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Purpose: Comorbidity indices are often used to measure comorbidities in register-based 
research. We aimed to adapt the Charlson comorbidity index (CCI) to a Swedish setting.
Methods: Four versions of the CCI were compared and evaluated by disease-specific 
experts.
Results: We created a cohesive coding system for CCI to 1) harmonize the content between 
different international classification of disease codes (ICD-7,8,9,10), 2) delete incorrect 
codes, 3) enhance the distinction between mild, moderate or severe disease (and between 
diabetes with and without end-organ damage), 4) minimize duplication of codes, and 5) 
briefly explain the meaning of individual codes in writing.
Conclusion: This work may provide an integrated and efficient coding algorithm for CCI to 
be used in medical register-based research in Sweden.
Keywords: Charlson comorbidity score, comorbidity, disease, epidemiology, public health, 
Sweden

Plain Language Summary
The Charlson co-morbidity index (CCI) is a disease index that was originally created to 
predict short-term mortality. The CCI is a list of international classification of disease (ICD) 
codes from the following diseases: myocardial infarction, congestive heart failure, peripheral 
vascular disease, cerebrovascular disease, pulmonary diseases, rheumatic disease, dementia, 
hemiplegia, diabetes, chronic kidney disease, liver disease, peptic ulcer disease, cancer and 
HIV/AIDS. Over time the CCI has been increasingly used as a proxy for comorbidity burden 
and is often used as a co-variate, for instance, in regression models.

There are currently several available versions of the CCI. This creates confusion, 
increases the risk of mistakes and requires individual researchers to spend considerable 
time examining included codes.

In this study, we reviewed the four CCI versions to harmonise them into one version 
adapted to register-based research in Sweden. When doing so we aimed to delete incorrect 
codes, better distinguish between mild and moderate-severe disease, as well as to minimise 
the duplication of codes. Finally, we provide explanations of all included ICD codes.

Introduction
Comorbidities often play an important role in health outcomes and survival. They 
may also influence the relationship between various exposures and other health 
outcomes as well as quality of life for a given condition. In epidemiology, two main 
approaches to adjust for comorbidity can be discerned: (I) adjusting for separate 
disorders or (II) creating a numeric index that can be included in a statistical model. 
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Numerical indices resulting in scores have the additional 
advantage that they enable researchers to stratify results 
according to comorbidity burden. One of the most used 
scores in the world is the Charlson comorbidity index 
(CCI).1 The original paper from 1987 in which Charlson 
et al describe their approach to measure comorbidity1 has 
been cited over 4000 times.

The CCI was created to predict 1-year-mortality but 
has further been used to predict a range of outcomes.2,3 

This numerical score is also used to adjust for 
comorbidity.4,5 The original CCI assigned different scores 
for different comorbidities, ranging from 1 point for each 
of myocardial infarction, congestive heart failure, periph-
eral vascular disease, dementia, cerebrovascular disease, 
chronic lung disease, connective tissue disease, ulcer, 
chronic liver disease, diabetes; 2 points for each of hemi-
plegia, moderate or severe kidney disease, diabetes with 
end-organ damage, tumor, leukemia, lymphoma; 3 points 
for moderate or severe liver disease; and 6 points for 
tumor metastasis or AIDS.

Over time, the CCI has been modified, revised and sim-
plified, with some versions receiving their own names 
(Charlson/Deyo,6 Charlson/Romano,7 Charlson/Manitoba,8 

Charlson/D’Hoores,9 Charlson/Ghali10 and Charlson/ 
Quan11). These versions often use different models based on 
weighting of comorbidities.12 For instance, Quan et al also 
included leukemia and lymphoma among malignancies11 and 
widened “hemiplegia“ to ”paresis/plegia”, including condi-
tions affecting symmetrical parts as well as the whole body.

In addition, individual researchers have constructed 
their own comorbidity indices based on the CCI with the 
risk of errors entering algorithms. Existing algorithms 
often contain long lists of international classification of 
disease (ICD) codes but rarely explain the underlying 
meaning of individual codes. Finally, although there are 
algorithms (such as ICD-8, 9 and 10 codes), ICD-7 codes 
are often missing despite frequent use in epidemiological 
research in Sweden.

This work sought to adapt the CCI to Swedish settings 
and the Swedish versions of ICD, including ICD-7.

Methods
We compared four CCI algorithms used in Sweden to 
suggest one unique system.

We retrieved the coding lists for the Charlson/Quan 
index11 and compared their ICD codes11 to those of two 
unofficial CCI versions used in Sweden (one used at 
Uppsala University13,14 based on the Charlson/Quan 

index11 and one used at Karolinska Institutet,15 likely 
based on the Charlson/Deyo index6), and finally, to a 
Harvard algorithm (ICD-9 and ICD-10) that has pre-
viously been applied to Swedish data.16

Codes from the four systems were listed according to 
the comorbidity they belonged to (eg, myocardial infarc-
tion, rheumatic disease, moderate or severe liver disease) 
and according to ICD version used. Only the Karolinska 
Institutet CCI version contained ICD-7 codes.

JFL (first author) and a research assistant added 
Swedish and English descriptions (eg, ICD-9 250B: 
“Diabetes med ketoacidos” in Swedish, “diabetes with 
ketoacidosis”) to all individual codes (Table 1) to facilitate 
their review.

Disease-specific experts or specialists were then con-
tacted and invited to review the ICD-7, 8, 9 and 10 codes 
in their field: myocardial infarction (SJ), congestive heart 
failure (JS), peripheral vascular disease (JFL), cerebrovas-
cular disease (PA), pulmonary disease (ME and BJ), rheu-
matology (JA), dementia (NLP), hemiplegia (HS), 
diabetes (JFL), kidney disease (JJC), liver disease (HH), 
peptic ulcer disease (JFL), cancer (KES), metastatic cancer 
(KES) and HIV/AIDS (AME). All co-authors were then 
invited to review the complete Table 1, to offer comments 
on the coding.

We sought to construct a CCI adapted to Swedish 
settings and ICD codes based on the Quan version of the 
Charlson index,11 with the following specific aims: to (I) 
create a cohesive system in which the contents of ICD-7, 
8, 9 and 10 are as similar as possible, (II) delete incorrect 
codes, (III) better distinguish between mild, moderate or 
severe disease (and between diabetes with and without 
end-organ damage), (IV) avoid duplication of codes since 
this creates a falsely high comorbidity score (eg, if “dia-
betes with kidney disease” is listed both under diabetes 
and under kidney disease that will yield points in both 
categories) and (V) to list codes with Swedish and English 
explanations to increase the transparency and understand-
ing of the codes (Table 1). Furthermore, we harmonized 
the content of each disease area, so that the ICD-7, 8, and 
10 lists corresponded to the ICD-9 content of the 
Charlson/Quan index.11

Ethics
Because this study did not involve individual patient data, 
no ethical approval or informed consent was required 
under Swedish law.17
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Results
Four coding lists were compared and a new collective list 
was created (Table 1). Besides adding ICD-7 codes for 
several conditions, we also list ICD-9 codes with letters 
rather than digits (Table 1). Below we review the addition 
and removal of codes based on the above expert review.

Organ-Specific Comments
Myocardial Infarction
We added ICD-8 codes 412,01 and 412,91, representing 
post-infarction syndrome with and without hypertension. 
These post-infarction codes mean the diagnosis occurred 
several weeks earlier, leaving no exact date of diagnosis. 
Other ICD-8 codes, beginning with 412, were not included 
in our classification because they represent heart athero-
sclerosis with no infarction.

Heart Failure
We chose not to include cardiomyopathy caused by 
Chagas disease because of its rarity in Sweden; nor did 
we include restrictive cardiomyopathy and non-specific 
rheumatoid heart disease as these conditions rarely 
cause heart failure. Finally, we chose not to include 
neonatal heart failure in that the relevance of this for 
adult heart function is unclear (and the CCI is usually 
used in studies of adults). The code P29.0 for neonatal 
heart failure was otherwise included in Quan’s enhanced 
ICD-10, but no corresponding code was listed for Quan’s 
enhanced ICD-9.11 We excluded ICD-8 code 782,40 as it 
suggests acute (transient) disease rather than the usual 
heart failure and is typically part of cardiogenic shock. 
Also, ICD-9 code 414X was omitted as it is not specific 
enough to qualify as heart failure.

Peripheral Vascular Disease
Neither did we specifically include cerebral aneurysm 
since it was already included among the cerebrovascular 
diseases in our classification. Quan et al11 include the ICD- 
9 code 47.1. This is probably a typo and this code was 
therefore excluded.

Cerebrovascular Disease
We chose not to include H34 (retinal occlusion). While 
this condition has similar treatment recommendations to 
stroke, it is not regarded as stroke in Sweden (as defined 
by the Swedish Stroke Quality Register18). We omitted 
ICD-10 code I65 given that this code (occlusion and 
stenosis of pre-cerebral arteries) is not conditional on 
stroke, but should only be used post-transient ischemic 

attack (TIA) when carotid stenosis is discovered. Hence, 
these patients are likely to be discovered through relevant 
ICD codes for TIA. Moreover, we did not include ICD-10 
code I66, given that it is not equal to cerebral infarction. 
I68 and G46 are only used as secondary diagnoses when 
other stroke ICD codes have already been used and were 
thus not included.

Chronic Obstructive Pulmonary Disease (COPD)
We added ICD-7 code 501 (unspecific bronchitis), but only 
listed ICD-10 codes J41-J42 under “other chronic pulmon-
ary diseases” to minimize duplication.

Other Chronic Pulmonary Diseases (Including 
Pneumoconiosis and Chronic Respiratory Conditions 
Due to Fumes and Vapors)
Here, we added the ICD-7 code for asthma (241), but also 
extended the ICD-7-codes to include not only 523–524 
(pneumoconiosis) but also 523–526 (other interstitial 
lung disorders and bronchiectasis). Similarly, we added 
the ICD-8-code for bronchiectasis (518).

We did not include pulmonary heart disease because 
the pathogenesis of this disease is cardiovascular (ICD-9: 
416). We chose to include all ICD-9 codes beginning with 
506 and 508 (506, respiratory conditions due to fumes and 
vapors; 508, respiratory conditions due to non-specified 
external causes), instead of the 506E/508E codes, which 
are limited to chronic conditions (and similarly for ICD-10 
codes J68 and J70).

Rheumatic Disease
We chose not to include myalgia and fibrositis (ICD-7: 
726.3) for lack of specificity, or non-specific rheumatic 
disease (ICD-7: 727) but included 456.0–456.3 (ICD-7) 
for systemic lupus erythematosus (SLE) and various less 
common rheumatic disorders.

Chronic interstitial lung disease was moved to the 
chapter “Other chronic pulmonary diseases”. We did not 
include dermatomyositis that was secondary to cancer 
(ICD-10: M36.0). Osteoarthritis (ICD-10-codes M15- 
M19 and equivalent) was not included either.

Dementia
We added vascular dementia from ICD7-10. We did not 
include dementia secondary to brain tumor (ICD-7: 308) 
as such conditions should be coded in the cancer chapter. 
Nor did we include transient dementia due to brain infec-
tions (ICD-9: 309) or ICD-8 codes 293,0–1 since they do 
not represent vascular dementia.
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Diabetes
We included different diabetes types, including diabetes 
with emergency complications that did not automatically 
cause end-stage kidney disease. We also included diabetes 
with coma in this category rather than in diabetes with 
end-organ damage in that coma does not necessarily indi-
cate end-stage organ damage.

Diabetes with End-Organ Damage
We restricted ICD codes to complications. Moreover, 
“only diabetes” (eg, ICD-7 code 260,09) or “unspecified 
diabetes” (ICD-8 code 250,00) was not included in the 
end-organ damage category. Of note is that not all diabetic 
complications lead to end-stage organ damage. For that 
reason, our list does not include emergency complications 
(eg, diabetic ketoacidosis or diabetes with hypoglycemia), 
even if life-threatening. Nor did we include E10.8-E14.8 
(position x.8) as they represent non-specified complica-
tions and it is not clear whether such complications are 
acute or chronic and to what extent they involve end-stage 
organ damage.

Liver Disease
We included viral hepatitis (independently of chronicity) 
and autoimmune hepatitis in mild liver disease but did not 
include other chronic liver diseases as the original CCI 
only lists “hepatitis”; nor did we include the following 
liver diseases among moderate or severe liver diseases: 
other sequelae of chronic liver disease (ICD-9: 572W), or 
gastric varices (ICD-10: I86.4). ICD codes for cirrhosis 
without portal hypertension were also defined as mild liver 
disease (as well as cirrhosis when portal hypertension was 
not mentioned). When an ICD code for mild liver disease 
was coded with a code for ascites, we suggest that the 
patient is reclassified as having moderate or severe liver 
disease. Additional codes for moderate or severe liver 
disease encompassed specific codes associated with portal 
hypertension.

Hemiplegia
The original CCI only included hemiplegia/hemiparesis 
and not the conditions affecting symmetrical parts (para-
plegia/paraparesis) or the whole body (tetraplegia/ 
tetraparesis).1 In their enhanced ICD-9 and ICD-10 algo-
rithm, Quan et al11 chose to incorporate these conditions 
and, therefore, we also included their ICD codes. In addi-
tion, we decided to include all subcategories of cerebral 
palsy as many patients have mixed forms and the choice of 
a subcategory is not always correct. We excluded cauda 

equina syndrome and paralysis unspecified as these condi-
tions include diseases with different etiology and degree 
and nature of disability.

Moderate or Severe Kidney Disease
We chose not to include kidney hyperplasia (ICD-7 code 
603) or kidney cysts (ICD-8 code 593.21) because these 
conditions alone do not necessarily represent moderate or 
severe kidney disease. We included the ICD-9 code 583 
(nephritis). This code does not specify whether the condi-
tion is acute or chronic (which is no requirement in the 
CCI) but requires that anatomical or histopathological 
changes in the kidney have been confirmed. In contrast, 
pyelonephritis was not regarded as moderate or severe 
kidney disease.

Any Malignancy Including Leukemia and Lymphoma
The cancer code list is long and can be summarized with 
some notable exceptions (Table 1). For instance, Sweden 
never used codes 175–179 in ICD-8 or C87 in ICD-10. We 
omitted non-melanoma skin cancer from the Swedish CCI. 
Finally, the ICD-10 code C86 was added, which represents 
aggressive T-cell lymphoma.

Cancer Metastases
We assumed that the ICD-9 199 and the ICD-10 C80 
codes mostly represent metastatic disease; hence, they 
were included in our list.

HIV/AIDS
Sweden did not use ICD-9 codes 042–044 to record HIV/ 
AIDS (personal communication, Swedish National Board 
of Health and Welfare, April 28, 2020). While B23.2 is the 
most commonly used ICD-10 code for HIV/AIDS, 
Swedish physicians have also used less common codes to 
record HIV/AIDS, including having a positive HIV test, 
encounter for screening for HIV and HIV complicating 
pregnancy (Table 1).

Scripts in R, SAS and STATA corresponding to the 
ICD codes in Table 1 can be accessed through 
Github.com.

Discussion
This paper reviewed four versions of the CCI to create a 
cohesive Swedish CCI system, spanning ICD-7 to ICD-10 
versions.

To make our algorithm more cohesive we both added 
(eg, asthma) and omitted codes (eg, restrictive cardiomyo-
pathy) to better correlate Swedish coding with the original 
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Charlson/Quan index.11 Our review efforts also found that 
over time a number of incorrect ICD codes had been added 
to various coding lists, including osteoarthritis, which 
should not be part of the CCI.

We aimed to avoid duplication to reduce the risk of 
overestimation of comorbidity and inflation of the scoring 
index. To achieve this result, we listed diabetic nephro-
pathy under “diabetes with end-organ damage” and not 
under moderate or severe kidney disease. Some may con-
sider this a biological view of comorbidity rather than 
reflecting the burden of disease. Yet, this way of classify-
ing conditions is most consistent with other versions of the 
CCI in which the same ICD code should not occur in 
several disease categories.

While not incorporated into our revised CCI, drugs can 
also be used to ascertain comorbidity. For instance, ATC 
codes N06DA02, N06DA04 and N06DX01 are sometimes 
applied to identify Alzheimer’s disease and A10 diabetes. 
In Sweden, prescription data (but not hospital-adminis-
tered drugs) are available through the Swedish Prescribed 
Drug Register since July 2005.19

Our intent was not to compare different comorbidity 
indices given the wealth of papers that have already done 
so.20–24 Neither did we attempt to validate any codes.

We chose to widen “hemiplegia” to “paresis/plegia” 
because of the similarities concerning both etiologies and 
degree of disability. Even though the term paresis refers to 
weakness and the term plegia to a loss of all voluntary 
movements, the terms are used interchangeably. Cerebral 
palsy is often referred to as paresis but also plegia. Severe 
hemiplegia may lead to a higher degree of disability than 
mild tetraplegia.

Finally, coding is not the only issue when using the 
CCI or other comorbidity scores. It is also a matter of 
timing. While most chronic disorders persist throughout 
life, some do not (eg, cancer may be cured). Researchers 
will have to consider this aspect.

This paper has some limitations. First, we did not evalu-
ate the predictive value of our suggested CCI, because that is 
beyond the scope of this paper. However, we hope our work 
to create an updated more cohesive and useful index, will 
inspire other researchers to make similar revisions of their 
own national coding systems, and we encourage future 
research into the predictive gains of the new index.

Second, while all 16 co-authors were invited to com-
ment on the complete algorithm, different experts can have 
different understanding of the codes, and we cannot rule 

out that a choice of more/other experts could have 
impacted on our selection of codes.

In conclusion, this extensive work may provide a cohe-
sive coding algorithm for CCI to be used in Swedish settings.

Abbreviations
CCI, Charlson comorbidity index; ICD, International 
Classification of Disease.
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