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Abstract
Background: Dementia severity is unavailable in administrative claims data. \We examined whether a claims-based frailty index (CFl) can mea-
sure dementia severity in Medicare claims.

Methods: This cross-sectional study included the National Health and Aging Trends Study Round 5 participants with possible or probable
dementia whose Medicare claims were available. We estimated the Functional Assessment Staging Test (FAST) scale (range: 3 [mild cogni-
tive impairment] to 7 [severe demential) using information from the survey. We calculated CFI (range: 0-1, higher scores indicating greater
frailty) using Medicare claims 12 months prior to the participants’ interview date. WWe examined C-statistics to evaluate the ability of the CFI
in identifying moderate-to-severe dementia (FAST stage 5-7) and determined the optimal CFl cut-point that maximized both sensitivity and
specificity.

Results: Of the 814 participants with possible or probable dementia and measurable CFl, 686 (72.2%) patients were >75 years old, 448 (50.8%)
were female, and 244 (25.9%) had FAST stage 5-7 The C-statistic of CFl to identify FAST stage 5-7 was 0.78 (95% confidence interval: 0.72—
0.83), with a CFI cut-point of 0.280, achieving the maximum sensitivity of 76.9% and specificity of 62.8%. Participants with CFI >0.280 had a
higher prevalence of disability (19.4% vs 58.3%) and dementia medication use (6.0% vs 22.8%) and higher risk of mortality (10.7% vs 26.3%)
and nursing home admission (4.5% vs 10.6%) over 2 years than those with CFl <0.280.

Conclusions: Our study suggests that CFl can be useful in identifying moderate-to-severe dementia from administrative claims among older
adults with dementia.

Keywords: Administrative claims data, Dementia, Frailty

Background Dementia Rating scale (6). Although these measures con-
sider a constellation of symptoms, functional status, and
cognitive ability, a patient’s ability to perform activities of
daily living (ADLs) is a key factor in determining dementia
severity, especially in identifying those with moderate-to-se-
vere dementia.

Previously, we developed a claims-based frailty index (CFI)
(7); although the Kim CFI was developed to estimate a defi-
cit-accumulation frailty index, it also had a C-statistic of 0.84
for 2 or more ADL dependency in Medicare beneficiaries after
age and sex adjustment (8-10). In the absence of a claims-
based measure of dementia severity, we postulated that the

severity of dementia. In clinical practice, dementia sever- SFI unli helpl 1de.121t1fy. fp atlerzits with moderacie-to—se.vere
ity is measured using Functional Assessment Staging Test ementia. £ tool to identily moderate-to-severe dementia in

(FAST) (4), Global Deterioration Scale (5), or Clinical Medicare claims data may be helpful for evaluating outcomes
of drug therapy, surgical procedures, and health care services

In the United States, about 1 in 7 older adults above the
age of 70 have dementia. Older adults with dementia are
more prone to disability, poor health, and increased health
care costs and utilization (1). Due to their complexity, these
individuals are often excluded in randomized clinical trials
thus limiting the evidence on how to improve their care.
To address this, administrative claims data are increas-
ingly used to study health outcomes and the effectiveness
of health interventions among older adults with dementia.
These studies define dementia using diagnosis codes (2,3).
However, there is no claims-based algorithm to measure the
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in beneficiaries living with dementia as well as population
health management and resource allocation.

In this context, we analyzed the National Health and Aging
Trends Study (NHATS)-Medicare linked data to (i) mea-
sure dementia severity via FAST stage, calculated from the
NHATS survey, and (ii) measure the Kim CF]I, calculated from
Medicare claims data. We then assessed the usefulness of CFI
in identifying people with moderate-to-severe dementia and
determined the optimal CFI cut-point.

Method

Data Sources and Study Population

NHATS is an annual survey of a nationally representative
sample of Medicare beneficiaries over the age of 65 years.
Beneficiaries who were Black or of older ages were oversam-
pled to improve precision of estimates for these subgroups
(11). Information about demographic characteristics, health
status, functioning, and cognitive status was collected via
in-person assessments. NHATS survey information was
linked to Medicare data for fee-for-service (FFS) benefi-
ciaries (12,13). Our study population included the 2015
NHATS (Round 5) participants who were living in the com-
munity; had possible or probably dementia according to the
NHATS dementia classification algorithm (see details later);
and were continuously enrolled in Medicare FFS Part A and
B for 12 months prior to their interview date to allow calcu-
lation of CFI. Of the 8 334 participants of the 2015 NHATS
survey, we excluded those who were living in residential care
(n = 565) or nursing home (7 = 403), deceased by Round 5
(n =296), and those who did not have dementia (7 = 5 595).
Of the remaining 1 475 community-dwelling participants
with dementia, 661 were excluded because they lacked con-
tinuous enrollment in Medicare FFS data in the previous 12
months. Our final sample included 814 participants with
dementia.

NHATS Dementia Classification

In NHATS, a participant was classified as having either “pos-
sible dementia” or “probable dementia” based on (i) the pres-
ence of self-reported history of dementia diagnosis, (ii) met
criteria for 8-item Informant Interview to Differentiate Aging
and Dementia (>2 points), and (iii) performance <1.5 stan-
dard deviations (SD) below the population mean in at least
one of the cognitive domains (orientation, memory, and exec-
utive function). In cognitive testing, orientation was measured
by asking participants to recite the date, President, and Vice
President of the United States; memory was assessed using
a delayed word-recall test; and executive function was eval-
uated using a clock-drawing test (14). When dementia was
cited as the reason for proxy interview or nonparticipation in
cognitive testing, participants were classified as having “prob-
able dementia.”

Functional Assessment Staging Test

FAST staging is a 7-stage scale based on the course of func-
tional deterioration in people with dementia (1: normal
aging; 2: possible mild cognitive impairment; 3: mild cogni-
tive impairment; 4: mild dementia; 5: moderate dementia; 6:
moderately severe dementia; 7: severe dementia) (4). Among
the various possible dementia severity scales used in clinical
settings, we chose to use FAST scale due to two reasons. First,
the FAST scale could be operationalized using data available
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from NHATS survey questions. Second, the FAST scale is a
clinical tool that has similar properties of measuring functional
status to CFI and therefore can serve as a reference to validate
the ability of CFI to capture dementia severity. Because we
only included participants with dementia, we operationalized
FAST scale from 3 to 7 using information on ADLs, instru-
mental activities of daily living (IADLs), and other relevant
symptoms (Table 1). Participants’ FAST stage was defined
starting with the most severe level (FAST 7) and continuing in
descending order. For example, participants were categorized
in FAST 7 if they satisfied all of the following criteria: (i) 3-6
IADL disability with at least one being finances, medications,
or cooking; (ii) ADL disability with dressing, bathing, and
toileting; (iii) incontinence; and (iv) either impaired speech
or a need for help getting out of bed and not moving inside
the house in the last month. Participants were categorized in
FAST 6D-E if they did not fulfill the criteria for FAST 7 and
had (i) 3-6 TADL disability and (ii) incontinence (Table 1). A
similar hierarchical definition was applied to the remainder
of the FAST stages.

Other Measurements

We used information on age, sex, race/ethnicity, education,
participation of a proxy, self-reported comorbid conditions,
and disability. ADL disability was defined as requiring help
from someone to perform feeding, dressing, walking, trans-
ferring, bathing, or toileting. IADL disability was defined
as either requiring help from others, not doing the activity
in the last month, or not doing the activity sometimes due
to difficulty in performing driving or using public trans-
portation, shopping, cooking, doing the laundry, managing
medications, or managing finances (15). Dementia medi-
cation use was ascertained from Medicare Part D claims
within 1 year of the survey date, which included any of
donepezil, galantamine, rivastigmine, or memantine. Death
was defined if the date of death was given or death was the
reason for not completing a follow-up interview. Using the
Minimum DataSet (MDS 3.0), we defined time to nursing
home admission from the survey interview for participants
with nursing home stays longer than 100 days in the follow-
ing 2 years (16).

Claims-Based Frailty Index

The Kim CFI (range: 0-1, higher scores indicating greater
frailty) was calculated using 93 variables defined by diag-
nosis codes, Current Procedural Terminology codes, and
Healthcare Common Procedure Coding System codes on
Medicare claims in 12 months prior to the NHATS interview
(https://dataverse.harvard.edu/dataverse/cfi). CFI estimates
a deficit-accumulation frailty index and has been validated
against physical performance, ADL and IADL disability, and
future risk of death, institutionalization, health care utiliza-
tion, and cost (7-10,17).

Statistical Analysis

We characterized the study population. We estimated
C-statistic and 95% confidence interval (CI) of CFI for iden-
tifying moderate-to-severe dementia (FAST stage 5-7) and
estimated sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) at CFI cut-
points of 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, and 0.45. We
determined the optimal CFI cut-point that maximized the
sum of sensitivity and specificity. In addition, we examined
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cut-points that yielded an 80% sensitivity or 80% specificity.
To assess the criterion validity, we compared the proportion
of concurrent ADL and IADL disability, dementia medica-
tion use, and age- and sex-adjusted cumulative incidence of
death and nursing home admission over 2 years based on the
optimal CFI cut-point. Cumulative incidence was estimated
using the Cox model for death and using the Fine and Gray
model (accounting for death as a competing risk) for nursing
home admission after adjusting for age and sex. A 2-sided
p value of <.05 was considered statistically significant. To
assess generalizability of our study sample, we compared the
characteristics of participants with dementia who met the
criteria for inclusion because they had 12-month FFS claims
and those who did not, using ¢ test and chi-square test. All
analyses were conducted in Stata version 16.1 (StataCorp
LLC, College Station, TX) and SAS 9.4 (SAS Institute, Cary,
NC) using survey procedures to account for the complex
survey design of NHATS and weighted to reflect national
estimates.

Results

Characteristics of Study Population

Our study sample included 814 community-dwelling benefi-
ciaries with possible or probable dementia, representing 3.11
million adults in the United States (18). Overall, 72.2% of
participants in this study were aged 75 years or older, 50.8%
female, and 70.1% were non-Hispanic White beneficiaries
(Table 2). Hypertension (72.6%), ADL disability (37.7%),
and IADL disability (81.5%) were common. Among the
814 beneficiaries with possible or probable dementia, 311
(42.4%) were categorized as mild cognitive impairment
(FAST 3),259 (31.8%) were mild dementia (FAST 4) and 244
(25.9%) had moderate-to-severe dementia (FAST stage 5-7).
The mean (SD) CFI was 0.290 (0.094). The demographic and
clinical characteristics of participants with dementia who
were included were similar to those with dementia who were
excluded because CFI could not be computed, except for a
lower prevalence of diabetes (29.8% vs 36.1%, p = .038;
Supplementary Table 1).

CFl as a Dementia Severity Measure

The C-statistic of CFI to identify FAST stage 5-7 was 0.78
(95% CI: 0.72-0.83; Figure 1). The CFI cut-point of 0.280
yielded a maximized sensitivity of 77% and specificity of
63%. The CFI cut-point 0.269 achieved an 80% sensitivity
and the cut-point 0.327 achieved an 80% specificity. Table
3 presents the performance of CFI at various cut-points in
identifying moderate-to-severe dementia among NHATS par-
ticipants with possible or probable dementia.

Overall, the performance of CFI at different cut-points
demonstrated a trade-off between sensitivity and specificity.
Increasing the cut-point improved specificity, reducing false
positives but also resulting in a decrease in sensitivity, poten-
tially leading to false negatives. For example, at a cut-point of
>0.350, CFI demonstrated a specificity of 0.85 (0.82-0.88),
with the sensitivity decreased to 0.49 (0.41-0.57), indicat-
ing that CFI may fail to detect nearly half of the participants
with moderate-to-severe dementia. At this cut-point, the PPV
was 0.53 (0.44-0.63), indicating that slightly more than half
of the participants with CFI >0.350 had moderate-to-severe
dementia. The NPV remained relatively high across different
cut-points.
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Table 2. Characteristics of NHATS Participants With Possible or Probable
Dementia and Fee-For-Service Medicare Enrollment for 12 Months
Before Round 5 (n = 814)

Characteristic n (%)
Age >75 years old 686 (72.2)
Female 448 (50.8)
Race
Non-Hispanic White 466 (70.1)
Black 233 (12.9)
Other 8(13.3)
Unknown 7 (3.7)
Proxy interview 179 (20.6)
Education
Less than a high school diploma 314 (32.8)
High school diploma 227 (31.7)
Some college years, associate degrees 136 (17.4)
College graduate or postgraduate 111 (14.4)
Self-reported comorbid conditions
Cancer (excluding skin cancer) 1(12.8)
Dementia 254 (29.0)
Diabetes 236 (29.8)
Heart disease 200 (22.7)
Hypertension 618 (72.6)
Lung disease 150 (18.6)
Stroke 6(10.2)
ADL disability 354 (37.7)
TADL disability 684 (81.5)
Dementia severity (FAST stage)
Mild cognitive impairment (3) 311 (42.4)
Mild dementia (4) 259 (31.8)
Moderate-to-severe dementia (5-7) 244 (25.9)
CFI, mean (SD) 0.290 (0.094)

Notes: ADL = activities of daily living; CFI = Claims-based Frailty Index;
FAST = Functional Assessment Staging Test; [ADL = instrumental activities
of daily living; SD = standard deviation. Sample sizes () and percentages
weighted to reflect national estimates are presented.

Criterion Validity of CFI-Based Dementia Severity
Participants with CFI 20.280 had a higher prevalence of ADL
disability (CFI <0.280 vs CFI >0.280: 19.4% vs 58.3%),
IADL disability (72.0% vs 92.3%), and dementia medication
use (6.0% vs 22.8%) at baseline and higher age- and sex-ad-
justed cumulative incidence of mortality (10.1% vs 23.1%)
and nursing home admission (4.3% vs 9.8%) over 2 years
than those with CFI <0.280 (Table 4).

Discussion

Our study suggests that CFI may be a valuable tool for identi-
fying moderate-to-severe dementia from administrative claims
data. The NHATS participants who were identified to have
moderate-to-severe dementia based on CFI >0.280 had a higher
prevalence of ADL and IADL disability and dementia medica-
tion use and a higher risk of mortality and nursing home admis-
sion in the future. The use of CFI may provide insights into the
burden and outcomes of dementia in older Medicare population.

Previous research mainly focused on the identification
of diagnosed dementia from administrative claims data
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(3,19-21). The prevalence of dementia based on claims-
based algorithms ranges from 12.7% (3) to 14.4% (22,23).
Although clinically significant dementia cases are more likely
to be coded in claims data (20), there has been little effort
to determine dementia severity from claims data. Knox et
al. (24) reconstructed the FAST scale using ADL and IADL
disability items obtained during the home health Outcomes
Assessment Information Set. However, this scale could be cal-
culated only for those receiving home health care, of whom
75.9% had moderate-to-severe dementia (FAST stage 5-7)
(24). The population had relatively more severe dementia
compared with the overall population with dementia because
25% had been hospitalized before receiving home health ser-
vices (24). In contrast, our study using the NHATS survey
included a nationally representative sample of Medicare ben-
eficiaries with dementia (25), and 25.9% had FAST stage 5-7.
In addition, we estimated the dementia severity using CFI,
which facilitates ascertainment for a broader population of
FFS beneficiaries, regardless of home health use.

A growing body of literature showed that frailty and
dementia often coexist, with a potentially bidirectional rela-
tionship (26-28). Petermann-Rocha et al. found that physi-
cal frailty was a risk factor for incident dementia (28). Other

1.00
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i sensitivity 77%
0.80 specificity 63%.
CF1=0.269
sensitivity 80%
CFI=0.327 specificity 57%
0.60- sensitivity 59%
specificity 80%

Sensitivity

0.40

C-statistic: 0.78 (95% CI: 0.72-0.83)
0.20

0.00 -
T T T
0.00 0.20 0.40 0.60 0.80 1.00
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Figure 1. Receiver-operating characteristics curve of CFl in identifying
moderate-to-severe dementia. CFl = Claims-based Frailty Index; FAST

= Functional Assessment Staging Test. The CFI cut-point of 0.280
achieved the maximum sensitivity 77% and specificity 63% for detecting
moderate-to-severe dementia (FAST stage 5-7). A CFl score of 0.269
achieved sensitivity 80% and specificity 57%, and a CFl score of 0.327
achieved specificity 80% and sensitivity 59%.
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studies suggested that measures of physical frailty, such as
impairments in grip strength, balance, or gait speed, had been
attributed to cognitive impairment among people with frailty
(29-32). A prior validation study demonstrated a correlation
between the Kim CFI and poor physical function and func-
tional limitations (8), which might account for the CFD’s abil-
ity to detect older adults with moderate-to-severe dementia.
Another study demonstrated that individuals with CFI score
in the range of 0.25-0.34 had a 28% risk of death and an
11% risk of institutionalization for long-term care (8), align-
ing with the risk observed in our findings.

Our study has important limitations. First, misclassification
by dementia status is possible. The NHATS dementia clas-
sification in part relied on self-reported physician diagnosis
of dementia (n = 125), proxy report (n = 179), and AD8 >2
(n=41). This classification system does not consider the inter-
ference of cognitive impairment with daily function, which
is a required criterion for dementia diagnosis. However, the
majority of participants with possible or probable dementia
in our study had functional impairment (81.5% IADL dis-
ability and 37.7% ADL disability) and approximately 20.6 %
was classified by proxy (14). Second, our analysis was limited
to community-dwelling participants with dementia who com-
pleted the NHATS Round 5 survey and required 12 months
of continuous Part A and B enrollment so that CFI could be
calculated. The similarities in characteristics between those
with dementia who were included in the study and those
excluded because CFI could not be determined are reassur-
ing that our findings may be generalizable to other Medicare
beneficiaries with dementia. However, additional validation
studies are warranted. Third, approximately 70% of partic-
ipants were classified as FAST stage 3-4, corresponding to
mild dementia. The prevalence of moderate-to-severe demen-
tia in our study population was 25.9%, which explains the
moderate PPV observed for the CFI-based dementia severity
assessment. If the prevalence of moderate-to-severe dementia
were 50% (eg, as in the nursing home setting) (33), our opti-
mal CFI cut-point of 0.280 would result in PPV of 67.4% and
NPV of 73.1%. Fourth, estimates of dementia medications
are underestimated because utilization could only be assessed
among beneficiaries with Part D insurance. Lastly, because
our measure of moderate-to-severe dementia is tightly linked
to moderate-to-severe CFI, it remains unclear whether we
can distinguish older adults with dementia living with mod-
erate-to-severe frailty from those with moderate-to-severe
dementia.

Table 3. Performance of CFl in Identifying Moderate-to-Severe Dementia Among NHATS Participants With Possible or Probable Dementia (n = 814)

CFI Cut-Point

Moderate-to-Severe Dementia (FAST Stage 5-7)

Sensitivity (95% CI)

Specificity (95% CI)

PPV (95% CI) NPV (95% CI)

20.15 1.00 (1.00-1.00) 0.14 (0.10-0.18) 0.29 (0.26-0.32) 1.00 (1.00-1.00)
>0.20 0.97 (0.94-1.00) 0.31 (0.25-0.36) 0.33 (0.29-0.37) 0.97 (0.93-1.00)
20.25 0.89 (0.82-0.95) 0.49 (0.44-0.54) 0.38 (0.33-0.43) 0.93 (0.88-0.97)
>0.30 0.68 (0.59-0.76) 0.70 (0.66-0.75) 0.44 (0.38-0.50) 0.86 (0.82-0.90)
20.35 0.49 (0.41-0.57) 0.85 (0.82-0.88) 0.53 (0.44-0.63) 0.83 (0.80-0.86)
>0.40 0.25 (0.18-0.32) 0.96 (0.94-0.97) 0.66 (0.53-0.79) 0.78 (0.75-0.81)
20.45 0.10 (0.05-0.14) 0.99 (0.98-0.10) 0.75 (0.54-0.95) 0.76 (0.73-0.79)

Notes: CFI = Claims-based Frailty Index; CI = confidence interval; FAST = Functional Assessment Staging Test; NPV = negative predictive value; PPV =

positive predictive value.
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Table 4. Dementia-Related Characteristics by CFI-Defined Dementia
Severity Among NHATS Participants With Possible or Probable Dementia
(n=814)

Characteristics CFI <0.280 CFI >0.280

(n=388) (n=426)

n (%) n (%)
FAST stage 5-7 9 (11. 195 (42.0)
ADL disability 4(19. 4) 270 (58.3)
IADL disability 287 (72.0) 397 (92.3)
Dementia medications 4 (6.0) 8 (22.8)
Death in 2 years’ 6 (10.1) 145 (23.1)
Nursing home admission in 2 —t 0(9.8)
years

Notes: ADL = activities of daily living; CFI = Claims-based Frailty Index;
FAST = Functional Assessment Staging Test; IADL = instrumental activities
of daily living. Data were presented in N (%), where the percentage
represents the national estimates from the survey weighting procedure.
'For death and nursing home admission, age- and sex-adjusted cumulative
incidence was presented in parentheses.

TThis estimate does not meet minimum cell size requirements (<11) for
presentation and is, therefore, suppressed in accordance with the Centers
for Medicare & Medicaid Services (CMS) suppression policy.

In conclusion, our study results support the use of Kim CFI
in combination with dementia diagnosis as a novel method
for identifying moderate-to-severe dementia from administra-
tive claims data among Medicare beneficiaries. Our findings
demonstrate high criterion validity by differentiating mild
from moderate-to-severe dementia groups through associa-
tions with disability, dementia medication use, risk of 2-year
mortality, and nursing home admission. Future research is
needed to validate our findings on different data sources to
ensure a more accurate performance.

Supplementary Material

Supplementary data are available at The Journals of
Gerontology, Series A: Biological Sciences and Medical
Sciences online.
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