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Abstract

Background: Subjective age refers to how young or old individuals experience themselves to be and is associated
with health status, behavioral, cognitive, and biological processes that influence frailty. However, little research has
examined the relationship between subjective age and frailty among older adults. This study examined the
bidirectional association between subjective age and frailty among community-dwelling older adults.

Methods: We used data from the 2011 to 2015 waves of the National Health and Aging Trends Study. Our sample
consists of 2,592 community-dwelling older adults with complete data on main outcome variables. Subjective age
was measured by asking participants, “What age do you feel most of the time?” Based on the five phenotypic
criteria: exhaustion, unintentional weight loss, low physical activity, slow gait, and weak grip strength, frailty was
categorized into robust =0, pre-frailty = 1 or 2; frailty = 3 or more criteria met. Generalized estimating equation
models were used to examine the concurrent and lagged association between subjective age and frailty.

Results: Participants were, on average, 75.2 + 6.8 years old, non-Hispanic whites (76 %), female (58 %). 77 % of the
participants felt younger, 18 % felt the same, and 5 % felt older than their chronological age. About 45 %, 46 %, and
9% of the participants were robust, pre-frailty and frailty in the first wave, respectively. Generalized estimating
equations revealed that an “older” subjective age predicted a higher likelihood of pre-frailty and frailty (OR, 95 %
Cl=1093, 145-2.56).

Conclusions: These findings suggest that people with older subjective age are more likely to be pre-frail/frail.
Subjective age could be used as a quick and economical screening for those who are potentially frailty or at risk for
frailty.
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Background

Older adults with frailty are at a greater risk of adverse
outcomes such as falls, disability, hospitalization or
institutionalization and mortality [1-4]. Frailty is a
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dynamic and reversible process that can be delayed by
targeted interventions such as exercise and nutrition [5—
7]. Therefore, it is important to identify factors associ-
ated with frailty.

Age is an important risk factor for frailty because in-
creased chronological age predicts frailty [8]. Subjective
age — how old a person perceives themselves to be, de-
pending on an individual’s self-assessment of the degree
of aging - is another concept that may influence people’s
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aging. Feeling younger than one’s chronological age is
considered a protective factor to buffer against the nega-
tive effects of aging, such as old-age stereotypes and so-
cial stigma [9—-11]. Subjective age has been considered as
a biopsychosocial marker of aging that can predict an in-
dividual’s health condition [12, 13]. A large body of lit-
erature has shown that older subjective age is associated
with a series of negative health outcomes, including
poorer mental health [14], worse physical, functional
and cognitive health [15-18], increased risk of hospitali-
zations [19] and reduced longevity [20, 21]. Despite the
significance of subjective age in people’s health, to our
knowledge, little research has examined the relationship
between subjective age and frailty among older adults.

There are reasons to expect that subjective age may be
related to frailty, given that subjective age is associated
with health status, behavioral, cognitive, and biological
processes that influence frailty. People with a younger
subjective age have a better physical function, including
higher scores for activities of daily living (ADL) or in-
strumental activities of daily living (IADL) [22, 23],
stronger grip strength [24] and faster walking speed [16].
Subjective age is also a significant predictor of many psy-
chological factors among older adults. Previous studies
have shown that individuals with younger subjective age
tend to have better mental health [25, 26]. Specifically,
younger subjective age was associated with fewer depres-
sive symptoms [26], less stress [12] and less loneliness
[27]. Previous studies have found that younger subjective
age is associated with better cognitive functions [28].
Older adults who felt younger than their chronological
age showed better long-term memory performance and
executive function 10 years later, even after adjusting for
chronological age and other demographic and health
variables [18]. Frailty is multifactorial in etiology, and
physical, psychological and cognitive functions are all
risk factors of frailty among older adults [29]. Therefore,
subjective age may be a marker of frailty. Frail older
adults may feel older than their chronological age, be-
cause weakness, exhaustion, slow gait, and low physical
activity are part of frailty syndrome [17, 30].

The purpose of this study was to examine the bidirec-
tional relationships between subjective age and frailty.
We hypothesized that (1) older adults with an older sub-
jective age would be at higher risk of being pre-frail/frail;
and (2) older adults with pre-frailty/frailty tend to feel
older than their chronological age.

Methods

Study sample

We used data from 2011 to 2015 waves of the National
Health Aging Trends Study (NHATS), a nationally rep-
resentative longitudinal cohort study that has collected a
sample of Medicare beneficiaries ages 65 or older in the

Page 2 of 9

United States. Our study sample consists of 2,592
community-dwelling older adults with complete data on
main outcome variables (subjective age and frailty) from
2011 to 2015 waves. Compared to participants who were
included in this study, the excluded participants felt
older, had less education, and had more ADL/IADL im-
pairment, chronic diseases, hospitalizations, and falls
with poorer health status. The excluded participants
were also less obese, engaged in less vigorous activity,
but more demented. The NHATS was approved by the
Johns Hopkins Bloomberg School of Public Health IRB.
NHATS participants completed written informed
consent prior to being interviewed.

Measurements

Dependent variable

Frailty was assessed using the modified frailty pheno-
type paradigm [31] based on five criteria: uninten-
tional weight loss, exhaustion, weakness, slow gait
and low physical activity. Criteria were operationalized
from NHATS interviews and performance assess-
ments. (1) unintentional weight loss: involuntarily los-
ing 10 pounds or more in the last year; (2)
exhaustion: self-reported low energy or being easily
exhausted to limiting activities; (3) weakness: grip
strength measured by dominant hand over 2 trials as
being at or below the 20th percentile within eight
sex-by-body mass index (BMI) categories; (4) slow
gait: gait speed from the best of two timed 3-meter
walk tests being at or below the 20th percentile
within four sex-height categories; and (5) low physical
activity: self-reported not having taken part in vigor-
ous activities or never walked for exercise in the last
month. Participants who met three or more criteria
were considered as “frailty.” Those with one or two
criteria were considered as “pre-frailty,” and those
without any criterion as “robust.”

Independent variables

Subjective age was measured by the question, “Some-
times people feel older or younger than their age. During
the last month, what age did you feel most of the time?”
Participants answered a number in years to estimate the
age they felt. We calculated proportional discrepancy
scores by subtracting chronological age from felt age
and divided by chronological age [32]. A negative score
indicates a younger subjective age, while a positive score
indicates an older subjective age. We coded equal =0,
younger subjective age=1, older subjective age=2.
Values three standard deviations above or below the
mean were considered outliers and excluded from the
analysis.
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Covariates
Demographic characteristics included chronological age;
sex (coded O for female and coded 1 for male); race/eth-
nicity (coded 0 to 4 for “non-Hispanic White, non-
Hispanic Black, Indian/Asian/Native/Hawaii, Hispanic,
other”); education (coded 0 to 3 for “less than high
school, high school graduates, some college or vocational
school, bachelor or higher”); living arrangement (coded
0 to 3 for “alone, with spouse/partner only, with others
only, with spouse/partner and with others”).
Health-related variables included the following: (1)
bothersome pain was measured by the question “In the
last month, have you been bothered by pain?” (0 =no; 1 =
yes); (2) depressive symptoms, assessed by the Patient
Health Questionnaire-2 (PHQ-2), which measured how
often the participant had been bothered by (a) “little inter-
est or pleasure in doing things” and (b) “feeling down, de-
pressed or hopeless” over the last month. Responses were
on a 4-point Likert scale (0 =not at all; 1 =several days;
2 =more than half the days; 3 =nearly every day). We
summed scores on both of the PHQ-2 questions to create
a score from 0 to 6, with scores > 3 were classified as de-
pressive symptom (0 = no; 1 =yes); (3) ADL impairments,
we computed the number of activities (eating, dressing,
bathing and toileting) in which participants had any diffi-
culty in the past month; (4) IADL impairments, we calcu-
lated the number of activities (doing laundry, shopping,
preparing meal, managing money and taking medication)
in which participants had difficulty in the past month; (5)
body mass index (BMI) (coded 0 for normal with BMI <
30 kg/m? and coded 1 for obesity with a BMI > 30 kg/m?);
(6) self-rated health status (code 0 to 4 for “excellent, very
good, good, fair, poor”); (7) the number of chronic ill-
nesses (high blood pressure, heart attack/heart disease,
arthritis, osteoporosis, diabetes, lung disease, stroke, and
cancer) diagnosed by a doctor (coded 0 for no disease,
coded 1 for have 1-3 diseases and coded 2 for have more
than 4 diseases); (8) hospitalized in the last 12 months
(0=no; 1 =yes); (9) fall was measured with the question
“In the past 12 months, have you fallen down?” (0 = no;
1 =yes); (10) smoking (coded O for never smokers and
coded 1 for current/former smokers); (11) dementia was
assessed by asking participants to report whether they had
ever been diagnosed by a doctor with dementia or Alzhei-
mer’s disease (0 =no; 1 =yes); (12) vigorous activities, was
assessed by asking participants to report whether they ever
spend time on vigorous activities that increased their heart
rate and made them breathe harder in the last month (0 =
no; 1 = yes).

Statistical analyses

Descriptive statistics were presented as mean + SD
(standard deviation) for continuous variables or absolute
number and percentage for categorical variables. Chi-
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square tests or ANOVAs were used to compare the
baseline characteristics of the sample according to sub-
jective age categories (younger than chronological age,
equal to chronological age, and older than chronological
age) and frailty categories (robust, pre-frailty, and
frailty). We used generalized estimating equation (GEE)
models to test the concurrent and lagged association be-
tween subjective age and frailty. GEE is an extension of
the generalized linear model that accounts for the
within-subject correlation across repeated measurements
and is appropriate to estimate population-averaged ef-
fects over time [33]. Since missing values on covariate
variables were less than 1%, we did not apply any tech-
niques to handle them.

Subjective age as a predictor of pre-frailty or frailty

We estimated two sets of GEE models, specifying the
logit link function with a binomial distribution [34, 35].
We assumed an exchangeable correlation structure and
used robust standard errors to account for the correl-
ation between measures for each measure. First, we
assessed the concurrent association between subjective
age and frailty. Subjective age at wave w was related to
frailty at wave w with adjustment for frailty at wave w-
1. The adjustment for frailty at wave w-1 was made to
account for the recurrent frailty and compensate for
our inability to adjust for frailty history. Then, lagged
GEE models were analyzed, in which subjective age at
wave w was related to frailty at wave w + I with adjust-
ment for frailty at wave w. We presented the crude as-
sociations initially (Model 1), then we adjusted for
demographics (chronological age, sex, race, education,
and living arrangement) (Model 2), and finally further
adjusted for health-related variables (pain, depression,
number of ADL/IADL impairments, BMI, health status,
number of chronic illnesses, hospitalized, fall, and
smoking) (Model 3).

Pre-frailty or frailty as predictors of subjective age
We estimated another two sets of GEE models, specify-
ing the identity link function with a gaussian distribu-
tion. The modeling strategy was similar to the analysis
of the first two sets of GEE models. First, we assessed
the concurrent association between frailty at wave w and
subjective age at wave w with adjustment for subjective
age at wave w-1. Then, lagged GEE models were ana-
lyzed, in which frailty at wave w was related to subjective
age at wave w + I with adjustment for subjective age at
wave w.

All P values were two-sided and statistical significance
was determined at p < 0.05. Statistical analyses were con-
ducted using STATA 15.
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Results

A total of 2,592 community-dwelling older adults were
included. 58 % were female and 76 % were non-Hispanic
whites. The average chronological ages were 75.2 + 6.8
years old. At baseline, a majority (77 %) of the partici-
pants felt younger than their chronological age, 18 % felt
the same, and 5% felt older. Baseline frailty assessments
grouped participants as robust (45 %), pre-frailty (46 %),
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frailty group (-0.16+0.17), and frailty group (-0.10 +
0.20) all showed a young subjective age (not shown in
tables).

Subjective age as a predictor of pre-frailty or frailty

Participants with older subjective age were more likely
to be younger, less educated, reported more pain and de-
pression, were obese, had higher numbers of ADL/IADL

and frailty (9%). The robust group (-0.20 £0.16), pre- impairments and chronic illnesses, more often
Table 1 Baseline characteristics of participants by subjective age categories (N = 2,592)
Characteristics Total Equal (n=462) Younger (n=1,989) Older (n=141) p values
Age, years, mean (SD) 752 (6.8) 754 (6.7) 753 (6.8) 734 (6.0) 0.004
Sex (Female), n (%) 1,495 (57.7) 269 (58.2) 1,139 (57.3) 87 (61.7) 0.568
Race, n (%) 0.693
White, non-Hispanic 1,976 (76.2) 337 (729) 1,536 (77.2) 103 (73.0)

Black, non-Hispanic 458 (17.7) 95 (20.6) 334 (16.8) 29 (20.6)
Indian/Asian/Native/Hawaii 8 (1.9) 8 (1.7) 37(1.9) 321

Hispanic 105 (4.0) 21 (4.6) 78 (3.9) 6 (4.3)

Other 5(0.2) 1(0.2) 4(0.2) 0

Education, n (%) <0.001
Less than high school 484 (18.7) 98 (21.2) 345 (17.4) 41 (29.1)

High school graduates 691 (26.7) 148 (32.0) 498 (25.0) 45 (319

College or vocational school 673 (25.9) 103 (22.3) 535 (26.9) 35 (24.8)

Bachelor or higher 744 (28.7) 113 (24.5) 611 (30.7) 20 (14.2)

Living arrangement, n (%) 0.013
Alone 821 (31.8) 165 (35.7) 621 (31.3) 35 (25.0)

With spouse/partner only 1,218 (47.1) 193 (41.8) 961 (48.5) 64 (45.7)

With others only 308 (11.9) 56 (12.1) 225 (114) 27 (19.3)

With spouse/partner and others 237 (9.2) 48 (104) 175 (8.8) 14 (10.0)

Pain, n (%) 1,408 (54.3) 291 (63.0) 1,013 (50.9) 104 (73.8) <0.001
Depressive symptoms, n (%) 262 (10.1) 60 (13.1) 156 (7.8) 46 (32.9) <0.001
Number of ADLs, mean (SD) 03 (0.7) 04 (0.8) 0.2 (06) 08 (1.2) <0.001
Number of IADLs, mean (SD) 06 (1.1) 08 (1.3) 04 (1.0) 14 (1.7) <0.001
BMI = 30 kg/m? n (%) 807 (31.3) 180 (394) 560 (28.3) 67 (47.9) <0.001
Health status, n (%) <0.001
Excellent 413 (15.9) 32 (69) 379 (19.0) 2014

Very good 852 (32.9) 110 (23.9) 719 (36.1) 23 (16.3)

Good 826 (31.9) 189 (41.0) 596 (30.0) 41 (29.1)

Fair 392 (15.1) 99 (21.5) 244 (123) 49 (34.8)

Poor 108 (4.2) 31 (6.7) 51 (2.6) 26 (184)

Number of chronic illnesses, mean (SD) 24 (1.5) 2.8 (1.5) 23 (1.5) 33 (1.6) <0.001
Hospitalized, n (%) 484 (18.7) 96 (20.8) 347 (17.5) 41 (29.1) 0.001
Fall, n (%) 707 (27.3) 144 (31.2) 501 (25.2) 62 (44.0) <0.001
Smoking, n (%) 1,324 (51.1) 233 (504) 1,009 (50.7) 82 (58.2) 0223
Dementia, n (%) 3(13) 7) 2 (1.0) 320 0.362
Vigorous activities, n (%) 1,151 (44.4) 168 (36.4) 950 (47.8) 33 (23.4) <0.001

SDStandard Deviation, ADL Activities of Daily Living, IADL Instrumental Activities of Daily Living, BMI Body Mass Index
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hospitalized, had more falls in the last year and less vig-
orous activities compare to those whose subjective ages
were equal and younger (Table 1).

Table 2 shows the results of GEE models using sub-
jective age to predict frailty. The concurrent association
between subjective age and frailty was significant in the
unadjusted models (OR, 95% CI=3.87, 3.02-4.97). In
the fully adjusted model (Model 3), adjustments for
demographic and health-related covariates reduced the
strength of these associations but did not fully attenuate
them (OR, 95 % CI=2.39, 1.76-3.24). Same as the con-
current associations, the lagged associations between
subjective age and frailty were also significant in the un-
adjusted models (OR, 95% CI =2.50, 1.96-3.20). Older
subjective age remained a significant independent pre-
dictor of subsequent frailty after controlling for demo-
graphic and health-related covariates (OR, 95% CI=
1.88, 1.42-2.50).

Pre-frailty or frailty as predictors of subjective age
Participants who were considered as frail tend to be
older, less educated, non-Hispanic white, and female
who lives alone. They reported significantly more pain,
dementia and depression, higher numbers of ADL/IADL
impairments and chronic illnesses, were obese, reported
worse health status, significantly high percentages of
hospitalization, had falls in the last year and less vigor-
ous activities compared to those who were in the robust
and pre-frail categories (Table 3).

Table 4 presents the results of GEE analysis using
frailty status to predict subjective age. The concurrent
association between frailty and subjective age was signifi-
cant, even after adjusting demographic and health-
related variables (Exponentiated coefficient, 95% CI =

Table 2 Generalized estimating equation analysis of subjective
age predicting frailty

Models Concurrent association? Lagged association®
Model 1

Subjective age 387 3.02-497) " 2.50 (1.96-320)""
Model 2

Subjective age 423 (325-552) " 2.59 (2.00-3.35)
Model 3

Subjective age 239 (1.76-3.24) 188 (142-2.50)

Model 1: independent variable of interest

Model 2: Model 1 + demographic covariates (chronological age, sex, race,
education, living arrangement)

Model 3: Model 2 + health-related covariates (pain, depression, number of
ADLs/IADLs, BMI, health status, number of chronic illnesses, hospitalized, fall,
smoking, dementia, vigorous activities)

20dds ratio and 95 % confidence interval were reported here

b <0.001
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1.014, 1.007-1.020). The 5-year lagged associations be-
tween subjective age and frailty were significant in the
unadjusted models (Exponentiated coefficient, 95 % CI =
1.007, 1.002—1.012) and partially adjusted models (Expo-
nentiated coefficient, 95% CI=1.008, 1.003-1.013).
However, after adjusting for health-related variables, the
association between frailty and subjective age became in-
significant. (Exponentiated coefficient, 95% CI =1.004,
0.998-1.010).

Discussion

Using a nationally representative sample of community-
dwelling older adults, we found that subjective age inde-
pendently predicted frailty, even after accounting for
demographics and health-related factors. People with
older subjective age were more likely to be pre-frailty/
frailty.

To our knowledge, there has been one study that ex-
amined the relationship between subjective age and
frailty, using cross-sectional data from a longitudinal co-
hort [36]. Contrary to our study, they found no signifi-
cant association between subjective age and frailty.
Possible reasons for these inconsistent findings could be
the different samples (nursing home residents vs.
community-dwelling older adults), sample sizes (N =272
vs. 2,592), and data analyzed (cross-sectional vs. longitu-
dinal). For example, their study had a relatively small
sample size but used a three-categorical frailty status
outcome variable. It might not have sufficient statistical
power to detect the significant associations between sub-
jective age and frailty. However, their study also included
measures that assessed older adults’ attitudes toward
their aging process and found that frailty nursing home
residents had a more negative attitude toward one’s own
aging compared to pre-frail and robust residents. This
partially supports our study findings.

Our findings suggested that feeling older than one’s
chronological age was associated with a higher risk of
frailty. To our knowledge, there is no previous longitu-
dinal evidence that subjective age is associated with
frailty. However, previous studies have shown that hav-
ing an older subjective age is a risk factor for outcomes
of lower walking speed, weaker grip strength, and in-
creased difficulty with ADLs [17, 22, 24]. Given that
some of these outcomes are part of frailty diagnostic cri-
teria, a bidirectional association between subjective age
and frailty could be expected and was confirmed in our
study. In addition, our results showed that the associ-
ation between subjective age and frailty is significantly
reduced after adjusting for health-related variables. This
result suggests that health-related variables may partly
mediate the association between older subjective age and
a higher likelihood of frailty. Further research is needed
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Table 3 Baseline characteristics of participants by frailty categories (N = 2,592)

Characteristics Total Robust (n =957) Pre-frail (n=1,228) Frail (n =407) P values
Age, years, mean (SD) 752 (6.8) 74.1 (6.5) 76.0 (6.8) 766 (7.1) <0.001
Sex (Female), n (%) 1,495 (57.7) 611 (52.5) 732 (61.1) 152 (66.4) <0.001
Race, n (%) <0.001
White, non-Hispanic 1,976 (76.2) 942 (80.9) 907 (75.7) 127 (55.5)

Black, non-Hispanic 458 (17.7) 161 (13.8) 223 (18.6) 74 (323)
Indian/Asian/Native/Hawaii 48 (1.9) 23 (2.0) 1(1.8) 4(1.8)

Hispanic 105 (4.1) 39 (33) 3(36) 23 (10.0)

Other 5(02) 0 4(03) 1(04)

Education, n (%) <0.001
Less than high school 484 (18.7) 137 (11.8) 260 (21.7) 87 (38.0)

High school graduates 691 (26.7) 275 (23.6) 359 (30.0) 57 (24.9)

College or vocational school 673 (26.0) 296 (25.4) 320 (26.7) 7 (24.9)

Bachelor or higher 744 (28.7) 457 (39.2) 259 (21.6) 28 (12.2)

Living arrangement, n (%) <0.001
Alone 821 (31.8) 346 (29.8) 395 (33.1) 0 (35.2)

With spouse/partner only 8 (47.1) 637 (54.8) 507 (42.4) 4 (32.6)

With others only 308 (11.9) 100 (8.6) 161 (13.5) 7 (20.7)

With spouse/partner and others 237 (92) 79 (6.8) 132 (11.0) 6 (11.5)

Pain, n (%) 1,408 (54.3) 470 (40.3) 749 (62.5) 189 (82.5) <0.001
Depressive symptoms, n (%) 262 (10.1) 51 (44) 147 (12.3) 4 (28.2) <0.001
Number of ADLs, mean (SD) 03(0.7) 0.08 (0.3) 03(0.7) 12 (1.3) <0.001
Number of IADLs, mean (SD) 06 (1.1) 0.2 (0.5) 0.7 (1.1) 2.0 (1.8) <0.001
BMI = 30 kg/m?, n (%) 807 (314) 290 (25.0) 422 (355) 95 (42.0) <0.001
Health status, n (%) <0.001
Excellent 3(159 288 (24.7) 120 (10.0) 522

Very good 852 (329) 488 (41.9) 340 (28.4) 4 (10.5)

Good 826 (31.9) 321 (27.6) 438 (36.6) 7 (29.2)

Fair 392 (15.1) 62 (5.3) 243 (20.3) 7 (38.0)

Poor 108 (4.2) 6 (0.5) 6(47) 6 (20.1)

Number of chronic illnesses, mean (SD) 24 (15) 19 (1.3) 2.7 (1.5) 35(1.6) <0.001
Hospitalized, n (%) 484 (18.7) 127 (11.0) 281 (23.5) 76 (33.3) <0.001
Fall, n (%) 707 (27.3) 222 (19.1) 373 (31.2) 112 (49.1) <0.001
Smoking, n (%) 1,324 (51.1) 588 (50.5) 612 (51.1) 124 (54.2) 0.596
Dementia, n (%) 3(1.3) 9 (0.8) 7014 7 (3.0 0.016
Vigorous activities, n (%) 1 (444) 766 (65.8) 366 (30.6) 19 (8.3) < 0.001

SD Standard Deviation, ADL Activities of Daily Living, JADL Instrumental Activities of Daily Living, BMI Body Mass Index

to identify which health-related variables are at work
and the mechanisms of mediation paths between sub-
jective age and frailty.

Unlike our hypothesis, we found that older people
with pre-frailty/frailty are more likely to feel older than
their chronological age only before adjusting for health-
related variables. A few studies have reported that
physical health is a strong predictor of subjective age
[37, 38]. Reduced handgrip strength as a criterion of

Fried frailty phenotype [3] was associated with older
subjective age [30]. Previous studies have indicated that
individuals with better self-rated health may feel younger
[37, 39]. Self-rated health, while not a component of the
Fried frailty phenotype, is also a marker of frailty [40].
Negative age stereotypes and social stigma may explain
the effects of health on subjective age [9-11, 41]. Older
adults are often considered worthless and incompetent
[42]. Older adults with poor physical health (such as
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Table 4 Generalized estimating equation analysis of frailty predicting subjective age

Models Concurrent association? Lagged association?
Model 1

Frailty

Robust (reference group) 1.00 1.00

Pre-frailty and frailty
Model 2
Frailty
Robust (reference group) 1.00
Pre-frailty and frailty
Model 3
Frailty
Robust (reference group) 1.00
Pre-frailty and frailty

1.019 (1.014-1.024)

1.021 (1.016-1.026)

1.014 (1.007-1.020)

*xx *x

1.007 (1.002-1.012)

1.00

e *x

1.008 (1.003-1.013)

1.00
1.004 (0.998-1.010)

Model 1: independent variable of interest

Model 2: Model 1+ demographic covariates (chronological age, sex, race, education, living arrangement)
Model 3: Model 2 + health-related covariates (pain, depression, number of ADLs/IADLs, BMI, health status, number of chronic illnesses, hospitalized, fall, smoking,

dementia, vigorous activities)
?Exponentiated coefficient and 95 % confidence interval were reported here
**p <0.01; ***p < 0.001

frailty populations) have more negative age stereotypes
compared with healthy ones, which leads to relatively
older subjective ages. Our study suggested that some
health-related variables may mediate the predictive effect
of frailty on subjective age, but the exact mechanism
needs to be further explored.

From a clinical perspective, we need to pay atten-
tion to those older adults who feel older than their
chronological age for their future frailty screening. It
has been shown that subjective age is modifiable
[24], and recent research suggests that standard cog-
nitive and neuropsychological tests can influence
older adults’ subjective age [43]. Intervention to
modify subjective age may help prevent or delay
frailty in later life. The relationship between subject-
ive age and frailty needs to be investigated in further
studies.

There are several limitations in this study. Although
this study used a nationally representative sample,
which is one of the strengths of our study, it included
community-dwelling older adults only. Thus, results
should be generalized with caution to other popula-
tions, such as nursing home residents and clinical
samples. This study used a single question to measure
subjective age. Some researchers have argued the con-
cept of subjective age is multidimensional and cannot
be measured by a single item [38]. However, there is
also evidence that the single-item subjective age
measurement is a robust method [44]. This study was
a secondary data analysis and the covariates that
could be adjusted for in the database were limited.

Conclusions

To our best knowledge, this is the first study to investi-
gate the bidirectional association between subjective age
and frailty using a nationally representative longitudinal
dataset, which has extended the current knowledge on
subjective age and frailty. The present study found that
older adults with higher subjective age were also more
likely to be frailty. Future intervention programs to delay
frailty progression should include strategies that may
help older adults perceive a younger subjective age.
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