient Register, the National Prescribed Medication Register, or from both registers.  



 

 

 

14 

 

That is, they either had a diagnosis in the patient register, a prescribed medicine in the 

medication register, or both. In total, 2 056 individuals were found in the patient register 

and 3 487 individuals were found in the medication register, whilst 2 028 individuals had 

entries in both. Our data from the medication register contained a total of 286 937 

observations, whereas data from the patient register contained a total of 17 382 

observations.  

Of the studied population, 54.23 % were females; of the individuals in the patient register 

59.63 % were females, and for the medication register that number was 55.26 %. The 

youngest individual in the studied population was 16 years and the oldest was 84 years in 

2018. The average age was 51.8 years, and slightly higher among males (52.3 years) than 

of females (51.4 years). The proportion of males and females was similar over most age 

groups, although males were somewhat over-represented in the oldest age group (76-85 

years). The largest age group in the studied population was 66-75 years of age.  

 Comorbidities of the studied population  

Considering lifetime look-back periods (up to 10 years), 87 % of the study population had 

no co-existing diseases covered by the Charlson index. Figure 4 presents the distribution 

over categories for the 13 % who were identified with a comorbid condition. 

 

Figure 4 

Charlson comorbidities for the complete study population over lifetime look-backs. The 

full names of abbreviated conditions are found in Appendix A.  

 



 

 

 

 

 

As displayed, the most common comorbidity identified in the study population was cancer 

(26 %), followed by Chronic Pulmonary Disease (COPD) (21 %). Cancer (28 %) and 

COPD (27 %) were the most common conditions among females, while cancer (25 %) and 

Myocardial Infarction (MI) (24 %) were most common among males (Appendix C). 

Individuals under 70 years, most commonly suffered of COPD (26 %) and cancer (25 %), 

while individuals older than 70 commonly suffered from cancer (27 %), Cerebrovascular 

disease (stroke) (23 %) and MI (23 %). Among individuals over 70 years, DM (20 %) and 

COPD (18 %) were also common (Appendix D).  

For the studied population, as well as for males, dementia and HIV were the least common 

diseases (both <1 %), whereas Peripheral vascular disease (PVD), dementia and paralysis 

were the least common among females (all ≤1 %). None of the individuals were diagnosed 

with a severe liver disease. Furthermore, males suffered from a comorbid condition to a 

greater extent than females, 15 % and 11 % respectively (Appendix C). Individuals over 70 

years had a greater proportion identified conditions compared to individuals under 70 years 

of age, with 29 % and 8% respectively (Appendix D).  

 

 Figure 5  

Rx-Risk comorbidities for the complete study population over lifetime look-backs. The 

full names of abbreviated conditions are found in Appendix B. 

 

Figure 5 displays the distribution of comorbidities among the 84 % of the study population 

who had prescription data indicating an Rx-Risk condition. That is, 16 % either did not 

have any prescription data in the medication register, or had medications not covered by 

the Rx-Risk index. Inflammation was the most common comorbidity (67 %) followed by 

allergies (52 %) and pain (46 %) for the studied population, similarly among males and 
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females separately. Individuals under 70 years, most commonly suffered with inflammation 

(67 %), allergies (56 %) and pain (44 %); whereas individuals over 70 years mainly suffered 

from inflammation (66 %), pain (52 %) and allergies (42 %) (Appendix C, D respectively).  

For the studied population, the least common comorbidities were arrhythmia, bipolar 

disorder, dementia and transplant (all <1%). A number of comorbidities were not identified. 

Moreover, females suffered from a comorbid condition to a greater extent than males (86 

% and 81 % respectively); this number differed even more between individuals under 70 

years (80 %) and over 70 (95 %) (Appendix C, D respectively). 

Table 4 shows the median scores as well as the first and third quartiles (Q1, Q3) using the 

three different scoring methods, alongside with the minimum and maximum scores 

obtained. The minimum score for all methods was zero over all look-back periods, 

indicating that for some individuals no comorbid condition with a weight of at least 1 was 

identified. As can be seen, over all look-back periods the highest scores for CCI and Quan 

were 10 and 9 respectively, out of a maximum possible score of 29 and 24 respectively. 

Out of a theoretical maximum score of 68, the highest calculated score of Rx-Risk was 26 

throughout look-back periods of two to ten years, though it was 25 for the one-year look-

back. 

Table 4. Descriptive statistics of the evaluated comorbidity scores  

Look-back 

periods 

 CCI  Quan  Rx-Risk   

 
Median 

Q1/ 

Q3 

Min/ 

Max 
 Median 

Q1/ 

Q3 

Min/ 

Max 
 Median 

Q1/ 

Q3 

Min/ 

Max 

 

 

1 year  0 0/0 0/10  0 0/0 0/9  0 0/2 0/25   

2 year  0 0/0 0/10  0 0/0 0/9  0 0/3 0/26   

3 year  0 0/0 0/10  0 0/0 0/9  0 0/3 0/26   

4 year  0 0/0 0/10  0 0/0 0/9  2 0/3 0/26   

5 year  0 0/0 0/10  0 0/0 0/9  2 0/3 0/26   

6 year  0 0/0 0/10  0 0/0 0/9  2 0/4 0/26   

7 year  0 0/0 0/10  0 0/0 0/9  2 0/4 0/26   

8 year  0 0/0 0/10  0 0/0 0/9  2 0/5 0/26   

9 year  0 0/0 0/10  0 0/0 0/9  2 0/5 0/26   

10 year  0 0/0 0/10  0 0/0 0/9  2 0/5 0/26   



 

 

 

 

 

The median scores of CCI and Quan was 0 over all look-back periods, as was the first and 

third quartiles, indicating that scores are heavily centered at 0. The first quartile of Rx-Risk 

scores was 0 throughout all look-back periods, while the median was 0 for look-back 

periods of one to three years. The median was 2 for the look-back periods of four to ten 

years. The third quartile went from 2 in the one-year look-back to 3 in the two-year look-

back, 4 at the six-year look-back and 5 by the eight-year look-back period. This increase 

indicates that the Rx-Risk captures more comorbidity when covering a longer time period. 

Figure 6 presents scatterplots of the scores between the three comorbidity methods. 

 

 

Figure 6 

Scatterplots and histograms of evaluated comorbidity scores.  

(a) CCI versus Quan, (b) CCI versus Rx-Risk and (c) Quan versus Rx-Risk. 

6(a) illustrates a positive linear relationship between CCI and Quan (Spearman’s 𝑟 = 0.82) 

as the scores tend to increase together. The histogram on the marginal shows that the scores 

of both methods are heavily centered at 0, which conforms to the previously mentioned 

median scores of 0. As displayed in figure 6(b) and 6(c), the linear relationships are 

relatively week (Spearman’s 𝑟 = 0.34 and 𝑟 = 0.26), though for a low scoring in CCI or 

Quan, Rx-Risk tends to score higher. This could be explained by different comorbidities 

being identified as well as difference in scoring magnitude. The marginal histogram of Rx-

Risk shows that scores are centered at zero with a skewed distribution. The correlation 

between the comorbidity methods will be examined in the next section.  
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 Correlation between indices 

The Spearman correlation between each of the three methods of identifying and scoring 

comorbid conditions is presented in figure 7. Look back periods of two, five and ten years 

have been chosen for each method; to provide an overview of how the scores are correlated 

over different time periods. As can be seen, all correlation coefficients are of positive sign, 

indicating monotonically increasing relationships between methods.   

 

 

 Figure 7  

Spearman correlation between CCI, Quan and Rx-Risk scores for 2, 5 and 10-year look-

backs 

 

Correlation is high between CCI and Quan scores; of magnitude 0.82 (p-value < 0.05) for 

each look-back time, however it varies between 0.54 and 0.69 when comparing over 

different look-back periods. The correlation between Rx-Risk and CCI is low, if not 

negligible, when comparing all look-back periods of Rx-Risk to the two-year look-back of 

CCI. Between all Rx-Risk look-backs and the ten year CCI look-back, the correlation 

coefficient is slightly higher, 0.33 and 0.34 (p-values < 0.05), though it should still be 

considered a low positive correlation. The correlation of Rx-Risk with Quan is even lower 



 

 

 

 

 

than that with CCI; the highest correlation is between the ten-year look-backs (0.26, p-

value < 0.05).  

 Correlation within indices 

Figure 8 shows the linear relationship between Quan scores over all look-back periods 

measured as Spearman’s correlation.  

 

 

Figure 8 

Spearman correlation between Quan scores over all look-back periods 

 

All coefficients are of positive sign, and the lowest correlation (0.52, p-value < 0.05) is 

found between the one- and ten-year look-backs. Following the upper diagonal of the 

correlation matrix, the look-back periods seem to correlate highly with the following 

period; that is, between ten and nine years, nine and eight years, and so on. The strength of 

these relationships measure between 0.91 and 0.97 (p-values < 0.05), with an exception 

for the correlation between the two and one year look-back periods (0.79, p-value =

 0.065). Since the correlation matrix of the original Charlson scores is extremely similar 

with close-to-same implications, it is not commented further. 
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Figure 9 

Spearman correlation between Rx-Risk scores over all look-back periods 

 

As can be seen in figure 9, the Spearman correlation coefficients between the look-back 

periods of the Rx-Risk scores are overall higher than those of the Quan scores. Similarly to 

the previously commented Quan correlation matrix, the weakest correlation of 0.68 (p-

value < 0.05) is found between the one and ten year look-back periods. The correlation 

coefficients are likewise high following the upper diagonal; ranging from 0.89 to 0.99 (all 

p-values < 0.05), with the weakest correlation found between the one and two-year look-

backs and the strongest correlation between the nine and ten year look-backs. Though, as 

opposed to the Quan and CCI correlation matrices, there is no distinguishably large 

difference in the magnitude of the coefficients over time. 

  



 

 

 

 

 

 Summary 

From the study population of 3 609 individuals, 84 % had a prescription medication 

covered by the Rx-Risk comorbid conditions, while 13 % were diagnosed with a condition 

covered by the Charlson comorbidities. Among males and females, the proportion suffering 

from a comorbid condition covered by either index differed; Charlson picked up more 

conditions among males whilst Rx-Risk picked up more conditions among females. Both 

indices picked up more conditions among individuals over 70 years than for those under 

70 years.  

The median scores of CCI and Quan were 0 over all look-back periods, as were the first 

and third quartiles, while the median ranged between 0 and 2 for Rx-Risk scores. The first 

quartile of Rx-Risk was 0, but the third quartile ranged from 0 to 5. A visualization of the 

scores displays a high frequency at 0 for all scoring methods, though also that when CCI 

and Quan may score 0, Rx-Risk picks up more conditions.  

The high correlation between CCI and Quan scores (0.82) over all look back periods was 

as expected, since the two methods follow the same principle of scoring. Worth noting is 

that the correlation of Rx-Risk with CCI was overall higher than that of Rx-Risk with Quan. 

The reason to this may be that the original Charlson scoring method includes, and scores, 

more comorbidities than the Quan method; hence having more overlap with comorbidities 

picked up by the Rx-Risk method. With that said, the actual correlation is low between the 

two methods, and in some cases even negligible.  

The relatively low correlation between the one and two-year look-backs of Quan scores 

(0.79) and the higher correlation between the two and three year look-backs (0.91), suggests 

that much of the identified comorbidities were diagnosed between one and two years before 

the individual index dates. From the two-year look-back period, each look-back correlate 

much higher with the following period (between 0.91 and 0.97), indicating that little has 

happened between those time periods. The correlation between look-backs of CCI scores 

was similar and is therefore not commented further.  

The high correlation of each look-back period with the following period of Rx-Risk scores 

(ranging between 0.89 and 0.99) instead suggests that much of the indicated comorbidities 

is identified from medication dispensing information within one year retrospectively from 

index date. This could probably be related to the continuity of medication dispensing, as 

visualized in figure 10. 
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Figure 10 

Visualization of how the difference of entries in registries can explain the correlation 

between look-back periods of Quan scores and Rx-Risk scores respectively. Diagnoses 

are identified and scored with Quan between the 1- and 2-year look-backs. Medication 

dispensing is done regularly, and conditions are indicated and scored with Rx-Risk 

within the 1-year look-back. 

 

  



 

 

 

 

 

5 Discussion  

The purpose of this study was to compare the Charlson Comorbidity Index and Rx-Risk 

Index, by applying the methods to data from the Swedish National Patient Register and 

National Prescribed Medication Register; and evaluate the results generally, as well as 

based on age and gender. Furthermore, we wanted to examine the correlation between the 

Charlson index and the Rx-Risk index, and also the correlation within each index 

retrospectively over a ten-year period.  

The Spearman correlation between Rx-Risk and Charlson index resulted in a fairly low 

coefficient of 0.34 (original Charlson and Rx-Risk) and 0.26 (Quan and Rx-Risk), 

statistically significant on a 5% significance level, based on a sample size of about 3 600. 

This is similar to the results of the Australian health care study by Lu, et al. [1], which was 

based on a larger sample size of about 94 700 individuals and concluded a Spearman 

correlation coefficient below 0.3 between the original Charlson and Rx-Risk scores. The 

weak correlation could for example be explained by both overlapping and non-overlapping 

comorbid conditions.  

While the overlapping of conditions could lead to a higher correlation between Charlson 

and Rx-Risk due to parallel scoring, it could also have the opposite effect on the correlation. 

One possible explanation could be that Charlson and Quan relies on stated diagnoses in the 

patient register, which only covers diseases and treatments in the Swedish inpatient and 

specialist outpatient care, to identify comorbidities. On the contrary, Rx-Risk relies on the 

prescription of medication in the medication register that covers information on all 

prescriptions dispensed from the pharmacies. Therefore, the frequency of registries differs 

largely between the two registers (see example in figure 10); the data used in this report 

had a total of 286 937 entries in the medication register and 17 382 entries in the patient 

register. For conditions included in both indices, the point in time where comorbidity is 

identified could therefore vary broadly between the methods.  

As an example, an individual diagnosed with diabetes in the patient register in 2010 but 

with dispensing of insulin up until 2018 in the medication register would be identified with 

the condition in 2010 by Charlson index and in 2018 by Rx-Risk. An overlapping condition 

could also theoretically be identified in only one of the registers for different reasons, one 

being that an individual is treated for the condition solely in the primary care, and therefore 

only the Rx-Risk method is able to map the comorbidity. In the specific case of this report, 

a diagnosis could have been stated earlier than data is available, and not be covered by the 

look-back periods. This could particularly be the case for older individuals who might have 

a more extensive medical history. For the many diseases only covered by one index, the 

lack of overlapping could instead contribute to the low correlation. 

The discussed impact of look-back periods connects to the subject of index date evaluation, 

which could be done in numerous of ways. We chose index date as the date of the last 

registry in either of the registers for each individual, but by evaluating it differently we 

would probably have a different result. This is due to the fact that different calendar time 
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windows would be covered; for example, since prescription practice might have a seasonal 

trend, or that certain conditions are more likely to be diagnosed in particular for elderly 

population. We did not take into consideration the individual availability of data over the 

look-back periods, which means that the “lifetime” (ten-year) look-backs probably varies 

in length for each individual. A possible way of handling this would be to only include 

individuals with a minimum of ten years of data available in both registers, however that 

would leave us with a fairly small study population. Though when using indices for specific 

research purposes, index date can be evaluated more intuitively, for example as the date of 

diagnosis of a primary condition or the date of death. 

The results of this study showed that for those over 70 years, the presence of chronic disease 

conditions covered by Charlson and Rx-Risk was markedly higher than for those under 70. 

This goes in line with a world population growing to be older and sicker [30], which evokes 

for an increased use of comorbidity measures in health service research. The age of 70 and 

above also relates to a relevant and discussed age group in Sweden at the time of writing 

this report (May 2020), as it makes for an officially reported risk group in the emerging 

coronavirus disease 2019 (Covid-19) pandemic [31].  

An early nationwide study from China (26th of March 2020), mapped the comorbid 

conditions of 1590 laboratory-confirmed hospitalized Covid-19 patients; analyzing 

composite endpoints consisting of admission to intensive care unit, or invasive ventilation, 

or death. The risk of reaching these stages was compared to the presence of comorbidities, 

concluding that patients with any comorbidity suffered poorer clinical outcomes than those 

without, and that a greater number of comorbidities also correlated with poorer clinical 

outcomes [32]. At the time of writing, the Swedish National Board of Health and Welfare 

has analyzed the occurrence of comorbidity in individuals deceased from Covid-19 in 

Sweden; of which high blood pressure, cardiovascular diseases, diabetes and pulmonary 

diseases were common [33]. A summary comorbidity measure such as the Charlson or Rx-

Risk could add to enhanced characterization of considered patient groups.  

A limitation of the Charlson and Rx-Risk as applied in this report, is that only the 

occurrence of comorbid conditions has been taken into account, and not the number of 

times a condition has been identified for the same individual during considered calendar 

period. That is, an individual only identified once with a condition, by either index, has 

been assigned the same score as an individual with the same condition stated several times. 

It could therefore be of interest to consider observed frequency of a certain comorbidity 

identified for an individual as an influencing factor for the scoring procedure. 

Another possible development could be to merge the two indices together, to create a 

comprehensive comorbidity index able to cover many comorbid conditions, regardless if 

they are treated in the inpatient and specialist outpatient care or in the primary care. In that 

case, a proper weighting scheme needs to be determined. Though for the utilization of either 

Charlson or Rx-Risk, the specific research question at hand and availability of data sources 

will undoubtedly determine which index is more appropriate to use.  



 

 

 

 

 

For future studies, a more detailed approach for the correlation analysis of comorbidity 

scores between methods, based on gender and age strata, could lead to enhanced 

characterization. Perhaps even use a correlation metric that captures a wider range of 

associations, since the Spearman rank correlation coefficient is somewhat limited in its 

ability to detect non-linear relationships. One of several suitable correlation coefficients 

would be the Maximal Information Coefficient (MIC) [34]. We might explore these 

approaches and ideas in future work. 

  



 

 

 

26 

 

References 

[1]  Y. L. Christine, J. Barratt, A. Vitry och E. Roughead, ”Charlson and Rx-Risk 

comorbidity indices were predictive of mortality in the Australian health care 

setting,” Journal of Clinical Epidemiology, vol. 64, nr 2, pp. 223-228, 2011.  

[2]  A. Feinstein, ”The pre-therapeutic classification of co-morbidity in chronic disease,” 

Journal of Chronic Diseases, vol. 23, nr 7, pp. 455-468, 1970.  

[3]  K. L. Dominick, T. K. Dudley, C. J. Coffman och H. B. Bosworth, ”Comparison of 

three comorbidity measures for predicting health service use in patients with 

osteoarthritis,” Arthritis Care & Research , vol. 53, nr 5, pp. 666-672, 2005.  

[4]  W. H. Hall, R. Ramanathan, S. Narayan, A. B. Jani and S. Vijayakumar, "An 

electronic application for rapidly calculating Charlson comorbidity score," BMC 

Cancer, vol. 4:94, 2004.  

[5]  H. Quan, V. Sundararajan, P. Halfon, A. Fong, B. Burnand, J.-C. Luthi, L. D. 

Saunders, C. A. Beck, T. E. Feasby och W. A. Ghali, ”Coding Algorithms for 

Defining Comorbidities in ICD-9-CM and ICD-10 Administrative Data,” Medical 

Care, vol. 43, nr 11, pp. 1130-1139, 2005.  

[6]  V. de Groot, H. Beckerman, G. J. Lankhorst and L. M. Bouter, "How to measure 

comorbidity: a critical review of available methods," Journal of Clinical 

Epidemiology, vol. 56, no. 3, pp. 221-229, 2003.  

[7]  S. R. Austin, Y.-N. Wong, R. G. Uzzo, R. J. Beck och B. L. Egleston, ”Why summary 

comorbidity measures such as the Charlson Comorbidity Index and Elixhauser score 

work,” Med Care, vol. 53, nr 9, pp. 64-72, 2016.  

[8]  C. Melfi, E. Holleman, D. Arthur och B. Katz, ”Selecting a patient characteristics 

index for the prediction of medical outcomes using administrative claims data,” 

Journal of Clinical Epidemiology, vol. 48, nr 7, pp. 917-926, 1995.  

[9]  R. A. Deyo, D. C. Cherkin och M. A. Ciol, ”Adapting a clinical comorbidity index 

for use with ICD-9-CM administrative databases,” Journal of Clinical Epidemiology, 

vol. 45, nr 6, pp. 613-619, 1992.  

[10]  H. Quan, B. Li, C. M. Couris, K. Fushimi, P. Graham, P. Hider, J.-M. Januel and V. 

Sundararajan, "Updating and Validating the Charlson Comorbidity Index and Score 

for Risk Adjustment in Hospital Discharge Abstracts Using Data From 6 Countries," 

American Journal of Epidemiology, vol. 173, no. 6, pp. 676-682, 2011.  

[11]  M. Von Korff, E. H. Wagner and K. Saunders, "A chronic disease score from 

automated pharmacy data," Journal of Clinical Epidemiology, vol. 45, no. 2, pp. 197-

203, 1992.  



 

 

 

 

 

[12]  N. L. Pratt, M. Kerr, J. D. Barratt, A. Kemp-Casey, L. M. Kalisch Ellett, E. Ramsay 

and E. E. Roughea, "The validity of the Rx-Risk Comorbidity Index using medicines 

mapped to the Anatomical Therapeutic Chemical (ATC) Classification System," BMJ 

Open, vol. 8, no. 4, p. 2, 2018.  

[13]  Socialstyrelsen, "Historik om patientregistret," 06 03 2020. [Online]. Available: 

https://www.socialstyrelsen.se/statistik-och-data/register/alla-

register/patientregistret/historik/. [Accessed 13 04 2020]. 

[14]  Socialstyrelsen, "Läkemedelsregistret - ger säkra fakta om läkemedel på recept," 06 

2019. [Online]. Available: https://www.socialstyrelsen.se/globalassets/sharepoint-

dokument/dokument-webb/ovrigt/halsodataregister-lakemedelsregistret-nyttan-

med-register.pdf. [Accessed 15 04 2020]. 

[15]  A. Elixhauser, C. Steiner, D. Harris and R. Coffey, "Comorbidity measures for use 

with administrative data," Med Care, vol. 36, no. 1, pp. 8-27, 1998.  

[16]  M. E. Charlson, P. Pompei, K. L. Ales och R. C. MacKenzie, ”A new method of 

classifying prognostic comorbidity in longitudinal studies: development and 

validation,” Journal of Chronic Disease, vol. 40, nr 5, pp. 373-383, 1987.  

[17]  Socialstyrelsen, "Klassifikationen ICD-10," 08 11 2019. [Online]. Available: 

https://www.socialstyrelsen.se/utveckla-verksamhet/e-halsa/klassificering-och-

koder/icd-10/. [Accessed 15 04 2020]. 

[18]  World Health Organization, "Classification of Diseases (ICD)," [Online]. Available: 

https://www.who.int/classifications/icd/en/. [Accessed 15 04 2020]. 

[19]  Socialstyrelsen, "Inledning till ICD-10-SE (Del 1)," 2016. [Online]. Available: 

https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/dokument-

webb/klassifikationer-och-koder/icd10se-inledning-till-icd10se-utdrag-fran-del1-

2016.pdf. [Accessed 15 04 2020]. 

[20]  E. m. agency, "European medicines agency," [Online]. Available: 

https://www.ema.europa.eu/en/glossary/atc-code . 

[21]  Norwegian Institute of Public Health - WHO Collaborating Centre for Drug Statistics 

Methodology, "ATC: Structure and principles," 15 02 2018. [Online]. Available: 

https://www.whocc.no/atc/structure_and_principles/. [Accessed 13 04 2020]. 

[22]  The Public Health Agency of Sweden, "Public Health Reporting," 22 May 2018. 

[Online]. Available: https://www.folkhalsomyndigheten.se/the-public-health-

agency-of-sweden/public-health-reporting/. [Accessed 17 04 2020]. 

[23]  Folkhälsomyndigheten, "Nationella folkhälsoenkäten - Hälsa på lika villkor," 30 01 

2020. [Online]. Available: 



 

 

 

28 

 

https://www.folkhalsomyndigheten.se/folkhalsorapportering-statistik/om-vara-

datainsamlingar/nationella-folkhalsoenkaten/. [Accessed 13 04 2020]. 

[24]  J. Maret-Ouda, W. Tao, K. Wahlin and J. Lagergren, "Nordic registry-based cohort 

studies: Possibilities and pitfalls when combining Nordic registry data," 

Scandinavian Journal of Public Health, vol. 45, no. 17, pp. 14-19, 2017.  

[25]  Socialstyrelsen , "Patientregistret- kan ge ledtråd kring stroke och hjärtinfarkt," 

Nyttan med Patientregistret , 06 2019.  

[26]  Socialstyrelsen, "Information available in the National Patient Register (NPR)," 07 

07 2016. [Online]. Available: 

https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/dokument-

webb/statistik/information-in-the-national-patient-register.pdf. [Accessed 15 04 

2020]. 

[27]  Malawi-Liverpool Wellcome Trust Clinical Research Program; Department of 

Community Health, College of Medicine, University of Malawi; The Liverpool 

School of Tropical Medicine, Liverpool, L69 3GA, UK, University of Liverpool, "A 

guide to appropriate use of Correlation coefficient in medical research," Malawi 

Medical Journal, vol. 24, no. 3, pp. 69-71, 2012.  

[28]  M. Clark, "Github/Michael Clark," 2 May 2013. [Online]. Available: https://m-

clark.github.io/docs/CorrelationComparison.pdf. [Accessed 21 04 2020]. 

[29]  J. Hauke and T. Kossowski, "Comparison of values of Pearson's and Spearman's 

correlation coeffiencents on the same sets of data," Adam Mickiewicz University, 

Institute of Socio-Economic Geography and Spatial Management, Poznań, Poland, 

2011. 

[30]  World Health Organization, ”World Report on Ageing And Health,” 2015. [Online]. 

Available: 

https://apps.who.int/iris/bitstream/handle/10665/186463/9789240694811_eng.pdf;js

essionid=B1BA4AE565742C7A712D5FB72E44E7C5?sequence=1. [Accessed 07 

05 2020]. 

[31]  Folkhälsomyndigheten, ”Information till riskgrupper om covid-19,” 07 05 2020. 

[Online]. Available: https://www.folkhalsomyndigheten.se/smittskydd-

beredskap/utbrott/aktuella-utbrott/covid-19/rad-och-information-till-riskgrupper/. 

[Accessed 07 05 2020]. 

[32]  China Medical Treatment Expert Group for Covid-19, ”Comorbidity and its impact 

on 1590 patients with Covid-19 in China: A Nationwide Analysis.,” European 

Respiratory Journal [Epub ahead of print], 2020.  



 

 

 

 

 

[33]  Socialstyrelsen, "Statistik över antal avlidna i covid-19," 27 04 2020. [Online]. 

Available: https://www.socialstyrelsen.se/statistik-och-data/statistik/statistik-over-

antal-avlidna-i-covid-19/. [Accessed 07 05 2020]. 

[34]  D. N. Resnef, Y. A. Reshef, H. K. Finucane, S. R. Grossman, G. McVean, P. J. 

Turnbaugh, E. S. Lander, M. Mitzenmacher och P. C. Sabeti, ”Detecting Novel 

Associations,” Research Articles, vol. 334, pp. 1518-1524, 2011.  

[35]  A. Vitry, S. A. Wong, E. E. Roughead and E. R. B. J. Ramsay, "Validity of 

medication‐based co‐morbidity indices in the Australian elderly population," vol. 13, 

no. 3, 2009.  

[36]  K. Sloan, A. Sales, P. Fishman, P. Nichol, N. Suzuki and N. Sharp, "Construction and 

characteristics of the RxRisk-V: a VA-adapted pharmacy-based case-mix 

instrument," Med Care, vol. 41, no. 6, pp. 761-774, 2003.  

 

 

  



 

 

 

30 

 

Appendix A: ICD-10 codes used to evaluate CCI 
comorbidity profiles and scores 
Myocardial infarction 

(MI) 
I21.x, I22.x, I25.2 

Congestive heart 

failure (CHF) 

I09.9, I11.0, I13.0, I13.2, I25.5, I42.0, I42.5 - I42.9, I43.x, I50.x, 

P29.0 

Peripheral vascular 

disease (PVD) 

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 

Cerebrovascular 

disease (Stroke) 

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

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

Chronic pulmonary 

disease (COPD) 

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

 

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

Peptic ulcer disease 

(PUD) 

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 

Diabetes without 

chronic complication 

(DM) 

E10.0, E10.1, 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 (DMcx) 

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 

Hemiplegia or 

paraplegia (Paralysis) 

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

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 

Any malignancy, 

including lymphoma 
and leukemia, except 

malignant neoplasm of 

skin (Cancer) 

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 

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 

Metastatic solid tumor 

(Mets) 
C77.x - C80.x 

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

 



 

 

 

 

 

Appendix B: ATC codes used to evaluate Rx-Risk 
comorbidity profiles and scores 
Allergies R01AC01-R01AD60, R06AD02-R06AX27, R06AB04 

Anticoagulants B01AA03-B01AB06, B01AE07, B01AF01, B01AF02, B01AX05 

Antiplatelets B01AC04-B01AC30 

Anxiety N05BA01-N05BA12, N05BE01 

Arrhythmia C01AA05, C01BA01-C01BD01, C07AA07 

Benigm prostatic 

hyperplasia (BPH) 

G04CA01-G04CA99, G04CB01, G04CB02 

Bipolar disorder N05AN01 

Chronic Airways 

Disease (CAD) 

R03AC02-R03DC03, R03DX05 

Congestive Heart 

Failure (CHF) 

C03DA02-C03DA99, C07AB02 

Dementia N06DA02-N06DA04, N06DX01 

Depression N06AA01-N06AG02, N06AX03-N06AX11, N06AX13-N06AX18, 

N06AX21-N06AX26 

Diabetes A10AA01-A10BX99 

Epilepsy N03AA01-N03AX99 

Glaucoma S01EA01-S01EB03, S01EC03-S01EX99 

Gastrooesophageal 

reflux disease (GERD) 

A02BA01-A02BX05 

Gout M04AA01-M04AC01 

HIV J05AE01-J05AE10, J05AF12-J05AG05, J05AR01-J05AR99, 

J05AX07-J05AX09, J05AX14, J05AX15, J05AB04 

Hyperkalemia V03AE01 

Hyperlipidemia A10BH03, C10AA01-C10BX09 

Hypertension (HTN) C03AA01-C03BA11, C03DB01, C03DB99, C03EA01, C09BA02-

C09BA09, C09DA02-C09DA08, C02AB01-C02AC05, C02DB02-

C02DB99, C03CA01-C03CC01, C09CA01-C09CX99 

Hyperthyroidism H03BA02, H03BB01 
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Hypothyroidism H03AA02-H03AA02 

Irritable bowel 

syndrome (IBS) 

A07EC01-A07EC04, A07EA01-A07EA02, A07EA06, L04AA33 

Ischaemic heart disease 

(IHD), angina 

C01DA02-C01DA14, C01DX16, C08EX02 

Ischaemic heart disease 

hypertension 

(IHD.HTN) 

C07AA01-C07AA06, C07AA08-C07AB01, C07AB02 

 

Incontinence G04BD01-G04BD99 

Inflammation/pain M01AB01-M01AH06 

Liver failure (LF) A06AD11, A07AA11 

Malignancies L01AA01-L01XX41 

Malnutrition B05BA01-B05BA10 

Migraine N02CA01-N02CX01 

Osteoporosis/Paget's M05BA01-M05BB05, M05BX03, M05BX04, G03XC01, H05AA02 

Pain N02AA01-N02AX02, N02AX06, N02AX52, N02BE51 

Pancreatic 

Insufficiency (PI) 

A09AA02 

Parkinson's disease N04AA01-N04BX02 

Psoriasis D05AA01-D05AA99, D05BB01-D05BB02, D05AC01-D05AC51, 

D05AX02, D05AX52 

Psychotic illness N05AA01-N05AB02, N05AB06-N05AL07, N05AX07-N05AX13 

Pulmonary 

Hypertension (PHTN) 

C02KX01-C02KX05 

Renal disease (RD) B03XA01-B03XA03, A11CC01-A11CC04, V03AE02, V03AE03, 

V03AE05 

Smoking cessation N07BA01-N07BA03, N06AX12 

Steroid-response 

disease (SRD) 

H02AB01-H02AB10 

Transplant  L04AA06, L04AA10, L04AA18, L04AD01, L04AD02 

 

 



 

 

 

 

 

Appendix C: Identified comorbidities by gender  

 

Figure 11 

Charlson comorbidities among females over lifetime look-backs 

 

Figure 12  

Charlson comorbidities among males over lifetime look-backs 
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Figure 13 

Rx-Risk comorbidities among females over lifetime look-backs 

 

Figure 14  

Rx-Risk comorbidities among males over lifetime look-backs 

 



 

 

 

 

 

Appendix D: Identified comorbidities by age 

 

Figure 15  

Charlson comorbidities among individuals under 70 years over lifetime look-backs 

 

Figure 16  

Charlson comorbidities among individuals over 70 years over lifetime look-backs 
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Figure 17  

Rx-Risk comorbidities among individuals under 70 years over lifetime look-backs 

 

Figure 18  

Rx-Risk comorbidities among individuals over 70 years over lifetime look-backs 
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