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Abstract

Background: Physical frailty and cognitive impairment have been separately associated with falls. The purpose of the study is to examine the
associations of physical frailty and cognitive impairment separately and jointly with incident recurrent falls among older adults.

Methods: The analysis included 6000 older adults in community or non-nursing home residential care settings who were at least 65 years
old and participated in the National Health and Aging Trends Study. Frailty was assessed using the physical frailty phenotype; cognitive
impairment was defined by bottom quintile of the clock-drawing test or immediate and delayed 10-word recall, or self/proxy-report of
diagnosis of dementia, or AD8 score at least 2. The marginal means/rates models were used to analyze the associations of frailty and cognitive
impairment with recurrent falls over 6 years of follow-up between 2011 and 2017.

Results: Of the 6000 older adults, 1787 (29.8%) had cognitive impairment only, 334 (5.6%) had frailty only, 615 (10.3%) had both, and
3264 (54.4%) had neither. After adjusting for age, sex, race, education, living alone, obesity, disease burden, and mobility disability, those
with frailty (with or without cognitive impairment) at baseline had higher rates of recurrent falls than those without cognitive impairment and
frailty (frailty only: rate ratio [RR] = 1.31, 95% confidence interval [CI] = 1.18-1.44; both: RR = 1.28,95% CI = 1.17-1.40). The association
was marginally significant for those with cognitive impairment only (RR = 1.07,95% CI = 1.00-1.13).

Conclusions: Frailty and cognitive impairment were independently associated with recurrent falls in noninstitutionalized older adults. There
was a lack of synergistic effect between frailty and cognitive impairment.

Keywords: Cognitive impairment, Falls, Frailty, Older adults

Falls are among the most common and serious threats to inde-
pendence experienced by older adults. Approximately 30% of
community-dwelling adults aged 65 years and older experience at
least one fall in a 1-year period (1). Falls are associated with con-
siderable morbidity and mortality in older adults (2-4). Those in-
dividuals who experience recurrent falls constitute a sizable and
particularly high-risk subset of older adults who experience falls.
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They are more likely to sustain serious injuries and have a distinct
set of risk factors when compared with older adults who experience
only a single fall (5). Hence, identifying risk factors for recurrent
falls and implementing effective preventive interventions are of sig-
nificant public health importance.

Many factors contribute to falls including demographic, envir-
onmental, and health-related characteristics (6). Frailty,a common
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geriatric syndrome (7,8), has been identified as a risk factor for
falls (9-11). In addition, increasing epidemiological and clinical
evidence finds that physical frailty is associated with and often
coexistent with cognitive impairment in older adults (12,13),
which in theory would further increase susceptibility to falling
(14-16). A meta-analysis of 27 studies found that community-
dwelling older adults with global cognitive impairment had more
than twice the increased risk of falls of cognitively intact individ-
uals (17). Taking into account the association between frailty and
cognitive impairment, it is critical to understand their separate
and joint effects on falls incidence in order to better tailor falls
interventions for maximal impact.

To the best of our knowledge, there was only one study by
Martin et al. which found that the association between poorer
cognitive function and falls risk was amplified by the presence
of physiological factors such as greater body sway, less ambu-
latory physical activity, slower reaction time and gait speed,
weaker muscle strength, and poorer visual contrast (18). Recently,
a multicenter study of 6204 older adults found that coexistent
gait and cognitive impairment had a multiplicative association
with falls risk (19). To the best of our knowledge, only one study
reported associations of frailty and cognitive impairment separ-
ately and jointly with falls prevalence (20); however, the temporal
relationships between falls and frailty and/or cognitive impair-
ment could not be determined due to the cross-sectional design.
Additionally, insufficient research has attempted to estimate the
associations of frailty and cognitive impairment with the risk of
recurrent falls. Using data from a nationally representative sample
of US older adults, we aimed to evaluate (a) cross-sectional associ-
ations of frailty and cognitive impairment with history of falls at
study baseline (2011) and (b) separate and joint effects of frailty
and cognitive impairment on the risk of incident recurrent falls
during a 6-year follow-up (2011-2017).

Method

Data Source and Sample

The National Health and Aging Trends Study (NHATS) is a study
of disability trends and dynamics in US adults aged 65 and older
from a nationally representative sample of Medicare beneficiaries
(21). The original NHATS cohort was established in 2011 and
conducted by the Johns Hopkins University Bloomberg School of
Public Health in collaboration with the University of Michigan.
Study design and data collection and management procedures
have been described previously (22). Study participants were inter-
viewed beginning in 2011 and annually thereafter, and details on
health, economic, and social consequences of aging and disability
were collected. Informed consent was obtained from each par-
ticipant prior to data collection. The study was approved by the
Johns Hopkins Bloomberg School of Public Health Institutional
Review Board.

At baseline, 8245 participants completed the interview, with a
response rate of 71%. Inclusion criteria for the present analysis
were participants aged 65 years or older residing in community
or non-nursing home residential care settings in 2011, with infor-
mation available on frailty, cognitive status, and history of falls
at baseline, and having at least 1-year follow-up. We excluded
the 636 older adults in nursing homes, leaving 7609 older adults
in community or non-nursing home residential care settings. We
further excluded 112 individuals with insufficient data on frailty

at baseline. An additional 1497 individuals were excluded due to
missing follow-up data on falls. Finally, 6000 individuals were
included in our analyses. The individuals with missing data on
falls were significantly older, with lower education level, higher
prevalence of underweight and depression, probable dementia,
and poorer mobility function.

Study Outcome

Information on falls was collected at baseline (2011) and annually
during the 6-year follow-up (2012-2017), based on participants’ re-
sponse to the question: “In the past 12 months, have you (or has the
sample person [in the case of proxy interview]) fallen down?” A fall
was defined as any fall, slip, or trip in which the participant lost
balance and landed on the floor or ground or at a lower level. Given
that the exact number of falls was not asked during the interview,
“recurrent falls” were defined as the occurrence of one or more falls
in the prior year by self-report at 2 or more interviews during the
6-year follow-up.

Operationalization of Frailty

Frailty was assessed using the approach developed by Bandeen-
Roche et al. (23), a modified version of the 5-item Cardiovascular
Health Study frailty phenotype (8), with a total score ranging from
0 to 5. The 5 binary-coded items included (a) shrinking: present
for those who self-reported unintentionally losing weight of 10 or
more pounds in the previous year or body mass index (BMI) less
than 18.5 kg/m?; (b) exhaustion: present for those who self-reported
having low energy or being easily exhausted, enough to limit their
activities; (c) weakness: present for those in the lowest 20th per-
centile within 8 sex-by-BMI categories of the maximum grip strength
of dominant hand over 2 trials; (d) slow walking speed: present for
those in the lowest 20th percentile of the weighted population distri-
bution within 4 sex-by-height categories of the first of 2 usual-pace
4-m walking trials; and (e) low physical activity: present for those
self-reported not having walked for exercise or engaged in vigorous
activities, recently. The total score was used to categorize partici-
pants as not-frail (score = 0-2) or frail (score = 3-5).

Operationalization of Cognitive Impairment

Cognitive impairment was identified by either cognitive performance
testing or by self/proxy-report. Participants met criteria for “cogni-
tive impairment” if at least one of the 3 criteria were met: (a) scored
in the bottom quintile in at least one of the 2 cognitive domains: ex-
ecutive functioning (scoring <3 on a clock-drawing test scored on a
0-5 scale) and memory (scoring <5 on a summed score of immediate
and delayed 10-word recall batteries); (b) a report by the NHATS
participants or a proxy respondent that a physician told the sample
person that he/she had dementia or Alzheimer’s disease (AD); or (c)
a score of 2 or higher on the AD8 Dementia Screening Interview, an
8-item instrument administered to proxy respondents not reporting
a diagnosis, which assesses memory, temporal orientation, judgment,
and function (24).

In NHATS, probable dementia was defined as meeting any one
of the 3 criteria: (a) self- or proxy-report of physician’s diagnosis of
dementia or AD, (b) a score of at least 2 on the AD8 administered to
proxy-respondents not reporting a diagnosis, or (c) test performance
scores more than 1.5 SD below the mean in at least 2 of 3 domains:
memory (immediate and delayed 10-word recall), executive function
(clock-drawing test), and orientation (date, month, year, and day of
the week; naming the President and Vice President) (25).
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Other Covariates

To address potential confounding, we controlled for several
sociodemographic, health, and functional characteristics at baseline.
Sociodemographic variables included age grouped in S-year incre-
ments from 65 to 90 and 90 and older; race categorized as White
non-Hispanic, Black non-Hispanic, Hispanic, and other; education
categorized into 8th grade or less, 9th—12th grade (no diploma), and
high school graduate or higher; and living arrangement coded as
living alone or not by self-report.

The following health conditions were recorded: (a) obesity if BMI
at least 30 kg/m?; (b) comorbidity burden was measured by the number
of diagnosed diseases including heart disease, hypertension, arthritis,
osteoporosis, diabetes mellitus, lung disease, stroke, non-skin cancer,
and hip fracture history. Number of comorbidities was categorized into
0,1,and at least 2. (c) Mobility disability was coded based on items that
asked about going outside, getting around inside, and getting out of bed
as 0 for no disability (no device use, reduction in activities, difficulty, or
assistance with any activity), 1 for moderate disability (device use or
reduction in 1 or more activities but no difficulty or assistance), and 2
for severe disability (difficulty by oneself or help from another person
to perform activities, or, rarely, not doing the particular activity). (d)
Depression was measured via the 2-item Patient Health Questionnaire
(PHQ-2) (26,27). The participants were classified as having depression
if the PHQ-2 was 3 or higher.

Statistical Analysis

Frailty and cognitive impairment status were used to classify par-
ticipants into 4 groups: (a) neither frail nor cognitively impaired
(termed “neither,” henceforth), (b) not-frail and cognitively im-
paired (termed “cognitive only,” henceforth), (c) frail and cogni-
tively intact (termed “frailty only,” henceforth), and (d) frail and
cognitively impaired (termed “both,” henceforth). Chi-square tests
were used to test the differences of the baseline demographic,
health, and mobility disability characteristics across the 4 groups.
NHATS survey weights and sampling design variables were used to
adjust for the complex sampling design.

We performed cross-sectional and longitudinal analyses of the as-
sociations of frailty and cognitive impairment with prevalent and in-
cident falls using logistic regression and marginal means/rates model,
respectively. We estimated odds ratios (ORs) or rate ratios (RRs) of
the association and their 95% confidence intervals (CIs). The mar-
ginal means/rates model used longitudinal data, treating falls, one
or more occurring within the year prior to the interview at each of
6 annual follow-ups as a recurrent event over time. By treating all
recurrent events of the same participant as a single counting process,
the marginal means/rates model has the advantage of being flexible
and parsimonious (28).

To adjust for possible confounding, models were fit sequen-
tially with an expanding pool of covariates. Model 1 included the
sociodemographic variables including age, sex, race, education, and
living alone. Model 2 additionally included obesity, comorbidity
burden, and mobility disability.

In addition, we conducted two sensitivity analyses. First, we
reran all models by excluding individuals with probable dementia
at baseline to approximate the condition of cognitive frailty by
the International Academy Nutrition and Aging (IANA) and the
International Association of Gerontology and Geriatrics (IAGG)
(29), defined as the concurrent presence of physical frailty and cog-
nitive impairment in the absence of clinical diagnosis of dementia.
Second, we excluded the individuals with depression (PHQ-2 score

>3) who might exhibit signs and symptoms mimicking those of
frailty (30,31), such as exhaustion (31).

All analyses were conducted using Stata 15.1 software (Stata
Corp, College Station, TX), and a p value of less than .05 was con-
sidered statistically significant.

Results

Baseline Characteristics of Study Participants

Of the 6000 older adults included in the study 1787 (30%) had cog-
nitive only, 334 (6%) had frailty only, 615 (10%) had both, and
3264 (54%) had neither. Baseline characteristics by frailty and cog-
nitive impairment categories are given in Table 1. Compared with the
neither group, those with frailty only, cognitive only, and both were
older, had a lower education level, poorer mobility function, and
greater prevalence of depressive symptoms at baseline. Compared
with the neither group, those with frailty only and both had a
greater prevalence of comorbidities. The comorbidity burden was
similar between the cognitive only and neither groups. Overall, 1849
(30.1%) experienced at least one fall during the past 12 months at
baseline. Fifty-nine percent of those in both groups had a fall in the
year before baseline, compared to 48% in the frailty only, 32% in
the cognitive only, and 25% among the neither (Table 1).

Cross-sectional Relationships Between Frailty

and Cognitive Impairment and History of Falls at
Baseline

The cross-sectional associations between frailty, cognitive impair-
ment, and history of falls at baseline are given in Table 2. In Model
1, after adjusting for the sociodemographic covariates, compared
to the neither group, individuals with both experienced the greatest
odds for falls (OR = 4.34, 95% CI = 3.56-5.30, p < .001), with
frailty only and cognitive only being associated with 2.58-fold (95%
CI = 2.04-3.26, p < .001) and 1.36-fold higher odds of falls (95%
CI = 1.18-1.56, p < .001). In Model 2, after additional adjustment
for obesity, comorbidity, and mobility disability, the associations
remained significant with OR of 2.48 (95% CI = 1.98-3.11, p <
.001) for both, 1.53 for frailty only (95% CI = 1.19-1.97,p = .001),
and 1.22 for cognitive only (95% CI = 1.05-1.41, p = .009). The
interaction between frailty (yes/no) and cognitive impairment (yes/
no) as a product term in the model was not statistically significant
(p = .077).

Longitudinal Relationships Between Frailty and
Cognitive Impairment and Recurrent Falls

Table 3 presents the results of the marginal means/rates model of the
relationships between frailty and cognitive impairment at baseline and
recurrent falls over 6 years of follow-up. In Model 1, after adjusting for
sociodemographic covariates (age, sex, race, education, and living alone),
frailty and cognitive impairment separately and jointly were significantly
associated with higher rates of recurrent falls than was neither (cognitive
only: RR = 1.10, 95% CI = 1.03-1.17, p = .003; frailty only: RR = 1.58,
95% CI = 1.44-1.73, p < .001; both: RR = 1.60, 95% CI = 1.48-1.73,
p < .001). The associations remained significant after additional adjust-
ment for obesity, comorbidity, and mobility disability (RR = 1.07, 95%
CI = 1.00-1.13 for cognitive only, p = .042; RR = 1.31,95% CI = 1.18-
1.44 for frailty only, p < .001; RR = 1.28, 95% CI = 1.17-1.40 for
both, p < .001; Table 3, Model 2). In addition, compared to those with
cognitive only, participants with both had significantly higher risk for
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Table 1. Participant Characteristics by Frailty and Cognitive Impairment Status at Baseline in the National Health Aging Trends Study, 2011

(n=6000)
Overall, Cognitively Intact and Not  Cognitively Impaired Frail Only, Cognitively Impaired and
Characteristic n = 6000 Frail, n = 3264 (54.4%) Only, 7 = 1787 (29.8%) n =334 (5.6%) Frail,n =615 (10.3%) P
Age (years), n (%)
65-69 1144 (28.7) 837 (35.8) 200 (16.8) 60 (23.2) 7 (13.4) <001
70-74 1258 (25.0) 825 (27.6) 304 (22.0) 66 (24.2) 3(13.9)
75-79 1216 (19.2) 701 (18.7) 355 (21.0) 66 (19.9) 4 (17.0)
80-84 1193 (14.6) 553 (11.6) 418 (19.3) 71 (16.8) 151 (21.5)
85-89 721 (8.6) 247 (4.9) 277 (13.1) 45 (11.3) 152 (23.0)
>90 468 (3.9) 101 (1.4) 233 (7.8) 26 (4.6) 108 (11.7)
Sex, n (%)
Female 3499 (56.4) 1849 (55.1) 1022 (55.1) 230 (69.6) 398 (62.4) <.001
Male 2501 (43.6) 1415 (44.9) 765 (44.9) 104 (30.4) 217 (37.6)
Race/ethnicity, 7 (%)
White non-Hispanic 4166 (81.9) 2549 (87.6) 1076 (73.2) 211 (76.1) 330 (68.3) <.001
Black non-Hispanic 1310 (8.1) 520 (5.7) 507 (11.9) 87 (11.8) 196 (13.5)
Hispanic 348 (6.5) 118 (4.1) 135 (9.8) 30 (10.3) 5(13.5)
Other 176 (3.4) 77 (2.7) 69 (5.1) 6(1.7) 4 (4.7)
Education, 7 (%)
8th grade or less 732(9.6) 171 (4.4) 336 (17.1) 39 (10.0) 186 (27.1) <001
9th-12th grade (no 829 (11.0) 330 (8.2) 313 (14.6) 55(15.5) 131 (19.1)
diploma)
High school graduate or 4422 (79.4) 2761 (87.3) 1130 (68.3) 239 (74.5) 292 (53.8)
higher
Living alone, 7 (%) 1987 (30.2) 970 (26.7) 705 (37.5) 119 (35.4) 193 (31.7) <.001
Obese, 1 (%) 1607 (28.6) 938 (29.6) 401 (25.1) 122 (36.1) 146 (26.3) .003
Depression, 7 (%) 902 (13.7) 296 (8.6) 264 (14.4) 101 (31.8) 241 (41.6) <.001
Falls history, 7 (%) 1849 (30.1) 806 (24.5) 533 (31.5) 151 (48.3) 359 (59.2) <.001
Probable dementia, 7 (%) 699 (8.7) 0 (0.0) 416 (21.9) 0(0.0) 283 (42.5) <001
Number of comorbidities, 7 (%)
0 534 (10.3) 335 (11.8) 174 (10.1) 6(1.7) 19 (3.6) <.001
1 1107 (20.2) 653 (21.6) 370 (22.0) 26 (7.9) 58 (10.2)
>) 4304 (69.6) 2255 (66.5) 1224 (67.9) 297 (90.4) 528 (86.2)
Mobility disability, 72 (%)
No disability 3658 (68.0) 2525 (81.0) 996 (61.1) 69 (24.1) 68 (12.7) <.001
Moderate disability 1060 (15.3) 477 (12.7) 388 (19.5) 87 (23.4) 108 (17.3)
Severe disability 1282 (16 7) 262 (6.3) 403 (19.4) 178 (52.5) 439 (70.0)
Years of follow-up, median 1(2. 4(2.0) 8(2.0) 3.9 (2.1) 3.1(1.9) <.001

(interquartile range)

Notes: Analyses of weighted data from the National Health and Aging Trends Study; raw numbers and weighted percentages (%) were presented, except for the

years of follow-up, where median and interquartile range were provided. Chi-square test for categorical variables between the 4 groups.

recurrent falls (RR = 1.19, 95% CI = 1.09-1.30). The risk for recurrent
falls was similar between the frailty only and both groups (RR = 0.98,
95% CI = 0.88-1.09). A formal test of interaction between frailty (yes/
no) and cognitive impairment (yes/no) yielded a p value of .156.

Sensitivity Analyses

After excluding those with probable dementia or depression at base-
line, the results from both the cross-sectional and the longitudinal
analyses were largely unchanged, showing significant associations
of frailty only and both with history of falls and incident recurrent
falls. However, cognitive only was no longer significantly associ-
ated with the risk of recurrent falls due to the smaller sample size
(Supplementary Tables S1-S4).

Discussion

To the best of our knowledge, this is the first study to evaluate
the associations of frailty and cognitive impairment with the
risk of recurrent falls in a nationally representative sample of US

community-dwelling older adults. In this study, we found that phys-
ical frailty, with or without cognitive impairment, was a strong pre-
dictor of recurrent falls; and the association was independent of
disease burden, obesity, and mobility limitation. It is also notable
that having cognitive impairment only (ie, without frailty) was only
marginally associated with recurrent falls.

Regarding the relationship between frailty and cognitive impair-
ment, recent consensus papers advocated for expanding the defin-
ition of frailty to include cognition (32,33). Motivated by findings
that adding cognitive impairment to models that already included
physical frailty increased accuracy in identifying those at high
risk for adverse health outcomes such as disability and mortality
(12,34,35), some have argued that optimal risk assessment should
supplement measures of physical frailty with measures of cognitive
function. For the purpose of risk prediction, our study supports that
recommendation, finding that frailty and cognitive impairment were
independently associated with the history of falls, consistent with
previous studies that identified frailty (10,36,37) and cognitive im-
pairment (14,38,39) as independent risk factors. In addition, we
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Table 2. Logistic Regression Models of the Cross-Sectional Relationships Between Frailty, Cognitive Impairment, and a History of Falls:

the National Health Aging Trends Study, 2011 (n = 6000)

Model 1* Model 21
Odds Ratio 95% CI p Odds Ratio 95% CI p
Frailty and cognitive impairment condition
Cognitively intact and not frail (7 = 3264) 1.0 - 1.0 -
Cognitively impaired only (7 = 1787) 1.36 1.18-1.56 <.001 1.22 1.05-1.41 .009
Frail only (n = 334) 2.58 2.04-3.26 <.001 1.53 1.19-1.97 .001
Cognitively impaired and frail (7 = 615) 4.34 3.56-5.30 <.001 2.48 1.98-3.11 <.001

Note: CI = confidence interval.
*Model 1: adjusted for age, sex, race, education, and living alone.

Model 2: adjusted for age, sex, race, education, living alone, obesity, comorbidity, and mobility disability.

Table 3. Adjusted Marginal Means/Rates Model for Assessing the Longitudinal Relationships Between Frailty, Cognitive Impairment, and
Recurrent Falls During the 6-Year Follow-up in the National Health Aging Trends Study (2012-2017)

Model 1* Model 21
Rate Ratio (95% CI) p Rate Ratio (95% CI) P
Frailty and cognitive impairment status
Cognitively intact and not frail (7 = 3264) Reference — Reference —
Cognitively impaired only (7 = 1787) 1.10 (1.03-1.17) .003 1.07 (1.00-1.13) .042
Frail only (n = 334) 1.58 (1.44-1.73) <.001 1.31 (1.18-1.44) <.001
Cognitively impaired and frail (7 = 615) 1.60 (1.48-1.73) <.001 1.28 (1.17-1.40) <.001

Note: CI = confidence interval.
*Model 1: adjusted for age, sex, race, education, and living alone.

Model 2: adjusted for age, sex, race, education, living alone, obesity, comorbidity, and mobility disability.

found that having both frailty and cognitive impairment was most
strongly associated with the history of falls, even after adjusting
for potential confounders. Specifically, older adults who were both
frail and cognitively impaired had a more than 2-fold greater preva-
lence of falls. These findings are consistent with the previous work
(20), showing that the presence of both cognitive impairment and
physical frailty was significantly associated with a history of falls.
It is also worth noting that the associations in our study remained
essentially unchanged after excluding participants with probable
dementia, effectively transforming the group with both frailty and
cognitive impairment into the subset meeting the definition of cog-
nitive frailty.

In the analysis of recurrent falls, we found that having both
frailty and cognitive impairment was associated with a significantly
greater risk of recurrent falls relative to those exhibiting cognitive
impairment alone. Plausibly the group with frailty and cognitive im-
pairment may represent a more advanced stage of cognitive decline,
consistent with the fact that the prevalence of probable dementia in
this group was almost twice than that of cognitive impairment only
in this cohort. Interestingly, the difference remained unchanged after
excluding dementia cases at baseline, therefore refuting the hypothe-
sized difference in the severity of cognitive impairment. Coupled
with the fact that the risk of recurrent falls was similar between
“both” and “frailty only,” it may be that frailty is a more important
predictor of fall risk than cognitive impairment. It is also possible
that the risk associated with “both” was underestimated due to the
greater rate of study attrition evidenced by the shorter median length
of follow-up (Table 1).

While there have been many studies on risk factors for falls and
recurrent falls; the results have been mixed. Older age, prior history

of falls, functional impairment, use of a walking aid or assistive de-
vice, and cognitive impairment have been identified as key contribu-
tors to falls in older adults (40). Moreover, a recent meta-analysis
of 22 studies identified 4 domains of risk factors (ie, balance and
mobility, medication, psychological, and sensory and neuromuscular
risk factors) that are predictive of recurrent falls in older adults (40).
Risk factors belonging to these domains such as muscle weakness,
poor balance, and slow gait have been associated with both physical
frailty and cognitive impairment (41,42). These results suggest that
geriatric syndromes such as frailty and cognitive impairment may
represent common pathways that mediate the relationships between
individual risk factors and recurrent falls. In addition, the complex
interplay between physical frailty and cognitive impairment has led
some to hypothesize that physical frailty and cognitive impairment
may interact to present a synergistic risk for falls. For example, cog-
nitive impairment and the resulting decline in cognitive reserve may
have made it difficult to compensate for physical frailty, leading to
the weakening of the mechanisms that are protective against falling
(18). Unlike the previous study (20), our study did not find evidence
of a strong synergistic effect, suggesting that the co-occurrence of
physical frailty and cognitive impairment identifies a subset of older
adults that may be characteristically different from those with phys-
ical frailty alone or cognitive impairment alone as shown in recent
studies (43,44). Future research should explore the heterogeneity in
the pathophysiology of separate versus joint physical frailty and cog-
nitive impairment and its relationship with falls.

The major strengths of this study are a large sample that is nation-
ally representative of noninstitutionalized older adults in the United
States, which enhances the generalizability of the findings. In addition,
our study moved beyond the cross-sectional associations to study the



Journals of Gerontology: MEDICAL SCIENCES, 2021, Vol. 76, No. 11

e359

longitudinal effects of frailty and cognitive impairment on future re-
current falls, which helped to better discern their temporal relation-
ships. From a statistical modeling perspective, we chose the marginal
means/rates model over Poisson or negative binomial models so that
information on the timing of recurrent events, that is, falls, could be
taken into account while relaxing the strong parametric assumptions
associated with the latter (45,46). Some limitations should be noted in
our approach. First, cognitive impairment was ascertained based on
self or proxy-report and cognition performance limited to 2 specific
domains: executive function and verbal memory, therefore raising the
possibility of misclassification bias. However, the use of more in-depth
neurocognitive assessment batteries would be cost-prohibitive in
large-scale population surveys such as NHATS where speed and ease
of assessment are essential. Second, data from NHATS did not allow us
to determine the severity or the exact number of falls. While the total
number of falls might have been underestimated, we believe the def-
inition of recurrent falls used in this study to be more indicative of a
more serious health hazard. Third, recall bias, particularly among par-
ticipants with cognitive impairment, and missing data on falls due to
competing mortality could potentially bias the associations toward null,
therefore making our findings conservative. Finally, compared to the
analytic sample, those who were excluded due to missing data on falls
were older and were more likely to be from racial and ethnic minority
groups, underweight, frail, disabled, and have depressive symptoms
(Supplementary Table S5), which could result in underestimation of the
predictive power of frailty and cognitive impairment.

In conclusion, this study offered evidence for a predictive association
between frailty and recurrent falls in noninstitutionalized older adults,
and the association remained significant with or without cognitive im-
pairment. On the other hand, there was a weak and marginally significant
association between cognitive impairment and falls risk in the absence
of physical frailty. While the lack of a synergistic effect between frailty
and cognitive impairment argues for treating frailty and cognitive impair-
ment separately in order to mitigate the risk of recurrent falls, our findings
raised the question of whether falls risk assessment should prioritize phys-
ical frailty over cognitive impairment. The answer to this question would
require a better understanding of the temporal relationships between
physical frailty and cognitive impairment and the possibility of multiple
etiological pathways being differentially associated with falls risk.

Supplementary Material

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