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Background and Purpose: Patients with hip fractures often have comorbidities, but detailed data on comorbidity and its impact on 
prognosis are lacking. We described the current trends in the prevalence of comorbidity and the magnitude of the associated mortality.
Patients and Methods: From the Danish Multidisciplinary Hip Fracture Registry we included 31,443 hip fracture patients 
(diagnosed in 2014–2018). We calculated the prevalence of individual diseases and comorbidity measured with the Charlson 
Comorbidity Index (CCI), the Elixhauser Index, and the Rx-Risk Index. We calculated sex and age-adjusted odds ratios (aORs) for 30- 
day mortality and hazard ratios (aHRS) for one-year mortality with 95% confidence intervals (CI).
Results: The most common diseases identified with the CCI were cerebrovascular diseases (18%), malignancies (17%), chronic pulmonary 
disease (14%), and dementia (11%). Using the Elixhauser Index, hypertension (37%), cardiac arrhythmias (21%), and fluid and electrolyte 
disorders (15%) were most prevalent, while ischemic heart disease (42%), hypertension (39%), and use of antiplatelets (37%) were most 
prevalent when using the Rx-Risk Index. Using the Rx-Risk Index, only 28% of patients had no comorbidity compared to 38% for CCI and 
44% for the Elixhauser Index, and the prevalence was stable through the years. Compared to patients with no comorbidity, patients with very 
severe comorbidity had an aORs for 30-day mortality of 2.6 (CI: 2.4–2.9) using CCI, 2.6 (CI: 2.4–3.1) using the Elixhauser Index, and 3.1 (CI: 
2.7–3.4) using the Rx-Risk Index.
Interpretation: More than 50% of the patients with hip fractures have moderate to very severe comorbidity, with considerable 
variation between indices. The prevalence of individual diseases varies considerably. All indices had comparable dose-response 
associations with mortality. These results are relevant for clinicians to amend prevention and target care, and for researchers to decide 
which comorbidity measure to use depending on the research question.
Keywords: Charlson Comorbidity Index, comorbidity, Elixhauser Index, hip fracture, mortality, Rx-Risk

Introduction
Along with the population aging, advances in medical care have contributed to an increase in hip fracture incidence and 
the prevalence of comorbidity among patients.1–3 The presence of comorbidities is associated with more complex clinical 
management of patients with hip fractures4 and worse patient outcomes, including prolonged length of hospital stay, 
poorer quality of in-hospital treatment, increase in postoperative infections, and mortality.5,6

The prevalence of comorbidity among hip fracture patients has previously been examined using the Charlson 
Comorbidity Index (CCI) or the Elixhauser Index based on hospital diagnoses.2,3 However, several chronic diseases 
included in these indices, eg, chronic pulmonary disease and diabetes mellitus, are today mainly treated by general 
practitioners in contrast to previous standards where patients were seen regularly at hospital outpatient clinics.7 It is 
therefore a concern that comorbidity estimates based on hospital diagnoses might underestimate the true comorbidity. 
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A prescription-based index, like the Rx-Risk Index, captures comorbidities currently treated not only at hospitals but also 
by general practitioners and may therefore provide a more precise description of the current comorbidity.8

To our knowledge, no previous studies have examined whether the comorbidity burden measured with the hospital 
diagnosis-based CCI and Elixhauser Index is different than the comorbidity burden measured with the prescription-based Rx- 
Risk Index, and whether the prevalence of individual diseases differ between indices. Furthermore, no previous studies have 
examined whether the strength of the reported associations between comorbidity and mortality differs between indices. 
Current comprehensive data on the comorbidity, individual diseases, as well as associated mortality are necessary to inform 
patients and clinicians, facilitate diagnosis, improve target care, lower health care costs related to complications and increase 
quality of care. In addition, the study is relevant for research purposes in terms of confounding adjustment and comparison of 
results of the studies that use only prescriptions or diagnoses as a measure of comorbidity.9

The aim of this study was therefore to describe the current trends in the prevalence of individual diseases and 
comorbidity measured with two diagnosis-based indices, the CCI and the Elixhauser Index, and a prescription-based 
index, the Rx-Risk Index. Furthermore, we examined the strengths of the association between comorbidity and 30-day 
and one-year mortality using the three indices.

Methods
We conducted a population-based cohort study in Denmark, a country with 5.7 million inhabitants and with universal 
access to medical care, including partial reimbursement of prescription drug costs.10

Study Population and Data Sources
Study population included patients with an incident medial femoral neck or lateral fracture of the proximal femur 
who underwent surgery with arthroplasty or internal fixation from January 2014 through December 2018. Patients 
were identified in the Danish Multidisciplinary Hip Fracture Registry.11 We linked the study population with data 
from the Danish Civil Registration System, the Danish National Patient Registry, the Danish National Health 
Services Prescription Database, and socioeconomic registries from Statistics Denmark. All registries are updated 
once a year, except for the Danish National Patient Registry and the Danish Civil Registration System, which are 
updated on a monthly and a daily basis, respectively.

The Danish Multidisciplinary Hip Fracture Registry is a national clinical quality registry, which records all patients 
aged 65 years or older with femoral fractures who underwent surgery from 2003 onwards. The registry contains detailed 
data on patient characteristics and in-hospital quality indicators reflecting the guidelines for in-hospital care at the time of 
registration. By law, reporting to the registry is mandatory for all departments treating hip fracture patients and data are 
entered prospectively by the healthcare professionals during the hospital stay.11 Furthermore, the hospital only gets paid 
if both the diagnosis code and the surgical code are reported.

The Danish National Patient Registry holds data on all non-psychiatric hospital admissions since 1977 and on all 
outpatient and emergency visits since 1995, recorded according to the International Classification of Diseases Eight 
Revision (ICD-8) until the end of 1993 and Tenth Revision (ICD-10) thereafter.12

The Civil Registry System holds records of changes in vital status and migration for the entire Danish population 
since 1968.12

The Danish National Prescription Registry contains information on all dispensing of reimbursed medicine by the 
community pharmacies in Denmark since 2004. The pharmacies serve all inhabitants including nursing home residents.13 

The recorded data include active substances of the medications recorded according to the Anatomical Therapeutic 
Chemical classification system (ATC codes), date of purchase, and the defined daily dose.

The socioeconomic registries at Statistics Denmark contain detailed information on the level of education, employ-
ment status, household income, cohabitant status, nursing home residence, and regional residency of all Danish 
residents.14,15
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Patient Characteristics
We described the study population in terms of sex, age at hip fracture date (in categories 65–74 years, 75–84 years, and 
85 years or older), cohabitation (living alone or living with someone), fracture type (medial or lateral fracture), type of 
residence (own home, nursing home, or missing) and Body mass index (BMI). BMI was classified into underweight 
(BMI 10–19.9 kg/m2), normal weight (BMI 20.0–24.9 kg/m2), overweight (25–29.9 kg/m2), and obese (30–51 kg/m2) 
according to the criteria used at the Danish Multidisciplinary Hip Fracture Registry.11 To account for variation in annual 
family income, we calculated the average annual total household income in the five years before admission to hospital 
and categorized it into three terciles of increasing income.16 We classified level of education into elementary school (≤7 
years), more than elementary school, but not university degree, university degree, and missing values.16 Lastly, we 
described the study population by region of residence (the Capital Region of Denmark, Region Zealand, the Region of 
Southern Denmark, the Central Denmark Region, and the Northern Denmark Region).

Comorbidity
We defined comorbidity as medical conditions that existed before the hip fracture admission date and identified the level 
of comorbidity in each patient using two most common studied hospital diagnosis-based indices, the CCI17 and the 
Elixhauser Index,18 and an outpatient prescription-based index, the Rx-Risk Index.8

The CCI was originally developed in a cohort of 559 medical patients to predict 1-year mortality and consisted of 19 
comorbidity categories, which were included in a weighted index.19 The index has been translated into ICD codes, which 
are used in administrative registries.20 The included codes have been validated in the Danish National Patient Registry 
showing positive predictive values from 82% to 100%.21 The index includes 19 medical conditions, which are weighted 
by 1 to 6 points according to their risk of mortality.19 The sum of all scores constitutes a single comorbidity score for 
each patient. In our study patients were categorized into four groups depending on the CCI score (0, 1, 2, and ≥3) 
corresponding to no comorbidity, moderate, severe, and very severe comorbidity.22

The Elixhauser Index was originally developed in a cohort of 438 adult inpatients from acute care hospitals in the 
USA to predict in-hospital mortality, length of hospital stay, and hospital charges using 30 comorbidities.18 The score 
was developed based on ICD-9 and did not include a summary score. However, the index has been translated into ICD- 
10 and a point system.20 The points assigned to each disease range from −7 to 12 depending on the association with 
mortality. For each patient we calculated a summary score by summing points for all included diseases in the index and 
categorized into four groups; no comorbidity (≤0 points), moderate comorbidity (1–5 points), severe comorbidity (6–13 
points), and very severe comorbidity (≥14 points).23

The Rx-Risk Index was developed in 2003 providing an up-to-date list of the medication-based measure of 
comorbidity (the Chronic Disease Score, CDS), which was developed in 1992 for predicting costs of healthcare and 
subsequently adapted to predict mortality in outpatient populations.24 The Rx-Risk Index includes 43 comorbidities, 
which have been mapped to pharmacy dispensing indicative of each condition using ATC codes. Each comorbidity have 
a weighted index score depending on the association with mortality.8 An increasing score indicates a higher level of 
comorbidity. We categorized the RxRiisk score into four groups by quartiles of increasing Rx-Risk score, which 
correspond to no comorbidity, moderate, severe, and very severe comorbidity.

We summarized the 10-year pre-hip fracture comorbidity history using primary and secondary diagnoses from all 
inpatient and outpatient visits (excluding emergency department visits) recorded in the Danish National Patient Registry. 
We obtained information about outpatient dispensing from the Danish National Prescription Registry. For the Rx-Risk 
Index, the patients were categorized as having been treated for the comorbidity if they received medicine in a given 
disease category one or more times within one year before the hip fracture admission date. The ICD codes and the ATC 
codes included in the three indices are shown in Supplemental Table S1A–C.

Outcome
The outcome variables 30-day and all-cause one-year mortality were chosen as they represent short-term (likely to be 
related to hip fracture injury and the surgery itself) and long-term mortality (likely to be related to patient characteristics 
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and comorbidity). All-cause mortality within 30 days and one year from the day of hip fracture surgery were obtained 
from the Civil Registration System.

Statistical Analysis
We tabulated the characteristics of the study population overall and by each comorbidity index. We compared the 
prevalence of individual diseases and the prevalence of comorbidity measured with the CCI, the Elixhauser Index, and 
the Rx-Risk Index. Furthermore, we compared the indices’ categorization of comorbidity level using a cross-tabulation of 
the distribution of comorbidity levels between two indices. Subsequently, we examined the current trend in the 
prevalence of comorbidity throughout the study period. Lastly, we examined the crude as well as the sex and age 
adjusted association between comorbidity and 30-day and one-year mortality for each index separately. The association 
between comorbidity level and 30-day mortality were examined using logistic regression for each index. The prognostic 
value of comorbidity in relation to one-year mortality was assessed by calculating Hazard Ratios (HRs) using the Cox 
proportional hazards regression model. The Cox proportional hazards regression is a more appropriate method when 
dealing with common outcomes and long follow-up time. The patients were followed from the date of surgery until the 
date of death or emigration, whichever occurred first within the first year after the date of surgery. We calculated HR and 
Odds ratio (OR) overall and stratified. We stratified on sex (in categories male and female), age groups (in categories 65– 
74 years, 75–84 years, and 85 years or older, and in each calendar year of surgery as the comorbidity level may have 
changed over the years and to examine potential effect modification. The content of this paper follows the REporting of 
studies Conducted using Observational Routinely-collected Data (RECORD) guidelines.25 All statistical analyses were 
performed using SAS statistical software version 9.4 (SAS Institute Inc., Cary, USA).

Results
In total, we identified 31,443 patients with a hip fracture in the period 2014–2018. The overall hip fracture population 
mainly consisted of females and individuals above 85 years of age. Most of the population was living alone and was 
admitted to hospital from their own homes. The proportion of men increased with the severity of comorbidity for all indices, 
eg, 25% in the no comorbidity group were men compared to 40% in the very severe comorbidity group measured with CCI 
(Table 1)). The age distribution was comparable for all four comorbidity groups in the CCI, the Elixhauser Index, and the 
Rx-Risk Index (Table 1). A more detailed description of the study population is available in Supplemental Table S2.

The Prevalence of the Individual Diseases
Seven diseases were identified in all three indices: Chronic pulmonary disease, congestive heart failure, uncomplicated 
diabetes, renal disease, liver disease, malignancies, and HIV/AIDS (Figure 1). The prevalence of these diseases was 
the same in the CCI and the Elixhauser except for renal disease and malignancies where the CCI showed a slightly 
higher prevalence (Table 2). According to the Rx-Risk Index, 28% of the hip fracture patients had congestive heart 
failure, whereas the prevalence was only 9% in both the CCI and the Elixhauser Index. No patients with renal disease 
or malignancies were identified with the Rx-Risk Index in contrast to the CCI and the Elixhauser Index (Table 2). The 
CCI and the Elixhauser Index both included additional seven diseases compared to Rx-Risk Index, including 
metastatic cancer, complicated diabetes, peptic ulcer disease, rheumatological disease, lymphoma, peripheral vascular 
disease, and paraplegia/hemiplegia (Figure 1). The prevalence of these diseases was the same in both indices apart 
from those for complicated diabetes and peptic ulcer disease (Table 2). The CCI and the Rx-Risk Index both included 
dementia, with the CCI showing a slightly higher prevalence than the Rx-Risk Index (Table 2). The Elixhauser and 
Rx-Risk indices shared five diseases, including cardiac arrhythmias, hypertension, hypothyroidism, alcohol abuse, and 
depression (Figure 1). According to the Rx-Risk Index 29% of the hip fracture patients had depression compared to 
6% according to the Elixhauser Index (Table 2). In contrast, the Elixhauser Index showed that 21% of the patients 
were diagnosed with cardiac arrhythmias whereas the prevalence was only 6% according to the Rx-Risk Index 
(Table 2).
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Table 1 Baseline Characteristics for Patients with Hip Fracture According to Comorbidity Level Measured with Charlson Comorbidity, Elixhauser, and RxRisk Indices

Charlson Comorbidity Index Elixhauser Index RxRisk Index

No  
0 Points

Moderate  
1 Point

Severe  
2 Points

Very Severe  
≥3 Points

No  
≤0 Points

Moderate 
1–5 Points

Severe  
6–13 Points

Very Severe  
≥14 Points

No  
≤0 Points

Moderate  
1–3 Points

Severe  
4–6 Points

Very Severe 
≥7 Points

Age, (n)

65–74 years 23% (2750) 19% (1398) 20% (1129) 22% (1438) 23% (3204) 18% (1426) 21% (1398) 23% (687) 25% (2223) 20% (1930) 19% (1283) 21% (1279)

75–84 years 34% (3980) 37% (2667) 37% (2107) 40% (2672) 35% (4868) 36% (2772) 38% (2593) 41% (1193) 36% (3166) 35% (3369) 37% (2497) 39% (2394)

≥85 years 43% (5132) 44% (3236) 43% (2417) 38% (2517) 42% (5879) 46% (3563) 41% (2809) 36% (1051) 39% (3444) 46% (4454) 44% (2995) 40% (2409)

Sex, (n)

Male 25% (2940) 29% (2130) 33% (1881) 40% (2679) 25% (3490) 31% (2384) 37% (2494) 43% (1262) 29% (2525) 31% (2979) 32% (2152) 33% (1974)

Female 75% (8922) 71% (5171) 67% (3772) 60% (3948) 75% (10,461) 69% (5377) 63% (4306) 57% (1669) 71% (6308) 70% (6774) 68% (4623) 6% (4108)

Fracture, (n)

Medial fracture 55% (26,083) 54% (28,087) 55% (28,877) 54% (28,376) 56% (25,246) 54% (27,846) 53% (28,262) 53% (30,069) 56% (27,526) 53% (26,859) 54% (28,344) 55% (28,694)

Lateral fracture 45% (5360) 46% (3356) 45% (2566) 46% (3067) 44% (6197) 46% (3597) 47% (3181) 47% (1374) 44% (3917) 47% (4584) 46% (3099) 45% (2749)

Cohabitant, (n)

Living alone 61% (7283) 65% (4737) 63% (3547) 58% (3819) 61% (8548) 64% (4967) 61% (4134) 59% (1737) 58% (5100) 62% (6043) 63% (4298) 65% (3945)

Living together 39% (4579) 35% (2564) 37% (2106) 42% (2808) 39% (5403) 36% (2794) 39% (2666) 41% (1194) 42% (3733) 38% (3710) 37% (2477) 35% (2137)
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The Comorbidity
The prevalence of comorbidity in our study population was highest when using the Rx-Risk Index (72%) and lowest 
when using the Elixhauser Index (56%). The proportion of very severe comorbidity was 21% and 19% in the CCI and the 
Rx-Risk Index, respectively, whereas it was only 9% in the Elixhauser Index. Using CCI, 38% of the patients were 
categorised as having no comorbidity, whereas 78% were categorized as having no comorbidity using the Elixhauser 
Index and 45% using the Rx-Risk Index (Figure 2A–C). Among the patients categorized with very severe comorbidity 
using the CCI, 33% and 34% were also categorized as having very severe comorbidity using the Rx-Risk Index and the 
Elixhauser Index, respectively (Figure 2A–C). Among the patients categorized with very severe comorbidity using the 
CCI, 34% were also categorized as having very severe comorbidity using the Rx-Risk Index. The prevalence of 
comorbidity groups within each index did not change from 2014 to 2018 for any of the indices (Figure 3A–C).

The Association Between Comorbidity and Mortality
The overall 30-day mortality and one-year mortality were 10% and 27% for the hip fracture population. A high level of 
comorbidity was associated with both an increase in 30-day mortality and one-year mortality irrespective of the index 
used (Figure 4A and B). The 30-day mortality increased from 6.5% to 15% for no comorbidity to very severe 
comorbidity using CCI and from 7.1% to 17.0% using the Elixhauser Index, and from 6.0% to 15.9% using the Rx- 
Risk Index Table 3. Adjusted for sex and age, this corresponded to 2.6-fold increased odds of 30-day mortality among 
patients with very severe comorbidity compared to those without comorbidity using the CCI Figure 4A. The strength of 
the association was consistent for the two other indices Figure 4A. One-year mortality ranged from 17.8% to 38.7% for 
the CCI, from 19.2% to 44.7% for the Elixhauser Index, and from 16.5% to 39.7% for the Rx-Risk Index Table 3. 
Adjusted for gender and age, this corresponded to a 2.5-fold increased risk of 1-year mortality for patients with very 
severe comorbidity compared to those without comorbidity using the CCI and a 2.8-fold increased risk using either the 
Elixhauser Index or the Rx-Risk Index Figure 4B. Stratification for gender, age, and calendar year of surgery did not 
change the relationship between the degree of comorbidity and mortality (Data not shown).

Figure 1 The disease areas included in the three indices.
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Table 2 Prevalence of Individual Diseases Measured with the Different Indices

Charlson  
Comorbidity Index

Elixhauser 
Index

Rx-Risk 
Index

Chronic pulmonary disease 14% 14% 17%a

Congestive heart failure 8% 9% 13%

Uncomplicated diabetes 10% 10% 12%b

Renal disease 6% 4% 0%

Liver disease 1% 2% 3%

Malignancies 17% 13% 0%
HIV/AIDS 0% 0% 0%

Metastatic cancer 2% 2% –
Complicated diabetes 2% 6% –

Peptic ulcer disease 5% 2% –

Rheumatological disease 5% 5% –
Paraplegia/hemiplegia 0% 0% –

Peripheral vascular disease 9% 9% –

Dementia 11% – 9%
Cardiac arrhythmias – 21% 6%

Hypertension – 37% 39%

Hypothyroidism – 3% 7%
Alcohol abuse – 4% 1%

Depression – 6% 29%

Moderate and severe liver disease 1% 1% –
Cerebrovascular disease 18% – –

Myocardial infarction 5% – –

Leukemia 1% – –
Lymphoma 1% 1% –

Coagulopathy – 1% –

Fluid and electrolyte disorders – 15% –
Valvular disease – 7% –

Other neurological disorders – 6% –

Weight loss – 3% –
Deficiency anemia – 3% –

Obesity – 2% –

Drug abuse – 0% –
Blood loss anemia – 1% –

Psychosis – 1% –

Ischaemic heart disease 
hypertension

– – 42%

Antiplatelets – – 37%

Hyperlipidaemia – – 33%
Pain – – 32%

Gastroesophageal reflux disease – – 31%

Anticoagulants – – 16%
Inflammation/pain – – 15%

Osteoporosis – – 13%

Anxiety – – 10%
Steroid-responsive disease – – 10%

Allergies – – 9%

Epilepsy – – 9%
Psychotic illness – – 8%

Ischaemic heart disease angina – – 7%

Parkinson´s disease – – 5%
Benign prostatic hyperplasia – – 5%

(Continued)
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Discussion
In this nationwide, population-based cohort study with complete follow-up, we found that more than 50% of the hip 
fracture patients had comorbidity, but the prevalence depended on the index used with the Rx-Risk index capturing the 
highest number of comorbidities. The prevalence of the diseases included in both the CCI and the Elixhauser Index were 
similar in the two indices. The Rx-Risk Index identified the highest number of comorbidities; patients with congestive 
heart failure, chronic pulmonary diseases, and depression, but no patients with renal disease. The prevalence of 
comorbidity was stable within each index during the study period. All indices had a dose-response association between 
comorbidity level and mortality, and the strength of the association was comparable between the three indices.

In contrast to existing studies and our hypothesis, we did not find an increase in comorbidity from 2014 to 2018 in 
Denmark regardless of the index used. A US study previously found that the proportion of patients with more than three 
comorbidities increased from 34% to 43% from 2006 to 2016.2 These differences could be explained by a shorter period 
examined in our study, as the increase in the US study was mainly in the early years. Furthermore, the US study only 
counted the number of diseases. The fact that our prevalence of patients with a CCI score of two or above (severe and 
very severe comorbidity) is similar to the prevalence of comorbidity among Swedish hip fracture patients in the period 
2014 to 2017 further strengthens our findings.3 Contrary to our expectations of an increase in disease severity, especially 
for the prescription-based Rx-Risk Index, we found a minor decrease. This may be explained by a larger focus on 
upgrading medicine use among elderly and frail hip fracture patients with shorter life expectancies.26 Elderly and frail 
patients may therefore only be treated for major conditions. This also accords with our findings, which showed a lower 
proportion of patients with dementia captured by the prescription-based Rx-Risk Index compared to the diagnosis-based 
CCI. This is also in line with guideline recommendations to discontinue medical treatment for dementia in patients with 
end-stage dementia.27

Our study shows, along with other studies among osteoarthritis patients, that the prescription-based Rx-Risk Index 
and the diagnosis-based CCI and Elixhauser Index identified different prevalence of disease for the same condition.28,29 

For instance, the Rx-Risk index showed a lower prevalence of renal disease/failure, alcohol abuse, and dementia whereas 
the CCI and the Elixhauser index identified a lower prevalence of congestive heart failure, hypertension, and depression. 
Furthermore, specific comorbidities such as anemia, fluid and electrolyte disorders, and weight loss were only captured 

Table 2 (Continued). 

Charlson  
Comorbidity Index

Elixhauser 
Index

Rx-Risk 
Index

Incontinence – – 5%
Gout – – 4%

Irritable bowel syndrome – – 1%

Smoking cessation – – 1%
Pancreatic insufficiency – – 0%

Psoriasis – – 0%

Pulmonary hypertension – – 0%
Transplant – – 0%

Tuberculosis – – 0%

Bipolar disorder – – 0%
Glaucoma – – 0%

Hepatitis B – – 0%

Hepatitis C – – 0%
Hyperkalaemia – – 0%

Hyperthyroidism – – 0%

Malnutrition – – 0%
Migraine – – 0%

Notes: aChronic airways disease. bDiabetes overall.
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CCI: Charlson Comorbidity Index, Elix: Elixhauser Index
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Figure 2 (A–C) Concordance between two indices categorisation of comorbidity level.
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Figure 3 (A–C) Proportion of comorbidity level over calendar year.
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Table 3 Crude and Adjusted 30-Day and One-Year Mortality According to Comorbidity Level Among Patients with Hip Fractures

30-Day Mortality One-Year Mortality

30-Day Mortality, % 
(Patients, n/ 
Patients at Risk, N)

Unadjusted OR  
(95% CI)

Adjusteda OR  
(95% CI)

One-Year Mortality, %  
(Patients, n / Patients 
at Risk, N)

Unadjusted HRb  

(95% CI)
Adjusteda  

HR (95% CI)

Charlson comorbidity Index
No comorbidity: 0 points 6.5 (775/11,862) 1.00 (reference) 1.00 (reference) 17.8 (2106/11,862) 1.00 (reference) 1.00 (reference)
Moderate comorbidity: 1 point 10.6 (774/7301) 1.70 (1.5–1.9) 1.69 (1.5–1.9) 27.4 (2003/7301) 1.64 (1.5–1.7) 1.63 (1.5–1.7)

Severe comorbidity: 2 points 11.1 (628/5653) 1.79 (1.6–2.0) 1.76 (1.6–2.0) 29.9 (1692/5653) 1.82 (1.7–1.9) 1.79 (1.7–1.9)

Very severe comorbidity: ≥3 points 15.1 (1000/6627) 2.54 (2.3–2.8) 2.64 (2.4–2.9) 38.7 (2565/6627) 2.5 (2.4–2.6) 2.54 (2.4–2.7)
Elixhauser Index
No comorbidity: ≤0 point 7.1 (985/13,951) 1.00 (reference) 1.00 (reference) 19.2 (2682/13,951) 1.00 (reference) 1.00 (reference)

Moderate comorbidity: 1–5 points 10.4 (807/7761) 1.53 (1.4–1.7) 1.41 (1.3–1.6) 27.9 (2166/7761) 1.54 (1.5–1.6) 1.43 (1.4–1.5)
Severe comorbidity: 6–13 points 13.1 (888/6800) 1.98 (1.8–2.2) 1.90 (1.7–2.1) 32.5 (2208/6800) 1.85 (1.8–2.0) 1.79 (1.7–1.9)

Very severe comorbidity: ≥14 points 17.0 (497/2931) 2.69 (2.4–3.0) 2.74 (2.4–3.1) 44.7 (1310/2931) 2.76 (2.6–3.0) 2.75 (2.6–2.9)

Rx-Risk Index
No comorbidity: ≤0 point 6.0 (534/8833) 1.00 (reference) 1.00 (reference) 16.5 (1457/8833) 1.00 (reference) 1.00 (reference)

Moderate comorbidity: 1–3 points 9.1 (885/9753) 1.55 (1.4–1.7) 1.41 (1.3–1.6) 24.6 (2404/9753) 1.56 (1.5–1.7) 1.44 (1.4–1.5)
Severe comorbidity: 4–6 points 11.6 (788/6775) 2.05 (1.8–2.3) 1.92 (1.7–2.2) 30.8 (2089/6775) 2.04 (1.9–2.2) 1.91 (1.8–2.0)

Very severe comorbidity: ≥7 points 15.9 (970/6082) 2.95 (2.6–3.3) 3.06 (2.7–3.4) 39.7 (2416/6082) 2.80 (2.6–3.0) 2.82 (2.6–3.0)

Notes: aAdjusted for age and sex. bHazard Ratio. 
Abbreviation: OR, Odds Ratio.
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with the Elixhauser Index, while the Rx-Risk Index did not capture malignancies. This may be explained by the fact that 
Danish cancer patients have their chemotherapy at the hospitals and not in an outpatient setting.30 Comprehensive data on 
individual comorbidities are relevant for patients and clinicians to target preventive measures to improve patient 
outcome. However, patient outcome could further be improved by better understanding the clustering of comorbidities 
and associated outcomes.31 All indices showed that the magnitude of the association between comorbidity level and 
short- and long-term mortality was similar and corresponded to previous associations.32–34 All three indices can therefore 
be used for case-mix adjustment. The increased mortality in hip fracture patients may, depending on the follow-up 

Adjusted OR for 3o-day mortality (95% CI)

Adjusted HR for 1-year mortality (95% CI)

A

B

Figure 4 (A-B) Forest plots of adjusted associations between comorbidity level and mortality.
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window, be caused by increased risk of complications during recovery, delayed healing, and caused by the comorbidities 
themselves.

Even though both the diagnosis-based indices, the CCI and the Elixhauser Index, as well as the prescription-based 
Rx-Risk Index can be used for case-mix adjustment in mortality analysis among hip fracture patients one index may be 
more applicable than another depending on the specific research question and data source available. Yet, we should 
remember that not all diseases are properly identified with the different indices, which may affect the adjusted risk 
estimates. This limitation applies to both the diagnosis-based and the prescription-based indices when estimating the 
prevalence of diseases as no gold standard in terms of clinical assessment was available in this study. Misclassification of 
the individual diseases and the comorbidities could, therefore, occur for all three indices. To our knowledge, the positive 
predictive values of the diseases included in the Elixhauser Index as well as the completeness of the registered diseases in 
the Danish population have not previously been examined. A previous Danish study showed positive predictive values 
between 82% to 100% for the ICD-10 diagnoses included in the CCI,21 but the completeness is unknown. Identification 
of diseases through prescriptions has not previously been validated in Danish registries. Misclassification could occur as 
prescriptions can be a proxy for different diseases, eg, patients with heart failure could be identified based on treatment 
with angiotensin-converting enzyme inhibitors or beta-adrenergic blocking agents, but these medications are also used 
for the treatment of simple hypertension without heart failure. Further validation studies are therefore needed for 
estimating the true prevalence of the diseases included in the Elixhauser and the Rx-Risk indices. The weight of the 
individual diseases in the applied indices may differ across different healthcare settings, study populations, and outcomes. 
Thus, they should be validated further in a hip fracture population. Our study results implicate the importance of 
screening for comorbidity in hip fracture patients in clinical practice and developing strategies to manage comorbid 
conditions in this population. In a clinical context it is important to identify and consider individual comorbidities with 
high prevalence to target preventive measures to improve patient outcomes whereas using an index is relevant when 
estimating an overall prognosis or when adjusting for comorbidity. Finally, our results indicate the need for considering 
a new index in studies on hip fracture patients, which combine diagnosis-based and prescription-based comorbidities in 
one index.35 This has previously been investigated for patients with acute myocardial infarction with success,36 but it has 
not been well-studied in patients with hip fractures.

Conclusions
All three indices for quantifying comorbidity seem robust for case-mix adjustment in mortality analysis among hip 
fracture patients, but considerable heterogeneity arises due to differences in the included diagnoses and the method 
utilized for capturing comorbidity (medication vs diagnoses). Therefore, researchers are advised to consider these issues 
when deciding which method to use and when comparing results from different studies.
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