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IMPORTANCE: The Clinical Frailty Scale (CFS) is the most used frailty 
measure in intensive care unit (ICU) patients. Recently, the modified frailty 
index (mFI), derived from 11 comorbidities has also been used. It is unclear 
to what degree the mFI is a true measure of frailty rather than comorbidity. 
Furthermore, the mFI cannot be freely obtained outside of specific proprietary 
databases.

OBJECTIVE: To compare the performance of CFS and a recently developed 
International Classification of Diseases-10 (ICD-10) mFI (ICD-10mFI) as frailty-
based predictors of long-term survival for up to 1 year.

DESIGN: A retrospective multicentric observational study.

SETTING AND PARTICIPANTS: All adult (≥16 yr) critically ill patients with doc-
umented CFS scores admitted to sixteen Australian ICUs in the state of Victoria 
between April 1, 2017 to June 30, 2018 were included. We used probabilistic 
methods to match de-identified ICU admission episodes listed in the Australia and 
New Zealand Intensive Care Society Adult Patient Database with the Victorian 
Admission Episode Dataset and the Victorian Death Index via the Victorian Data 
Linkage Centre.

MAIN OUTCOMES AND MEASURES: The primary outcome was the longest 
available survival following ICU admission. We compared CFS and ICD-10mFI as 
primary outcome predictors, after adjusting for key confounders.

RESULTS: The CFS and ICD-10mFI were compared in 7,001 ICU patients. The 
proportion of patients categorized as frail was greater with the CFS than with the 
ICD-10mFI (18.9% [n = 1,323] vs. 8.8% [n = 616]; p < 0.001). The median (IQR) 
follow-up time was 165 (82–276) days. The CFS predicted long-term survival up 
to 6 months after adjusting for confounders (hazard ratio [HR] = 1.26, 95% CI, 
1.21–1.31), whereas ICD-10mFI did not (HR = 1.04, 95% CI, 0.98–1.10). The 
ICD-10mFI weakly correlated with the CFS (Spearman’s rho = 0.22) but had a 
poor agreement (kappa = 0.06). The ICD-10mFI more strongly correlated with 
the Charlson comorbidity index (Spearman’s rho 0.30) than CFS (Spearman’s 
rho = 0.25) (p < 0.001).

CONCLUSIONS: CFS, but not ICD-10mFI, predicted long-term survival in ICU 
patients. ICD-10mFI correlated with co-morbidities more than CFS. These find-
ings suggest that CFS and ICD-10mFI are not equivalent.

RELEVANCE: CFS and ICD-10mFI are not equivalent in screening for frailty in 
critically ill patients and therefore ICD-10mFI in its current form should not be 
used.

KEY WORDS: Clinical Frailty Scale; Delphi consensus; International Classification 
of Diseases 10th Revision; ICD-10mFI; Long-term survival; Modified frailty index
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Frailty is a clinically recognizable state of increased 
vulnerability due to an aging-associated decline 
in physical, physiologic, and cognitive reserve 

(1). People with frailty have a reduced ability to cope 
with acute stressors (2) and have poorer outcomes (3, 
4). Frailty is common in patients admitted to ICUs (5, 
6). Such patients generally have worse outcomes (3), 
including quality of life, functional dependence (3, 
4), disability, and mortality at hospital discharge and 
1-year post admission (4, 6–8).

In ICU, the CFS (9) is the most used frailty measure 
in ICU patients (3, 10–12) and is validated to stratify 
older adults according to the level of vulnerability (9) 
and to reliably predict poor short- and longer term 
outcomes in critically ill patients (6, 8, 12–14).

As an alternative to the CFS and because of conve-
niences and electronic data availability, administrative 
data have been used as surrogates, to assess the epi-
demiology of frailty retrospectively (15). There is also 
increasing interest in researching the validity of frailty 
assessment using administrative data such as ICD-10 
because of their global reach (15, 16). A recent study 
found that an ICD-10-derived score, the Hospital 
Frailty Risk Score (HFRS), and CFS independently 
predicted up to 1-year survival following an ICU ad-
mission with moderate discrimination (14). Similarly, 

the modified frailty index (mFI) may be one such ad-
ministrative data-based surrogate. The mFI, however, 
is derived from mapping 11 variables contained within 
the National Surgical Quality Improvement Program 
database to variables contained within the original 
70-item Canadian Study of Health and Aging Frailty 
Index (17). Regrettably, nine of the 11 mFI items do 
not conform to the 2011 expert consensus statement 
on frailty (18, 19). Thus, it is unclear to what degree 
the mFI is a true measure of frailty rather than comor-
bidity. Furthermore, the mFI cannot be freely obtained 
outside of specific proprietary databases. To address 
this challenge, experienced intensivists and geri-
atricians achieved consensus for appropriate ICD-10 
codes that could be used as surrogates for the mFI (20), 
potentially enabling the use of ICD-10 global datasets 
to study the epidemiology of frailty.

In this study, using such ICD-10 codes, we aimed 
to test the primary hypothesis that the CFS would be 
a stronger predictor of survival at longest available fol-
low-up than the ICD-10mFI.

METHODS

Ethics Approval

The Peninsula Health Ethics Committee (reference 
number HREC/47502/PH-2019-177333, DHHS/
RQ907) approved the study on June 24, 2019, with a 
waiver of informed consent. The study was conducted 
in accordance with the Helsinki Declaration of 1975.

Study Design, Setting, and Patients

We conducted a retrospective multicenter cohort study 
from April 1, 2017, to June 30, 2018, including consec-
utive critically ill patients admitted to 16 public ICUs 
in the state of Victoria, Australia, with a documented 
CFS score. The date for censoring survival follow-up 
was July 31, 2018, to ensure that there was at least a 
1-month follow-up for all patients. We only included 
the first hospital admission during the study period.

Data Sources and Measurement

The Australian and New Zealand Intensive Care 
Society Adult Patient Database. This bi-national clin-
ical quality registry dataset collects de-identified in-
formation on admissions to contributing adult ICUs 
in Australia and New Zealand. All ICUs within public 

 KEY POINTS

• Question: We aimed to test the primary hy-
pothesis that the Clinical Frailty Scale (CFS) 
would be a stronger predictor of longest avail-
able survival than the International Statistical 
Classification of Diseases and Related Health 
Problems, 10th revision (ICD-10) coding–de-
rived modified frailty index.

• Finding: This multicenter cohort study found 
that CFS, but not ICD-10 coding–derived 
modified frailty index (ICD-10mFI), predicted 
long-term survival in ICU patients. ICD-10mFI 
correlated with comorbidities more than CFS. 
The findings also suggest that CFS had greater 
validity in discriminating long-term survivors 
from those who die.

• Meaning: CFS and ICD-10mFI are not equiva-
lent in screening for frailty in critically ill patients.
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hospitals in the study state (Victoria) contributed 
throughout the study period. Patient demographic 
details, diagnostic, biochemical, physiologic, chronic 
health parameters, illness severity scores from the first 
24 hours of ICU admission and in-hospital outcomes 
are captured by the Charlson comorbidity index (CCI) 
derived from this admission data. Definitions of each 
condition are described in the Australian and New 
Zealand Intensive Care Society-Adult Patient Database 
(ANZICS-APD) data dictionary (21).

Victorian Admitted Episodes Dataset. All 
Victorian public hospitals submit data to the Victorian 
Department of Health and Human Services. This ad-
ministrative dataset contains the ICD-10-coded diag-
nostic information, demographic data, and outcomes 
for all hospitalizations in the study state of Victoria.

Victorian Death Index. This administrative dataset 
records the date and cause of all deaths that occur in 
the study state (Victoria), based on the issued death 
certificates. Information was available up to July 31, 
2018.

Probabilistic methods were used to match dei-
dentified APD, Victorian admitted episodes dataset 
(VAED), and Victorian Death Index (VDI) data.

The VAED and VDI databases are summarized in 
Supplementary Tables 1 and 2 (http://links.lww.com/
CCX/B72).

Frailty Definitions

CFS. Frailty was measured with a modified version of 
the Canadian Study of Health and Aging CFS that cat-
egorizes patients as nonfrail (1 = very fit, 2 = well, 3 = 
managing well, 4 = vulnerable) or frail (9) (5 = mild, 
6 = moderate, 7 = severe, 8 = very severe). Terminally 
ill patients (CFS = 9) were excluded from analysis. The 
CFS is collected as part of the ANZICS-APD, at ICU ad-
mission in 16 of the 23 hospitals in Victoria, Australia. 
The CFS was assigned by trained data collectors working 
in ICU, including junior doctors, nurses, and adminis-
trative staff and based on the patient’s level of physical 
function in the 2 months preceding ICU admission (21).

ICD-10mFI. The ICD-10mFI (range 0–9) was calcu-
lated as an approximation using all the pertinent ICD-
10 codes, from prior and new conditions recorded and 
accrued from indexed hospitalization, as required to 
identify the 11 variables using the Delphi consensus 
investigation (Supplementary Table 3, http://links.
lww.com/CCX/B72) (20). The ICD-10mFI categorizes 

patients as frail if the score is greater than or equal to 
3. Frailty categorized by the ICD-10mFI was compared 
with the CFS-categorized frailty.

Study Aims and Outcomes

The primary aim was to assess the use of the Delphi-
consensus estimated ICD-10mFI as a frailty screening 
tool in ICU patients by comparing its performance 
with the CFS as a predictor of longest available sur-
vival following ICU admission. The secondary aims 
were to compare the performance of the CFS and the 
ICD-10mFI obtained at hospital admission as predic-
tors of ICU, hospital, 28-day, 90-day, 6-month, and 
1-year mortality, and, where applicable, home dis-
charge. Finally, ICU and hospital mortality rates were 
obtained from the APD records, with after discharge 
mortality determined from the VDI.

Statistical Analysis

Categorical comparisons between nonfrail (CFS = 1–4, 
ICD-10mFI = 0–2) and frail (CFS ≥ 5, ICD-10mFI ≥ 3) 
patients were performed using chi-square tests for cate-
gorical data, two-sample t tests for normally distributed 
data, and Wilcoxon rank-sum test otherwise with the 
results reported as proportion (number), mean (sd ), or 
median (interquartile range [IQR]), respectively. The re-
lationship between the CFS, ICD-10mFI, and CCI was 
determined using Spearman correlation coefficients. 
Kappa coefficients as binary (nonfrail vs frail) were used 
to determine the agreement between the two frailty 
measures. Patient survival was compared using Cox 
proportional hazards regression adjusting for patient 
illness severity and sex, with results reported as hazard 
ratios (HRs, 95%CI) with results reported using Kaplan-
Meier survival. The performance of the CFS and the 
ICD-10mFI in predicting time-specific mortality rates 
and discharge home was determined using logistic re-
gression models with results reported as area under the 
receiver operating characteristic (AUROC) plots with 
comparison using chi-square tests (22). Multivariable 
logistic regression analysis, adjusted for sex and illness 
severity, was used to compare the performance of the 
CFS and the ICD-10mFI as predictors of mortality rates. 
Illness severity was determined using the Australian 
and New Zealand risk of death (ANZROD) which is 
a highly predictive mortality prediction model used 
for benchmarking ICU performance in Australia and 
New Zealand (23, 24). To determine if frailty measures 

http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
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differed according to age, subgroup analysis was performed 
considering three age groups (< 65, 65–75, > 75 yr).

Although hypertensive elements were integral to 
the Delphi development of ICD-10mFI (20), the most 
common coding for hypertension (ICD-10 U82.3) did 
not meet consensus criteria. However, over one third 
of our population experienced this form of hyperten-
sion. Thus, to explore the robustness of the Delphi 
consensus, we conducted a sensitivity analysis addi-
tionally including ICD-10 U82.3 as a potential marker 
for the hypertension component of the ICD-10 based 
frailty assessment. The ICD-10mFI was quantified 
with the ICD-10 codes from the linked dataset using 
R software, Version 3.5.0 (The R Foundation, Vienna, 
Austria). Analysis was performed using SPSS Version 
27 (IBM Corp, Armonk, NY), and a two-sided p value 
of 0.05 was used to indicate statistical significance.

RESULTS

We studied 20,457 admissions from 16 hospitals (9 rural, 
3 metropolitan, and 4 tertiary). Of these, 14,943 (73%) 
were linked with the VAED and VDI datasets. Among 
linked admissions, 9,890 consecutive patients had a doc-
umented CFS. However, 2,439 without relevant ICD-10 
codes were excluded. A further 450 patients who were 
readmitted to the ICU during the same hospital stay 
were also excluded (Supplementary Fig. 1, http://links.
lww.com/CCX/B72). The final study dataset comprised 
7,001 patients from whom both the CFS and ICD-
10mFI measures were available. Supplementary Table 4  

(http://links.lww.com/CCX/B72) illustrates the compar-
ison between included (n = 7,001) versus excluded (n = 
13,457) patients. The included cohort appearing to be rep-
resentative of the larger population with similar mortality, 
length of stay in ICU, and patient illness severity in both 
groups. There were significant variations in the level of CFS 
documentation in the 16 hospitals that reported on the CFS, 
but documentation of the CFS improved over time (17% 
at commencement, 85% at completion) (Supplementary 
Table 5, http://links.lww.com/CCX/B72).

Of the 7,001 patients, the overall mean (sd) age was 
60.5 (17.7) years (median [IQR], 63.7 yr [49.1–74.0 
yr]); 59.5% were male. Patients with frailty had poorer 
health outcomes, longer ICU, and hospital lengths of 
stay, and a lower proportion of these patients were dis-
charged home compared with nonfrail patients. The 
median (IQR) follow-up time was 165 days (82–276 
d). The demographic characteristics, illness severity 
scores, and proportion requiring mechanical ventila-
tion are presented in Table 1.

Comparison Between CFS and mFI

The number of patients classified as frail differed be-
tween the two frailty measures. The proportion of 
patients with frailty was higher with the CFS compared 
with the ICD-10mFI (18.9% vs 8.8%; p < 0.001) (Table 1) 
(Supplementary Fig. 2, http://links.lww.com/CCX/
B72). There were significant variations in the propor-
tion of each of the nine comorbidity measures between 
the CFS and the ICD-10mFI (Supplementary Table 6,  

TABLE 2. 
Association Between the Clinical Frailty Scale and the International Sta-
tistical Classification of Diseases and Related Health Problems, 10th 
revision Code-Derived Modified Frailty Index for All Patients

ICD-10mFI 

Spearman Correlationa Agreementb 

Correlation Coeffi-
cient (95% CI)

Kappa (95% CI)

All patients (n = 7,001)  

 ICD-10mFI with CFS 0.22 (0.19–0.24) 0.06 (0.04–0.08)

 ICD-10mFI with CCI 0.30 (0.28–0.32) 0.08 (0.07–0.09)

 CFS with CCI 0.25 (0.23–0.27) 0.06 (0.02–0.09)

CCI = Charlson comorbidity index, CFS = Clinical Frailty Scale, ICD-10mFI = International Classification of Diseases and Related 
Health Problems, 10th revision code-derived modified frailty index.
aSpearman correlation based on continuous variables.
bKappa agreement based on dichotomous variables.

http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
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http://links.lww.com/CCX/B72). Both functional status 
(dependent) and impaired sensorium (Supplementary 
eTable 6, http://links.lww.com/CCX/B72) were sig-
nificantly lower with CFS. Hospital mortality was 
9.2% (n = 642; CFS: nonfrail vs frail 7.6% vs 15.8%; 
p < 0.001 and ICD-10mFI: nonfrail vs frail 8.7% vs 
14.3%; p < 0.001). The ICD-10mFI weakly corre-
lated with the CFS (Spearman rho = 0.22) (Table  2) 
but had a poor agreement (kappa = 0.06). The ICD-
10mFI was more strongly correlated with the CCI  
(rho = 0.30) than the CFS (rho = 0.25).

Primary Outcome: Long-Term Survival

The categorical (nonfrail vs frail) unadjusted longest 
available mortality for the two frailty measures is sum-
marized in Supplementary Table 7 (http://links.lww.
com/CCX/B72). Cox proportional hazards regres-
sion (both CFS and ICD-10mFI as ordinal variables), 
adjusted for ANZROD and sex, demonstrated that the 
CFS (HR = 1.26; 95% CI, 1.21–1.31) was associated 
with long-term survival up to 6 months, but not the 
ICD-10mFI (HR = 1.04; 95% CI, 0.98–1.10) (Table 3). 

TABLE 3. 
Cox Proportional Hazards Regression Analysis, for 6-Month Survival, Adjusted for  
Australian and New Zealand Risk of Death and Sex, for All Patients

Covariates 

Unadjusted Adjusted 

HR (95% CI) HR (95% CI)

Clinical Frailty Scale 1.43 (1.38–1.49) 1.25 (1.20–1.30)

Male sex — 0.89 (0.78–1.01)

ANZROD — 1.05 (1.04–1.05)

International Classification of Diseases, 10th revision modified frailty index 1.25 (1.18–1.32) 1.03 (0.97–1.10)

Male sex — 0.97 (0.85–1.10)

ANZROD — 1.05 (1.05–1.05)

ANZROD = Australian and New Zealand risk of death, HR = hazard ratio.
Numbers in bold imply statistical significance.

Figure 1. Kaplan-Meier curves between frail and nonfrail patients (treated as a dichotomous variable) for Clinical Frailty Scale (CFS) 
and International Classification of Diseases, 10th revision code-derived modified frailty index (ICD-10mFI) for all patients and those 
stratified based on age.

http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
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Kaplan-Meier curves for the two frailty measures dem-
onstrated greater survival separation between nonfrail 
and frail patients for the CFS compared with the ICD-
10mFI (Fig. 1).

Secondary Outcomes

The AUROC for the prediction of short-term (ICU, 
hospital, 28-d, and 90-d) mortalities and long-
term (6 and 12 mo) mortalities demonstrated that 
the CFS was a consistently better predictor than 
the ICD-10mFI (Table  4) (Supplementary Fig. 3,  
http://links.lww.com/CCX/B72). However, after multi-
variable adjustment, neither frailty measurement was 
able to improve the discrimination provided by patient 
illness severity assessed by ANZROD. The multivari-
able logistic regression, adjusted for ANZROD and sex, 
demonstrated that the CFS independently predicted 
both the short-term and long-term mortalities, where 
applicable, but the ICD-10mFI only predicted long-
term mortalities (Fig. 2) (Supplementary Table  8, 
http://links.lww.com/CCX/B72), but the magnitude of 
prediction was lower than the CFS prediction.

There were 3,642 patients less than 65 years, 1,735 be-
tween 65 and 75 years and 1,624 greater than 75 years, 
respectively. The ICD-10mFI correlated weakly with the 
CFS and had poor agreements between the two frailty 
measures for all age groups (Supplementary Table  9, 
http://links.lww.com/CCX/B72). Cox proportion 

hazards regression, after adjustment for ANZROD and 
sex, demonstrated that although CFS was independ-
ently predictive of 6-month survival for all age groups, 
ICD-10mFI was not (Supplementary Table 10, http://
links.lww.com/CCX/B72). The CFS demonstrated dis-
crimination in differentiating survivors from those 
who died for short-term mortality (ICU, hospital, 28-d, 
and 90-d). However, this discrimination was great-
est for long-term mortality for the less than 65 years 
age group. For the other age groups, the CFS dem-
onstrated greater discrimination for both short- and 
long-term (6 and 12 mo) mortality and consistently 
better than the ICD-10mFI (Supplementary Table 11, 
http://links.lww.com/CCX/B72; Supplementary Fig. 3,  
http://links.lww.com/CCX/B72). However, after multi-
variable adjustment, neither frailty measurement was able 
to improve the discrimination provided by patient illness 
severity assessed by ANZROD for all age groups. In the 
multivariable logistic regression, adjusted for ANZROD 
and sex, the CFS independently predicted mortality at all 
study time points for patients in less than 65 and 65–75 
years age groups respectively, and 90-day, 6-month, and 
1-year mortality for the greater than 75 years age group. 
In contrast, the ICD-10mFI was not predictive of long-
term mortality in any group (Supplementary Fig 5, 
http://links.lww.com/CCX/B72) (Supplementary Table 8, 
http://links.lww.com/CCX/B72). Kaplan-Meier survival 
curves for the two frailty measures demonstrated greater 

TABLE 4. 
Comparison of Clinical Frailty Scale and Modified Frailty Index for Predicting Clinical Out-
comes, for All Patients

Outcomes 

Raw 
Mortality 

(n/N)a 

Discrimination, C-Statistic (95% CI)b

Adjusted Discrimination, C-Sta-
tistic (95% CI)c

CFS ICD-10mFI p CFS ICD-10mFI p 

All Patients (N = 7,001)

ICU mortality 472/6,994 0.60 (0.57–0.63) 0.54 (0.52–0.57) 0.001 0.92 (0.91–0.93)0.92 (0.90–0.93)0.07

Hospital mortality 642/7,000 0.62 (0.60–0.65) 0.56 (0.54–0.58) < 0.001 0.91 (0.89–0.92)0.90 (0.89–0.92)0.80

28-d mortality 630/7,001 0.63 (0.61–0.65) 0.56 (0.54–0.59) < 0.001 0.91 (0.89–0.92)0.91 (0.90–0.92)0.61

90-d mortality 828/7,001 0.65 (0.63–0.67) 0.57 (0.55–0.59) < 0.001 0.88 (0.87–0.89)0.89 (0.87–0.90)0.12

6-mo mortality 944/7,001 0.66 (0.64–0.68) 0.58 (0.56–0.60) < 0.001 0.88 (0.87–0.89)0.88 (0.86–0.89)0.76

1-yr mortality 1,005/7,001 0.66 (0.65–0.68) 0.58 (0.56–0.60) < 0.001 0.87 (0.86–0.88)0.87 (0.86–0.88)0.72

CFS = Clinical Frailty Scale, ICD-10mFI = International Classification of Diseases, 10th revision code-derived modified frailty index.
aOutcome based on CFS.
bUnadjusted.
cAdjusted for Australian and New Zealand risk of death and male sex using logistic regression models.
Numbers in bold imply statistical significance.

http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
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survival separation between nonfrail and frail patients for 
the CFS compared with the ICD-10mFI for all age groups 
(Supplementary Fig 6, http://links.lww.com/CCX/B72).

Sensitivity Analysis

By including the ICD-10-U82.3 (hypertension), 
the number of patients with hypertension diag-
nosis increased from 850 to 3,235. Consequently, the 
total number of patients with frailty by ICD-10mFI 

increased to 1,091 (15.6%). The comparison between 
ICD-10mFI with and without the ICD-10-U82.3, in-
cluding unadjusted 1-year mortality and discharge des-
tinations, is summarized in Supplementary Table 12  
(http://links.lww.com/CCX/B72). The Spearman cor-
relation and Kappa agreement were similar between 
the CFS and ICD-10mFI with and without the ICD-
10-U82.3 (Supplementary Table 13, http://links.lww.
com/CCX/B72). Cox proportional hazards regres-
sion for ICD-10mFI with ICD-10-82.3, adjusted for 

Figure 2. Multivariable logistic regression, adjusted for Australia and New Zealand risk of death and sex, for short- and long-term 
mortality between Clinical Frailty Scale (CFS) and International Classification of Diseases, 10th revision code-derived modified frailty 
index (mFI) treated as a continuous variable for all patients and those stratified based on age.

http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
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ANZROD and sex, was not associated with the longest 
available survival (6 mo) (HR = 1.03; 95% CI, 0.98–
1.09) (Supplementary Table 14, http://links.lww.com/
CCX/B72). A comparison of the ICD-10mFI with and 
without ICD-10-82.3 demonstrated identical AUROC 
for predicting outcomes (Supplementary Table 15, 
http://links.lww.com/CCX/B72). Compared with the 
ICD-10mFI with the ICD-10-U82.3, the Kaplan-Meier 
survival curves for the ICD-10mFI without ICD-10-
82.3 demonstrated a greater survival separation be-
tween nonfrail and frail patients (Supplementary 
Fig. 4, http://links.lww.com/CCX/B72).

DISCUSSION

This large multicenter retrospective cohort study dem-
onstrated that the proportion of patients with frailty 
was significantly higher with the CFS compared with 
the ICD-10mFI as quantified by the Delphi consensus. 
There was poor agreement between the two frailty 
measures. The CFS predicted long-term survival, inde-
pendent of comorbidities and baseline illness severity on 
ICU admission, whereas the ICD-10mFI did not. The 
Kaplan-Meier survival curves for the two frailty meas-
ures demonstrated greater survival separation between 
nonfrail and frail patients for the CFS, compared with 
the ICD-10mFI. The unadjusted AUROC demonstrated 
that the CFS was a consistently better long-term mor-
tality predictor than the ICD-10mFI. However, neither 
frailty measure was able to clinically improve upon the 
predictability provided by baseline patient illness severity 
as assessed by ANZROD. Finally, the long-term survival 
prediction of CFS was marginally lower for older patients. 
There were no differences for the very old patients when 
compared with their younger counterparts.

The prevalence of frailty as estimated by the ICD-
10mFI was lower when compared with the CFS and 
considerably lower than in a recent study (25). This is 
probably because the authors mapped the mFI vari-
ables from their large ICU Frailty database. In con-
trast, the ICD-10mFI-categorized frailty prevalence in 
our study was comparable with the frailty prevalence 
observed in a large Brazilian cohort (26) that used a 
commercial ICU database (Epimed-Monitor) with a 
specific structured library of diagnoses and comor-
bidities (27, 28).

A recent post hoc analysis of a multicenter study 
(6) demonstrated good discrimination and predic-
tive validity between the CFS and mFI despite low 

concordance between the two measures (25). Contrary 
to recently published studies (5, 25, 26), we found poor 
discrimination and agreement between the CFS and 
the ICD-10mFI. Some factors may explain these differ-
ences. In particular, we used ICD-10 codes to estimate 
mFI. The prevalence of frail categorization by both the 
CFS and the ICD-10mFI was lower, and the Kappa 
agreement was significantly lower. Furthermore, we 
allocated a point for all 11 variables as in the original 
study (26), whereas other investigators did not allocate 
points for previous myocardial infarction (MI) or cor-
onary intervention in their coding model. Given the 
higher combined frequency of MI or coronary inter-
vention in our study, we believe that it was appropriate 
to allocate 1 point for each to minimize concordance 
bias. Finally, the 1-year mortality of frail patients in 
our study was significantly lower than previously re-
ported for both frailty measures.

Higher age, comorbidity burden, and primary diag-
nosis have been associated with decreased survival in 
all patient groups following ICU admission (29, 30). 
The CFS has been validated to predict short-term and 
long-term mortality in critically ill patients (6, 12, 31-
35). The CFS demonstrated moderate discrimination 
in identifying survivors, but the ICD-10mFI did not.

The comorbidity composite measure of the mFI 
does not assess other essential frailty domains such as 
cognitive impairment, communication, mood, conti-
nence, nutrition, and medications (36) and its ability 
to truly capture frailty has been questioned (36, 37). 
Seven of the 11 ICD-10mFI variables feature in the 
CCI. Frailty as a concept is independent of comor-
bidities and acute illness severity. However, the ICD-
10mFI integrates the measurement of performance 
status, a core domain in assessing patients at risk of 
frailty. Although mFI is inexpensive and construed 
as oversimplistic (36), its core performance status do-
main measure may be beneficial in screening patients 
at risk for frailty (25).

Our group recently published a study using the 
same dataset comparing another administrative frailty 
measure, the HFRS, with CFS. We found both HFRS 
and CFS independently predicted up to 1-year survival 
following ICU admission with moderate discrimina-
tion (14). When compared with ICD-10mFI, HFRS 
better discriminated patients who died than those 
who survived. Although both frailty measures inde-
pendently predicted long-term mortality, their mag-
nitude of prediction was considerably lower than for 

http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
http://links.lww.com/CCX/B72
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the CFS. Furthermore, the HFRS was a better measure 
in very old patients in predicting 90-day, 6-month, 
and 1-year mortalities, whereas ICD-10mFI was not 
(Supplementary Table 16, http://links.lww.com/CCX/
B72). This suggests that, if administrative scores were to 
be used to determine frailty, HFRS has greater validity 
in predicting long-term mortality, than ICD-10mFI.

The ICD-10mFI underestimated the prevalence of 
frailty, compared with the CFS. The ICD-10mFI cor-
related weakly and had a poor agreement with the CFS 
but had a relatively stronger correlation with the CCI. 
The CFS independently and better predicts long-term 
survival, whereas the ICD-10mFI does not. However, 
both frailty measures were unable to clinically improve 
upon the predictability provided by baseline acute ill-
ness severity. Therefore, based on our findings, cau-
tion must be used in using the ICD-10mFI to screen 
frailty in critically ill patients. In contrast, despite the 
requirement of resource intensive training, the clini-
cally assessed CFS has some validity for differentiating 
long-term survivors from those who die, even before 
the calculation of acute illness severity. Recently pub-
lished CFS scoring classification tree could further re-
liably assist for relatively inexperienced raters (38). The 
mFI is relatively newer frailty measure with some va-
lidity but is not widely available. In contrast, the ICD-
10mFI is a new concept with great potential because of 
the global availability of ICD-10 coding. However, our 
findings suggest that ICD-10mFI in its current form 
should not be used.

The strengths of the study included a direct com-
parison of CFS and ICD-10mFI in a large patient 
dataset with long-term outcomes. This was the first 
study to use Delphi consensus-derived ICD-10mFI. 
Furthermore, it adjusted for key confounders, com-
pared the frailty measures with CCI, and performed 
sensitivity analyses.

A few limitations need to be acknowledged. First, 
the ICD-10mFI scores were approximated from the 
Delphi consensus (20), where a panel of intensivists 
and geriatricians reached a consensus on the ICD-10 
codes required to estimate the mFI, in contrast to direct 
scoring. Second, our ICD-10mFI may not be related to 
the proprietary mFI (27, 28) Third, the CFS measures 
frailty 2 months before ICU admission, whereas the 
mFI was measured it using ICD-10-based codes upon 
the index admission. Fourth, there is a possibility of the 
wrong categorization due to incorrect ICD-10 coding. 

This could have affected the frailty status of patients 
(39). Fifthly, we were unable to determine interrater re-
liability for CFS in our study. However previous stud-
ies showed that the interrater reliability was strong for 
CFS (38, 40, 41). Sixthly, we expect, but cannot prove, 
that ICD-10 coding practices are generalizable across 
Victoria. Finally, the lower ICU mortality rates and 
shorter ICU length of stay are real-world outcomes for 
ANZ ICUs and may not apply to other countries.

CONCLUSIONS

This retrospective multicenter cohort study found that 
the CFS, but not the ICD-10mFI, predicted long-term 
survival in ICU patients. The findings suggest that the 
CFS had greater validity in discriminating 6-month 
survivors from those who die. However, neither frailty 
measure could improve upon the prediction perfor-
mance of baseline patient illness severity.
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