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Abstract

Background
In the absence of guidance from clinicians identifying patients who have the greatest potential to
improve function as a bene�t of skilled therapy, and writing orders to assure adequate therapy minutes,
rehabilitation for the most vulnerable might not have been possible without objective assessment tools.
The Frailty Index (FI) is one objective metric for identifying rehabilitation potential. The aim of this study
was to evaluate the use of routinely collected data and predictive analytics of FI related to function to
estimate rehabilitative potential.

Methods
Retrospective analysis of patients admitted into a large urban skilled nursing facility (SNF) in Western
New York for post-acute rehabilitation over a nine-month period (N = 341). Using data collected in the
Minimum Data Set (MDS), the change in the GG function scores from admission to discharge (GG
AvD/C) was computed for each patient. The study utilized a multiple regression modeling approach to
evaluate the variation of the GG AvD/C score across the different categories of frailty.

Results
The results of this analysis suggest that by observing a patient's FI near time of admission, the clinician
can make a recommendation, based on an objective metric, when ordering patient treatment frequencies
and time, based on the patient’s potential for functional gains.

Conclusions
Using a FI to categorize patients into Frailty Risk Groups provides an opportunity to predict the amount of
functional improvement from start of care to discharge as measured using MDS GG functional scores.

Full Text
Skilled nursing facilities (SNF) in the United States historically were reimbursed for Medicare A
bene�ciaries under a Prospective Payment System (PPS) that classi�ed patients into Resource Utilization
Groups (RUGS) for expected resource needs [1]. This classi�cation was heavily in�uenced by the volume
of therapy services, as measured by the number of minutes of services provided, within the patients’
unique Minimum Data Set (MDS) assessment reference date.1 On October 1, 2019, the Center of
Medicaid and Medicare services (CMS), a federal agency in the United States responsible for
administering the nation’s major healthcare programs, transitioned to a new case-mix classi�cation
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model titled the Patient Driven Payment Model (PDPM) [2]. The PDPM was designed to determine
reimbursement on the basis of patient clinical characteristics and outcomes relevant for rehabilitation [1].
Under the PDPM, skilled physical therapy (PT) and occupational therapy (OT) per diem case-mix adjusted
pay rates are determined by clinical group category determined by primary diagnosis in addition to PT
and OT functional score assessed at time of admission. Clinical group categories include: major joint
replacement or spinal surgery, other orthopedic, medical management, non-orthopedic surgery, and acute
neurologic. The functional score is measured using MDS GG Function Items, established by CMS, and
includes the observation of the following tasks: bed mobility (sitting to lying and lying to sitting),
transfers (from bed to chair and to a toilet), walking (for 50 feet with 2 turns and for 150 feet), and self-
care (eating, oral hygiene, and toileting hygiene) [3]. The PDPM variable per diem rate is further adjusted
with a scheduled reduction as length of inpatient stay exceeds 21 days [3]. Given therapy minutes no
longer drive reimbursement under the PDPM and adjusted per diem rates were tied to both admission
clinical group category and function modi�ed by length of stay, there was concern therapists would
recommend lower levels of service than under Resource Utilization Group (RUG) scores [1-3]. Since the
implementation of PDPM, there has been signi�cant reduction in physical and occupational therapists,
PT and OT assistants, and staff within SNF’s, particularly those with higher shares of Medicare-eligible
short-stay patients [4]. In the absence of guidance from clinicians identifying patients who have the
greatest potential to improve function as a bene�t of skilled therapy, and writing orders to assure
adequate therapy minutes, rehabilitation for the most vulnerable might not have been possible. Without
an objective measurement, such as a measurement of frailty, or experience in geriatric medicine,
clinicians could not always determine the degree of clinical complexity and rehabilitation potential. 

Physiological aging occurs when there is an accumulation of losses in multiple body systems that is
independent of age or speci�c diagnosis [5]. As these physiological losses, called de�cits, accumulate,
the patient moves along the continuum from �tness to frailty [6]. When frailty is present and measured, it
offers an objective assessment of factors that in�uence a patient’s rehab potential and may be bene�cial
in planning care [5-9]. 

The Frailty Index (FI) is a mathematical representation of a number of health de�cits present in a patient
in relation to a set number of potential age-related health de�cits [10,11]. Its product is an ordinal value
calculated from a comprehensive geriatric assessment [10.11]. The FI, one of two most used frailty
measurement tools, is useful for understanding frailty-related characteristics in older adults and is used
internationally in clinical and epidemiological studies to predict risk for hospital readmission, falls,
discharge location from hospital, weight loss, skin breakdown, mortality, and length of inpatient stay [8,
12-22]. The use of a FI generated by using electronically available data has been validated at predicting
adverse outcomes, mortality rates, hospital admissions, and nursing home admission outcomes [22-
27]. Research demonstrates an elevated FI is correlated to increased vulnerability to adverse health
outcomes [28].

When determining rehab potential, clinicians must also consider patients' clinical complexity from
medical conditions. One reliable assessment tool is the Charlson Comorbidity Index (CCI), a method for
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calculating comorbidity based on the International Classi�cation of Diseases (ICD) [29]. Each comorbidity
category has an associated weight (from 1 to 6), based on the adjusted risk of mortality or resource use,
and the sum of all the weights results in a single comorbidity score for a patient. A score of zero indicates
that no comorbidities were found, with the highest possible score being 24. The higher the score, the more
likely the predicted outcome will result in mortality or higher resource use. For every one-point increase in
the comorbidity score, the estimated risk of death is approximately equal to that of an additional decade
of age [30].

A review of the literature revealed minimal research investigating the relationship between frailty and the
rate of change in functional levels as it corresponds to the GG sections of the MDS. Identifying patients
who are less likely to bene�t from skilled therapy services will allow clinicians to ethically recommend
lower levels of therapy services and improve time e�ciency while adjusting to the PDPM payment
system. The aim of our research focused on evaluating the use of routinely collected data and predictive
analytics in frailty assessment to improve estimates of rehabilitative potential, guiding therapists and
other clinicians.

Methods
This study utilized a retrospective cohort design with data extracted from electronic health records.
Patients in the sample were admitted to a SNF located in Western New York over a nine-month period and
were excluded from the sample for the following reasons: 1) discharged against medical advice (AMA);
2) hospitalized; 3) deceased; 4) not placed on program for PT/OT; 5) under 21 years old; 6) not placed on
restorative programs with functional goals; 7) incomplete data.

Functional GG scores were used to measure the level of patients’ functional status. The functional GG
scores were obtained from plans of care developed by PT and OT under the MDS 3.0 section GG
reporting mobility and self-care measures [31]. Scoring was completed under instruction of the Long-
Term Care Facility Resident Assessment Instrument 3.0 User’s Manual v 1.14 [31]. Therapists completing
the functional scores were unaware of the FI at time of completion. Scoring for GG items was based on
the MDS value of each functional status, from dependent to independent. The codes of “7”, for patient
refusal, “88” for not attempted due to medical condition, or “9” for not applicable, were converted to a
zero. These scores do not follow the same ordinal pattern related to functional level and thus would result
in inaccuracy with observing functional status. To limit type 1 error for functional change, wheelchair
mobility GG measures were excluded [32]. The GG Functional scores were totaled with a score of 60
being the highest score, indicating a more independent functional status. Table 1 lists the measures
included. Table 2 correlates the billing code to the converted scores for the purpose of this study. The
data collected allowed for the observation of GG admission score (GG A), GG discharge score (GG D/C)
and the difference in GG score from admission to discharge (GG AvD/C). Under the PDPM, the required
GG codes were anticipated to become a standard of measurement in function and this expectation was a
considering factor for the design of this study to improve its feasibility of the �ndings.
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This study depended on an electronic FI calculated by Patient Pattern software produced in Buffalo, New
York [33]. The FI was generated from MDS data with a focus on function, cognitive/psychological status,
nutrition, motivation, and mood. The proprietary algorithm used to calculate the Patient Pattern FI was
modeled after the Rockwood De�cit Accumulation model of frailty and was completed for each patient
within 2 weeks of admission date [28, 34]. If a patient’s change in a condition required additional frailty
assessment within the date range, the FI closest to the evaluation date was recorded. Participants were
classi�ed into the frailty risk categories based on their FI as follows: under 29.9% considered Mildly
Frail/Low Risk group (MildF/LRG), between 30-39.9% as Moderately Frail/Moderate Risk group
(ModF/MRG), and over 40% deemed Severely Frail/High Risk group (SevF/HRG). The descriptive text
“moderate, mild, and severe risk” for each frailty category was adapted to the subacute care setting from
that of the Canadian Study of Health and Aging Clinical Frailty scale [35]. Due to the inconsistency of FI
cut points for frailty categories within the literature, this study utilized previously studied FI risk
strati�cation for mortality, hospitalization, institutionalization in addition to Patient Pattern internal risk
validation data to establish the FI category cut points [36, 37]. The recommended level of therapy of
services for patients during this retrospective analysis were not in�uenced by GG score or FI. Provider
recommendations were allocated based on professional judgment alone.

Comorbidity was assessed using the CCI and derived from documentation of the Physician and Nurse
Practitioner at time of admission [30]. Other data, including age, sex, and length of time on skilled PT and
OT, was gathered manually extracting from therapy documentation notes.

Statistical Analyses
The GG AvD/C score was computed for each patient. The study utilized a multiple regression modeling
approach to evaluate the variation of the GG AvD/C score across the different levels of frailty. Patients’
sex, age, CCI, and length of time on PT program were included in the regression modeling as covariates to
reduce potential confounding effects. We also noticed that GG AvD/C scores increased as age went up to
a certain point but then declined afterwards. The regression analysis also included an age-squared
variable to address the non-linear relationship between the age and the GG AvD/C score. The value of the
coe�cient of determination (R2) was computed to estimate the amount of variance accounted for by the
frailty level and covariates. Coe�cient estimates and their 95% con�dence intervals (CI) were calculated
and a two-sided alpha of less than 0.05 was de�ned a priori for statistical signi�cance with p-value < 
0.05. All analyses were performed using SPSS Version 24 (SPSS Inc, Chicago, IL, USA).

Results
Over the nine-month period 498 residents were admitted to the SNF facility and 157 were excluded based
on exclusion criteria The average FI of those excluded due to death (n = 7) was 39.2% (ModF/MRG). The
average FI of those excluded due to hospitalizations (n = 19) was 37.8% (ModF/MRG). The sample size,
after exclusion, was 341 residents. For the GG functional analysis portion of this study the average FI
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was 31.82%. Most patients, de�ned as being within 2 standard deviations of the mean, were between 61
and 87 years of age. The sample population included 118 males and 223 females. Males improved their
GG AvD/C scores by an average of 12.0 points and females by 13.9 points. The mean score was a 2.0 on
the CCI. Mean length of time on PT and OT were 24.95 and 24.89 days respectively.

Overall, 43.1% of residents were categorized as MildF/LRG, 39.6% as ModF/MRG, and 17.3% as
SevF/HRG. On average, patients’ GG functional scores were 31.33 (SD = 11.04) at time of admission and
44.6 (SD = 15.86) at time of discharge. Mean GG A score for the MildF/LRG was 36.74, ModF/MRG was
29.16, and SevF/HRG was 22.85. Mean GG D/C score for MildF/LRG was 54.57, ModF/MRG was 40.83,
and SevF/HRG was 28.05.

The average amount of change in functional score from admission to discharge was 13.27 (SD of
10.61). Figure 1 displays mean functional GG AvD/C score according to patient frailty risk category.
Patients in the MildF/LRG improved their GG functional score by a mean 17.84 points, those in the
ModF/MRG improved by a mean 11.81 points, and those in the SF/HRG improved by a mean 5.20 points.
Figure 2 displays mean functional GG AvD/C score by age. One individual in the sample was less than 40
years old and improved their GG AvD/C score by 23 points. The remainder were as follows: 40–49 years
old = 14.7 points, 50–59 years old = 16.8 points, 60–69 years old = 13.5 points, 70–79 years old = 14.0
points, 80–89 years old = 12.3 points, and > 90 years old = 8 points.

Table 3 displays the results of the multiple regression model observing GG AvD/C as the dependent
variable. The model was found to be signi�cant (p<0.001) with an r2 value = 0.7038. Frailty Index, sex,
age, age2, comorbidity, and length of time on PT were all found to be signi�cant. Length of time on OT
was not signi�cant and thus excluded within this model. The length of time on OT had less of an impact
potentially due to the nature that only 3 of the 10 GG Mobility-Self Care tasks observed within this study
were treated and documented by occupational therapists. Due to the nonlinear relationship observed
between age and the dependent variable, age2 was included within our model. The parameter estimates
for the MF/MRG and SF/HRG’s were -6.772 and -12.820 respectively. 

Discussion
The amount of functional improvement with therapy varies. The uniqueness of each patients’ outcomes
results also from multiple contributing variables such as the role of a caring family/social support, age,
comorbidity, intensity of therapy provided, and cognitive performance [32, 38–40]. Providing higher
intensity therapy, in measure of total therapy minutes, was associated with desirable discharge
outcomes, shortened length of stay, and increased likelihood of returning to the community [39].
Cognitive status has also been shown to in�uence a patient’s responsiveness to therapy. One study found
that those who scored lower on the Brief Interview of Mental Status (BIMS) and Cognitive Performance
Scale (CPS) have substantially lower functional improvement scores likely related to the ability of
patients to actively engage and participate in therapy [32, 41]. The potential for functional improvement is
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dependent on the effect of multiple characteristics however, using the regression model within this
sample 70.38% of the variance in outcomes were explained.

Figure 1 reveals a clear stepwise decrease in the average amount of functional improvement as frailty
increases. Those within the Moderately Frail/Moderate Risk Group improved their function 6.77 points
less than those within Mildly Frail/Low Risk Group and those within the Severely Frail/High Risk Group
improved 12.82 points less than those in the Mild Frail/Low Risk Group. The same indirect trend between
increasing age and functional outcomes was not observed with relation to age as demonstrated in Fig. 2.

Variables within this speci�c sample and regression model appear to demonstrate that older women with
higher comorbidities perform poorly compared to younger men with fewer comorbidities. Table 3 details
when considering the parameter estimates for age (0.505), gender female (2.584), and comorbidities
(-0.718), although signi�cant, these variables had a smaller in�uence of change in outcomes compared
to the frailty group parameters.

Recognizing that increased frailty is predictive of poor functional recovery is consistent with �ndings
demonstrating increased frailty is a marker of decreased resilience and poor recovery from disability
among community dwelling older adults [42]. This inverse relationship between frailty and physical
performance was also validated by Kim and colleagues for patients who required post-acute
rehabilitation [12]. In contrast, a study by Haley and colleagues, who measured functional outcomes
under the elderly mobility scale, did not �nd frailty as a useful predictor of improvement in mobility within
the subacute population [43]. Potentially a differing standardized outcome tool to measure function
resulted in the opposing results.

Currently CMS recommends the amount of therapy services be “based on characteristics of the resident”,
leaving large opportunity for subjective interpretation that could potentially result in less therapy services
provided for the patient [1]. The results of this analysis suggest that observing a patient's FI near time of
patient admission provides an objective metric for the clinician to make a recommendation when
ordering patient treatment frequencies and time based on the patient’s potential for functional gains.
Using electronically documented data to produce the FI eliminates the need for completion of additional
time-consuming assessments.

Limitations
Further investigation examining the relationship between frailty and amount of functional improvement
with skilled therapy services within larger sample sizes is recommended as the time for data gathering for
this study was limited by MDS changes in regulation for GG codes and EMR available information.
Examining past outcomes from therapy compared to current practices will also be bene�cial prior to
using the FI as a standard for service recommendations. The inconsistencies within the literature for cut
off points for frailty categories should be considered by readers when interpreting this data [35–37].
Cognitive status and social support were not included within this regression model due to poor access
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and/or unavailable information. This sample was limited to a potentially biased population as all
information was gathered from a single SNF.

Conclusion
Using a FI to categorize patients into Frailty Risk Groups provides an opportunity to predict the potential
amount of functional improvement from start of care to discharge as measured using MDS GG
functional scores. Of those patients admitted, those in the Mildly Frail/Low Risk and Moderately
Frail/Moderate Risk groups demonstrated the most positive gains in function over the course of a
restorative episode of PT and OT care in a subacute setting. Patients in the Severely frail/High Risk group
were less likely to gain functional skills. Although clinicians must consider each patient on an individual
basis, this research suggests that categorizing patients by their FI is a valuable means in predicting which
patients will have the highest potential for therapeutic bene�t. Prescribing therapy frequencies on the
basis of an objective, validated metric and tailoring their restorative program to physiological status is in
keeping with the CMS mandate to establish therapy on the basis of the patient’s characteristics. Frailty is
the best predictor of outcomes and frailty-based restorative treatment plans will allow all patients to
reach their full rehab potential while improving a rehabilitation facility's responsibility to maximize
reimbursement [44]. A recent study examining the association between co-calibrated functional scores
across post-acute care settings and the subsequent risk of hospital readmission had similar �ndings,
using similar MDS data [45]. In that study the most dependent patients at the initial post-acute setting
had a higher risk to readmit to the hospitals after discharging from the post-acute setting for 30 and 90
days, compared with patients who were more functionally independent. With the PDPM now in place,
providers may �nd it advantageous to use such data driven models for allocating therapy resources.
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Figure 1

Mean Change in GG Score from Admission to Discharge by Frailty Category

MildF/LRG: Mildly Frail/Low Risk Group

ModF/MRG: Moderately Frail/Moderate Risk Group

SsvF/HRG: Severely Frail/High Risk Group

GG AvD/C: Change in functional GG score from admission to discharge



Page 15/15

Figure 2

Mean Change in GG score from Admission to Discharge by Age in Years

*There was a single individual who was <40 years old within the sample. That individual improved GG
AvD/C score by 23 points. As this individual was an outlier, they were excluded from the graph but should
be considered when interpreting the data.
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