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Purpose: To investigate the reliability of a weighted version of the Functional Comorbidity
Index (w-FCI) compared with that of the original Functional Comorbidity Index (FCI) and to
test its usability.
Patients and methods: Sixteen physicians collected data from 102 residents who lived in 16
different nursing homes in the Netherlands. A multicenter, prospective observational study was
carried out in combination with a qualitative part using the three-step test interview, in which participants completed the w-FCI while thinking aloud and being observed, and were then interviewed
afterward. To analyze inter-rater reliability, a subset of 41 residents participated. The qualitative part
of the study was completed by eleven elderly care physicians and one advanced nurse practitioner.
Measurements: The w-FCI was composed of the original FCI supplemented with a severity
rating per comorbidity, ranging from 0 (disease absent) to 3 (severe impact on daily function).
The w-FCI was filled out at baseline by 16 physicians and again 2 months later to establish
intra-rater reliability (intraclass correlations; ICCs). For inter-rater reliability, four pairs of raters
completed the w-FCI independently from each other.
Results: The ICCs were 0.90 (FCI) and 0.94 (w-FCI) for intra-rater reliability, and 0.61 (FCI)
and 0.55 (w-FCI) for inter-rater reliability. Regarding usability of the w-FCI, five meaningful
themes emerged from the qualitative data: 1) sources of information; 2) deciding on the presence
or absence of disease; 3) severity of comorbidities; 4) usefulness; and 5) content.
Conclusion: The intra-rater reliability of the FCI and the w-FCI was excellent, whereas the
inter-rater reliability was moderate for both indices. Based on the present results, a modified
w-FCI is proposed that is acceptable and feasible for use in older patients and requires further
investigation to study its (predictive) validity.
Keywords: older patients, multimorbidity, personalized medicine, function, disease impact

Plain language summary

Correspondence: Anouk D Kabboord
Department of Public Health and
Primary Care, Leiden University Medical
Center, PO Box 9500, 2300 RA Leiden,
the Netherlands
Tel +31 71 526 8406
Email a.d.kabboord@lumc.nl

289

submit your manuscript | www.dovepress.com

Clinical Interventions in Aging 2019:14 289–299

Dovepress

© 2019 Kabboord et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

http://dx.doi.org/10.2147/CIA.S185112

Powered by TCPDF (www.tcpdf.org)

In this study, we present a new comorbidity index, which is a modified version of the original
Functional Comorbidity Index (FCI). In the assessment of comorbidity, simply the sum of present
conditions will not reflect total burden of disease. It is also important to assess severity: a condition can be mild, moderate, or severe. With other words, it can have hardly any, partly (moderate), or severe impact on the patient’s life, activities, physical, and/or psychological well-being.
This is why we have modified the original FCI and have designed a severity weighted FCI.
To study the usability and reliability of this weighted FCI, we have collected data from 102
nursing home residents and formed rater pairs to calculate the intraclass correlations (ICCs)
in order to determine the intra-rater and inter-rater reliability of the index. Furthermore, we
have interviewed eleven physicians and one advanced nurse practitioner using a three-step test
interview, to test its usability in nursing home practice.
We found that the intra-rater reliability of the FCI and w-FCI was excellent whereas the
inter-rater reliability was moderate. On the basis of the results, we composed a brief and practical
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tool that is suitable for use in older patients to evaluate their comorbidities and maybe also to aid making a functional prognosis after
an acute event or hospital admission. This modified w-FCI can be
used both in research and in practice, to assess comorbidity in the
vulnerable older patient population.
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Introduction
Chronic diseases and their interaction – as in multimorbidity –
have an impact on a person’s functional abilities and
may delay recovery after acute diseases, or complicate
rehabilitation.1–4 With an aging population, clinicians and
therapists are increasingly confronted with multimorbidity in
their patients. However, assessment of comorbidity is complex and should include more than simply the accumulation
of single diseases.5–8 The NICE guideline Multimorbidity:
Clinical Assessment and Management confirms this, stating
that: “… multimorbidity involves personalized assessment
and the development of an individualized management plan”.9
Indices such as the Cumulative Illness Rating Scale, the
Index of Co-Existing Diseases (ICED), or the Geriatric Index
of Comorbidity include disease severity but are complex,
time-consuming, and require training and access to a comprehensive manual.5,10–12 A brief and practical method may support clinicians in assessing individual multimorbidity as part
of comprehensive geriatric assessment and, subsequently, in
making a functional prognosis when acute diseases occur.
In 2005, the FCI became available.13 That index was
specifically designed for use in studies investigating physical function, and included 18 prevalent diagnoses related to
physical function. Although the authors discussed whether
“… severity ratings are likely to provide better adjustment …”
the available FCI does not include severity evaluation.13 This
original FCI was developed in a community-dwelling adult
population. However, severity-weighted comorbidity might
be more strongly related to functional status in older vulnerable patients, such as nursing home residents. In addition, a
survey study (2013) showed that most practitioners agreed
that the severity of disease affected physical function following hip fracture. The authors concluded that the FCI needs
modification to be useful in older patient populations, such as
patients with hip fracture.14 Therefore, we investigate an FCI
that is supplemented with a severity-weighted rating scale.
The present study aims to examine the reliability of this
weighted FCI (w-FCI) by analyzing the intra-rater and interrater reliability of the original FCI and the w-FCI. A second
aim is to test the usability of the w-FCI by examining its feasibility, acceptability, and completeness in clinical practice.
Based on the results, a w-FCI is presented that is ready to be
evaluated in both geriatric practice and prognostic research.
290
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Patients and methods
Weighted FCI
The initial w-FCI was composed of the original index
(Figure S1) supplemented with a severity rating for each of
the 18 comorbidities, based on the physician’s knowledge
about the comorbidities of their patients and their impact on
functioning.13 This rating had four categories (Figure 1).8,12 In
item 8, an extra example was included, ie, neurodegenerative
disorder such as dementia was added after Parkinson’s
disease, because dementia is prevalent among nursing home
residents and this addition was also recommended in an earlier study.14 A three-page manual was appended as a guide
in case of doubt when completing the w-FCI.

Reliability

Data collection and measurements
The present study is part of the BeCaf study, a prospective multicenter cohort study. 15 Sixteen physicians in
training to be an elderly care physician (ECP), working
in 16 nursing homes, collected data on patients under
their responsibility.16,17 Eligible participants were selected
when diabetes mellitus had been diagnosed. All eligible
participants, their proxy, and the educational nursing
homes received adequate oral and written information
about the study and were given reasonable time to opt-out.
Data collection included anonymous patient data and
complied with the Personal Data Protection Act and
the Medical Treatment Agreement Act. The study was
conducted in accordance with the Declaration of Helsinki
and its protocol was approved by the Medical Ethics
Committee of Leiden University Medical Center.
To analyze ICCs for intra-rater reliability, comorbidity
indices were completed by the same physicians at baseline and again 2 months later. This 2-month interval was
considered optimal because it was short enough for the
comorbidities to be stable, but long enough for physicians
to have forgotten the baseline measurements.11,18–20 The
Barthel index was completed by a nurse and was used to
assess functional status.21
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Figure 1 Rating scale for functional severity.
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Furthermore, four different pairs of raters scored the w-FCI
in a subset of patients (Table S1). The w-FCI was completed
in duplicate, first by an ECP trainee and subsequently by the
supervising ECP, independently from each other.16
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Usability

Data collection and measurements
To test usability of the w-FCI, the three-step test interview
(TSTI) was conducted.22 The TSTI combines the “think
aloud” and “probing” methods and “is a powerful tool with
which to establish whether a measurement is filled out
in a consistent way and whether the questions and tasks
are understood”.23 Qualitative data were collected by four
researchers (AK, LvD, MK, and MW), while interviewing
experienced ECPs who worked in various types of nursing
homes (Table S2). An ECP is “a medical practitioner who has
specialized as a primary care expert in geriatric medicine”.16,17
Per TSTI session, an ECP filled out the index and
exchanged thoughts with the researcher. The ECP was
asked to verbally express all thoughts while filling out the
w-FCI.22 The researchers recorded all observations, ie, the
verbally expressed thoughts as well as nonverbal expressions
(step 1). This was followed by a retrospective interview
during which the observations were discussed (step 2), and
an in-depth discussion addressed any difficulties concerning the comorbidities, the descriptions, the understanding
of the content, and highlighted further considerations or
opinions (step 3).
All data were processed anonymously. Inclusion of ECPs
continued until data saturation was achieved. Data were
recorded ad verbum for further analysis.

Statistical analysis
A statistician specialized in reliability studies advised on the
appropriate sample size and assisted in analyzing the ICCs;
at least 40 participants were necessary to ensure statistical
power.24 The SPSS version 23 was used for the analyses. The
ICCs were calculated for the FCI and the w-FCI sum scores,
calculating the ratio of case variance to total variance using a
linear mixed model with the Barthel index as a fixed factor.
This model adjusted for nested data and for true functional
decline due to intercurrent disease. An ICC of ,0.50 was
deemed to represent poor, 0.50–0.74 moderate, 0.75–0.89
good, and $0.90 excellent agreement.25 The scores of the two
different rater groups were tested for significant difference
(P,0.05) using a paired t-test. Finally, the relation between
FCI and w-FCI sum scores and the Barthel index were studied
by calculating the correlation coefficients (Spearman’s rho).
Clinical Interventions in Aging 2019:14
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For the qualitative part, data from the TSTIs were
summarized in a table to keep track of data saturation. The
content was discussed and analyzed by two researchers
(AK, MK) who combined, analyzed, and structured the data
into meaningful themes.

Results
The study population consisted of 102 residents who had
lived in a nursing home for (on average) 21 months (Table 1);

Table 1 Characteristics of included patients
n=102

Variables
Age on admission (years)
Median (IQR)
Min–max
Gender, n (%)
Male
Female
Months in nursing home
Median (IQR)
Min–max
Type of care home
Psychogeriatric care (predominantly
dementia)
Nursing care (chronic physical
conditions)
Barthel index
Median (IQR)
Min–max
Original FCI
Mean (SD)
w-FCI
Mean (SD)
Comorbidity at baseline, n (%)
Arthritis
Osteoporosis
Asthma
COPD
Angina pectoris
Heart failure
Myocardial infarction
Neurological
Stroke
Peripheral vascular disease
Diabetes mellitus I or II
Gastrointestinal disease
Depression
Anxiety
Visual impairment
Hearing impairment
Degenerative disc disease
Obesity
Deceased, n (%)

82.5 (14)
48–95
41 (40%)
61 (60%)
21 (39)
0–351
56 (55)
46 (45)

8.0 (10)
1–20
5.0 (1.9)
8.6 (3.7)
23 (23%)
15 (15%)
2 (2%)
17 (17%)
20 (20%)
35 (34%)
17 (17%)
71 (70%)
50 (49%)
7 (7%)
102 (100%)
13 (13%)
19 (19%)
15 (15%)
41 (40%)
25 (25%)
15 (15%)
23 (23%)
7 (7)

Abbreviations: FCI, Functional Comorbidity Index; w-FCI, weighted version of the
Functional Comorbidity Index.
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their mean age was 82.5 years and 60% was female. The
Barthel index was (median) 8, the mean FCI score was 5.0,
and the mean w-FCI score was 8.6. The mean time interval
between T1 and T2 was 2.4 months. During the study,
7 patients died and 12 patients were lost to follow-up.
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Reliability
The ICCs (intra-rater) were 0.94 for the w-FCI and 0.90
for the FCI. Duplicate comorbidity indices from a subset
of 41 patients were completed and the resulting ICCs
(inter-rater) were 0.55 for the w-FCI and 0.61 for the FCI.
Although the mean FCI was 4.7 in both groups of raters,
the mean w-FCI differed between the raters, ie, the ECP
trainees assessed a mean of 8.0 and the supervising ECPs
9.3; this difference was significant (P=0.021). Spearman’s
rho was -0.103 (P=0.307) between FCI and Barthel index
and was -0.240 (P=0.015) for the w-FCI.

Usability
After interviewing 12 participants, data saturation was
achieved and five themes were extracted.

Discrepancies due to various sources of information
Essential information was collected to decide on whether a
disease was present or absent. ECPs used various sources
for this, ie, medical history (general practitioner), specialist
letters, (electronic) patient records, and the list of actual medication, and also considered the results of recent interviews
and physical examinations. Clinical knowledge of the patient
was used to decide on the severity of present comorbidities.
However, the sources did not always correspond with each
other. Furthermore, when a patient has been admitted to a
care home or geriatric rehabilitation facility, ECPs experienced that it could take days or weeks until the full medical
history was received. One question they raised was “What
is an appropriate time to complete a comorbidity index?”

Inconsistency in interpretation and deciding on
presence or absence
Information from the different sources was sometimes
confusing:
Sometimes the medication list includes a particular medication, whereas no matching indication can be retrieved from
the medical history.
Many COPD patients have clinical symptoms of anxiety
but don’t have an official diagnosis; in this case, should
I decide present or absent?
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Furthermore, information was sometimes interpreted in
different ways. For example, if a patient had had a disease
many years ago, without any residual symptoms, it was considered as currently not invalidating and therefore scored as
“absent”, whereas other participants scored this as “present
without causing any functional impairments”.

Experienced difficulties during the rating of
functional severity
To complete the w-FCI, ECPs needed to know the patient’s
medical, physical, and functional situation: ie, comorbidities
and their impact. Various problems were experienced when
rating the severity:
Who determines what causes functional impairment: the
patient or the doctor?
I only see the more severely impaired patients – one
can imagine that scoring severity depends on my frame of
reference.
Severity of a disease is not static, but changes from
day to day. Also, the impact on function can depend on the
availability of supportive aids.

Some noted that different diseases may have the same
symptoms and cause similar functional impairment, thereby
affecting the choice of a rating:
How do we determine whether functional disabilities are
caused by disease A or B?
Exacerbation of heart failure and COPD both cause
shortness of breath, which causes functional impairment
irrespective of the underlying pathophysiological etiology.

In this case, ECPs were inclined to choose “the happy
medium”, ie, partly causing functional impairment. Others
did not experience this difficulty and indicated that physicians
are trained to evaluate symptoms and diagnose diseases; thus,
a physician is the appropriate professional to decide what
symptom belongs to what disease.

Acceptability and usefulness of the w-FCI
Depending on the availability of information, the conscientiousness of the ECP and the complexity of the patient’s
condition, the time spent on filling out the w-FCI ranged from
4 to 13 minutes. None of the participants used the manual.
ECPs who took the most time were positive about the usefulness of the w-FCI, whereas ECPs who needed the least time
referred to themselves as “quick deciders” and experienced
few problems. Others indicated that the w-FCI would need
several adaptations to be useful in the care of older patients
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(see section “Considerations regarding the content and layout”). Finally, there were doubts about the usefulness of the
w-FCI in long-term care practice, when gradual and progressive functional decline is expected. However, the index was
seen as being potentially useful in the practice of geriatric
rehabilitation, where functional recovery is expected.

Considerations regarding the content and layout
Dementia was considered an important cause of functional
impairment in an older patient population. The following
conditions were also suggested: fractures, liver and kidney
failure, malignancies, chronic wounds, alcohol/substance
abuse, and/or other psychiatric diseases. Furthermore, it was
unclear whether or where diseases such as atrial fibrillation
and valve dysfunction should be scored. Regarding the layout: the w-FCI did not allow scoring the primary diagnosis
(main reason why the patient was admitted in the nursing
home) separately from the co-existing morbidities, whereas
this distinction is commonly made. Finally, because some
experienced difficulty with the rating of severity, a threefold
rating was suggested: (0) absent or present in medical history
without any residual symptoms, (1) partly impairing function,
and (2) severe impact.
The w-FCI and the considerations that led to the amendments are presented in Figure 2A and B. Major amendments
were COPD and asthma were combined into one pulmonary
item, dementia was added to the index as a separate comorbid
condition, upper gastrointestinal disease was changed into
gastrointestinal disease (also the lower intestinal tract was
considered important in older persons), some of the additional
explanations or examples below the items were adjusted,
supplemented, or removed, and some items were reordered
(degenerative disc disease and obesity).

Discussion
Main findings
In this population of vulnerable nursing home residents
characterized by diabetes, multimorbidity, and high functional dependency, the intra-rater reliability of the FCI and
w-FCI was excellent, whereas the inter-rater reliability was
moderate. Based on these results, we present a modified and
weighted version of the FCI (Figure 2A).

Strengths and limitations
The present study has several strengths: this is the first study
to add a rating to the FCI based on functional impact, where
few of the available comorbidity indices integrate the impact
of disease. Another strength is the addition of a qualitative
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part to gain insight into actual clinical practice and decisionmaking, and to extract information on factors that may have
caused reduced reliability. To our knowledge, the TSTI
method has not been used before to collect qualitative data
when investigating comorbidity indices. Furthermore, this
study provides insight into the clinical practice of assessing
comorbidity, which enhances its external validity. However,
this strength also has some limitations: the ECPs were not
trained in completing the w-FCI but received a brief explanation only and although a manual was available, it was not
used by any participant. Furthermore, deciding on “impact on
function” is a relatively intuitive process and depends on the
opinion of the clinician and his/her knowledge of the patient.
Although providing decision rules (as in the New York Heart
Association classification of heart failure) might improve
reliability, such classifications are lacking for most of the diseases included in the FCI. Another limitation may be that we
included only nursing home residents with diabetes, which
was decided to create a more homogeneous group among a
rather heterogenous group of nursing home residents.15 We
believe that it is unlikely that this has influenced the reliability or usability results and the w-FCI could be used in all
older patients according to us. Finally, an unexpected finding
was that the ECP-group scored a higher overall w-FCI sum
score than the trainees. However, a difference of 1.3 does
not necessarily indicate a clinical difference.26 In this context
the following limitation needs to be considered: the raters for
inter-rater reliability that completed the w-FCI could only
be the ECP trainee and the supervising ECP in our study,
because the w-FCI needs to be completed by someone who
has insight in the patients’ diseases and functioning. This
condition limits who is eligible to fill out the w-FCI. A possible explanation for the significant difference might be that
trainees usually focus on discussing the medical problems
with their supervisor and less often the patients’ successful
recovery or positive well-being. As a result, supervisors may
have scored a more severe impact.

Interpretation of findings
The reason why both indices had moderate inter-rater reliability is probably related to our study design, ie, using a variety
of sources from which comorbidities were extracted rather
than related to the severity-weighted rating. Our reliability
results are in line with those of an earlier study that investigated the reliability of the ICED (a comparable comorbidity
index).11 Completion of the ICED requires training; however,
in that study, despite using a 20-page manual, the ICCs still
ranged from 0.35 to 0.71. Moreover, no improvement in
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reliability was achieved after extra training of the raters.11
In the present study, none of the physicians used the threepage manual, which may be understandable bearing in mind
that: “an index has to be simple to use and not be stressful
in any … time consuming way, to be useful in practice”.27
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The inter-rater reliability of the FCI was lower than
that in a study investigating patients with acute lung injury
(ICC: 0.91).26 However, these two studies clearly differ in
design and population, eg, comorbidity and age differed
widely (in the present study the mean FCI was 5, compared

The proposed weighted version of the Functional Comorbidity Index.
Primary diagnosis (if applicable):
______________________________________________________________________
No: this disease is NOT present in medical history.
Yes: this disease is PRESENT in medical history.
No
Yes

score = 0
score depends on how severely it affects daily functioning
Score = 0 if: NO influence
Score = 1 if: Partially of influence
Score = 2 if: Severe influence
Score

1. Arthritis (rheumatoid and/or osteoarthritis)
No
Yes
Also gout or autoimmune disorders causing arthritis, eg, Sjögren.
2. Osteoporosis and/or fractures
No
Yes
No
Yes
3. Degenerative disc disease
(eg, back disease, spinal stenosis or severe chronic back pain)
---------------------------------------------------------------------------------------------------------------------------------------4. COPD, Asthma, emphysema or other pulmonary disease
No
Yes
No
Yes
5. Angina pectoris
No
Yes
6. Myocardial infarction
7. Heart failure
No
Yes
Any disease causing heart failure, eg, atrial fibrillation or valve problems.
---------------------------------------------------------------------------------------------------------------------------------------8. Neurological disease
No
Yes
(eg, multiple sclerosis, Parkinson’s disease)
No
Yes
9. Dementia or other neurocognitive disorder
10. Cerebrovascular accident (stroke)
No
Yes
------------------------------------------------------------------------------------------------------------------ ---------------------No
Yes
11. Peripheral vascular disease
No
Yes
12. Diabetes mellitus type I or II
------------------------------------------------------------------------------------------------------------------ ---------------------No
Yes
13. Gastrointestinal disease
14. Obesity and/or body mass index (BMI) >30?
Yes
No
Height: ____ cm
weight: ____ kg
(BMI = weight/(height in meters)2
------------------------------------------------------------------------------------------------------------------ ---------------------No
Yes
15. Depression
(or other psychiatric diagnoses causing mood disturbances, eg, bipolar disorder)
16. Anxiety or panic disorder
Yes
No
------------------------------------------------------------------------------------------------------------------ ---------------------17. Visual impairment
No
Yes
(eg, cataracts, glaucoma, macular degeneration)
18. Hearing impairment
No
Yes
Total score
Figure 2 (Continued)
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LPSDLUPHQW

7KHH[WUDVXJJHVWLRQ³YHU\KDUGRIKHDULQJHYHQZLWKKHDULQJDLGV´ZDV
UHPRYHGEHFDXVHWKHUDWLQJVFDOHSURYLGHVWKHSRVVLELOLW\WRGLVWLQJXLVK
EHWZHHQ³KHDULQJLPSDLUPHQWZLWKZHOOIXQFWLRQLQJKHDULQJDLGV´ \HVQR
LPSDFW  DQGµKDUGRIKHDULQJHYHQZLWKKHDULQJDLGV¶ \HVVHYHUH  

Figure 2 (A) The proposed w-FCI. (B) List of amendments made to the content and layout.
Notes: Please indicate whether a co-morbid condition is present (yes) or absent (no) and score its impact on the patients daily functioning with a 0, 1, or 2.
Abbreviations: BMI, body mass index; ECP, elderly care physician; w-FCI, weighted version of the Functional Comorbidity Index; TIA, transient ischemic attack.

with 1 in the earlier study). Furthermore, the comorbidities
were extracted from one retrospective record: an electronic
hospital discharge summary.26 Although using one record as
the sole source of information may improve reliability (higher
Clinical Interventions in Aging 2019:14

ICCs), it is less representative of clinical practice. The present study aimed to investigate reliability in the practice of a
nursing home. The results of the correlation analysis support
that the w-FCI is more strongly correlated with function than
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the FCI, although the effect sizes are rather small. This result
is in line with some studies but a higher correlation between
comorbidity and function was found in other studies.19,28–30
Our second aim was to study the feasibility, acceptability,
and completeness of the w-FCI. The five themes that emerged
provided insight into its usability, ie, the ability to complete
the index, its usefulness, and its imperfections.
Sources of information: Information from different
sources did not always fully match or provided conflicting
information on the presence/absence of diseases. This may
lead to different scores on the index, for both the FCI and
w-FCI. This difficulty applies to all comorbidity assessments
when various sources of information are used. Moreover,
in daily practice a patient file always consists of different
medical sources (eg, medication list, specialist letters, GP
medical history, and recent laboratory results).
Presence of comorbidity: Even when the medical history
was conclusive, the ECPs could differ in their opinion, mainly
when residual symptoms were absent. To address this, some
ECPs suggested that a threefold rating would be more practical: ie, rating “zero” for disease absence as well as for diseases
without impact on function (ie, without residual symptoms).
Severity rating: Completing the w-FCI requires knowledge of the patient’s medical and functional status. Some
inconsistencies emerged that may complicate rating the
impact of a disease on function and, therefore, contribute to
disagreement. First, severity may be dynamic and change
over time, eg, due to the nature of the disease progress, or
due to the relief of symptoms after successful treatment. In
addition, severity can also depend on the environment, eg, the
availability of effective supportive aids and social support.
Furthermore, who should decide on severity: the doctor or
the patient? Originally, the FCI was designed as a self-report
index. However, in another study (by the same author) the
FCI was completed by research nurses.13,31 In the present
study, due to the high prevalence of cognitive impairment in
the study population, the w-FCI was not self-reported but was
completed by a physician. Finally, some ECPs experienced
difficulty in distinguishing between different diseases that
may cause similar symptoms and/or impairments. However,
the opinion of others was that a physician is specifically
trained to recognize diagnoses and to differentiate between
symptoms and diseases and thus, a physician seems to have
the necessary skills to fill out the w-FCI. Although rating
severity of disease is more complex than registering its
presence, physicians recognize the importance in relation
to functional recovery. In a study, the opinions of various
experts in the area of hip fracture and functional recovery
were surveyed. In 11 out of the 18 FCI comorbidities a
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consensus of .85% on the importance of severity was
observed.14 Furthermore, the concept of “functional severity”
was already published in 1987 being “the impact of a disorder
on an individual’s ability to perform age-appropriate activities”. This publication stresses that “persons with equal physiological or morphological disorders may vary widely in the
impairments they experience” and “functional severity relates
to a person rather than to an organ system”.32
Acceptability, usefulness, and content: We consider
the amount of time needed to complete the w-FCI acceptable. Although the majority found completing the list to
be feasible, they thought the content needed to be adapted
to be useful with an older patient population. Dementia is
probably the most important comorbidity to be added to the
modified index, because it affects functional abilities and
is prevalent in older persons. Another study also stressed
the importance of dementia in the FCI.14 The authors also
reported that the majority of practitioners suggested that
“upper gastrointestinal disease” was not related to physical
function (neither its presence nor severity). We argue that
changing “upper gastrointestinal” into “gastrointestinal”
would be more suitable, since bowel disease (eg, constipation) is prevalent in older patients.33 Combining COPD and
asthma together was based on the prevalence in the cohort.
A declining prevalence of asthma with advancing age and
an increasing prevalence of COPD with advancing age has
been described.34 Furthermore, we could not find convincing
supportive literature while processing the other suggestions
(kidney and liver failure, malignancies, substance abuse,
and chronic wounds). At least kidney failure and chronic
wounds can be considered in the severity-rated part of the
w-FCI when they are a consequence of peripheral vascular
disease or diabetes, but further research will be needed to
determine whether additional comorbidities, in relation to
function, should be included in the index. This could be
conducted using a survey method or Delphi procedure that
focuses on this specific question.

Conclusion and implications
In this study, the intra-rater reliability of the FCI and w-FCI
was excellent, whereas the inter-rater reliability was moderate. We modified the investigated initial w-FCI into a
definitive w-FCI, to be acceptable and feasible for use in a
vulnerable older patient population, based on the results of
this study. This w-FCI is presented, which allows evaluating
the impact of comorbidities in older patients and may be used
for comprehensive geriatric assessment, eg, in post-acute care
and geriatric rehabilitation. However, the predictive validity
of this modified index needs further investigation.
Clinical Interventions in Aging 2019:14
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1. Arthritis (rheumatoid and osteoarthritis)						 YES		

 NO

2. Osteoporosis									 YES 		

 NO

3. Asthma									 YES 		

 NO

4. COPD, ARDS, or emphysema							 YES 		

 NO

5. Angina										 YES 		

 NO

6. Congestive heart failure (or heart disease)						

 YES 		

 NO

7.	Heart attack (myocardial infarct)							 YES 		

 NO

8.	Neurological disease (such as multiple sclerosis or Parkinson’s)

 YES 		

 NO

9.	Stroke or TIA									 YES 		

 NO

10. Peripheral vascular disease								 YES 		

 NO

11. Diabetes mellitus types I and II							

 YES 		

 NO

12. Upper gastrointestinal disease (ulcer, hernia of the diaphragm, and reflux)				

 YES 		

 NO

13. Depression						 			 YES 		

 NO

14. Anxiety or panic disorders				

a

			

			

 YES 		

 NO

15. Visual impairment (such as cataracts, glaucoma, and macular degeneration)

		

 YES 		

 NO

16. Hearing impairment (very hard of hearing, even with hearing aids)				

 YES 		

 NO

17. Degenerative disc disease (back disease, spinal stenosis, or severe chronic back pain)		

 YES 		

 NO

 YES 		

 NO

18. Obesity and/or BMI .30? Height: ____ m

Weight: ____ kg (BMI = weight/(height in meters)2

Figure S1 The original FCI.
Notes: Please indicate whether a co-morbid condition is present (YES) or absent (NO). YES: this comorbidity is present. NO: this comorbidity is absent. aIn our study
“or neurodegenerative disease such as dementia” was added as an option.
Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index; FCI, Functional Comorbidity Index; TIA, transient ischemic attack.

Table S1 Characteristics of the rater pairs
Raters

Profession

Type of nursing home

Pair 1, rater 1

ECP trainee

Specialized “Korsakov” and psychogeriatric long term care home

Pair 1, rater 2

ECP, supervisor

Specialized “Korsakov” and psychogeriatric long term care home

Pair 2, rater 1

ECP trainee

Specialized “Acquired Brain Injury” and long-term care home

Pair 2, rater 2

ECP, supervisor

Specialized “Acquired Brain Injury” and long-term care home

Pair 3, rater 1

ECP trainee

Combined nursing home: short- (rehabilitation and palliative) and long-term care (dementia)

Pair 3, rater 2

ECP, supervisor

Combined nursing home: short- (rehabilitation and palliative) and long-term care (dementia)

Pair 4, rater 1

ECP trainee

General long-term care home (both psychogeriatric and physical indications)

Pair 4, rater 2

ECP, supervisor

General long-term care home (both psychogeriatric and physical indications)

Abbreviation: ECP, elderly care physician.
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Table S2 Characteristics of participants in the TSTI
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Number

Profession

Gender

Type of care home and subspecialty

1

ECP, PhD

Male

Geriatric rehabilitation, SNF

2

ECP, PhD

Male

Geriatric rehabilitation, SNF

3

ECP

Male

Long-term care

4

ECP

Male

Short stay recovery

5

ECP

Female

Long-term care

6

ECP, PhD

Male

Specialized Korsakov and psychogeriatric care home

7

ECP

Male

Psychogeriatric care

8

ECP

Female

Short stay recovery

9

ECP trainee

Female

Long-term care

10

ECP

Female

Geriatric rehabilitation and palliative care

11

ECP

Female

Long-term care and psychogeriatric care

12

Advanced nurse practitioner

Female

Geriatric (COPD) rehabilitation, SNF

Abbreviations: ECP, elderly care physician; SNF, skilled nursing facility; TSTI, three step test interview.
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