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Abstract

Introduction—In older U.S. nursing home residents, there is limited research on the prevalence 

of physical frailty, its potential dynamic changes, and its association with cognitive impairment in 

older adults’ first six months of nursing home stay.

Methods—Minimum Data Set (MDS) 3.0 is the national database on residents in U.S. 

Medicare-/Medicaid-certified nursing homes. MDS 3.0 was used to identify older adults aged ≥65 

years, newly-admitted to NHs during 2014/01/01 and 2016/06/30, with life expectancy ≥6 months 

at admission and NH length of stay ≥6 months (n=571,139). MDS 3.0 assessments at admission, 3 

months and 6 months were used. In each assessment, physical frailty was measured by FRAIL-NH 

(robust; pre-frail; frail) and cognitive impairment by Brief Interview for Mental Status and 

Cognitive Performance Scale (none/mild; moderate; severe). Demographic characteristics and 

diagnosed conditions were measured at admission, while presence of pain and receipt of 

psychotropic medications were at each assessment. Distribution of physical frailty and its change 

over time by cognitive impairment were described. Non-proportional odds model was fitted with 

generalized estimation equation to longitudinally examine the association between physical frailty 

and cognitive impairment, adjusting for demographic and clinical characteristics.
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Results—Around 60% of older residents were physically frail in the first 6 months. Improvement 

and worsening across physical frailty levels were observed. Particularly, in those who were pre-

frail at admission, 23% improved to robust by 3 months. At admission, 3 months and 6 months, 

over 37% of older residents had severe cognitive impairment, and about 70% of those with 

cognitive impairment were physically frail. At admission, older residents with moderate cognitive 

impairment were 35% more likely [adjusted odds ratio (aOR): 1.35, 95% confidence interval (CI): 

1.33-1.37] and those with severe impairment 74% more likely (aOR: 1.74, 95%CI: 1.72-1.77) to 

be frail than pre-frail/robust, compared to those with none/mild impairment. The association 

between the two conditions remained positive and consistently increased over time.

Discussion/Conclusion—Physical frailty was prevalent in NHs with potential to improve and 

was strongly associated with cognitive impairment. Physical frailty could be a modifiable target 

and interventions may include efforts to address cognitive impairment.
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Introduction

Physical frailty is characterized by decreased physiologic reserve and increased vulnerability 

to exogenous stressors[1] and affects 15% of community-dwelling older adults in the U.S.[2] 

Older adults with physical frailty are at elevated risks for falls, functional dependency, 

lowered quality of life, decreased life expectancy and mortality.[3–5] Physical frailty also 

predicts older adults’ admission to nursing homes (NHs).[6] U.S. NHs provide care to over 

1.2 million older adults.[7] However, there is limited national-level research examining the 

burden of physical frailty and its associated characteristics after older adults entered NHs.

The early period of NH stay is not only a critical window for older residents to adjust to the 

changes in clinical care and living environment, but also a time when functional impairment 

could impact those adjustments and their long-term health outcomes.[8,9] Physical frailty is 

a dynamic condition and older adults may improve or decline across its spectrum.[10–12] 

Understanding the “natural history” of physical frailty over the early course of NH stay is 

important, as it may be a promising, potentially modifiable, target for intervention.[13]

Nearly two-thirds of older NH residents experience moderate to severe cognitive 

impairment.[7] Yet, little is known about the extent to which cognitive impairment impacts 

physical frailty in older NH residents during their stay. Given the strong correlation between 

physical frailty and cognitive impairment in community-dwelling older adults,[14–16] it is 

likely that older NH residents with more severe cognitive impairment would experience 

greater physical frailty. However, no studies have quantified this association in older NH 

residents.

To address these gaps, we conducted this longitudinal study using national NH data, the 

Minimum Data Set (MDS) 3.0. The objectives were to (1) estimate the prevalence of 

physical frailty at admission, 3 months and 6 months, (2) describe the changes in the 
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prevalence of physical frailty over time; and (3) examine the association between physical 

frailty and cognitive impairment during older residents’ first six months of NH stay.

Materials and Methods

The University Institutional Review Board approved this study.

Data

MDS 3.0 is federally mandated for all residents in Medicaid-/Medicare-certified NHs at NH 

admission, quarterly, annually and when significant changes in residents’ health occurs, 

assessing residents’ demographics, cognitive functioning, mood, functional status, bladder 

and bowel conditions, nutritional status, diagnoses and medications.[17]

Sample

We included NH residents who were (1) newly-admitted between 01/01/2014 and 

06/30/2016, (2) aged ≥65 years with life expectancy ≥6 months at admission, (3) stayed in 

the NH for ≥6 months, and (4) had MDS 3.0 assessments at admission, 3 months and 6 

months of NH stay. See Method Supplement and Supplementary Figure S1 for details.

Measures

Physical frailty—FRAIL-NH was developed to measure physical frailty in NHs using 

MDS 3.0 items on Fatigue, Resistance, Ambulation, Incontinence, Loss of weight, 

Nutritional approach and Help with dressing.[18,19] (Supplementary Table S1; total score: 

0-13) FRAIL-NH has comparable performance in identifying residents with physical frailty 

with other well-established metrics across NH settings; physical frailty as assessed by 

FRAIL-NH was consistently predictive of adverse health outcomes.[19–25] Using MDS 3.0 

assessments at admission, 3 months and 6 months, we scored each item and obtained the 

total FRAIL-NH score, which was categorized using previously validated thresholds: robust 

(0-5), prefrail (6-7), and frail (≥8).[21]

Cognitive impairment—Brief Interview for Mental Status (BIMS; total score: 0-15)[26] 

and Cognitive Performance Scale (CPS; total score: 0-6)[27] were used. Both were feasible 

for the NH population and highly correlated with standard cognitive function examination, 

including the Mini-Mental Status Examination.[26,27] Cognitive impairment was 

categorized as none/mild impairment (BIMS 13-15/CPS 0-2), moderate impairment (BIMS 

8-12/CPS 3-4), and severe impairment (BIMS 0-7/CPS 5-6) [7] and measured at admission, 

3-month and 6-month as a time-varying variable. (See Method Supplement)

Demographic and clinical characteristics—Demographics were assessed at 

admission: age groups, sex, race/ethnicity, NH location (urban; rural), admission sources 

(community; acute hospital; other). (See Method Supplement)

For clinical characteristics, we examined at admission if older residents were diagnosed 

with: arthritis, diabetes mellitus, hypertension, cancer, cerebrovascular accident/transient 

ischemic attack (TIA)/stroke, heart failure, asthma/chronic obstructive pulmonary disease 
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(COPD)/chronic lung disease, dementia, Alzheimer’s disease, Parkinson’s disease, anxiety 

disorder, depression, hip fracture, other fracture, osteoporosis, multiple sclerosis, seizure 

disorder/epilepsy. We measured presence of pain and receipt of psychotropic medications 

(antipsychotics; antianxiety medications; antidepressants; hypnotics) at admission, 3 months 

and 6 months to capture the potential time-varying experience of pain and receipt of 

medications.

Analysis

Distributions of sample demographic and clinical characteristics at admission calculated. 

Prevalence of physical frailty at admission, 3 months and 6 months were shown, followed by 

its changes over time. As a trivial difference would be statistically significant with the large 

sample size, a 5% difference was considered noteworthy.

To examine the longitudinal association between physical frailty and cognitive impairment, a 

non-proportional odds model (NPOM) was fitted. Physical frailty was operationalized as an 

ordinal variable with three levels (robust/pre-frail/frail) measured repeatedly at admission, 3 

months and 6 months. Independent variables included assessment times (3-month; 6-month), 

cognitive impairment and its interaction with assessment times, and demographic and 

clinical variables and their respective interactions with the assessment times. The 

associations between the independent variables and physical frailty may not be necessarily 

uniform across different levels of physical frailty. NPOM was thus used to capture this 

variation, because it does not assume proportional odds and estimates separate sets of log 

odds for frail versus prefrail/robust and for frail/pre-frail versus robust with respect to every 

independent variable.[28] Additionally, to capture the potential different correlations 

between repeated measures, NPOM was fitted with generalized estimation equation with the 

unstructured working covariance matrix. Results were presented in adjusted odds ratios 

(aOR) with 95% confidence intervals (CI) to show the concurrent associations between 

different levels of physical frailty and cognitive impairment at admission, 3 months and 6 

months, adjusting for all other independent variables.

All analyses were conducted in SAS 9.4 with GEEORD macro for NPOM.[28] Figure was 

created in R with ggplot2.[29]

Results

Sample characteristics at admission

Nearly half of the older residents (n = 571,139) were ≥85 years, two-thirds were female, 

over 80% were non-Hispanic White, and one-fourth resided in a rural NH. The majority 

entered NH from acute hospitals, while 20.4% were admitted from the community. The top 

five diagnoses were hypertension (76.0%), dementia (41.8%), depression (37.2%), diabetes 

(30.2%), and arthritis (26.7%). About 39% of older adults reported presence of pain. One in 

five older residents received antipsychotics, and almost 45% received antidepressants. (Table 

1)
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Prevalence of physical frailty over time

The prevalence of physical frailty was 63.6% at admission, and similar at 3 months and 6 

months around 60%. Improvement and decline across the levels of physical frailty were 

observed, especially in older adults who were pre-frail and during the first 3 months. 

Specially, 22.8% of older residents who were pre-frail at admission became robust by 3 

months; later, 15.3% of those who were pre-frail at 3-month stay became robust by 6 

months. About 30.5% of those who were pre-frail at admission were frail by 3 months, and 

31.2% of those who were pre-frail at 3 months transitioned to frail at 6 months. (Table 2)

Prevalence of physical frailty over time by cognitive impairment

At admission, 30.5% of older adults had moderate cognitive impairment and 37.2% severe 

impairment, and similarly at 3 and 6 months. At all assessment times, physical frailty was 

less prevalent in older adults with none/mild cognitive impairment, and more prevalent in 

those with severe impairment. The prevalence of physical frailty appeared to decrease by 

almost 10% in those with none/mild impairment over time, with most decrease occurred in 

the first 3 months. The prevalence did not show considerable decrease among those with 

moderate or severe cognitive impairment. (Table 3)

Association between physical frailty and cognitive impairment

Cognitive impairment was shown to be associated with physical frailty (Fig. 1; 

Supplementary Table S4). At admission, those with moderate impairment were 35% more 

likely to be frail (aOR: 1.35, 95% CI: 1.33-1.37) and those with severe impairment were 

74% more likely to be frail (aOR: 1.74, 95% CI: 1.72-1.77) than pre-frail or robust. 

Moreover, these associations remained consistent and appeared to increase over time: at 3 

months, older residents with moderate cognitive impairment were 42% more likely (aOR: 

1.42, 95% CI: 1.40-1.43) and those with severe impairment were almost twice as likely 

(aOR: 1.96, 95% CI: 1.94-1.99) to be frail than pre-frail or robust; at 6 months, those with 

moderate impairment were 50% more likely (aOR: 1.50, 95% CI: 1.48-1.51) and those with 

severe impairment were over twice as likely (aOR: 2.24, 95% CI: 2.21-2.27) to be frail than 

pre-frail or robust. The set of odds of being frail/pre-frail vs. robust were slightly lower, but 

followed a similar increasing trend over time.

For demographic and clinical characteristics, younger age and residing in a rural NH were 

associated with lower odds to be frail vs. pre-frail/robust as well as frail/pre-frail vs. robust, 

while being female, racial/ethnic minority, and admitted from acute hospital or other sources 

were associated with higher odds. These associations remained consistent over time, with 

the only exception being admission from acute hospitals. At admission, older residents who 

entered NHs from acute hospitals were almost 3 times as likely to be frail than pre-frail/

robust (aOR: 2.87, 95% CI: 2.83-2.91), and about 4.6 times as likely to be frail/pre-frail than 

robust (aOR: 4.62, 95% CI: 4.52-4.73), compared to those from the community. These 

associations remained positive but decreased over time.

At-admission diagnoses consistently associated with higher odds of physical frailty included 

arthritis, diabetes mellitus, cancer, cerebrovascular accident/TIA/stroke, heart failure, 

Parkinson’s disease, depression, hip fracture, other fracture, multiple sclerosis, and seizure 

Yuan et al. Page 5

Dement Geriatr Cogn Disord. Author manuscript; available in PMC 2022 April 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



disorder/epilepsy. Residents with presence of pain at admission, 3 months, or 6 months were 

at greater odds to be physically frail vs. pre-frail/robust at respective times. Those who 

received antianxiety medications or antidepressants consistently had greater odds of being 

frail vs. prefrail/robust as well as frail/prefrail vs. robust, while those who received hypnotics 

consistently had lower odds. In contrast, residents who received antipsychotics at admission 

were less likely to be physically frail vs. pre-frail/robust, but those who received 

antipsychotics at 3 months and 6 months were more likely to be physically frail.

Discussion/Conclusion

To the best of our knowledge, this is the first national-level study to longitudinally estimate 

the prevalence of physical frailty and its association with cognitive impairment over older 

adults’ first six months of stay in U.S. NHs. We found that nearly two in every three older 

NH residents were physically frail at admission, 3 months and 6 months. Improvement and 

decline in physical frailty were observed in substantial proportions of residents who were 

pre-frail and during the first 3 months. Greater levels of cognitive impairment were 

associated with higher levels of physical frailty at all assessment times, and this association 

consistently increased over time.

Clinical trials of interventions to improve physical frailty in older NH residents are rarely 

conducted and none in the U.S. In Spain, a 12-week multicomponent exercise intervention in 

NH residents aged ≥85 years with frailty was found effective in improving physical 

functioning, but change in frailty was not one of the outcomes.[30] Whether the physical, 

cognitive, nutritional or multi-pronged interventions that effectively improved physical 

frailty and other health outcomes in community-dwelling older adults [31,32] could be 

implemented in older NH residents remains unclear. The NH setting poses additional 

barriers. Staff’s priority might be given to essential tasks to maintain basic living,[33] 

leaving limited time and efforts to implement interventions that involve various physical 

activities. Nonetheless, interventions to address physical frailty are necessary, given that 

physical frailty is associated with numerous adverse health outcomes and that it is possible 

to reverse its progression. Cognitive impairment, plus several demographic and clinical 

characteristics, were found to be consistently associated with physical frailty over time, 

which could be informative in identifying older residents with greater odds of experiencing 

physical frailty. More importantly, this study found improvement in the physical frailty 

status were more often observed in older adults who were pre-frail and during the first 3 

months of stay, which may represent a population and optimal window that have greater 

potential to benefit from intervention.

Findings provided evidence on the positive association between physical frailty and 

cognitive impairment in older NH residents, which was expected given the close 

interrelationship between these conditions [16,34–36] but missing in previous research 

mainly focusing on community-dwelling older adults. This study focused on the concurrent 

association between the two conditions at each assessment time, so findings cannot not attest 

to the potential bi-directional relationship between physical frailty and cognitive impairment 

in longitudinal studies of community older adults.[37–44] However, the strong and 

increasing association between the two conditions found in this study indicated the necessity 
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to consider intervention methods to improve physical frailty involving cognitive component, 

such as cognitive training.[32] Future investigation is needed on if physical frailty could 

predict later changes in cognitive impairment and vice versa in older NH residents, in order 

to develop more effective intervention efforts.

We note a few limitations. We focused on older adults’ first six months of NH stay. As such, 

only those who had length of stay greater than six months were included. Yet, older residents 

with more severe physical frailty and/or cognitive impairment may be less likely to remain 

in the NH for over 6 months. Although we limited the sample to older residents with life 

expectancy greater than 6 months at admission, selection bias is still possible, if length of 

stay was differential with regards to physical frailty and cognitive impairment, and other 

demographic and characteristics. MDS 3.0 allowed us to conduct this national-level analysis, 

but we were limited by the availability of validated instruments and other clinical measures 

in it. FRAIL-NH is a relatively new instrument; therefore, more studies are needed to 

confirm our findings. The combined BIMS/CPS metric captures broad cognitive impairment 

levels. Further research on the association between specific cognitive domains and physical 

frailty in older NH residents may offer additional insight on their interrelationship. We were 

not able to examine if non-pharmacotherapy would influence physical frailty over time. 

While MDS 3.0 documents broad categories including occupational therapy, physical 

therapy and psychotherapy, the content of and residents’ participation in these therapies may 

largely vary across NHs. Due to the complexity of multilevel NPOM in a large sample, we 

could not address the impact of NH facility-level factors such as staffing and quality of care, 

warranting future work.

In conclusion, physical frailty was highly prevalent in older U.S. NH residents at admission 

and during the first six months of stay, with improvement more frequently occurred in those 

with pre-frail status and in the first three months. Cognitive impairment was shown to be 

strongly associated with physical frailty over time. Describing the dynamic nature of 

physical frailty over time in older NH residents is an essential first step towards the 

development of intervention to reverse physical frailty. By longitudinally addressing the 

association between physical frailty and cognitive impairment, findings have implications 

for future work on the mechanisms underlying the interrelationship between two conditions 

and physical frailty intervention to include efforts to address cognitive impairment.
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Fig. 1. 
Concurrent associations between physical frailty and cognitive impairment, demographic 

and clinical characteristics over older residents’ first six months of nursing home stay
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Table 1.

Demographic and clinical characteristics at nursing home admission (n = 571,139)

All
(n = 571,139)

(column percent)

Age (years)

  65 - <75 20.3

  75 - <85 34.2

  ≥ 85 45.5

Sex

  Male 33.1

  Female 66.9

Race/Ethnicity

  Non-Hispanic White 81.9

  Racial/ethnic minority 
1 18.1

Nursing home location

  Urban 75.6

  Rural 24.4

Admission source

  Community 20.4

  Acute hospital 59.6

  Other sources 
2 20.1

Diagnosed conditions

  Arthritis 26.7

  Diabetes mellitus 30.2

  Hypertension 76.0

  Cancer 5.9

  Cerebrovascular accident/TIA/stroke 13.8

  Heart failure 17.6

  Asthma/COPD/chronic lung disease 18.5

  Dementia 41.8

  Alzheimer’s disease 13.2

  Parkinson’s disease 6.0

  Anxiety disorder 22.1

  Depression 37.2

  Hip fracture 5.0

  Other fracture 7.4

  Osteoporosis 12.2

  Multiple sclerosis 0.5

  Seizure disorder/Epilepsy 5.8

Any presence of pain 38.7

Receipt of psychotropic medications
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All
(n = 571,139)

  Antipsychotics 20.0

  Antianxiety medications 18.4

  Antidepressants 44.8

  Hypnotics 4.0

Note. Abbreviation: TIA = transient ischemic attack; COPD = chronic obstructive pulmonary disease

1
Racial/ethnic minority includes American Indian or Alaska Native, Asian, Black or African American, Native Hawaiian/Other Pacific Islander, 

multi-racial, and Hispanic or Latino of any race.

2
Other admission sources include another nursing home/swing bed, psychiatric hospital, inpatient rehabilitation facility, facility for the mentally 

retarded or developmentally disabled (MR/DD facility), hospice, long-term care hospital, and other unspecified sources.
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Table 2.

Prevalence and changes of physical frailty over older adults’ first six months of nursing home stay (n = 

571,139)

Physical frailty

Robust Pre-frail Frail

(row percent)

Prevalence at each time

Admission 11.0 25.4 63.6

3 months 17.0 23.5 59.5

6 months 17.5 21.9 60.5

Changes in physical frailty over time

3 months

Admission Robust 75.9 17.1 7.0

Pre-frail 22.8 46.8 30.5

Frail 4.7 15 .7 79 .7

6 months

3 months Robust 75.7 17.2 7.1

Pre-frail 15.3 53.5 31.2

Frail 1.8 11.0 87.2
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Table 3.

Levels of physical frailty at admission, 3 months, and 6 months of older residents’ nursing home stay by 

cognitive impairment at each respective time (n = 571,139)

All
Physical frailty 

1

Robust Pre-frail Frail

(column percent) (row percent)

Admission

Cognitive impairment 
2

 None/Mild impairment 32.3 12.6 30.5 56.9

 Moderate impairment 30.5 11.1 25.1 63.8

 Severe impairment 37.2 9.5 21.1 69.3

3-month

Cognitive impairment 
2

 None/Mild impairment 32.0 22.8 28.6 48.7

 Moderate impairment 30.1 17.0 23.6 59.4

 Severe impairment 37.9 12.1 19.2 68.7

6-month

Cognitive impairment 
2

 None/Mild impairment 31.3 25.2 27.5 47.3

 Moderate impairment 29.4 17.5 22.3 60.2

 Severe impairment 39.3 11.4 17.3 71.3

Note.

1
Physical frailty was measured at admission, 3-month, and 6-month.

2
Cognitive impairment was measured concurrently with physical frailty at admission, 3-month, and 6-month.
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