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Abstract

Purpose

Lengthy national health surveys impose a substantial respondent burden on older adults. This study aimed to
develop and validate a short form of the 25-item Life Functioning (LF-25) scale to reduce this burden.

Methods

Two candidate short forms were generated by combining item response theory (IRT)-based item selection with
qualitative content validation. Following baseline administration to 519 adults aged 50 years and older, a 10-item
scale (LF-10) was selected. The psychometric properties of the LF-10 were subsequently tested in an independent
sample of 263 older adults. Predictive validity was evaluated by regressing six-month health outcomes on baseline
LF-10 scores in a follow-up subsample.

Results

A graded response model showed acceptable fit (RMSEA = 0.07), and confirmatory factor analysis supported a
unidimensional structure. The LF-10 correlated strongly with both the original LF-25 and a criterion Physical
Functioning scale. Internal consistency was excellent (McDonald's w = 0.93), and test-retest reliability was
excellent (intraclass correlation coefficient = 0.94). Baseline LF-10 scores significantly predicted physical
functioning and self-rated health at the six-month follow-up.

Conclusions

The LF-10 is a valid, reliable, and efficient measure of physical functioning in older adults that halves administration
time relative to the LF-25. It has been adopted by the Korean Frailty and Aging Cohort Study (2023) and the Korea
National Health and Nutrition Examination Survey (2024), supporting its feasibility for national health surveillance.

Introduction

As life expectancy has increased over recent decades, healthy aging has become a key public health priority. Yet, an
extended lifespan is frequently accompanied by physical decline, frailty, and disability, which substantially diminish
quality of life in older adults [1]. The World Health Organization [2] defines healthy aging as the process of
developing and maintaining functional ability—essentially, the capacity to perform daily activities and maintain
independence. Central to this definition is the concept of intrinsic capacity—the composite of all physical and
mental reserves an individual can draw upon—which, together with a person’s physical and social environments,
determines functional ability and quality of life. Physical functioning is particularly important because it directly
reflects an older adult's overall health status and capacity to perform daily activities independently within both
home and community settings. Because physical functioning is a key determinant of care needs [3], its accurate
measurement is vital for monitoring health status, evaluating functional capacity, and planning long-term care in
older populations.

Existing measures offer limited scope and precision for comprehensively evaluating physical function in
community-dwelling older adults. Most focus on functional disability, with particular emphasis on basic and
instrumental activities of daily living (ADLs and IADLs). When administered to community-dwelling older
populations, ADL- and IADL-based instruments show pronounced ceiling effects [4], as their item content is
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confined to low-demand self-care and everyday activities. The absence of higher-demand physical tasks (e.qg., lifting
heavy objects and stair climbing)—early markers that precede deterioration in basic ADLs [5]—leaves physical
functioning insufficiently represented across its full range. Existing instruments also inadequately address social
and leisure activities, which are central to maintaining engagement with life and well-being. Instruments with
broader content coverage are therefore needed to represent physical functioning as older adults actually
experience it.

To address this gap, we previously developed a physical functioning measure for adults aged 50 years and older [6]
for use in the Korea National Health and Nutrition Examination Survey (KNHANES). Grounded in Nagi's disablement
model [7], the original scale (LF-25) consists of 25 items: 10 items on lower body function, six on upper extremity
function, six on IADLs and ADLs, and three on social functioning (Supplementary Table 2). The LF-25 showed
strong psychometric properties and a unidimensional structure [6], but it is too long for KNHANES, which
administers approximately 400 items within a limited timeframe [8]. Lengthy national health surveys increase
response burden and cognitive fatigue, which can lead to lower response rates, greater item nonresponse, and
ultimately higher measurement error and reduced data quality [9-11]. For this reason, item reduction is widely used
in large national surveys. Although short forms inevitably sacrifice some measurement precision and construct
breadth, a well-designed short form preserves the core construct and its validity while meaningfully reducing
respondent burden [12, 13]. Several self-reported physical function measures for older adults have been shortened
using item response theory (IRT), including the computer-adaptive Late-Life Function and Disability Instrument [14,
15], the Mobility Assessment Tool-short form [16], and the PROMIS Physical Function short forms [17, 18].

This study aimed to develop a short form of the LF-25 that maintains the psychometric quality of the full-length
scale while substantially reducing response burden and administration time. Specifically, we sought to (1) derive
candidate short forms by integrating IRT-based item selection with expert content review and cognitive
interviewing; (2) select the final short form on the basis of measurement precision and administrative feasibility;
and (3) evaluate its structural, concurrent, known-groups, and predictive validity, together with its internal
consistency and test-retest reliability, in independent samples of Korean adults aged 50 years and older.

Methods

This study drew on five distinct samples collected between 2021 and 2023. Supplementary Fig. 1 shows the flow of
participants, exclusions, and analyses across item reduction, the three validation phases, and the external
replication in the 2023 Korean Frailty and Aging Cohort Study (KFACS). The Phase 2 validation sample and the
Phase 3 follow-up sample were independent.

Item Reduction

For the quantitative reduction, we analyzed secondary data from the original LF-25 validation study conducted in
2021 (n =259). Based on preliminary item statistics (e.g., standard deviations, factor loadings, and missing data
rates), we identified redundant or underperforming items. Item selection was then guided primarily by an IRT
framework [19]. To maximize the information yielded by the shortened scale, we prioritized items with high
discrimination parameters and a broad, evenly spaced range of difficulty thresholds, to retain measurement
precision across the latent trait (8) continuum.

To preserve the conceptual breadth of the original LF-25, we added two qualitative steps: expert content evaluation
and cognitive interviewing. Nine experts from the original development panel rated each item, and items below the
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recommended thresholds for a nine-member panel (content validity index [CVI] 0.78; content validity ratio [CVR]
0.62) were removed [20]. Cognitive interviews with eight older adults then identified items that were confusing or
lacked real-world relevance, and these were also removed (Supplementary Tables 3 and 4). Finally, to balance
psychometric precision against comprehensive content validity, we constructed two candidate short forms. The 10-
item LF scale (LF-10) prioritized psychometric strength, retaining the items that provided the most information
across ability levels. The 12-item LF scale (LF-12) retained all LF-10 items and added two items recommended by
the expert panel for content coverage: "reaching behind back" and "engaging in indoor leisure activities". Both
candidate forms are listed in Supplementary Table 5.

Validation of Short-Form LF Scales

Validation comprised three phases: short-form selection (Phase 1), psychometric validation (Phase 2), and
predictive validity testing (Phase 3).

Phase 1: Short-Form Selection

To evaluate the two candidate short forms and identify the version most suitable for KNHANES, a baseline survey
was administered in April-May 2022 to 519 adults aged 50 years and older. All participants first completed the full-
length LF-25 and were then randomly assigned to complete either the LF-12 (n = 259) or the LF-10 (n = 260).
Following psychometric evaluation of both candidates, the LF-10 was selected as the final short form because it
offered the best balance of measurement precision and administrative feasibility. Item analysis results for both
candidates and the rationale for this decision are given in the Supplementary Methods. The LF-10 is provided in
English and Korean in Supplementary Tables 1 and 10.

Phase 2: Psychometric Validation

An independent validation survey was conducted in July—August 2022 with 263 adults aged 50 years and older.
Participants were recruited by stratified random sampling on age, sex, and geographic region, and data were
collected by face-to-face computer-assisted personal interviewing (CAPI). Because confirmatory factor analysis
(CFA) requires an independent sample, the factor structure found in this sample was tested in the Phase 3 follow-
up sample (n =263). All follow-up respondents completed the LF-10, regardless of which short form they had
received at baseline. To examine structural validity in an older population, the CFA was replicated in an independent
sample from the 2023 KFACS (n = 879). Finally, to evaluate test—retest reliability, the LF-10 was re-administered to a
subsample of validation survey participants (n = 115) 10 to 14 days after their initial interview.

Phase 3: Predictive Validity

A follow-up assessment was conducted in October 2022, five to six months after baseline, with 263 participants
drawn from the Phase 1 baseline sample. At follow-up, participants completed both the LF-25 and the LF-10,
allowing the correlation between the two scales to be examined.

Measures and Ethical Considerations
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LF-10 items ask: "How much difficulty do you have carrying out this activity without help from another person or the
use of assistive devices?" Responses are rated on a 5-point scale: none (4), a little (3), some (2), a lot (1), and
cannot do (0). Total scores are computed by summing item scores and multiplying by 2.5, yielding a 0-100 metric
on which higher scores indicate better physical functioning. Sociodemographic and health data were also
collected. Physical health was assessed by self-rated health and the number of physician-diagnosed chronic
conditions. Cognitive function was assessed with a single item on subjective cognitive decline, and mental health
was assessed using the Korean version of the Patient Health Questionnaire-9 (PHQ-9) [21]. Concurrent validity was
examined against the Physical Functioning (PF) scale (10 items on mobility and self-care, scored 0—-100) [22], the
criterion measure used in the original LF-25 validation study [6]. The CAPI system automatically recorded
completion time for the LF-10 in Phase 2 and for the LF-25 in Phase 3. This study was approved by the Institutional
Review Board of Ajou University Hospital (AJIRB-SBR-SUR-21-677), and written informed consent was obtained
from all participants before data collection.

Statistical Analysis

Data were first screened for outliers and missing values. Cases with extreme total scores (|z| = 4.5) were identified
as outliers and excluded. Structural validity was examined with a recommended two-step factor-analytic strategy in
independent samples [23]. First, an exploratory factor analysis (EFA) examined the underlying structure of the LF-10
in the Phase 2 sample. The number of factors was determined using Kaiser's eigenvalue criterion (eigenvalue = 1)
and scree plot inspection. Next, CFA tested this structure in the Phase 3 and KFACS samples. Because LF-10 items
are ordinal and subject to ceiling effects, all factor analyses used the weighted least squares mean- and variance-
adjusted (WLSMV) estimator with pairwise deletion. Model fit was evaluated using the comparative fit index (CFl),
Tucker—Lewis index (TLI), standardized root mean square residual (SRMR), and root mean square error of
approximation (RMSEA). Good model fit was defined as CFI > 0.95, TLI > 0.95, SRMR < 0.08, and RMSEA < 0.06 [24].

Measurement quality was evaluated using a graded response model (GRM). Because most participants chose the
top categories, the lowest categories (e.g., ‘cannot do’, ‘a lot’) had very few or no responses (Supplementary

Table 6). Response categories endorsed by fewer than 2% of respondents were collapsed with the adjacent
category [25], because sparse categories produce unstable threshold estimates, inflated standard errors, and
convergence problems [26, 27]. This ensured a minimum frequency of roughly five responses in the lowest
available category for every item. Collapsing was applied only to GRM calibration; all other analyses—descriptive
statistics, total score computation, factor analyses, reliability estimation, and validity testing—used the original five-
category responses. IRT parameters were estimated by marginal maximum likelihood using the Bock—Aitkin EM
algorithm, which draws on all available responses. Overall GRM fit was assessed with the limited-information M,
statistic. Because M, is sensitive to sample size and often rejects models with only trivial misspecification, fit was
judged mainly by its associated RMSEA [28]. Item fit was assessed with the S—X?2 statistic [29], and local
independence was evaluated using the standardized LD 2 statistic, with values = 10 taken to indicate a possible
violation [30]. Finally, differential item functioning (DIF) by sex was tested using the Wald X2 statistic.

Concurrent validity was assessed using Pearson correlation coefficients to examine the association of the LF-10
with the PF scale. Known-groups validity was evaluated with independent-samples t-tests and one-way ANOVAs
comparing LF-10 scores across sociodemographic (age, sex, educational attainment, marital status, household
income) and health groups (self-rated health, subjective cognitive decline, depression, multimorbidity). Reliability
was estimated via internal consistency (McDonald's w and Cronbach's a) and test-retest reliability (weighted
kappa, percentage agreement, and intraclass correlation coefficient [ICC]). Predictive validity was tested by
regressing 6-month PF scores (linear regression) and 6-month self-rated health (SRH; poor/very poor, fair,
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good/very good; ordinal logistic regression) on baseline LF-10 scores. Both models adjusted for age, sex,
education, household income, multimorbidity (= 2 chronic conditions), and the baseline value of the outcome.

Descriptive statistics, correlation and group comparisons, reliability estimation, and regression analyses were
conducted in SPSS version 30.0 (IBM Corp., Armonk, NY, USA). IRT analyses were performed in IRTPRO version 6.0
(Vector Psychometric Group, Chapel Hill, NC, USA). EFA and CFA were conducted using Mplus version 8.11 (Muthén
& Muthén, Los Angeles, CA, USA). All reported p-values were two-sided, with statistical significance set at p < 0.05.
For item fit (S-X?) and DIF tests, a more stringent threshold of p < 0.01 was applied to account for multiple
comparisons.

Results

Descriptive Statistics

Of 263 individuals who completed the Phase 2 validation survey, 260 were retained for analysis after the exclusion
of three outliers. Fourteen cases (5.4%) had at least one missing value, with no apparent systematic pattern.
Participants ranged in age from 50 to 91 years (mean = 63.7, SD = 8.6), and 51.9% (n = 135) were female. Other
characteristics are shown in Table 1. The mean LF-10 total score was 94.2 (SD = 12.3), ranging from 15 to 100. In
total, 58.5% (n = 152) scored at the ceiling (100). By comparison, the KFACS sample had a mean LF-10 score of 86.2
(SD=16.8), and 25.1% (n = 221) scored at the ceiling. Phase 2 response distributions are shown in Supplementary
Table 6. Mean completion time was 11.68 minutes (SD = 4.35) for the LF-25 in the Phase 3 sample (n =263) and
5.86 minutes (SD = 1.70) for the LF-10 in the Phase 2 validation sample (n = 263), a reduction of approximately 50%.
Because these times came from separate samples, the difference is an approximate between-sample comparison,
not a within-person comparison.
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Table 1

Sample characteristic and LF-10 scores by sample characteristics (n = 260)

Categories n (%) LF-10 score (SD)
Gender Men 125 (48.1) 95.66 (10.91)
Women 135 (51.9) 92.78 (13.28)
Age (y) 50-59 102 (39.2) 98.14 (5.95)
60-69 90 (34.6) 95.58 (9.61)
>70 68 (26.2) 86.32 (17.76)
Educational level Middle school or lower 83 (31.9) 87.35(17.67)
High school 129 (49.6) 97.36 (6.54)
College or higher 48 (18.5) 97.34 (6.79)
Marital status Married 220 (86.3) 95.09 (11.67)
Widowed 23 (9.0) 84.89 (14.31)
Divorced 12 (4.7) 95.21(13.55)
Monthly household income < 2,000 47 (18.1) 84.41 (18.67)
(in thousand KRW) 2,000-3,999 90 (34.6) 95.52 (11.25)
> 4,000 101 (40.8) 97.88 (5.70)
Don't know/refused 17 (6.5) 90.74 (10.96)
Self-rated health Very good or good 158 (60.8) 98.78 (3.88)
Fair 85 (32.7) 91.35 (9.48)
Poor 17 (6.5) 65.29 (25.96)
Subjective cognitive decline Yes 30(11.5) 85.67 (15.31)
No 230 (88.5) 95.27 (11.38)
Depressive symptoms Minimal or no depression® 247 (95) 96.47 (9.24)
Mild to moderate® 13 (5) 69.42 (28.16)
Multimorbidity 0 119 (45.8) 97.92 (5.54)
1 70 (26.9) 94.00(11.99)
>2 71 (27.3) 88.03 (17.33)
Note. ¥PHQ-9 < 4; b)PHQ-9 > 5; LF-10: 10-item Life Functioning scale; SD = standard deviation; PHQ-9 = Nine-item
Patent Health Questionnaire.

Validity of the LF-10 Scale

IRT assumptions were checked before GRM calibration and were met (Supplementary Methods); all standardized
LD x? values were below 10. Although the M, statistic was significant (M, = 496.59, df = 204, p < 0.001), the RMSEA
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of 0.07 indicated acceptable fit, within the 0.05-0.08 range for mediocre fit [31]. Item discrimination parameters
ranged from 1.78 to 5.97, all exceeding 1.50, which indicates high discrimination [32]. The threshold parameters
ranged from - 2.39 to -0.60, covering the lower-to-middle range of the latent trait (8). The item characteristic curves
(Supplementary Fig. 2) and test information curve (Supplementary Fig. 3) likewise indicated the greatest precision
at the lower end of the physical functioning continuum. After adjusting the significance threshold for multiple
testing (p < 0.01), all items showed adequate fit to the GRM. No item showed significant DIF by sex (all p>0.01).
Women had a lower latent mean than men (u = -0.49 vs. 0.00), indicating a true group difference rather than item
bias. Table 2 summarizes the GRM and DIF results.

Table 2
Item parameters and fit statistics for the 10-item Life Functioning scale (n = 260)
GRM item parameters Item Fit®) Uniform DIF
a) b) b b Overall _y2 p 2 p
a by z ’ Difficulty SX Xera
(df)
Q1. Standing up from an 5.97 210  -1.32 - -1.72 11.03 0.01 1(2) 0.59
armless chair (1.39) (0.22) (0.13)
Q2. Standing on tiptoes 5.56 -1.95 -1.54 -097 -1.49 2454 0.01 3.2(3) 0.36
(1.14) (0.20) (0.15) (0.171)
Q3. 3.84 217  -1.47  -074  -1.46 16.67 0.12 1.4(33) 0.72
Bending/squatting/kneeling  (0.64) (0.24) (0.15) (0.10)
Q4. Walking 400m 4.52 -1.97  -1.78 -1.16  -1.64 16.77 0.05 0.9(3) 0.82
(0.90) (0.21) (0.19) (0.12)
Q5. Climbing 1 floor 4.38 -1.91 -1.28  -0.60  -1.27 10.51 0.40 5.3(3) 0.15
(0.77) (0.20) (0.13) (0.09)
Q6. Grasping small objects 2.81 -2.05 — - -2.06 2.05 0.56 0.2(1) 0.66
(0.74) (0.27)
Q7. Lifting 5kg 2.61 239 -195 -1.00 -1.79 19.87 0.10 4.3(3) 0.23
(0.42) (0.29) (0.22) (0.12)
Q8. Bathing/showering 4.41 -1.91 — - -1.92 3.76 0.05 0.1(1) 0.70
(1.39) (0.22)
Q9. Using public 4.72 225 -1.36 - -1.81 11.6 0.04 0.3(2) 0.86
transportation (1.04) (0.25) (0.14)
Q10. Participating in social 1.78 -2.00 — - -2.01 8.36 0.30 0(1) 0.84
activities (0.42) (0.37)

Note. @item discrimination parameter; ®threshold parameters (b4, by, and bs represent the location or the value
of theta (latent trait) that corresponds to a 0.5 probability of responding at or above that location on an item);

°)tem fit was evaluated using the Orlando and Thissen S-X? statistic; GRM = Graded Response Model; () =
standard errors; DIF = differential item functioning by sex.

Based on the scree plot (Supplementary Fig. 4) and fit statistics, a single-factor solution best represented the data,
with the first factor accounting for 81.5% of the total variance. The EFA demonstrated excellent fit: RMSEA = 0.056
(90% CI: 0.033, 0.077), SRMR = 0.046, CFl = 0.996, TLI = 0.995, and x? (35) = 63.08 (p = 0.003). All items loaded
strongly on the single factor, from 0.68 (“participating in social activities”) to 0.97 (“standing up from an armless
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chair”; Supplementary Table 7). In the independent Phase 3 sample (n =256 after excluding seven outliers), CFA fit
was acceptable on most indices: TLI = 0.993, CFl = 0.994, SRMR = 0.041, RMSEA = 0.083 (90% ClI: 0.064, 0.103), and
X% (35) =96.67, p < 0.001. Standardized factor loadings ranged from 0.86 ("bathing or showering") to 0.97 ("using
public transportation"), all significant at p < 0.001 (Fig. 1). A further CFA in the 2023 KFACS sample (n = 879; age
range 75.5-90.6 years, mean = 83.1, SD = 3.5) replicated the structure in a substantially older population with
acceptable model-data fit: x2 (35)=292.94,p<0.001; TLI = 0.976; CFl = 0.982; SRMR = 0.048; RMSEA = 0.092 (90%
Cl: 0.082,0.101) (Supplementary Fig. 5). In the Phase 3 sample, where participants completed both instruments
separately, LF-10 scores correlated strongly with LF-25 scores (r=0.90, p < 0.001). The LF-10 also correlated
strongly with the PF scale in the Phase 2 validation sample (r=0.96, p < 0.001). As expected, LF-10 scores were
lower among participants who were older, female, less educated, widowed, or lower-income, and among those with
poorer SRH, cognitive decline, depressive symptoms, or multimorbidity (Supplementary Table 8).

Reliability of the LF-10 Scale

The LF-10 showed strong internal consistency, with a McDonald's omega (w) of 0.93 and a Cronbach's alpha (a) of
0.91. Of the 115 retest participants, 114 were analyzed after one outlier was excluded. Based on a two-way mixed-
effects model with absolute agreement, the intraclass correlation coefficient (ICC) was 0.94 (95% Cl: 0.92, 0.96),
indicating excellent test—retest reliability. At the item level, weighted kappa values ranged from 0.42 to 0.81,
reflecting moderate to substantial agreement [33]. Supplementary Table 9 presents the full reliability results.

Predictive Validity

Of the 519 baseline participants, 263 (50.7%) completed the follow-up assessment six months later. After excluding
seven outliers, 256 were analyzed. Baseline LF-10 scores significantly predicted six-month follow-up PF scores (B =
0.465, p < 0.001) after adjustment for covariates and baseline PF (Table 3). In the adjusted ordinal model (Table 4),
the assumption of proportional odds was met (x2 (8) =9.03, p = 0.34). Baseline LF-10 scores were prospectively
associated with SRH at six months (Wald = 3.937, p < 0.05), although the association was modest (estimate =
0.054,95% CI: 0.001, 0.107). Along with baseline LF-10 scores, better baseline SRH and male sex were also
significant predictors of better SRH at follow-up.
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Table 3

Results of regression of Physical Functioning (PF) scores at a six-month follow-up on baseline LF-10 scores (n =

256

Variable Model 1 (Unadjusted) ) Model 2 (Adjusted)

B SEB B B SEB B
Baseline LF-10 scores 0.627 0.042 0.693™* 0.420 0.130 0.465™*
Age -0.061 0.088 -0.056
Sex -1.702 1.076 -0.075
Educational attainment 1.326 0.967 0.081
Household income 0.533 0.404 0.082
PF scores at baseline 0.065 0.138 0.066
Multimorbidity -3.189 1.421 - 120"
R2 0.481 0.535
AR? 0.054™"

Note. B = unstandardized coefficients; B = standardized coefficients; SE = standard error; SRH = self-rated health

status.

*:

" p<0.001," p<0.05
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Table 4

Results of ordinal regression of health conditions at a six-month follow-up on baseline LF-10
scores (n =256)

Variable Model 1 (Unadjusted) Model 2 (Adjusted)
Estimate SE Wald Estimate SE Wald
Baseline LF-10 scores 0.145 0.019  gpeo0™ 0.054 0.027 3937*
Age -0.060 0.031 3.719
Sex
Male 0.796 0.367 4700
Female Ref - -
Household income -0.127 0.138 0.841

Educational attainment

< Middle school -0.143 0.523 0.075
High school 0.129 0.374 0.119

> College Ref - -

SRH at baseline 1.787 0.347 926 462™*

Multimorbidity
<1 0.516 0.431 1.436
>2 Ref - -

Note. SE = standard error; SRH = self-rated health status; Ref = reference category.

*:

™p<0.001,"p<0.05

Discussion

Accurate measurement of physical functioning in older adults is essential for assessing health status and planning
long-term care. Many existing measures, however, focus on functional disability with particular emphasis on ADLs
and IADLs, and their item content is largely confined to low-demand self-care and everyday activities. To address
this gap, we previously developed the 25-item LF scale for KNHANES participants aged 50 years and older [6].
However, older respondents to large-scale national surveys frequently experience cognitive fatigue and response
burden when completing lengthy questionnaires [34]. This study therefore developed and validated a short form of
the LF-25 that maintains measurement quality while maximizing administrative feasibility for KNHANES.

By retaining 40% of the original items, the LF-10 approximately halved administration time. Despite this reduction, it

retained the unidimensional structure of the original instrument, and its strong correlation with the LF-25 (r = 0.90)

supports construct equivalence [19]. The LF-10 also correlated strongly with the PF scale (r = 0.96) and showed

excellent internal consistency (w = 0.93) and test-retest reliability (ICC = 0.94). In the Phase 2 sample, 58.5% of

participants scored at the ceiling and 81.2% scored 90 or above. This is unsurprising. Because the LF-10 was

developed for adults aged 50 years and older, most of this sample (57.7%) were aged 50-64 years, younger than
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the KNHANES target age of 65 years and older, and difficulty with the assessed tasks is uncommon at these ages.
However, the distribution differed substantially in the 2023 KFACS sample, whose participants were on average two
decades older (mean age = 83.1 years). In this sample, the ceiling proportion fell to 25.1%, and scores were more
widely spread, with 48.7% scoring below 90. These findings suggest that the observed ceiling effect reflects the
functional status of the population sampled rather than a fixed property of the instrument. The LF-10 therefore
appears able to distinguish meaningfully among older adults in the age range covered by KNHANES. Nevertheless,
a 25.1% ceiling among adults in their eighties shows that it has limited capacity to distinguish among the most
highly functioning older adults.

Although CFI, TLI, and SRMR indicated good fit, the RMSEA values of both CFA models (0.083 and 0.092) exceeded
the conventional threshold of 0.06. Uniformly high factor loadings are known to inflate RMSEA [35], and RMSEA can
also be unreliable in models with relatively few degrees of freedom [36]. Given the very high loadings of the LF-10
items (0.86-0.97), the elevated RMSEA likely reflects these model characteristics rather than true misfit.

A key methodological challenge in this study was the handling of sparse response categories. In IRT, sparse
categories can make threshold parameters unstable or impossible to estimate [26]. We therefore collapsed
adjacent lower categories, following the common guideline of at least 2% of the total responses per category [25].
This sparseness is expected in community-dwelling older adults, the population for which the LF-10 is intended.
However, collapsing may reduce measurement precision at the lower end of the functioning range, where
distinguishing among frail individuals matters most. Because collapsing was applied only to GRM calibration, the
LF-10 retains its original five-category format in KNHANES. Future studies should test the full response scale in
clinical or frail samples, where the lower categories are more fully used.

A key strength of this study is its integrated methodological approach. While several shortened measures of
physical functioning exist, few were explicitly designed for community-dwelling older adults in national health
surveys. For example, the widely used 12-item Short-Form Health Survey (SF-12) selected items using Classical
Test Theory (CTT), which prioritizes the reproduction of summary scores over measurement precision across the
full ability continuum [37]. CTT-based reduction methods often measure a narrower construct than originally
intended because they preferentially select highly correlated items, inadvertently excluding valuable but statistically
redundant content [38]. The LF-10 addressed these limitations by combining quantitative IRT-based item selection
with qualitative content validation. Consistent with best-practice guidelines for patient-reported outcomes [39],
qualitative procedures—including expert panel reviews (CVI/CVR) and cognitive interviewing—helped ensure that
the retained items reflect the real-world functional experiences of older adults. This combination allowed the LF-10
to preserve clinically important content that statistical reduction alone might have eliminated. In addition, unlike the
SF-12, which requires regression-based scoring algorithms, the LF-10 yields a simple 0—100 total score that
policymakers and survey administrators can interpret directly.

Limitations and Future Directions

This study has several limitations. First, item thresholds were concentrated below the mean (- 2.39 to - 0.60), so
the LF-10 measures less precisely at higher functioning levels (8 > 0); future revisions should consider adding
higher-demand physical tasks to extend the measurement range. Second, predictive validity was tested with only
two outcomes over six months. While the LF-10 successfully predicted future self-rated health and PF scores,
future studies should extend this timeline to examine whether the LF-10 predicts clinically meaningful outcomes
such as disability onset, frailty, healthcare utilization, and mortality. Third, interpretation thresholds, including the
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minimal clinically important difference (MCID), have not yet been established; anchor-based estimation will require
large longitudinal samples and is a priority for future research. Finally, the LF-10 was developed and validated only
in Korean samples; cross-cultural adaptation and validation are needed before use in other populations.

Conclusion

This study developed and validated the LF-10, an efficient short-form measure of physical functioning designed for
KNHANES. By approximately halving administration time while maintaining psychometric quality comparable to the
original 25-item scale, the LF-10 substantially reduces respondent burden for older adults. It has already been
adopted by two major national studies: the longitudinal KFACS in 2023 and the nationally representative, cross-
sectional KNHANES in 2024, where it is administered annually to community-dwelling adults aged 65 years and
older [8]. Its adoption by studies with such different designs demonstrates its feasibility for large-scale health
surveillance. As a reliable, easily administered population-level measure, the LF-10 equips public health
practitioners and policymakers with the evidence needed to support targeted healthy aging initiatives in a rapidly
aging society.
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