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Purpose: This study aimed to investigate the combined effects of frailty and cognitive impairment on adverse outcomes, including
new falls and new activities of daily living (ADL) dependency over a 1-year follow-up.

Patients and Methods: A total of 311 older hospitalized patients participated in this retrospective observational study and completed
a 1-year follow-up. Frailty was assessed by the Clinical Frailty Scale (CFS). Cognitive function was evaluated by the Mini-Mental
State Examination (MMSE). All participants were classified into four groups: 1) the healthy group (n=180); 2) the cognitive
impairment group only (n=38); 3) the frailty group only (n=44); and 4) coexisting frailty and cognitive impairment group (n=49).
The follow-up data of adverse outcomes include the incidences of new falls and new ADL dependence. Binary logistic regression
analysis was used to explore the associations of frailty and/or cognitive impairment with adverse outcomes.

Results: The prevalence rates of frailty, cognitive impairment, and co-occurring frailty with cognitive impairment were 29.9%, 28%,
and 15.8%, respectively. Among these four groups, there was a statistical difference in the incidence of new ADL dependence during
the follow-up period (9.5% vs 11.4% vs 35.9% vs 61.9%, P < 0.001). After adjusting the confounding variables, older hospitalized
patients with frailty and cognitive impairment had a higher risk of new ADL dependence when compared with the healthy group (OR:
4.786, 95% CI: 1.492-15.355), but frailty only or cognitive impairment only was not associated with new ADL dependency.
Conclusion: Elderly inpatients with comorbid frailty and cognitive impairment on admission were significantly associated with an
increased risk of new ADL dependency 1 year after discharge. Therefore, it is necessary for the early identification of frailty and
cognitive impairment, and effective interventions should be implemented.
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Introduction

With the accelerated aging of the population, older adults are accompanied by multi-symptoms, such as frailty and
cognitive impairment, which predict adverse outcomes. Research shows that the prevalence of inpatients with frailty and
cognitive impairment has increased rapidly.' > The reported prevalence of frailty and cognitive impairment in hospita-
lized elderly patients were 43.9% and 36.6%, respectively,”” which were higher than the prevalence in the community.®’

8710 and it continues to appear and even worsens after

13-15

Disability during hospitalization ranges from 5% to 50%,
discharge.®'"'? Except for disability, hospitalization itself also contributes to frailty and cognitive impairment.

Frailty and cognitive impairment often coexist among older patients, and the cumulative effect on health is more
pronounced when both occur.'® ' A recent study pointed out that co-existing frailty and cognitive impairment were

associated with poorer health-related quality of life than either symptom existing alone.*® Allan et al found that this
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multiplicative effect reduced parts of IADL functions (primarily shopping and telephone use) and increased the risk of
hospitalization.' Similarly, a prospective cohort study showed that frailty and cognitive impairment were independent
predictors of ADL dependency. Yet, both conditions had a higher risk of ADL dependency compared with either alone.'”
In addition, another study indicated that cognitive impairment or physical frailty was associated with the risk of
falls.”>** ADL dependency and the high risk of falls are associated with increased morbidity and mortality in elderly
patients; it has a significant societal impact in terms of deteriorating quality of life and increased medical costs.
Therefore, it is essential to investigate risk factors related to ADL dependence and the high risk of falls to formulate
interventions. Most of the evidence came from community-based older populations; little evidence was found from older
adults in hospitals.'”**?°

Frailty and cognitive function screening in hospital settings require simpler and more effective tools to improve the
accessibility of clinical risk stratification. The Fried frailty phenotype (FP) and Rockwood’s frailty index (FI) were
widely used in current clinical studies.”**’ However, in the practical methodological evaluation of the FP, data on
walking speed and self-reported activity levels are difficult to be collected due to acute events or multiple comorbidities
in older patients. The FI includes multidimensional accumulation deficits, such as biological aspects, mood, cognition,
nutrition, and social support, but it cannot be used to distinguish frailty from disability and comorbidity. Furthermore, the
cumbersome and time-consuming process of evaluation itself also limited the clinical application. The Clinical Frailty
Scale (CFS) is a feasible frailty assessment tool for older hospitalized patients, based on the clinician’s judgment in terms
of mobility and independent ability in daily living.® > CFS is reported to be strongly associated with the frailty index
and predicts adverse outcomes for elderly inpatients.”®*° A prospective cohort study from China has used the FP, the
CFS, and the Frail Scale (FS) to assess the frailty status of elderly hospitalized patients. This study found that the CFS
was more valuable in predicting mortality risk than those two other assessment tools.’’ The Mini-Mental State
Examination (MMSE) instrument was broadly used to assess cognitive function. Previous studies demonstrated that it
could be reliably administered in the clinical setting and highlighted the test’s value in identifying cognitive impairment
in older adults.**>*

In this study, CFS and MMSE were used to screen elderly inpatients for frailty and cognitive impairment on
admission. We hypothesized that older hospitalized patients with both frailty and cognitive impairment were at higher
risk of adverse outcomes, which included new falls and new ADL dependency, than those with frailty alone or cognitive
impairment alone in 1-year follow-up after discharge.

Materials and Methods
Study Subjects

A retrospective observational study with 1-year follow-up for older hospitalized patients was conducted by Zhejiang
Hospital of China. We enrolled 572 patients aged 60 years or older from October 2014 to July 2018, and the 1-year
follow-up data collection ended in July 2019. The inclusion criteria for the study were age >60 years, ability to
communicate in Chinese and write informed consent, self-reported vision and hearing status sufficient for compliance
with cognitive and frailty assessments. Participants with psychiatric diseases (eg, delirium, dementia), acute medical
events (eg, acute infection, acute cerebrovascular and cardiovascular diseases), severe acoustical and visual decline, long-
term hospitalization, active malignancy, or terminal illness were excluded from this study. Patients and their family
members were informed of the survey’s aim and detailed process when they visited the Department of Geriatrics. After
obtaining their informed consent, they were interviewed by a trained researcher, and another researcher analyzed the data.
This study was approved by the medical ethics committees of Zhejiang Hospital, and all the participants offered written
informed consent to use their clinical records. The design of the study and conducted procedures conformed to the ethical
principles of the Helsinki Declaration.

Baseline Assessment
Trained and experienced investigators performed data collection. The investigator at follow-up was blinded to the
baseline data and conducted telephone calls or face-to-face interviews using the standard protocol.
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Socio-demographic characteristics and clinical information were collected, including gender, age, marital status, body mass
index (BMI), education, lifestyle factors (eg, alcohol intake, smoking), prescription drug use, and medical history. BMI was
calculated using body weight divided by height squared (kg/m?). Patients with five or more kinds of chronic diseases were
considered as comorbidities. Polypharmacy was defined as patients who took no less than five oral prescription drugs.>**” We
conducted a baseline assessment of frailty status, cognitive function, and activities of daily living (ADL) at admission.

Classification of the Groups
Frailty criteria: The CFS was used to assess frailty and conducted by an experienced assessor.

The CFS is mainly graded by clinicians based on the comprehensive assessment of the functional status and disease degree
of the elderly, and it was divided into nine grades (1, very fit; 2, well; 3, managing well; 4, vulnerable; 5, mildly frail; 6,
moderately frail; 7, severely frail; 8, very severely frail; 9, terminally ill). The patient who scored >5 was defined as frailty.?*-*

Cognitive impairment: Cognitive function was assessed by the MMSE. The score ranges from 0 to 30. Patients with
a score < 24 were considered as having cognitive impairment.>”

According to the frailty and cognitive impairment criteria, all participants were classified into four groups: 1) the
healthy group; 2) the cognitive impairment group only; 3) the frailty group only; and 4) coexisting frailty and cognitive
impairment group.

ADL Assessment

We assessed ADL by using questionnaires of the Barthel Index.*® The patient was asked to answer 10 questions,
including feeding, personal toilet, controlling bowels and bladder, moving from chair to bed and return bathing, dressing,
walking, using the toilet, ascending and descending stairs for which they needed assistance, each ADL item was scored
based on the extent to which older adults completed each task independently. The higher score indicated the better ADL
independence.

Adverse Outcomes Assessment

The follow-up data of adverse outcomes, including new falls and new ADL dependency, were recorded. Fall was
defined as an unexplained non-accidental change of physical position resulting in rest on the lower plane.*' The patient
was asked to answer the question, “Did you ever fall during the last year? The number of falls, reasons, and
consequences were recorded. New falls were defined as falls that occurred during 1-year follow-up, and new ADL
dependency was defined as an at least five-point drop in ADL score in hospitalized elderly patients 1 year after
discharge.

Statistical Analysis

All statistical analyses were conducted using the SPSS version (Statistical Package for the Social Sciences, Chicago, IL,
USA) 22.0 software. Continuous variables with a normal distribution were compared by using the unpaired #-test (for
a report as mean + standard deviation (mean + SD)), the Mann—Whitney U-Test for the data without a normal distribution
(for a report as the median and interquartile range (IQR)). Categorical variables were reported as a percentage or
constituent ratio by using the chi-square test or Fisher’s exact test. Binary logistic regression analysis was performed to
explore the associations of frailty and/or cognitive impairment with adverse outcomes; odds ratios (ORs) and 95%
confidence intervals (CIs) were reported for a significant relationship. All statistical analyses were two-tailed, and
P-values <0.05 was assumed statistically significant.

Results

A total of 572 older hospitalized patients agreed to participate in this study. Twenty-two patients were excluded due to
dementia, 39 patients were excluded as a result of long-term hospitalization, and 10 patients were not included for some
serious medical conditions, 182 patients were excluded due to loss to follow-up, and 8 patients were excluded due to
incomplete data on MMSE. All the remaining 311 cases were recruited for the study. Figure 1 shows the procedure for
selecting patients.
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Agreed to participate (n=572)

Exclusion:

Long-term hospitalization (n=39)
Persons with dementia (n=22)
Serious medical conditions (n=10)

Eligible for inclusion (n=501)

Incomplete data on MMSE (n=8)

Lost to follow up (n=182)

Final analysis
(n=311)

Figure | The procedure of patient selection.
Abbreviation: MMSE, Mini-Mental State Examination.

Clinical characteristics and demographic of all these older hospitalized patients by the presence of frailty and/

or cognitive impairment are summarized in Table 1. Among all the participants, the prevalence of frailty,

cognitive impairment, and co-occurring frailty with cognitive impairment was 29.9%, 28%, and 15.8%, respec-

tively, while the prevalence of them increased with age advancing (Figure 2). Significant differences were

observed among the four groups concerning comorbidities such as diabetes mellitus, cardiovascular disease,

Table | Baseline Characteristics of Patients by the Presence of Cognitive Impairment and/or Frailty

Characteristic Healthy Cognitive Frailty Coexisting P-value
Group Impairment | Group Only Frailty and
(N=180) Group Only | (N=44) Coghnitive
(N=38) Impairment
Group (N=49)
Demographic
Age (years), mean + SD* 75.37£7.00 76.24+9.37 84.36+5.25 85.08+5.73 <0.001
Gender (male), n (%) 103(57.2) 21(55.3) 28(63.6) 30(61.2) 0.822
High school and above, n (%) 130(72.2) 9(23.7) 30(68.2) 23(46.9) <0.001
Divorced or widowed, n (%) 34(18.9) 5(13.2) 14(31.8) 15(30.6) 0.061
Living alone, n (%) 129(71.7) 19(50.0) 29(65.9) 36(73.5) 0.056
Current or former smokers, n (%) 39(21.7) 8(21.1) 16(36.4) 18(36.7) 0.054
Current or former drinkers, n (%) 38(21.1) 8(21.1) 14(31.8) 12(24.5) 0.490
BMI (kg/m?), mean + SD? 23.73+3.07 23.95+3.20 24.13+3.97 22.80+3.22 0.196
Medical
Diabetes mellitus, n (%) 36(20.0) 10(26.3) 18(40.9) 17(34.7) 0.016
Cardiovascular disease, n (%) 42(23.3) 9(23.7) 22(50.0) 21(42.9) 0.001
Cerebrovascular disease, n (%) 51(28.3) 12(31.6) 22(50.0) 27(55.1) 0.001
Hypertension, n (%) 134(74.4) 27(71.1) 34(77.3) 40(81.6) 0.662
COPD, n (%) 15(8.3) 8(21.1) 7(15.9) 9(18.4) 0.061
Osteoporosis, n (%) 55(30.6) 7(18.4) 20(45.5) 21(42.9) 0.025
Polypharmacy (=5 drugs), n (%) 74(41.1) 16(42.1) 34(77.3) 36(73.5) <0.001
Comorbidities (25 diseases), n (%) 107(59.4) 19(50.0) 37(84.1) 38(77.6) 0.001
Baseline Assessment
ADL, mean + SD* 99.67+1.46 99.32+1.73 89.66+17.80 77.76x23.50 <0.001

Notes: All data were analyzed by the chi-square test except for the marked. *The unpaired t-test.
Abbreviations: BMI, body mass index; SD, standard deviation; COPD, chronic obstructive pulmonary disease; ADL, activities of daily living.
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Figure 2 Prevalence and trend of coexisting frailty with cognitive impairment, cognitive impairment only, and frailty only by age.

cerebrovascular disease, and osteoporosis, and baseline ADL score at admission (all P <0.05). Among these four
groups, there was a statistical difference in the incidence of new ADL dependency during the follow-up period
(9.5% vs 11.4% vs 35.9% vs 61.9%, P <0.001, Figure 3). The presence of frailty or/and cognitive impairment was
not correlated with new falls in hospitalized older patients after the 1-year follow-up (10.1% vs 5.7% vs 12.8% vs
23.8%, P>0.05, Figure 3).

Table 2 presents the results of the binary logistic regression analysis on adverse outcomes by the presence of
frailty and/or cognitive impairment. After adjusting for age, sex, and education, model 1 showed that older
hospitalized patients with frailty and cognitive impairment had a higher risk of new ADL dependency than healthy
patients (OR: 7.403, 95% CI: 3.022-18.132). In model 2, after the adjustment of confounders in model 1,
polypharmacy and comorbidities, a significant association was found between new ADL dependency and co-
occurring frailty with cognitive impairment (OR: 9.138, 95% CI: 3.391-24.623). The fully adjusted Model 3, the
result remained unchanged (OR: 4.786, 95% CI: 1.492-15.355). However, no significant associations were
observed in new ADL dependency between the healthy individuals and those with cognitive impairment only
or frailty only. Meanwhile, no significant differences were found between new falls and the presence of frailty
and/or cognitive impairment in older hospitalized patients.

100.0%
90.0% A
80.0% -
70.0% A
60.0% -
50.0% A
40.0% A
30.0% A
20.0% A
10.0% A

0.0% -

new falls new ADL dependence

W coexisting frailty with cognitive impairment group M frailty group only
B cognitive impairment group only ® healthy group

Figure 3 Adverse outcomes of inpatients by the presence of cognitive impairment and/or frailty.
Note: All data were analyzed by the chi-square test except for the marked.
Abbreviation: ADL, activities of daily living.
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Table 2 Associations of Cognitive Impairment and/or Frailty and Adverse Outcomes Over |-Year Follow-Up Using Binary Logistic
Regression Model

Model | Model 2 Model 3
New Falls New ADL New Falls New ADL New Falls New ADL
OR Dependency OR Dependency OR Dependency
(95% CI) OR (95% CI) (95% CI) OR (95% CI) (95% CI) OR (95% CI)
Healthy control 1.000 1.000 1.000 1.000 1.000 1.000
Cognitive impairment 0.507(0.101— 1.035(0.264—4.058) | 0.402(0.70— 0.885(0.201-3.908) | 0.417(0.072— | 0.665(0.139-3.194)
only 2.544) 2.294) 2411)
Frailty only 1.202(0.371—- | 2.203(0.897-5.412) | 1.315(0.372— | 2.364(0.890-6.278) | 0.740(0.162— 1.461(0.483—4.414)
3.895) 4.651) 3.374)
Cognitive impairment 2.495(0.896— | 7.403(3.022— 2.803(0.968— | 9.138(3.391- 2.333(0.646— | 4.786(1.492—
and Frailty 6.948) 18.132)* 8.113) 24.623)* 8.429) 15.355)°

Notes: Model |: adjusted for age, sex, and education; Model 2: model | plus polypharmacy, diabetes mellitus, cardiovascular disease, cerebrovascular disease, osteoporosis;
Model 3: model 2 plus baseline ADL score. *p-value<0.001, ®p-value<0.01, compared with the healthy control.
Abbreviations: ADL, activities of daily living; OR, odds ratio; Cl, confidence interval.

Discussion

In this study, we identified that older inpatients with comorbid frailty and cognitive impairment on admission were
significantly associated with an increased risk of new ADL dependency 1 year after discharge, and the result remained
unchanged after adjusting for covariates. Our research showed that the study of comorbid frailty and cognitive impairment of
elderly hospitalized patients might help us get great predictive value for the new ADL dependency after discharge.

Our data demonstrated that the risk of new ADL dependency was the highest in older hospitalized patients suffering
from both frailty and cognitive impairment. This was in line with the Brazilian study using different assessment methods
to screen for frailty and cognitive impairment, which revealed that frailty and cognitive impairment in the elderly
increased the risk of ADL dependency.>> Moreover, another prospective cohort study showed that the combined effects
of frailty with cognitive impairment were associated with a higher risk of ADL dependency than either frailty alone or
cognitive impairment alone.'> The mechanisms underlying the cumulative impact of frailty and cognitive impairment on
adverse outcomes may come from similar pathophysiologies, such as age-related degeneration of frontal lobe structures,
including gray matter loss, white matter lesions, reduced dopaminergic activity, and dendritic branching. Several studies
have indicated that the pathogenesis mechanisms involved in frailty were also prone to promote cognitive impairment,
including oxidative stress, chronic inflammation, and insulin resistance.**™® Other clinical comorbidities, such as
atherosclerosis, diabetes, heart failure, and hypertension, may increase the risk of frailty and cognitive impairment as
well. In other researches, older age, depression, social participation, sedentary lifestyle, and sleep problems had been
identified as critical contributors to the co-occurrence of physical frailty and cognitive impairment.*® Both conditions
were multifactorial and interactional, boosting their negative cumulative effect.

Regarding the association between different frailty-cognitive impairment groups and the risk of new falls, we found that
inpatients with coexisting frailty and cognitive impairment had a higher odds ratio for new falls than those with neither
symptoms or either symptom. However, there were no significant associations in our samples. We all know that falls in the
older population are closely related to functional decline, especially the balance function. Cognitive impairment increases the
risk of falling in older adults with impaired balance function, slow walking speed, and muscle weakness. Different from our
study, a study from the National Health and Aging Trends Study (NHATS), including 6000 older adults in community or non-
nursing home residential care settings, had found that physical frailty, with or without cognitive impairment, was all associated
with recurrent falls, which were independent of disease burden, obesity, and mobility limitation.?® This discrepancy may come
from the different sizes and the different characteristics of the samples in diverse designs.

ADL dependency is prevalent among older hospitalized patients who are seriously impacted by physical frailty and
cognitive impairment.***° Our research found that 61.9% of the inpatients with concomitant frailty and cognitive impairment
experienced new ADL dependency after discharge. Old patients with new ADL dependency were associated with reduced
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quality of life, poorer physical performance, and higher risk of mortality.’' > A longitudinal study from Italian showed that
the earlier identification of frailty and cognitive impairment, the more likely it was to be reversed.>* Frailty, cognitive
impairment, independence, and comorbidities all influence treatment decision-makings, especially in older (>65 years)
patients and very older (>85 years) patients. Recently, frailty and cognitive impairment have been written into some age-
related disease guidelines and expert consensus to guide risk stratification and clinical management.>>® Early rehabilitation
programs can reverse hospitalization-associated disabilities. A randomized clinical trial showed that inpatients who received
exercise intervention had a mean increase of 2.2 points on the SPPB scale, 6.9 points on the Barthel Index, and 1.8 points on
the cognitive level at discharge than those who were in the usual hospital care group.”’ Another research conducted in
a nursing home showed that residents who participated in a daily routine of inertial training got lower risks of falls and better
independence through improvements in muscle strength, gait speed, and balance.>® As stated above, by targeting the reversible
risk factors and comorbidities and improving the intrinsic capacity, we could effectively delay or even reverse frailty and
cognitive impairment, which may lead to better life expectancies and life qualities of the elders.”® °* Further study is required
to investigate the early identification of frailty and cognitive impairment in hospitalized older patients may help decrease
adverse outcomes and formulate effective interventions.

Compared to previous literature, our study has the following advantages. First, our data were collected by a well-
trained team that had been conducting a comprehensive geriatric assessment (CGA), a multidimensional diagnostic
assessment including physical performance, cognition, sarcopenia, and frailty of elderly individuals. All the assess-
ments were conducted through professional software systems. Therefore, the consistency and validity of the evalua-
tion are well guaranteed. Information from CGA was entirely used to identify the high-risk inpatients of developing
functional decline. Second, our research showed that comorbid frailty and cognitive impairment could generate
greater detrimental effects on the risk of post-discharge ADL dependency among the elderly in China. Thirdly, our
finding highlighted that it was much necessary to implant the multidisciplinary team intervention in hospitalized
elderly patients into the medical model — especially for the inpatients with multiple geriatric syndromes, which may
help prevent and reverse the deterioration of physical and mental function and mitigate the risk of adverse outcome.
There are some limitations in this study as well. One shortage was that we failed to assess the inpatient’s cognitive
functions and frailty within 1 year after discharge. Another was the follow-up time after release, which was not long
enough. Thus, the effects of other factors on new falls and new ADL dependency may be covered up. To explore the
causal relationship and formulate early interventions, which help decrease the adverse outcomes among older
inpatients, we are supposed to enlarge samples in further multicenter studies.

Conclusion

Elderly inpatients with comorbid frailty and cognitive impairment on admission were significantly associated with an
increased risk of new ADL dependency 1 year after discharge. The early identification of frailty and cognitive impairment
in hospitalized older patients may be helpful in practice guidelines of risk stratification and timely preventive interventions.
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