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Background
The global population is ageing rapidly, resulting in 
unprecedented set of challenges to society, families, and 
individuals [1]. In line with the increasing older popula-
tion, the number of disabled older adults is continuously 
increasing [2]. Functional disability is a critical risk fac-
tor for healthy ageing, inhibiting people from living inde-
pendently as they wish [3]. As the mean life expectancy 
increases, whether older adults, especially old older 
adults, can enjoy an independent and high-quality life is 
heavily dependent on their ability to perform daily activi-
ties independently, healthily, and actively [4]. Functional 
fitness (FF) was then proposed and referred explicitly to 
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Abstract
Background To establish and validate the criterion-referenced standards of functional fitness in predicting physical 
independence in 80 + years.

Methods A group of 2,749 older community dwellers (60–84 years) were recruited, and 2,050 were identified with 
moderate-to-high independent living ability according to the proposed minimum composite physical function score. 
The Senior Fitness Test battery was applied to measure functional fitness at five-year intervals. The declining rate for 
each fitness dimension was calculated based on the differences between any two adjacent age groups and was 
adjusted according to the reported degradation rate differences between the cross-sectional and longitudinal studies.

Results The age-and-sex-specific criterion-referenced standards were identified for muscle strength, cardiovascular 
endurance, and dynamic balance that older adults should possess at 60–79 to maintain independent living abilities. 
Moderate to high consistency (k = 0.622–0.650) and associations (φ = 0.641–0.694) were found between the predicted 
physical independence by criterion-referenced standards of functional fitness and the results from the composite 
physical function scale. Moreover, the predicted independent living abilities in later years from the criterion-
referenced standards of functional fitness showed high test-retest reliability (Pa = 0.90–0.96).

Conclusion The criterion-referenced standards for functional fitness are valid and reliable to predict independent 
living abilities in later years, and provide the threshold to identify the limitations in physical fitness and detect the risks 
of functional disabilities among older adults in an early stage.
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the physical capability of conducting daily activities safely 
and independently without extreme fatigue [5]. Gener-
ally, the FF covers five physical components: aerobic 
endurance, muscle strength and endurance, flexibility, 
dynamic balance, and body composition [5]. Numerous 
studies have acknowledged the value of FF in evaluating 
physical health and predicting life quality in later years 
[6].

To date, different regions and countries have estab-
lished FF norms for evaluating physical fitness and age-
matched individual or group comparisons [6–8]. A 
potential problem in normative data would be the loss 
of information indicating any specific clinical symp-
toms, resulting in limited guidance for clinical practice 
[9]. However, the criterion-referenced standards (CRS) 
are established with a clear orientation and can provide 
concrete and targeted evaluation information for deter-
mining whether a specific state or behaviour is met [10]. 
Furthermore, the essence of the FF concept depicts and 
expresses the essential physical capacity older adults have 
to engage in daily activities safely and independently. A 
question raised hereby is the minimum FF level that 
older adults should maintain to ensure an independent 
life, especially in their later years. To be specific, young-
old and middle-old adults must demonstrate a certain FF 
level to cope with age-related physical degenerations and 
ensure independent living abilities when they reach old-
old age.

The FF CRS have been established in America, Portu-
gal, and Chile, and significant differences were found in 
their established FF CRS. Given the potential influence of 
cultural diversities on physical capacities between West-
erners and Easterners [11], it is warranted to understand 
the minimum FF levels that older Easterners should 
maintain to ensure an independent life in later years. 
Therefore, the purpose of this study was to establish the 
CRS of FF for older Chinese adults of different ages to 
help maintain independent lives at 80 + years. The results 
of this study would help in a comprehensive understand-
ing towards the FF CRS of different regions and would be 
beneficial for identifying older adults with a high risk of 
functional decline.

Methods
Study design
By taking the cross-sectional design, this study applied 
a typical three-step procedure to establish the CRS of 
FF for older adults of different age groups, including (1) 
identification of independent living abilities, (2) estab-
lishment of the cut-off value for each FF dimension, and 
(3) the verification of the reliability and validity of the FF 
CRS [10].

Participants
Two rounds of participant recruitment were conducted 
in 2019, one (n = 2,549) for the establishment of FF CRS 
and the other (n = 200) for the validation of FF CRS. They 
were reached through flyers and activities in urban com-
munity senior centres in Nanjing, China. Nanjing is a 
well-known historic city located in eastern China. It is 
the capital of Jiangsu province and one of China’s fifteen 
sub-provincial cities. Unlike the most commonly studied 
super-cities such as Shanghai, Beijing and Guangzhou, 
Nanjing is a well-representative city of China with the 
typical characteristics associated with the rapidly ageing 
population and urbanizing areas. By the end of 2021, the 
permanent population of Nanjing was about 9.49 million, 
and nearly 87% were urban populations. Individuals aged 
60 and above were 1.83 million, accounting for 19.36% of 
the whole population.

Older adults aged between 60 and 84 years were 
recruited from 108 senior service community centres 
in Nanjing’s six districts (18 centres in each district). 
Those who needed walking assistance, had cognitive 
impairment (Chinese Mini-mental State Examination 
score < 24) or any physical problems (e.g., dizziness, con-
gestive heart failure, and uncontrolled hypertension) 
advised by clinical doctors that may prohibit them from 
participating in exercise or fitness tests were excluded 
from this study [12]. Participants who cannot read or 
write were provided with one-by-one verbal guidance.

Measurements
Independent living ability
The independent living ability is embodied in daily activi-
ties, including but not limited to shopping, cooking, 
dressing, climbing stairs, lifting heavy objects, and show-
ering. The composite physical function (CPF) scale was 
applied to assess the level of independent living abilities 
[13]. The CPF scale consists of 12 items, each scoring 
from 0 to 2. Participants who can complete the task inde-
pendently score 2, those who require assistance score 1, 
and those who cannot score 0. Participants who can com-
plete all 12 items (score 24) indicate a favourable ability 
to live independently, those who can complete at least 
seven items (score = 14 ~ 23) would have a moderate abil-
ity to live independently, and those who cannot complete 
seven items (< 14) indicate lack of independent living 
ability.

Given the side effects of ageing-related decline in physi-
cal fitness, independent living ability would decrease with 
advancing age. To ensure that older adults aged 80 + can 
complete at least seven items (i.e., moderate ability to 
live independently), older adults aged 60–79 years must 
have the ability to complete more than seven items. Thus, 
the cut-off score of 14 on the CPF scale does not apply 
to young and middle-aged older adults. According to the 
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related studies, the independent-living ability-related 
physical function declines by approximately 10 -15% per 
decade among older adults [14, 15]. Therefore, the CPF 
score for older adults aged 70–79 years to be able to live 
independently is (14–24) × [1+ (10–15%)] = 16–24; in 
other words, they must be able to complete at least eight 
CPF items independently. Likewise, the CPF score for 
older adults aged 60–69 is 18–24; that is, they must be 
able to complete at least nine CPF items independently.

Functional fitness
The FF was tested using the Senior Fitness Test bat-
tery (SFT), including cardiovascular endurance, muscle 
strength, flexibility, dynamic balance, and body mass 
index (BMI) [16]. Since there is no evidence suggesting 
the direct effects of flexibility and BMI on the capability 
to live independently [17–19], this study only incorpo-
rated the 30s arm curl (AC) test (reps.) and the 30s chair 
stand (CS) test (reps.) to measure muscle strength of the 
upper and lower extremities, the 8ft up-and-go (UG) test 
(s) for dynamic balance, and the 2-min step (Step) test 
(reps.) for cardiovascular endurance. Each test was con-
ducted in strict adherence to the SFT manual [16].

It should be noted that the degeneration rate derived 
from cross-sectional research might differ from that 
of longitudinal research. Results from cross-sectional 
studies often underestimate the speed at which physi-
cal functions decline [20]. The present study consisted of 
participants from the 1930s to 1950s. In this case, par-
ticipants were born in different eras and experienced dif-
ferent socio-economic development, which might have 
caused the declining fitness rate inconsistencies. Hughes 
et al. [21] compared the results from cross-sectional and 
longitudinal studies in a group of participants aged 46–78 
years and discovered that the actual rate of leg muscle 
strength decline was 60% more than that estimated 
using cross-sectional data. Hollenberg et al. [22] con-
ducted a longitudinal study on people aged 53–96 years 
to follow the changes in maximum oxygen consumption 
rate (VO2max) in 6 years and found the decline rate was 
1.7 times that of the cross-sectional study results. Rikli 
(2012) [15] summarized the related study results and sug-
gested that the actual rate of physical function decline 
was approximately 1.25 times the estimation from cross-
sectional studies across people of different ages. More-
over, this rate did not differ between people of varying 
physical functions or sexes [19].

Test protocol
All participants shall complete a series of questionnaires 
at their first arrival, including demographic surveys and 
assessments for independent living abilities. Participants 
with moderate-to-high independent living abilities were 
requested to attend formal tests, wear proper clothes and 

shoes, and be in good physical condition without discom-
fort or fatigue. The resting blood pressure and heart rate 
were recorded after 10  min of seated rest. Afterwards, 
each participant shall finish a warm-up, including 3 to 
5 min of stretching. There were no special arrangements 
on the test order, except that the aerobic endurance test 
was arranged at the end to avoid any potential physical 
fatigue to other test items. Participants can stop or end 
the test at any time during the test process. After tests, 
participants were suggested to stay until the blood pres-
sure and heart rate returned to the pre-test level.

Data analysis
Descriptive statistics were used to summarize the char-
acteristics of participants and the performance in each 
FF parameter and CPF scores. The validity of FF CRS 
means that the predicted living condition (i.e., possess 
moderate-to-high abilities or not) based on FF CRS is 
consistent with the results of the CPF scale. The Cohen’s 
Kappa (k) was adopted to test the consistency between 
the predicted and actually measured data of living abil-
ity (dependence or independence). Additionally, the Phi 
coefficient (φ) test was conducted to examine the corre-
lation coefficients of the results from the two evaluation 
methods. Regarding the reliability test, the same group of 
participants performed the FF test again after seven days, 
and the FF CRS were employed to assess their ability to 
live independently. When the results of the two times 
tests were identical (i.e., they both showed that the par-
ticipants possessed a moderate-to-high ability or could 
not live independently), it signified a high probability of 
test-retest agreement (Pa). A two-sided p < 0.05 was con-
sidered significant. All the statistical analyses were per-
formed using SPSS 26.0 software.

Results
Participant flow
A total of 3,000 participants were reached at the begin-
ning of this study, and 251 were excluded mainly because 
of physical problems. Among the 2,749 qualified partici-
pants, 2,549 attended fitness tests and independent liv-
ing ability assessments, and the FF CRS was established 
among 1,917 participants who were identified with mod-
erate to high independent living abilities. A group of 
200 participants from the 2,749 sample pool was kept to 
examine the validity and reliability of the established FF 
CRS. Since validity and reliability tests were arranged at 
the end of data collection, 67 participants had to with-
draw from this study due to the changes in health con-
ditions and time conflicts. Finally, 133 participants 
attended the validity and reliability tests of the FF CRS 
(Fig. 1).
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Demographic characteristics of participants with 
moderate-to-high independent living ability
According to the proposed minimum CPF score for each 
age group, 1,917 were identified with moderate-to-high 
independent living ability. They were then divided into 
five age groups (AG): AG1 = 60–64 years, AG2 = 65–69 
years, AG3 = 70–74 years, AG4 = 75–79 years, and 
AG5 = 80–84 years. 86.2% exercised at least five days 

a week for at least 30 min a day. The education level of 
older men was higher than that of older women (Table 1).

Establishing the age-and-sex-specific CRS for each fitness 
dimension
As shown in Table  2, the performance in each FF test 
decreased with advancing age. The 20-year mean degen-
eration rate of FF in this cross-sectional study was 29.8% 
for men and 28.0% for women. As mentioned above, the 
longitudinal fitness data declined approximately 1.25 
times greater than those measured cross-sectionally. The 
FF values of older adults aged 60–64 were then adjusted 
by increasing the decline rate by 1.25 times based on the 
measured fitness data of older adults aged 80–84. For 
example, the older men aged 80–84 had a mean of 13.6 
reps. in the 30-s AC test, given a 20-year degeneration 
rate of 40.6%, the AC test of male older adults aged 60–64 
is 13.6 / (1 − 1.25 × 40.6%) = 27.6 reps.

After clarifying the CRS of each FF dimension for AG1 
and AG5, the decline rate of each FF dimension of the 
other three age groups (i.e., AG2, AG3, and AG4) should 
take the consideration of age and sex effects. According 
to empirical studies, the decline rate with advancing age 
shall be increased [23, 24] and the decline rate of men 
in each physical fitness dimension has been significantly 
higher than those of women of the same age group [17, 
20, 22, 25]. Therefore, this study made suitable adjust-
ments for the decline rates of each FF dimension for AG2, 
AG3, and AG4 by approximately 1.25 times the decline 
rate for each FF dimension. Consequently, all data were 
then rounded down or up to the nearest integer (except 

Table 1 Demographic information of participants
Items All (n = 1,917) Men 

(n = 892)
Women 
(n = 1,025)

Height (cm) 159.0 (8.79) 166.0 (6.63) 153.3 (5.98)
Weight (Kg) 62.5 (11.0) 68.0 (10.1) 57.7 (9.44)
Body Mass Index (kg/m2) 24.6 (3.32) 24.7 (3.05) 24.5 (3.54)
Systolic blood pressure 
(mmHg)

137.6 (17.3) 138.8 (18.2) 136.9 (16.5)

Diastolic blood pressure 
(mmHg)

76.1 (10.8) 78.6 (11.6) 73.9 (9.55)

Resting heart rate (b/min) 74.2 (11.2) 74.4 (11.3) 74.0 (10.1)
a Active lifestyles 1653 (86.2%) 780 (87.5%) 873 (85.3%)
Monthly fixed income 1539 (80.3%) 797 (89.4%) 742 (72.4%)
High school and above 
experience

613 (32.0%) 376 (42.2%) 237 (23.1%)

Primary or middle school 
experience

932 (48.6%) 467 (52.4%) 465 (45.4%)

No education experience 372 (19.4%) 49 (5.50%) 323 (31.5%)
Need assistance 744 (38.8%) 302 (33.9%) 442 (43.1%)
b Falling history 520 (27.1%) 175 (19.6%) 345 (33.7%)
Number(Standardized Deviation) or Number (Percentage)
a three times per week and over 30 min per day
b Falling history in the past three years

Fig. 1 Participants flow
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for UG test keep one decimal place) to facilitate data 
interpretation and application (Table 3).

Validity and reliability assessment
To assess the validity and reliability of the established 
FF CRS, a group of 133 participants (men = 31; mean 
age = 71.8 ± 7.15 years) received the SFT for assessing the 

FF level and the CPF scale for independent living ability. 
As shown in Table 4, all k values were over 0.6 (k = 0.622–
0.650), indicating that the independent living abili-
ties estimated based on FF CRS were highly consistent 
with those tested from the CPF scale [26]. Also, results 
revealed high correlations (φ = 0.641–0.694) between 
the inferences from the FF CRS and the CPF scores [27]. 
Additionally, a high probability of agreement (Pa = 0.90–
0.96) was found in the independent living abilities as 
reflected by the FF CRS at two times FF tests with a 7-day 
interval, indicating that the CRS for each FF dimension 
had high test-retest reliability.

Discussion
Results from the present study confirmed the age-
ing-related degradations in each FF dimension, and 
the 20-year mean degeneration rate of fitness (from 
60 to 64 to 80–84 years) was about 28.9%. Given the 

Table 2 Gender-and-age specific functional fitness scores
Tests Age (Men/Women) #Decline%

60–64 years
(198/240)

65–69 years
(198/275)

70–74 years
(184/216)

75–79 years
(174/168)

80–84 years
(138/126)

30-s Arm curl test (reps.)
Men 22.9(4.60) 18.2(5.69) 17.4(6.26) 16.0(5.46) 13.6(4.63) 40.6
Women 20.4(3.95) 16.9(5.34) 16.0(4.82) 15.2(4.82) 13.6(5.01) 33.3
30-s Chair stand test (reps.)
Men 16.9(3.76) 17.2(4.54) 15.7(3.85) 14.9(3.99) 12.7(3.52) 24.9
Women 17.1(3.40) 16.2(4.20) 16.1(3.89) 14.4(4.11) 13.0(3.67) 24.0
8-ft up-and-go test (s)
Men 5.53(1.14) 5.53(1.53) 5.87(1.44) 6.50(1.70) 7.75(2.40) 28.7
Women 5.24(1.14) 5.91(1.44) 6.19(1.45) 7.07(1.87) 8.22(2.33) 36.3
2-min Step test (reps.)
Men 104.3(16.8) 96.4(18.8) 93.7(17.1) 86.6(18.6) 78.4(20.0) 24.8
Women 95.9(15.9) 93.8(19.7) 93.7(18.4) 86.3(19.0) 78.4(21.1) 18.3
Data presented as means (standard deviations)
#The absolute difference between the 60–64 years group and the 80–84 years group divided by the value of the 60–64 years group (or the 80–84 years group for 
the 8-ft up-and-go test)

Table 3 Criterion-referenced functional fitness standards in predicting physical independence in later years
Tests 60–64 years 65–69 years 70–74 years 75–79 years 80–84 years #Decline%
30-s Arm curl test (reps.)
Men 28 22 19 17 14 50.0
Women 23 20 18 17 14 39.1
30-s Chair stand test (reps.)
Men 19 18 16 15 13 31.6
Women 18 17 16 14 13 27.8
8-ft up-and-go test (s)
Men 5.0 5.6 6.0 6.8 7.8 37.5
Women 4.5 5.7 6.2 7.2 8.2 43.8
2-min Step test (reps.)
Men 114 104 98 90 78 31.6
Women 102 98 97 88 78 23.5
#The absolute difference between the 60–64 years group and the 80–84 years group divided by the value of the 60–64 years group (or the 80–84 years group for 
the 8-ft up-and-go test)

Table 4 Validity and reliability of criterion-referenced functional 
fitness standards
Tests Cohen’s 

Kappa 
(k)

Phi co-
efficient 
(φ)

Test-
retest 
reliability 
(Pa)

Classi-
fication 
accu-
racy

30-s Arm curl test (reps.) 0.622 0.672 0.91 80.5%
30-s Chair stand test (reps.) 0.650 0.694 0.95 82.0%
8-ft up-and-go test (s) 0.622 0.672 0.90 80.5%
2-min Step test (reps.)a 0.630 0.641 0.96 81.6%
a114 participants completed the test
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well-evidenced differences in fitness declining rate 
between cross-sectional and longitudinal data, this study 
integrated empirical evidence and inductive reasoning 
to adjust the degeneration rate for each age group. This 
study finally clarifies and refines the required physical 
capacity to ensure older adults of different age groups 
can live independently in later years. The present results 
would be of great value in identifying older adults at risk 
of physical dysfunction and provide the cornerstone for 
extending independent lifespans. Based upon the pres-
ent cut-off values for each FF dimension, it is also easy to 
identify physical shortages in specific fitness dimensions 
and improve clinical prevention strategies.

Overall, the FF CRS established among older Chinese 
adults was relatively higher than that in older Americans 
[15]. The differences in independent living abilities of 
included participants can mainly explain this. The 2,140 
American participants had moderate abilities to live 
independently, and the 1,917 participants in this study 
possessed moderate-to-high independent living abilities. 
Given the close relationships between physical fitness 
and living abilities, a higher fitness performance shall 
be expected in the present study [28, 29]. Also, approxi-
mately 86% of the present participants had regular out-
door exercise habits (e.g., walking, Taichi, and stretching) 
and could be more physically active. With the improve-
ments in living standards and increases in life expec-
tancy, a higher FF CRS would be preferred to encourage 
older adults to maintain an active lifestyle and retain suf-
ficient physical capabilities to have a high (rather than 
only moderate) level of living independence.

Reviewing the related studies, the FF CRS established 
in Portugal and Chile were lower than those in the pres-
ent study [30, 31]. Except for the variations in demo-
graphic characteristics of included participants, study 
and statistical methods applied to deduce FF CRS may 
help to explain the CRS differences. To date, three com-
monly employed methods for developing fitness CRS 
were inferences based on expert experiences or norm 
data, comparisons and classifications based on differ-
ent groups (such as the receiver-operating characteris-
tic [ROC] curves method), and inferences based on the 
validity criteria and empirical data [15, 30, 32]. The first 
method is not often used in recent studies since it is 
mainly based on expert experiences, and huge variations 
exist in study results given the high subjective attributes. 
The second method (i.e., ROC curve) is relatively objec-
tive and mainly applied when a dataset is big enough. The 
studies conducted in Chile and Portugal established the 
FF CRS using the ROC method, but they found that the 
areas under the curve of the FF CRS were between 0.7 
and 0.8, and the sensitivities and specificities of the CRS 
for different FF dimensions varied considerably (53–86%) 
[30, 31]. Therefore, the reliability and validity of the FF 

CRS that they established using the ROC method merit 
further investigations. Additionally, studies applying the 
ROC method mainly depend on one-time data collec-
tion without considering that the cross-sectional fitness 
declining rate is lower than those from longitudinal fol-
low-ups, resulting in a high risk of underestimation.

By taking the third method, the present study adjusted 
the FF declining rate according to the difference reported 
in cross-sectional and longitudinal studies, clarified the 
criterion tool (i.e., CPF scale) for living abilities initially 
and adjusted its cut-off scores for different age groups. 
One thing should put forward here is that the present 
study made suitable adjustments for the decline rates of 
each FF dimension for AG2, AG3, and AG4 by approxi-
mately 1.25 times the decline rate for each FF dimension 
by considering age and sex effects. It has been well evi-
denced that the rate of physical function decline differs 
between age groups. Take the VO2max as an example. 
When people reach 30 years old, their VO2max starts to 
decline. The 10-year rate of decline is approximately 
3–6%. After they reach 70 years, the 10-year rate of 
decline exceeds 20% [23]. The decline rate of muscle 
strength among people aged 50–60 years is 1.5% per year 
and 3% per year thereafter [26]. Additionally, the decline 
rates of men and women differed in each fitness dimen-
sion. According to empirical studies, the decline rate of 
men in each physical fitness dimension has been signifi-
cantly higher than those of women of the same age group 
[17, 20, 22, 25]. All these considerations were applied 
when setting the cut-off values for AG2, AG3, and AG4. 
To an extent, the method applied in the present study 
does compensate for the design shortcomings of a cross-
sectional study, and the results shall be more clinically 
convincing.

In establishing the FF CRS, this study considered age 
80 or older as old or later years, while some studies con-
sidered old as 90 + years [15, 30]. The span of the later 
years would have tremendous effects on the established 
FF CRS since it provides the target and initial points for 
FF CRS calculation. Although the average life expectancy 
of human beings has increased a lot because of advanced 
medical technology and increased material living stan-
dards, the average lifespan in China was 77.3 years by the 
end of 2020, while healthy life expectancy was only 69 
years [32]. Most Chinese older adults were found to be 
functionally disabled or partially disabled for 3 to 5 years 
before death [33]. Based on the average life expectancy 
and the functional disability characteristics of the older 
Chinese population, it is preferred to set 80 + years as the 
target age segment for defining later years in the present 
study. Future studies are suggested to clarify the potential 
differences by setting different target age segments on the 
FF CRS of 60–79 years Chinese adults.
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This study has several limitations that should be fully 
considered in its application. First, all the participants 
were recruited from local community senior centres and 
reported regular outdoor activity behaviour. Therefore, 
it warrants further caution when applying the results 
to those community dwellers who prefer or have to stay 
home. Second, the fitness degradation rates were esti-
mated from the related studies, and the present FF CRS 
may not be suitable to give absolute predictions towards 
independent living abilities in later years. Last, although 
previous studies have indicated that degradation rates 
from longitudinal studies would be 1.25 times the deg-
radation rate from cross-sectional studies, variances 
would exist in different FF dimensions. Future studies 
are recommended to explore the detailed differences in 
degradation rates of different fitness dimensions between 
cross-sectional and longitudinal studies.

Conclusion
This study applied the SFT to assess the FF performance 
and established the CRS for muscle strength, cardiovas-
cular endurance, and dynamic balance that older adults 
should possess at 60–79 years to live independently at 80 
or older. The CRS for each FF dimension demonstrated 
acceptable reliability and validity.
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