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Chapter 16
Comorbidity Index

Yasser El Miedany

Though the treatment paradigm for chronic inflammatory arthritic conditions has 
changed dramatically over the last 15 years, with more effective interventions intro-
duced, able to prevent joint damage and functional impairment, managing the com-
plexity of rheumatic diseases in clinical practice remains as a great challenge. 
Meta-analyses revealed that, while the long-term prognosis of inflammatory arthritic 
conditions has improved significantly following the introduction of new diagnostic 
and management guidelines, the life span of rheumatic patients has not improved 
accordingly [1–3]. This higher mortality rate has been attributed to associated 
comorbidities. By definition, comorbidity refers to the coexistence of other chronic 
diseases in patients with an index disease [4]. In inflammatory arthritic conditions, 
the chronic active inflammatory process may predispose to the development of some 
of these comorbidities (e.g., increased prevalence of cardiovascular disease, a greater 
incidence of infections, and the development of certain malignancies [5–9]). 
However, medications used to treat the arthritic conditions (e.g., steroids and nonste-
roidal anti-inflammatory medications [8]) have been linked also to the occurrence of 
further comorbidities. Therefore, it has become essential to consider the synergism 
of treating the index disease and comorbid conditions concomitantly. Calculating 
the patient risk before commencing therapy would have a positive impact on the way 
these patients are managed as it would make care fit for arthritic patients.

Comorbidities can be assessed via two approaches: either recording each comor-
bidity separately (e.g., cardiovascular, osteoporosis, infection, malignancy, diabetes 
mellitus, etc.) or summing the comorbidity risk into a single score which provides a 
single measure for multiple comorbidities (e.g., comorbidity indices). In real-life 
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practice, the advantage of comorbidity indices is that by reducing all coexistent ill-
nesses and the severity of those into a single numeric score, monitoring of the 
patient as well as comparison of comorbidity between patients is possible, whereas 
in scientific research, the greatest advantage of these indices is to adjust multivariate 
analysis in observational studies giving a single and highly informative score. 
Comorbidity indices can be classified according to the outcome of interest such as 
mortality/hospitalization, physical function, or quality of life or the source of data, 
such as administrative, e.g., International Classification of Diseases such as ICD-9/
ICD-10, or self-administered questionnaires (Table 16.1).

In this chapter, commonly used comorbidity indices and self-administered 
comorbidity questionnaires will be discussed with their implication onto standard 
rheumatology clinical practice as well as on the patients’ management.

 Comorbidity Indices

Comorbidity indices are tools developed to enable the physician to quantify the total 
comorbidity burden which contributes to the patient’s overall illness. Comorbidity 
indices have several clinical and research benefits, including the identification of 
patients (or research participants) with worse prognosis in terms of declines in 
health-related quality of life, functional ability, risk of hospitalization or mortality 
[10]. The simplest method to measure comorbidity is to use the summation of each 
comorbid illness to generate a total value of comorbidity, often termed as “comor-
bidity counts.” However, not all comorbid diseases have the same impact on the 
outcome of interest. Thus, more complex comorbidity indices were created to select 
and weight specific comorbid illnesses to measure more accurately the burden and 
impact of overall comorbidity [11–16]. Table 16.1 shows a list of the most comor-
bidity indices used in rheumatology research which will be discussed in this 
chapter.

 Charlson Comorbidity Index (CCI)

The Charlson Comorbidity Index (CCI) [11], published in 1987, was based on the 
mortality rates of 607 patients admitted to the general internal medicine service for 
1-month period. The aim was to develop a prospective measure which can be applied 
to classify comorbidities, which might alter the mortality risk, for use in longitudi-
nal studies. Seventeen diseases were included in this index, with different weights, 
and were selected and weighted based on the strength of their association with mor-
tality (Table 16.2). All weights are summed to obtain a numeric comorbidity score 
(range, 0–33) for any particular patient.
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 CCI Characteristics

The CCI was developed to predict 1-year patient mortality using comorbidity data 
obtained from hospital chart review. Later on, comorbidities of patients were cate-
gorized based on the International Classification of Diseases (ICD) diagnosis codes 
found in administrative data (such as hospital abstracts or medical services data). 
Each comorbidity category has an associated weight (from 1 to 6), based on the 
adjusted risk of mortality or resource use, and the sum of all the weights results in a 
single comorbidity score for a patient. A score of zero indicates no comorbidities in 
the list. The higher the score, the more likely the predicted outcome will result in 
mortality or higher resource use.

Clinical conditions and associated scores are as follows:

•	 1 point each: myocardial infarct, congestive heart failure, peripheral vascular 
disease, dementia, cerebrovascular disease, chronic lung disease, connective tis-
sue disease, ulcer, chronic liver disease, diabetes

•	 2 points each: hemiplegia, moderate or severe kidney disease, diabetes with end- 
organ damage, tumor, leukemia, lymphoma

•	 3 points each: moderate or severe liver disease
•	 6 points each: malignant tumor, metastasis, AIDS

Table 16.2 Charlson 
Comorbidity Index

Disease Points

Myocardial infarction 1
Congestive heart failure 1
Peripheral vascular disease 1
Cerebrovascular disease 1
Dementia 1
COPD 1
Connective tissue disease 1
Peptic ulcer disease 1
Diabetes mellitus 1 point if uncomplicated

2 points if end-organ damage
Moderate to severe CKD 2
Hemiplegia 2
Leukemia 2
Malignant lymphoma 2
Solid tumor 2 points

6 points if metastatic
Liver disease 1 point if mild

3 points if moderate to severe
AIDS 6 points

From Charlson et al. [11], with permission
Calculation: Add all items of the comorbidity score. The total 
score is the Charlson Comorbidity Index. Range, 0–36
COPD chronic obstructive pulmonary disease, CKD chronic 
kidney disease
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Regarding the content validity (the completeness and relevance of the items con-
tent to measuring what they claimed to measure [17]) of the CCI, the items and the 
weights included were statistically derived by the relative risk estimates of the pro-
portional regression model to predict mortality using clinical data. As far as con-
struct validity (which refers to the degree to which a test measures what it claims, or 
purports, to be measuring), in the study carried out by Kiefe et al. [18], outcomes 
suggested a good construct validity of the CCI. Criterion validity refers to the cor-
relation of a scale with some other measure of the disorder under study, ideally, a 
gold standard that has been used and accepted in the field [19]. However, as there is 
no gold standard that exists for measuring comorbidity, another comorbidity mea-
sure is usually used for comparison. Earlier studies revealed that CCI presented 
moderate to good correlation with other comorbidity indices [20–22], as well as 
other outcome criteria such as disability, mortality, and length of stay [19, 23]. 
Lastly, the reliability of the CCI (which refers to the overall consistency of a mea-
sure and also has been defined as the extent to which repeated measurements of a 
stable phenomenon by different people, at different times and places, get similar 
results and are usually assessed by the intra-class correlation coefficient (ICC) in 
case of several assessors [24]) was reported to be moderate to very good indicating 
good reliability of the CCI [25, 26].

 Development and Changes to the CCI

Over time, there have been changes to the original index. A summary of these varia-
tions includes:

•	 The original index was developed with 19 categories [11] but has been modified 
to 17 categories published by Deyo et al. in 1992 [27].

•	 The list of specific ICD diagnosis codes that are used to identify different catego-
ries of comorbidity has been modified as reported in the Romano et al. study 
published in 1993 [28] and updated from ICD-9-CM to work with ICD-10 cod-
ing as reported in the Halfon et al. study (2002) [29] and then in the Quan et al. 
study (2005) [30].

•	 The original weights developed for use with the index have also been modified 
(Schneeweiss et al. 2003) [31].

 Critical Analysis of the CCI

The Charlson Comorbidity Index (CCI) is the most widely used comorbidity index. 
CCI has been adapted and verified as applicable and valid tool for predicting the 
outcome and risk of death from many comorbid diseases [32, 33]. However, while 
the CCI was created to predict death in a sample of hospitalized patients, it has been 
widely used outside its originally intended scope. A systematic review of the CCI 
using Canadian administrative databases was carried out by Needham et al. (2005) 
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[34] with a perspective on risk adjustment in critical care research. Results revealed 
lower predictive ability of the CCI in comparison to Acute Physiology and Chronic 
Health Evaluation (APACHE), yet the study highlighted the advantages of using the 
CCI instrument for population-based research. Another study reported that some 
comorbidities collected in other indices, such as alcoholism, were not included in 
the CCI [35]. Rheumatology-wise, in the current RA management context, the CCI 
can be considered as outdated. Being developed in 1987, most (if not all) of the 
rheumatoid arthritis or other connective disease patients included in the CCI, most 
likely, have not been treated according to the treatment protocols approved in the 
last 20 years. Furthermore, it is worth noting that some diseases such as fibromyal-
gia have not been included in the comorbidity index.

 Elixhauser Comorbidity Measure (ECM)

The Elixhauser Comorbidity Measure (ECM) [16] is a method of categorizing 
comorbidities of patients based on the International Classification of Diseases (ICD) 
diagnosis codes found in administrative data, such as hospital abstracts data. Each 
comorbidity category is dichotomous, i.e., it is either present or absent. The index 
can be used to predict hospital resource use and in-hospital mortality. The ECM was 
developed using administrative data from a state-wide California inpatient database 
(n = 1,779,167). Its original aim was to identify a list of 30 comorbidities (the 17 
from the CCI + 13 new ones), relying on the ICD-9-CM, that had a major impact on 
short-term outcomes in acute hospital inpatients (Table 16.3). Elixhauser et al. [16] 
treated conditions separately or as a count. The comorbidities identified in the ECM 
were significantly associated with in-hospital mortality and include both acute and 
chronic conditions.

 ECM Characteristics

Regarding its content validity, the ECM comprises a larger number of items com-
pared to the CCI.  In addition to the empirical-generated items (that were also 
included in the CCI), 13 additional judgmental items were added, based on a sys-
tematic literature review. On the other hand, no weight was given to the comorbidi-
ties included, implicitly assuming that all conditions are equally important in their 
relationship to outcomes, which is unlikely to be true. There were no studies pub-
lished to evaluate the construct validity of the ECM. Interestingly, assessment of the 
ECM criterion validity revealed that when ECM was compared to CCI, in most of 
the studies ECM tended to outperform the CCI tool [36–39], while in others perfor-
mances were similar [40]. In concordance, a systematic review and comparative 
analysis showed that, among various comorbidity indices, the Elixhauser index pre-
dicts the risk better, especially beyond 30 days of hospitalization [41]. ECM also 
tended to perform better, when compared to other illness indicators, such as 
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“previous years expenditures” [42]. As far as reliability, no data were available on 
the ECM. However, the inter-rater reliability may appear less relevant since it uses 
administrative data. Furthermore, its developers highlighted the fact that diagnoses 
from administrative data may be less accurate than those from physicians, although 
diagnoses from physicians are not perfectly accurate.

Table 16.3 Elixhauser 
Comorbidity Measure

Comorbidity
Congestive heart failure
Valvular disease
Pulmonary circulation disorders
Peripheral vascular disorders
Hypertension
Paralysis
Other neurological disorders
COPD
Diabetes uncomplicated
Diabetes complicated
Hypothyroidism
Renal failure
Liver disease
Peptic ulcer excluding bleeding
AIDS
Lymphoma
Metastatic cancer
Solid tumor without metastasis
Rheumatoid arthritis/collagen vascular diseases
Coagulopathy
Obesity
Weight loss
Fluid and electrolyte disorders
Blood loss anemia
Deficiency anemia
Alcohol abuse
Drug abuse
Psychosis
Depression

From Elixhauser et al. [16], with permission
Calculation: 1 point per comorbidity; add all items. 
The total score is the Elixhauser Comorbidity 
Measure. Range, 0–18.
COPD chronic obstructive pulmonary disease, 
AIDS acquired immunodeficiency syndrome
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 Development and Changes to the ECM

Over time, there have been changes to the ECM index based on different research 
studies. A summary of these variations includes:

•	 While the original index was developed including 30 categories [16], Garland 
et al. 2012 [43] suggested increasing them to 31 categories.

•	 The list of specific ICD diagnosis codes used to identify different categories of 
comorbidity has been modified and updated from ICD-9-CM to work with ICD- 
10 coding. Results were published in the Quan et al. study (2005) [30].

•	 In the study carried out by van Walraven et al. (2009), a weighting algorithm was 
developed, based on the association between comorbidity and death, in order to 
produce an overall score for the Elixhauser Total Score (ETS) [44].

 Critical Analysis of the ECM

Generally, one of the ECM limitations is that the index has been designed for use 
with very specific ICD coding (up to 5-digit ICD-9-CM codes and 7-digit ICD-10 
codes) found in the hospital abstracts data. This is due to the specificity required to 
distinguish between diagnoses that should/should not be included in the index and 
to be able to properly identify and place codes into the appropriate category. 
Therefore, using only 3-digit ICD codes to calculate the ECM is not recommended 
as they lack the specificity required to properly categorize diagnoses in the 
Elixhauser Comorbidity Index.

Rheumatology-wise, similar to the CCI, ECM index has been applied in situa-
tions extending beyond its intended scope, and, in the current RA management con-
text, Elixhauser indices can be also considered as outdated. Being developed in 
1998, the majority of the RA patients included in the ECM original study, most 
likely, have missed the biologic therapy era or are treated according to the manage-
ment protocols approved in the last 18 years. Furthermore, ECM uses a comorbidity 
count and not weights. The use of comorbidity counts is discouraged because they 
vary in the number and types of conditions included, and wide variability in predic-
tive ability should be expected.

 The Functional Comorbidity Index (FCI)

Prior comorbidity indices have been developed primarily to predict mortality or 
administrative outcomes such as length of stay in acute care or disease-specific pop-
ulations [13, 45]. These indices typically include diagnoses, often asymptomatic, 
such as hypertension, that are important in predicting mortality, and exclude diagno-
ses, such as arthritis, that impact physical function but are unlikely to result in short-
term mortality. Research using indices designed to predict mortality have concluded 
that comorbid illnesses have little relationship with physical disability [46, 47], a 
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finding that seems intuitively false but underscores the need to consider the purpose 
for which an index was designed. This paved the way to develop new indices with 
different outcomes of interest such as physical function or quality of life.

The Functional Comorbidity Index [48] was developed using two databases: a 
cross-sectional, simple random sample of 9423 Canadian adults and a sample of 
28,349 US adults seeking treatment for spine ailments. The purpose was to develop 
a self-administered, general population index of comorbid diseases with physical 
function, assessed by the physical function subscale of the SF-36, as the outcome of 
interest. The underlying premise was that diagnoses associated with impairments in 
physical function would be, at least in part, different from those associated with 
mortality, and therefore, an index designed with physical function as the outcome 
would perform better in the previous context—i.e., spinal problems—than indices 
designed with mortality as the outcome of interest.

 The FCI Characteristics

Multiple linear regression identified 18 variables that were associated with the 
SF-36 physical function score (Table  16.4) [48]. The FCI was scored as both a 
simple count (yes/no) and a weighted count of the diagnoses. “Weights” were 
derived from the standardized beta coefficients from the regression analysis. A 
score of “0” indicates no comorbid illnesses, and a score of “18” indicates the high-
est number of comorbid illnesses. The weighted count did not perform significantly 
better, and therefore, it is not used. Simple counts are clearly easier to score and use. 
The FCI scores correlated weak to moderate with both the SF-36 physical function 
and role physical subscale scores (−.53 and −.31, respectively). When the SF-36 
physical function subscale score was dichotomized into “high” and “low,” the FCI 
simple count correctly classified 76.6% of people, whereas using a weighted count, 
the FCI correctly classified 77.0%. Compared with the CCI [11] and the Kaplan- 
Feinstein index [13], the FCI accounted for more variation in the physical function 
subscale scores (R2 = 0.29, 0.18, and 0.07%, respectively).

 Critical Analysis of the FCI

The Functional Comorbidity Index was developed specifically for use in the general 
population with physical function, not mortality, as the outcome of interest. The 
Functional Comorbidity Index contains conditions such as visual impairment, 
osteoporosis, and arthritis, which do not appear in the most widely used indices, 
namely, the CCI or the Kaplan-Feinstein index. However, the FCI does not take into 
consideration the severity of the diagnoses, an important factor to be considered 
when dealing with diseases such as inflammatory arthritis. Severity ratings are likely 
to provide better adjustment. Furthermore, the FCI study relied mainly on secondary 
data sources for development and thus may have overlooked some diagnoses associ-
ated with functional status. For example, HIV/AIDS was not explicitly collected in 
either database and may contribute significantly to functional disability.

16 Comorbidity Index
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 The Rheumatic Disease Comorbidity Index (RDCI)

The RDCI [49] was created from self-report questionnaires from patients with RA, 
osteoarthritis, systemic lupus erythematosus, or fibromyalgia. The RDCI is charac-
terized by having multiple outcomes of interest. Comorbid illnesses were assessed 
for impact on six outcomes: direct medical costs, work disability, social security 
disability, Health Assessment Questionnaire (HAQ) functional disability, hospital-
ization, and death.

 The RDCI Characteristics

While 22 comorbid illnesses were assessed, the final score encompasses 11 
comorbid illnesses (Table 16.5); the range is 0–9. The RDCI was compared to six 
comorbidity indices: the Charlson-Deyo Index (CDI), Functional Comorbidity 
Index (FCI), Elixhauser Comorbidity Measure (ECM), Elixhauser Point System 
(EPS), and a simple comorbidity count (COUNT) using a US cohort of rheuma-
toid arthritis patients [10]. Relative to other common comorbidity indices, the 

Table 16.4 The Functional Comorbidity Index

1. Arthritis (rheumatoid and osteoarthritis)
2. Osteoporosis
3. Asthma
4. Chronic obstructive pulmonary disease (COPD), acquired respiratory distress syndrome 
(ARDS), or emphysema
5. Angina
6. Congestive heart failure (or heart disease)
7. Heart attack (myocardial infarct)
8. Neurological disease (such as multiple sclerosis or Parkinson’s)
9. Stroke or TIA
10. Peripheral vascular disease
11. Diabetes types I and II
12. Upper gastrointestinal disease (ulcer, hernia, reflux)
13. Depression
14. Anxiety or panic disorders
15. Visual impairment (such as cataracts, glaucoma, macular degeneration)
16. Hearing Impairment (very hard hearing, even with hearing aids)
17. Degenerative disc disease (back disease, spinal stenosis, or severe chronic back pain)
18. Obesity and/or body mass index >30 (weight in kg/height in meters2)
Height_____________________(cm or inches?)
Weight_____________________(kg or lbs?) BMI =

From Grolla et al. [48], with permission
Calculation: 1 point per comorbidity; add all items. The total score is the Elixhauser Comorbidity 
Measure. Range, 0–18
Abbreviations: TIA transient ischemic attack
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RDCI and ECM Score were superior indices for predicting death and physical 
disability in an administrative data set composed of individuals with RA. The 
RDCI predicted physical disability with self-report data from a clinic question-
naire. In contrast to the Elixhauser Comorbidity Measure (ECM) which is com-
posed of 30 different comorbidities, the RDCI relies on only 11 comorbidities. 
The RDCI may also be used as a foundation to tailor to a specific outcome of 
interest. For example, if death from myocardial infarction is being studied, addi-
tional predictive power is obtained by adding certain binary comorbid conditions 
(previous myocardial infarction, hypertension, and hyperlipidemia) to the RDCI 
[10]. In contrast to other indices such as CCI and FCI which perform optimally 
only for one outcome, RDCI can perform well in multiple outcomes.

 Critical Analysis

The RDCI is the first comorbidity index addressing diseases commonly associ-
ated to rheumatic diseases specifically. The RDCI can be used with administrative 
data sets as well as with patient-reported data. This ability to use both sources 
allows the index to be more widely applicable and to serve as a standardized mea-
sure of comorbidity within rheumatology. Furthermore, the RDCI relies on rela-
tively smaller number of comorbidities (only 11) and was assessed for variable 
relevant outcomes of interest. However, the RDCI has some limitations. First, the 
index was fixed at baseline values for analysis, thus removing the chronological 
component of comorbidity during the follow-up period. This reduces the predic-
tive power of comorbidity indices [50]. Additionally, the ICD-9-CM codes were 
collected from outpatient visits, which rely on the providers to maintain an accu-
rate list of comorbid conditions. There is usually a delay in data recording, which 
represents a significant limitation to the index (in the RDCI validation study mor-
tality data collected through the National Death Index had approximately a 2-year 
delay; thus, deaths collected through the National Death Index from 2008 to 2010 
may have been missed and not included in the analysis). Thirdly, the population 

Table 16.5 The Rheumatic 
Disease Comorbidity Index

Comorbidity Point

Lung disease 2
Heart attack, other CV, or stroke 2
Hypertension 1
Fracture 1
Depression 1
Diabetes 1
Cancer 1
Ulcer or stomach problem 1

From Michaud and Wolfe [49], with permission
Calculation: Add all items. The total score is 
the Rheumatic Disease Comorbidity Index 
score (range 0–9)
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in the RDCI administrative data set was composed entirely of individuals with RA 
and was predominantly male. Thus, generalizability of the results to other popula-
tions may not be appropriate.

 The Multimorbidity Index (MMI)

The notion of multimorbidity was introduced based on the fact that rheumatology 
patients are typically afflicted by more than one disease; therefore, considering mul-
timorbidity is vital when deciding on diagnostic or therapeutic strategies. 
Furthermore, multimorbidity can cause polypharmacy, an increasing treatment bur-
den, which might also impact patients’ overall HRQoL. Therefore, the concept was 
that developing an index reflecting multimorbidity that is based on HRQoL might 
be helpful to better address the disease-related aspects of patients’ overall well- 
being, which could also be useful for application in both clinical trials and epide-
miological studies.

The MMI [51] was developed based on health-related quality of life (HRQoL) in 
an observational RA cohort. The MMI identified quality of life as the main out-
come, associated with physical function, pain, and global health. The hypothesis 
was that, incorporating a multidimensional patient-centered concept, quality of life 
reflects patients’ overall well-being and can be considered a main treatment target. 
This was supported by the findings of an earlier study which reported that an 
increasing number of morbidities lead to a decrease of HRQoL [52].

 The MMI Characteristics

The index includes 40 morbidities, all identified using ICD-9 codes (Table 16.6). 
MMIs of two types were calculated: one by enumerating morbidities (MMI 
count) and the other by weighting morbidities based on their association with 
HRQoL as assessed by the European Quality of Life – 5 dimensions (EQ-5D) 
questionnaire in multiple linear regression analysis. Criterion validity was 
assessed by comparing the MMI to CCI and FCI indices as well as HRQoL, all 
measured at the baseline visit. Both MMI count and MMI weight indices were 
more strongly associated with EQ-5D than CCI (Spearman: MMI count = −0.20, 
MMI weight = −0.26, and CCI = −0.10; p < 0.01). R2 obtained by linear regres-
sion using EQ-5D as a dependent variable and the various indices as independent 
variables, adjusted for age and gender, was the highest for MMI (R2: MMI count 
= 0.05, MMI weight = 0.11, and CCI = 0.02). When accounting for clinical dis-
ease activity index (CDAI), R2 increased (MMI count = 0.18, MMI weight = 0.22, 
and CCI = 0.17), still showing higher values of MMI compared with CCI but in 
any case rather small. External validation in different RA cohorts [51] showed 
good performance of both Indices. In view of this, and considering that not much 
improvement was gained by weighting, the authors endorsed a simple MMI count 
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index for its use in the assessment of multimorbidity in RA patients and its impact 
on the patients’ overall well-being.

 Critical Analysis

Similar to the FCI which considered physical function as the main outcome, the 
MMI addressed the patients’ overall well-being (QoL) as the main outcome. This 
comes in contrast to the earlier existing indices such as CCI and ECM which are 
based on other specific outcomes, such as mortality, costs, or hospitalization. 
However, for the MMI, the diseases were selected as either recommended as a core 
for any multimorbidity measure by a systemic literature review or defined as chronic 
(long-term) disorders with important impact as proposed by the National Health 
Service Scotland. These selection criteria may be the explanation for the long list of 
comorbidities, a good number of which are not commonly reported in inflammatory 
arthritic conditions. This may, in turn, explain the poor criterion validity shown in 
the study and why the average range of the multimorbidity count ranged from 1 to 
16 only, while the total score is 40. This, also, may elucidate the low correlation of 
the MMI count when compared with the FCI despite both of them used HRQoL as 
the outcome of interest. Furthermore, the MMI was developed in a disease-specific 
cohort, namely, RA patients, yet it has not been assessed in non-RA patients.

Table 16.6 The Multimorbidity Index

Comorbidity Point Comorbidity Point

Glaucoma 1 Psoriasis eczema coronary heart disease 1
Irritable bowel syndrome 1 Hearing loss 1
Schizophrenia bipolar disorder 1 Stroke/transient ischemic attack 1
Learning disability 1 Peripheral vessel disease 1
Anorexia/bulimia 1 Chronic kidney disease 1
Migraine 1 Inflammatory bowel disease 1
Prostate disorders, diverticulitis 1 Thyroid disorders 1
Chronic sinusitis hypertension 1 Asthma 1
Cancer 1 Obesity 1
Diabetes 1 Chronic liver disease 1
Atrial fibrillation 1 Heart failure 1
Constipation 1 Bronchiectasis 1
Multiple sclerosis 1 Depression 1
Substance misuse osteoporosis 1 Anxiety/neurotic disorders 1
Hepatitis 1 Alcohol abuse 1
Epilepsy 1 Blind or low vision 1
Dementia 1 Parkinson 1
Dyspepsia 1 Chronic obstructive pulmonary disease (COPD) 1

From Rander et al. [51], with permission
Calculation: 1 point per comorbidity; add all items. The total score is the multimorbidity measure. 
Range, 0–40
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 Self-administered Comorbidity Questionnaires

Self-administered comorbidity questionnaires for assessing comorbidities have been 
introduced [53, 54] as an alternative to medical records or administrative data 
approach. The self-administered comorbidity questionnaire (SCQ), which was first 
published by Sangha et al. in 2003 [54], requires the patients to indicate whether 
they suffer at the moment from 12 medical conditions in addition to the index dis-
ease (Table 16.7). The comorbidities listed were selected by an expert panel based 
on the ones captured by the CCI. The score of the SCQ ranges from 0 to 45 points. 
Construct validity was assessed by the correlation between SCQ and CCI and was 
moderate (0.55). Test-retest reliability was very good (ICC 0.94 [95%CI 0.72–0.99]). 
Criterion validity was evaluated through the correlation of SCQ with SF-36 and was 
weak to fair (from r = 0.03 to 0.39 depending on the SF-36 subscale, with better cor-
relations observed for physical-related subscales) and fairly correlated with the num-
ber of prescriptions in a year (r = 0.37). Stolwijk et  al. [55] have published a 
validation study for SCQ in patients with ankylosing spondylitis (AS), where crite-
rion validity was assessed by the agreement between the SCQ answers and 

Table 16.7 Self-administered comorbidity questionnaire

Problem
Do you have 
the problem

Do you receive 
treatment for it

Does it limit 
your activities

Heart disease No □ Yes □ No □ Yes □ No □ Yes □
High blood pressure No □ Yes □ No □ Yes □ No □ Yes □
Lung disease No □ Yes □ No □ Yes □ No □ Yes □
Diabetes No □ Yes □ No □ Yes □ No □ Yes □
Ulcer or stomach disease No □ Yes □ No □ Yes □ No □ Yes □
Kidney disease No □ Yes □ No □ Yes □ No □ Yes □
Liver disease No □ Yes □ No □ Yes □ No □ Yes □
Anemia or other heart disease No □ Yes □ No □ Yes □ No □ Yes □
Cancer No □ Yes □ No □ Yes □ No □ Yes □
Depression No □ Yes □ No □ Yes □ No □ Yes □
Pain and swelling in joints other than the back No □ Yes □ No □ Yes □ No □ Yes □
Osteoporosis No □ Yes □ No □ Yes □ No □ Yes □
Fractures No □ Yes □ No □ Yes □ No □ Yes □
Other medical problems (please write)
1. No □ Yes □ No □ Yes □ No □ Yes □
2. No □ Yes □ No □ Yes □ No □ Yes □
3. No □ Yes □ No □ Yes □ No □ Yes □

From Sangha et al. [54], with permission
Instructions: The following is a list of common health problems. Please indicate (circle correct 
answer) if you currently have the problem in the first column. If you do not have the problem, skip 
to the next problem. If you do have the problem, please indicate in the second column if you 
receive medications or some other type of treatment for the problem. Also, indicate in that case in 
the third column if the problem limits any of your activities. Finally, indicate also medical condi-
tions that are not listed under “other medical problems” at the end of the list
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comorbidities identified in medical records and was moderate to perfect for most 
conditions (κ 0.47–1.00), except for ulcer disease, depression, and OA. Other valida-
tion studies using this questionnaire in other pathologies are currently on going.

 Disease-Specific Comorbidity Indices

In view of the recent developments in the diagnosis and management of inflamma-
tory arthritic conditions and the reports showing variable comorbidity patterns in 
patients suffering from different rheumatic diseases [56], there has been an unmet 
need for new comorbidity indices addressing these points. The recently published 
Rheumatoid Arthritis Comorbidity Index (RACI) [57] and Psoriatic Arthritis 
Comorbidity Index (PsACI) [58] were created from self-report questionnaires com-
pleted by patients with early rheumatoid and psoriatic arthritis. Both indices are 
disease specific and are characterized by having multiple outcomes of interest. In 
both RACI and PsACI, comorbid illnesses were assessed for impact on four out-
comes: functional disability, quality of life, medication-associated comorbidities, 
and hospitalization and death.

 The RACI and PsACI Characteristics

Original studies for both questionnaires [57, 58] revealed that the patients included 
were suffering from early inflammatory as well as psoriatic arthritis (disease dura-
tion <6 months and <12 months, respectively). The patients were monitored over 
10-year period and received treatment in the form of DMARDs and biologic ther-
apy according to the recently published guidelines; hence, both indices were not 
fixed to baseline data. Furthermore, each index addressed its specific disease activ-
ity. The development of both RACI and PsACI was based on patient self- administered 
questionnaire as well as ICD-10 data record. Results revealed variation of the 
comorbidity prevalence over the 10-year study period. While depression and anxi-
ety were more prevalent in the first few years of the disease course, other comorbidi-
ties including cardiovascular, osteoporosis, and medication-associated comorbidities 
were more prevalent at later stages of the disease course. Thirty-one comorbidities 
were identified in the RACI with a score ranging between 0 and 36 (Table 16.8), 
whereas the PsACI included 29 items with a score ranging between 0 and 36 
(Table 16.9). Criterion validity was evaluated through the index correlation with 
both functional disability and quality of life. Multivariate linear regression analysis 
for functional disability score prediction using RACI adjusted for age and gender 
revealed significant correlations at 1, 3, 5, and 10 years (R2, 0.743, 0.767, 0.908, and 
0.835, respectively). Similarly PsACI showed significant correlation with the func-
tional disability score (R2, 0.725, 0.773, 0.847, and 0.872 at 1, 3, 5, and 10 years, 
respectively). Construct validity was assessed by studying the correlation between 
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Table 16.8 Rheumatoid Arthritis Comorbidity Index (RACI)

Comorbidity Point Comorbidity Point

DAS-28 > 3.6 5 Osteoporosis 1
Fracture 2 Falls risk 1
Ischemic heart disease 2 Liver disease 1
Myocardial infarction 2 Renal disease 1
Depression 2 GIT disease 1
Diabetes mellitus 2 Endocrine disease 1
Hypertension 1 Pulmonary disease 1
Hyperlipidemia 1 Tumor 1
Metabolic syndrome 1 Periodontitis 0.5
Peripheral vascular disease 1 Osteoarthritis 0.5
Cerebrovascular disease 1 Fibromyalgia 0.5
Arrhythmia 1 Atlantoaxial subluxation 0.5
Infection 1 Carpal tunnel syndrome 0.5
Anxiety 1 Vasculitis 0.5
Smoking 1 Amyloidosis 0.5

Eye inflammation/cataract 0.5

From El Miedany et al. [57], with permission
Calculation: add all items. The total score is the Rheumatoid Arthritis Comorbidity Index (RACI). 
Range, 0–36. Score ≥ 8 indicates high comorbidity risk

Table 16.9 Psoriatic Arthritis Comorbidity Index (PsACI)

Comorbidity Point Comorbidity Point

Disease severity (3/5) 5 Osteoporosis 1
Metabolic syndrome 2 Falls risk 1
Ischemic heart disease 2 Liver disease 1
Myocardial infarction 2 Renal disease 1
Depression 2 GIT disease 1
Diabetes mellitus 2 Endocrine disease 1
Hypertension 1 Pulmonary disease 1
Hyperlipidemia 1 Tumor 1
Fracture 2 Periodontitis 0.5
Peripheral vascular disease 1 Osteoarthritis 0.5
Cerebrovascular disease 1 Fibromyalgia 0.5
Arrhythmia 1 Vasculitis 0.5
Infection 1 Amyloidosis 0.5
Anxiety 1 Eye inflammation/cataract 0.5
Smoking 1

From El Miedany et al. [58], with permission
Calculation: add all items. The total score is the Psoriatic Arthritis Comorbidity Index (PsACI). 
Range, 0–36. Score ≥ 8 indicates high comorbidity risk
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the RACI and four comorbidity indices: the CCI, FCI, RDCI, and MMI. Relative to 
other comorbidity indices, the RACI and RDCI showed high correlation for predict-
ing death and physical disability in data set composed of individuals with RA (1 
year, 0.963; 3 years, 0.598; 5 years, 0.966; 10 years,0.919). Similarly, PsACI was 
compared to the CCI, FCI, RDCI, and MMI. In concordance with the RACI, both 
PsACI and RDCI had the highest correlations at 1 year (r = 0.863), 3 years (0.798), 
5 years (0.886), and 10 years (0.916). Test-retest reliability for both RACI and 
PsACI was very good (ICC 0.97 and 0.96, respectively). Receiver operating charac-
teristic (ROC) illustrating the discriminating ability of the RACI revealed that a 
score of 8/36 gave an area under the curve (AUC) of 0.967, whereas in the PsACI a 
score of 8/36 gave an AUC of 0.987. External validation studies for both RACI and 
PsACI revealed that both indices were able to predict outcomes of physical disabil-
ity, quality of life, as well as hospitalization/death and showed significant correla-
tion with all the other comorbidity indices (CCI, FCI, RDCI, and MMI).

 Critical Analysis

Both RACI and PsACI are the first disease-specific comorbidity indices which 
include disease activity as a comorbid factor with the highest weight in contrast to 
the other disease-associated comorbidities. Similarly, both indices are the first to 
address medication-associated comorbidities as an outcome of interest. Both the 
RACI and PsACI were able to predict outcomes of physical disability, quality of 
life, as well as hospitalization/death. Both indices outperformed CCI, which is com-
monly used but not validated for outcomes such as health-related quality of life 
(HRQoL). Both comorbidity indices can be measured with either patient-reported 
questionnaire (part of a patient-reported outcome measure) or administrative data 
(ICD-9 or ICD-10) for comorbidity assessment and management.

 Comorbidity Indices in Standard Practice and Research

Though guidelines such as NICE [59] and EULAR [60] have stressed on the impor-
tance of screening inflammatory arthritic patients regularly for associated comor-
bidities, assessment of these in standard clinical practice has yet to be widely 
implemented. The Comorbidities in Rheumatoid Arthritis (COMORA) study [61], 
which included 3920 patients from 17 countries around the world, revealed that the 
management of comorbidities in RA patients is far from optimum and that there 
have been disparities in the screening process in different countries. Furthermore, 
the studies used to assess the associated comorbidity risk, for example, the cardio-
vascular risk, were based on cohorts assembled in 1955–1973 [62–65]. Longitudinal 
studies which included RA patients diagnosed and treated before the introduction of 
methotrexate into clinical practice in 1986 [66] would bias the results toward poor 
outcomes as they will not be representative of the modern disease management or 
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the current clinical presentation of RA.  In addition, the inclusion of RA disease 
duration >10 years as a risk factor for cardiovascular risk may undermine its risk 
assessment earlier in the disease course when the disease activity is at its peak.

The findings that the occurrence of comorbidities varies across rheumatic dis-
eases and that separate patterns of comorbidity may be identified in patients who 
have rheumatoid arthritis, psoriatic arthritis, systemic lupus, as well as fibromyalgia 
syndrome highlighted the unmet need for systems to assess specific comorbidity 
risk in these patients [56]. To date, no gold standard exists on how to measure 
comorbidity. This was supported by the outcomes of a systematic literature review 
[67] on assessing comorbidity and multimorbidity, which identified 39 different 
indices showing heterogeneity in terms of types and numbers of conditions included 
and outcomes the indices are based on. Perhaps that is the reason why comparisons 
of comorbidity indices in rheumatic diseases are limited. Gabriel et al. [21] showed 
that the CCI and the Index of Coexistent Disease (designed mainly for patients on 
hemodialysis [68]) were both highly statistically significant predictors of death in 
an administrative data set of 450 RA and 441 OA patients. In another study, both 
RDCI and ETS were reported to best predict death in RA patients [49]. These results 
are similar to those previously published in myocardial infarction and cancer, which 
showed that ECM outperforms CDI in predicting death when the source was admin-
istrative data [37, 69]. As for physical disability, the FCI was found to predict 
MDHAQ best in RA with considerable support. In a random sampling of Canadian 
adults and a sample of US adults seeking treatment for spine ailments, Groll et al. 
[12] showed the FCI outperformed CCI in correlating with physical function, as 
measured by the physical function subscale of the Short Form 36 Health Survey. 
The most recently published comorbidity indices specific for RA and psoriatic 
arthritis pave the way for a new approach to comorbidity risk assessment and man-
agement tailored to the individual patient’s status.

There has been a misconception in that, clinically, comorbidity indices have lim-
ited use. The window of opportunity and treat to target approaches highlighted the 
importance of assessing for the comorbid conditions or its risk on regular basis 
when managing the disease or prescribing therapeutics. The comorbid conditions 
important for these roles in standard clinical practice may not always be applicable 
in research settings, as highlighted by the recently published EULAR points to con-
sider for reporting, screening for, and preventing selected comorbidities in chronic 
inflammatory rheumatic diseases [70].

Several important steps should be considered when selecting a comorbidity 
index for research. First, one must determine the outcome of interest. While some 
indices like ETS and RDCI can perform well in multiple outcomes, other indices 
such as CDI and FCI may only perform optimally for a single outcome. Second, 
investigators must determine the source of data. Many of the indices can only be 
used in administrative data sets with ICD-9-CM codes (CDI, ETS, EPS). 
Furthermore, one must consider the data available for model construction as evi-
denced by the robust improvement in model fit with the administrative and clinical 
models. Last, the comorbid conditions available must be considered. Many indices 
require a substantial number of comorbid conditions, but if these are not available, 
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a comorbidity count can be used, though with less predictive ability. Use of a comor-
bidity count is discouraged because comorbidity counts vary in the number and 
types of conditions included, and wide variability in predictive ability have been 
reported [10]. Therefore, it is strongly recommend that researchers use a standard-
ized and validated comorbidity index in rheumatology analysis for improved com-
parability and reproducibility.

In conclusion, considering the recent developments in the diagnosis and manage-
ment of inflammatory arthritic conditions, there is a still a need for systems to assess 
for comorbidity in standard clinical settings. Periodic assessment for comorbidities 
should be carried out by the treating healthcare physician as one of the management 
outcome measures. Electronic comorbidity calculators would be a step forward 
toward implementing comorbidity screening in the day-to-day patient management. 
This should be carried out in collaboration with primary care providers and other 
specialists. Developing a disease-specific comorbidity index able to predict morbid-
ity, mortality, cost, and hospitalization would be a step forward on the way to 
achieve full disease remission.
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