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ABSTRACT
Introduction: The 25-item Geriatric Locomotive Function Scale is widely used to identify locomotive syndrome, a condition 
characterized by progressive decline in motor function. Although its reliability in older adults has been established, item-level 
properties across age groups remain unclear. This study examined item discrimination and difficulty using an item response 
theory approach and compared item characteristics between younger and middle-aged adults and older adults.
Methods: Community-dwelling adults aged 18 years or older were classified as younger and middle-aged (< 65 years) or older 
(≥ 65 years). The graded response model estimated item discrimination and difficulty. Discrimination was interpreted using 
Baker's classification, while values between 0.5 and 2.5 were considered empirically acceptable. Difficulty parameters ranged 
approximately from −3 to +3. Model fit was assessed using the root mean square error of approximation. Wald tests compared 
item parameters between age groups, and sensitivity analyses used age thresholds of 60, 70, and 75 years.
Results: Among 866 participants, most items showed acceptable discrimination and difficulty. Pain- and social participation-
related items were more discriminative in younger and middle-aged adults, whereas mobility- and anxiety-related items were 
more discriminative in older adults. Model fit was good (root mean square error of approximation = 0.04–0.05), and Wald tests 
confirmed significant item-level differences between groups. Sensitivity analyses supported the robustness of the 65-year cutoff.
Conclusion: The Geriatric Locomotive Function Scale demonstrated statistically validated age-related item patterns. These 
findings support developing age-tailored short forms and adaptive screening tools for locomotive syndrome.

1   |   Introduction

Locomotive Syndrome (LS) is defined as a condition involving 
motor function deterioration and increased risk of disability, 
such as fractures [1]. Adults aged ≥ 65 years now comprise 29% 

of Japan's population [2], underscoring the need for reliable 
screening tools. Early detection is critical, as LS is linked to sub-
stantial physical decline within 5 years compared with individ-
uals without LS [3]. LS is classified into non-LS, stage 1, stage 2, 
and stage 3, with severe cases leading to mobility loss [4]. The 
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prevalence of LS in Japan is 67.8% (41.3% stage 1, 14.9% stage 2, 
11.6% stage 3), and 20.8% even among younger and middle-aged 
adults [5, 6]. These data suggest LS can occur before older age, 
highlighting the need for early detection across age groups.

The 25-question Geriatric Locomotive Function Scale (GLFS-
25) is widely used for LS screening. Its reliability and validity 
have been established in older adults [7, 8], and it correlates 
with motor function measures such as walking speed and timed 
up-and-go [9]. However, validation has largely focused on older 
cohorts, leaving item-level performance in younger adults 
unexamined.

Each GLFS-25 item warrants scrutiny to clarify discriminative 
power. The tool is effective for severe LS, but has limited abil-
ity to detect early-stage LS [10]. This may reflect items with low 
discrimination or those tied to advanced functional limitation. 
Item discrimination indicates how well responses distinguish 
latent trait levels (e.g., LS severity), while difficulty indicates the 
latent trait level needed to endorse a response. Item response 
theory (IRT) enables evaluation of these parameters [11] and is 
recommended for assessing structural validity [12, 13]. Yet, the 
GLFS-25 has not been analyzed using IRT.

Given the ordinal nature of the scale, symptoms such as pain 
and anxiety often appear early [14, 15], especially in younger 
adults [16]. In contrast, reduced activity and mobility limitations 
are more typical in older adults [17]. Therefore, differences in 
GLFS-25 item discrimination and difficulty are expected across 
age groups.

This study aimed to examine the discriminative ability of each 
GLFS-25 item using IRT and to compare item characteristics be-
tween younger/middle-aged and older adults.

2   |   Materials and Methods

2.1   |   Study Design and Setting

This was a cross-sectional study. Data were extracted from 
the Diagnosis, Early Detection, and Treatment of Locomotive 
Syndrome study using the Epidemiological Cohort “DETECt-L” 
during 2021–2024. The DETECt-L study is a community-based 
cohort study designed to investigate risk factors and screening 
approaches related to LS syndrome. Participant recruitment was 
conducted through the use of flyers in Hiroshima, Kure, and 
Higashihiroshima City to invite voluntary participation from 
community-dwelling adults. The measurements for this study 
were taken at local sports or community centers.

2.2   |   Participants

The inclusion criteria for this study were community-dwelling 
persons aged 18 years or older with independent mobility, de-
fined as the ability to walk outdoors without assistance from 
others or the use of walking aids. Participants were excluded 
if they were suspected of having cognitive impairment—based 
on self- or family-reported memory loss, disorientation, or prior 

diagnosis of dementia—or if they had serious illnesses such as 
unstable cardiovascular disease, recent stroke, severe respira-
tory impairment, Parkinson's disease, diabetic peripheral neu-
ropathy, or rheumatoid arthritis. Participants were divided into 
two age-based groups: younger and middle-aged adults (aged 
< 65 years) and older adults (aged ≥ 65 years). This classification 
is consistent with the thresholds commonly used in geronto-
logical and epidemiological studies. In Japan, individuals aged 
65 years and older are officially defined as older adults [18]. 
Participants with incomplete GLFS-25 responses were excluded 
from the analysis.

2.3   |   Measurements

The measures assessed were age, sex, body mass index (BMI), 
and the GLFS-25 score, which comprises 25 items (Table  1) 
[7]. A self-reported evaluation was performed; each item in the 
GLFS-25 was graded on a 5-point scale from 0 to 4, and the total 
score was calculated. A higher score indicated greater severity of 
LS: ≤ 6 points indicating non-LS; 7–15 points, LS stage 1; 16–23 
points, LS stage 2; and ≥ 24 points, LS stage 3. The GLFS-25 was 
self-administered in a face-to-face setting at community centers. 
Trained staff were present to provide support as needed during 
questionnaire completion.

2.4   |   Statistical Analysis

Continuous variables (e.g., age, BMI, GLFS-25 score) were as-
sessed for normality using the Shapiro–Wilk test. When the data 
followed a normal distribution, a two-sample t-test was used; 
otherwise, the Mann–Whitney U test was applied. Categorical 
variables (e.g., sex, locomotive syndrome stage) were compared 
using the chi-square test. Statistical significance was set at 
p < 0.05. All analyses were performed using JMP Pro 17 (SAS 
Institute Inc., Cary, NC, USA). Prior to the IRT analysis, princi-
pal component analysis was performed separately for the older 
adult group and the younger and middle-aged adult group to ex-
amine the unidimensionality of the GLFS-25.

In accordance with the IRT, a higher score was operationally 
defined as indicating more severe LS (i.e., the latent trait value 
must be high to be selected). The graded response model (GRM) 
was applied because it is theoretically suitable for ordered Likert-
type items representing cumulative severity. Compared with 
alternative polytomous models such as the generalized partial 
credit model, the GRM models cumulative probabilities across 
ordered thresholds and provides stable parameter estimation 
even when upper categories are rarely endorsed. Parameter esti-
mation was performed using the maximum likelihood method 
based on the expectation–maximization algorithm. Category 
characteristic curves (CCCs) were drawn for each item, and dis-
crimination and difficulty were calculated. Representative items 
presented in the main text were defined as those with moderate-
to-high discrimination (a ≥ 1.0) and clear visual separation be-
tween response categories. Items with a 0% response rate in 
one or more response categories were retained in the analysis 
to ensure consistency across age groups. Although these cate-
gories did not contribute to parameter estimation, they did not 
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TABLE 1    |    The 25-question geriatric locomotive function scale.

The following questions are asking about your health status and usual daily life, relating to the involvement of your back and 
limbs. Please answer on your state over the last one month. Please check the box for the most suitable response to each question.

• Following are questions about your body pain for the last one month:

    1. Did you have any pain (including numbness) in your neck or upper limbs (shoulder, arm, or hand)?

□No pain □Mild pain □Moderate pain □Considerable pain □Severe pain

    2. Did you have any pain in your back or lower back or buttocks?

□No pain □Mild pain □Moderate pain □Considerable pain □Severe pain

    3. Did you have any pain (including numbness) in your lower limbs (hip, thigh, knee, calf, shin, ankle, or foot)?

□No pain □Mild pain □Moderate pain □Considerable pain □Severe pain

    4. To what extent has it been painful to move your body in daily life?

□No pain □Mild pain □Moderate pain □Considerable pain □Severe pain

• Following are questions about your usual daily life for the last one month:

    5. To what extent has it been difficult to get up from a bed or lie down?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

    6. To what extent has it been difficult to stand up from a chair?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

    7. To what extent has it been difficult to walk inside the house?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

    8. To what extent has it been difficult to put on and take off shirts?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

    9. To what extent has it been difficult to put on and take off trousers and pants?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

10. To what extent has it been difficult to use the toilet?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

11. To what extent has it been difficult to wash your body in the bath?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

12. To what extent has it been difficult to go up and down stairs?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

13. To what extent has it been difficult to walk briskly?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

14. To what extent has it been difficult to keep yourself?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

15. How far can you keep walking without rest? (please select the closest answer)

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

16. To what extent has it been difficult to go out to visit neighbors?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

17. To what extent has it been difficult to carry objects weighing approximately 2 kg (2 standard milk bottles or 2 PET bottles 
each containing 1 L)?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

(Continues)
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prevent model convergence and were interpreted with caution. 
According to Baker's classification, discrimination parameters 
(a) between 0.35 and 1.69 indicate low to high discrimination, 
while values ≥ 1.70 represent very high discrimination. In prac-
tice, values between 0.5 and 2.5 are often considered acceptable 
as an empirical range in applied IRT studies. Difficulty param-
eters (b) typically range from −3 to +3, corresponding to the 
effective range of the latent trait (θ) under a standard normal 
assumption [19]. The IRT analysis software Exametrika ver 5.6 
(Shojima, Tokyo, Japan) was used. Model–data fit was evaluated 
using the root mean square error of approximation (RMSEA), 
which is widely applied in IRT research to assess overall and 
item-level fit. RMSEA values below 0.06 indicate good fit, and 
values below 0.08 are considered acceptable  [20]. Within each 
group, the latent trait (θ) was standardized with a mean of 0 
and a standard deviation of 1. Exametrika automatically applies 
this scaling under Samejima's graded response model to ensure 
model identification and stable estimation. Therefore, no link-
ing or equating procedure across groups was required. To sta-
tistically evaluate the differences in item parameters between 
the two age groups, Wald tests were conducted to compare 
discrimination (a) and difficulty threshold (b) parameters for 
each item, based on the standard errors estimated from the IRT 
model. Statistical significance was set at p < 0.05. Furthermore, 
to assess the robustness of the 65-year cutoff, sensitivity analy-
ses were performed using alternative age thresholds of 60, 70, 
and 75 years. For each threshold, separate IRT models were es-
timated for the younger and middle-aged adults and the older 
adults, and the same Wald test procedure was applied to com-
pare discrimination parameters across age thresholds. These 
analyses were performed using JMP Pro 17.

3   |   Results

A total of 1560 individuals participated in the DETECt-L study 
during 2021–2024. After excluding 678 duplicated entries, 882 
individuals completed the initial survey. One individual was 
excluded due to a history of stroke, and 15 were excluded due 
to missing responses to the GLFS-25. Consequently, 866 partici-
pants (183 men, 683 women) were included in the final analysis 
(Figure 1). The younger and middle-aged adults group consisted 
of 322 (men: 79, women: 243) participants, and the older adults 
group consisted of 544 (men: 104, women: 440), with a GLFS-25 
score of 6.4 ± 6.2 points for the younger and middle-aged adult 
group and 8.5 ± 8.6 points for the older adults group (Table 2).

Principal component analysis confirmed the unidimensional 
structure of the GLFS-25 in both age groups.

In the older adult group, the first principal component had an 
eigenvalue of 9.47, accounting for 37.88% of the total variance. 
In the younger and middle-aged group, the first principal com-
ponent had an eigenvalue of 8.24, accounting for 32.97% of 
the variance. In both groups, scree plots showed a clear drop 
after the first component, supporting a single-factor structure. 
Based on this assumption, IRT analysis revealed that in the 
younger and middle-aged adult group, all items except Item 
8 demonstrated acceptable discrimination (a ≥ 0.5). Among 
these, Items 3 (lower limb pain, a = 1.00, b1 = −0.80), 4 (pain, 
a = 1.16, b1 = −0.68), 21 (sports, a = 1.03, b1 = −0.41), and 23 (so-
cial activities, a = 1.07, b1 = −0.51) exhibited moderate-to-high 
discrimination (a ≥ 1.0). These items also showed relatively low 
difficulty values (b1 < −0.5), suggesting their potential utility in 

18. To what extent has it been difficult to go out using public transportation?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

19. To what extent have simple tasks and homework (preparing meals, cleaning up, etc.) been difficult?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

20. To what extent have load-bearing tasks and housework (cleaning the yard, carrying heavy bedding, etc.) been difficult?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

21. To what extent has it been difficult to perform sports activity (jogging, swimming, gate ball, dancing, etc.)?

□Not difficult □Mildly difficult □Moderately difficult □Considerably pain □Extremely pain

22. Have you been restricted from meeting your friends?

□Not restricted □Slightly restricted □Restricted about half the time □Considerably restricted □Give up all activity

23. Have you been restricted from joining social activities (meeting friends, playing sport, engaging in activities and hobbies, 
etc.)?

□Not restricted □Slightly restricted □Restricted about half the time □Considerably restricted □Give up all activity

24. Have you ever felt anxious falls in your house?

□Have not felt anxious □Have occasionally felt anxious □Have sometimes felt anxious □Have often felt anxious □Have 
constantly felt anxious

25. Have you ever felt anxious about being unable to walk in the future?

□Have not felt anxious □Have occasionally felt anxious □Have sometimes felt anxious □Have often felt anxious □Have 
constantly felt anxious

TABLE 1    |    (Continued)
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detecting early signs of LS in this age group. All items showed 
acceptable difficulty parameters (b values between −4 and 
+ 4). However, response rates for category “3” were 0% in Items 
5–8, 10, 11, 16, 19, and 20, and for category “4” in Items 3–7, 9, 
10–21, and 24.

In the older adults group, all items except Item 22 demonstrated 
acceptable discrimination. Items with moderate-to-high discrim-
ination included Item 1 (upper limb pain, a = 1.04, b1 = −0.75), 
3 (lower limb pain, a = 1.11, b1 = −0.63), 4 (pain, a = 1.19, 
b1 = −0.60), 12 (stairs, a = 1.07, b1 = −0.38), 13 (brisk walking, 
a = 1.11, b1 = −0.43), 20 (housework, a = 1.08, b1 = −0.41), 21 
(sports, a = 1.14, b1 = −0.32), and 25 (anxiety about walking, 
a = 1.26, b1 = −0.49). These items showed moderate-to-high dis-
crimination and moderate difficulty, indicating their relevance 
for screening LS among older adults. All items had acceptable 
difficulty values. Items 8, 10, 14, and 19 had 0% response rates 

for category “3,” and Items 1, 3, 7–11, 14, 19, 20, and 24 had 0% 
response rates for category “4” (Table 3).

To visually represent item functioning across groups, CCCs 
were generated for key items with moderate-to-high discrim-
ination. In younger and middle-aged adults, Items 4 and 23 
demonstrated steep and distinct response transitions across 
theta levels, while in older adults, Items 4 and 25 showed simi-
larly defined curves. These visual patterns were consistent with 
the item-level IRT estimates, suggesting that the discriminative 
contribution of individual items may differ between age groups 
(Figure  2). Representative CCCs for these items are presented 
in Figure 2, illustrating the differences in response probability 
across latent trait levels. For comprehensive visualization, CCCs 
for all 25 items are provided in the Supporting Information, pre-
sented separately for younger and middle-aged (Figure S1) and 
older adults (Figure S2).

FIGURE 1    |    Participant flow diagram of 1560 participants; 866 were included in the final analysis after applying the exclusion criteria. DETECt-L 
study, study for the diagnosis, early detection, and treatment of locomotive syndrome using an epidemiological cohort study; LS, locomotive syndrome.

TABLE 2    |    Participant characteristics by age group.

All (n = 866)
Younger and middle-
aged adults (n = 322) Older adults (n = 544) p

Sex Men: 183, Women: 683 Men: 79, Women: 243 Men: 104, Women: 440 0.06

Age 64.6 (14.9) 48.2 (11.2) 74.3 (5.2) 0.0001

BMI (kg/m2) 22.6 (3.1) 22.3 (3.4) 22.7 (2.9) 0.02

GLFS-25 7.7 (7.9) 6.4 (6.2) 8.5 (8.6) 0.002

LS classification (%) non: 484, 1: 283, 2: 56, 3: 43 
(non: 56, 1: 33, 2: 6, 3: 5)

non: 200, 1: 104, 2: 12, 3: 6 
(non: 62, 1: 32, 2: 4, 3: 2)

non:284, 1: 179, 2: 44, 3: 37 
(non: 52, 1: 33, 2: 8, 3: 7)

0.0003

Note: Values are presented as mean (standard deviation). All continuous variables were non-normally distributed, and the Mann–Whitney U test was applied. 
Categorical variables were compared using the chi-square test. A p-value < 0.05 was considered statistically significant.
Abbreviations: BMI, body mass index; GLFS-25, 25-question geriatric locomotive function scale; LS, locomotive syndrome, LS classification was based on GLFS-25 
total score.
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The model–data fit indices indicated acceptable fit for both 
groups (RMSEA = 0.04 for younger and middle-aged adults, 
RMSEA = 0.05 for older adults). At the item level, Item 13 
showed the highest RMSEA (0.08) in younger and middle-aged 
adults, while Items 17 (0.08) and 23 (0.09) had the highest values 
in older adults. Detailed item-level RMSEA values are provided 
in the Supporting Information (Table S1).

Following the IRT analyses, Wald tests were conducted to 
statistically compare item parameters between younger 
(< 65 years) and older (≥ 65 years) adults. The results are sum-
marized in Table  4, showing Z-values and p-values for dis-
crimination (a) and threshold (b1–b4) parameters. Significant 
differences (p < 0.05) were observed for Items 12, 13, 17, 18, 
20, and 25 (higher in older adults) and Items 22 and 23 (higher 
in younger and middle-aged adults). These findings provide 
formal statistical evidence supporting the presence of distinct 
item-response patterns between age groups. Although formal 
anchor-based Differential Item Functioning testing was not 
separately performed, the Wald test results provide compa-
rable evidence of differential item functioning between age 
groups.

In addition, sensitivity analyses were conducted using alter-
native age thresholds of 60, 70, and 75 years to assess the ro-
bustness of the 65-year cutoff. The results are summarized in 
Table 5. Similar patterns of item discrimination were observed 
for the 60- and 65-year thresholds, indicating stable findings 
across these cutoffs. At the 70-year cutoff, a greater number of 
items showed significant between-group differences, whereas at 
75 years, the number of significant items decreased slightly.

4   |   Discussion

Most of the GLFS-25 items demonstrated acceptable discrim-
ination and difficulty values using IRT. Item-level patterns, 
however, differed by age group: pain-related items (e.g., lower 
limb pain, pain during movement) were more discriminative 
among younger and middle-aged adults, whereas activities of 
daily living and anxiety items (e.g., difficulty with stairs, anxiety 
about walking) were more discriminative among older adults. 
Furthermore, the results of the Wald tests statistically confirmed 
these item-level differences, supporting the presence of distinct 
response patterns between age groups observed in the IRT anal-
yses. Sensitivity analyses using alternative age thresholds (60, 
70, and 75 years) showed similar discrimination trends across 
cutoffs, confirming the robustness of the 65-year division. These 
results indicate that the 65-year cutoff appropriately captures a 
meaningful transition in locomotive function between middle-
aged and older adults. These findings indicate that different as-
pects of locomotive function decline are more salient at different 
life stages and support age-adapted screening strategies.

The novelty of this study lies in its being the first to directly 
compare GLFS-25 item characteristics between younger 
(< 65 years) and older (≥ 65 years) adults by combining IRT 
with formal statistical testing. This dual approach enabled us 
to distinguish items that were highly discriminative within 
each age group from those that differed between age groups. 
In the IRT analyses, pain-related and social participation 
items (e.g., Items 3, 4, 21, and 23) showed moderate-to-high 
discrimination among younger adults, whereas mobility- and 
anxiety-related items (e.g., Items 12, 13, 20, and 25) were more 

FIGURE 2    |    (a) Category characteristic curve for Item 4 in younger and middle-aged adults. (b) Category characteristic curve for Item 23 in young-
er and middle-aged adults. (c) Category characteristic curve for Item 4 in older adults. (d) Category characteristic curve for Item 25 in older adults.
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discriminative among older adults. The Wald tests further 
demonstrated that several of these items—particularly Items 
12, 13, 17, 18, 20, and 25—had significantly higher parame-
ter estimates in older adults, while Items 22 and 23 showed 
higher estimates in younger adults. This combination of sen-
sitivity (from IRT) and statistical validation (from Wald tests) 
provides a robust, data-driven foundation for developing age-
tailored short forms and computer-adaptive testing for loco-
motive syndrome.

Although the GLFS-25 is effective for detecting severe LS 
[9, 10], its ability to capture early-stage LS remains limited. 
In younger and middle-aged adults, pain (Items 3 and 4) and 
social participation (Items 21 and 23) items had moderate-to-
high discrimination, while Item 8 (difficulty putting on shirts) 
showed a ceiling effect, likely due to preserved function 

and cultural clothing factors. In older adults, pain, mobility, 
and ADL items (e.g., Items 1, 4, 12, and 25) had moderate-
to-high discrimination, whereas Item 22 (restricted from 
meeting friends) was less informative, possibly reflecting so-
cial restrictions unrelated to physical function. From a clin-
ical standpoint, items that showed both moderate-to-high 
discrimination and statistically significant differences in 
the Wald tests—particularly Items 12, 13, 17, 18, 20, and 25 
in older adults and Items 22 and 23 in younger and middle-
aged adults—represent key indicators of functional transition 
across age groups. The appearance of more significant item-
level differences beyond 70 years further suggests that loco-
motive function becomes increasingly heterogeneous in late 
older adulthood. Overall, younger adults were more sensitive 
to pain-related decline, whereas older adults were more re-
sponsive to broader functional and anxiety-related limitations. 

TABLE 4    |    Wald test results for item parameter differences between younger (< 65 years) and older (≥ 65 years) adults.

Z (a) p (a) Z (b1) p (b1) Z (b2) p (b2) Z (b3) p (b3) Z (b4) p (b4)

Item1 0.56 0.57 0.01 0.99 0.34 0.73 0.73 0.46 0.19 0.85

Item2 0.98 0.33 1.03 0.30 −0.33 0.74 −1.04 0.30 N/A N/A

Item3 0.77 0.44 −2.23 < 0.05 −1.52 0.13 −0.45 0.65 N/A N/A

Item4 0.23 0.81 0.59 0.56 −1.98 < 0.05 −1.26 0.21 N/A N/A

Item5 1.00 0.32 −2.43 < 0.05 −2.19 < 0.05 N/A N/A N/A N/A

Item6 0.86 0.39 −3.47 < 0.05 −2.20 < 0.05 N/A N/A N/A N/A

Item7 0.46 0.64 −2.97 < 0.05 −1.25 0.21 N/A N/A N/A N/A

Item8 1.33 0.18 −1.04 0.30 1.51 0.13 N/A N/A N/A N/A

Item9 0.43 0.67 −3.22 < 0.05 −0.05 0.96 0.58 0.56 N/A N/A

Item10 0.28 0.78 −1.22 0.22 0.97 0.33 N/A N/A N/A N/A

Item11 −0.63 0.53 −1.21 0.23 0.73 0.47 N/A N/A N/A N/A

Item12 2.75 < 0.05 −4.53 < 0.05 −3.15 < 0.05 −2.24 < 0.05 N/A N/A

Item13 2.55 < 0.05 −4.79 < 0.05 −3.28 < 0.05 −1.86 0.06 N/A N/A

Item14 0.18 0.86 −0.47 0.64 1.55 0.12 N/A N/A N/A N/A

Item15 0.65 0.52 −1.16 0.25 −2.52 < 0.05 −2.53 < 0.05 N/A N/A

Item16 0.85 0.40 −2.87 < 0.05 −0.83 0.41 N/A N/A N/A N/A

Item17 2.65 < 0.05 −3.79 < 0.05 −2.31 < 0.05 −2.06 < 0.05 N/A N/A

Item18 2.06 < 0.05 −3.70 < 0.05 −1.65 0.10 −0.22 0.83 N/A N/A

Item19 1.36 0.17 −1.91 0.06 −0.97 0.33 N/A N/A N/A N/A

Item20 2.22 < 0.05 −3.08 < 0.05 −1.99 < 0.05 N/A N/A N/A N/A

Item21 0.78 0.44 −0.88 0.38 −0.85 0.40 −1.26 0.21 N/A N/A

Item22 −4.65 < 0.05 2.82 < 0.05 6.38 < 0.05 4.72 < 0.05 1.77 0.08

Item23 −4.39 < 0.05 3.94 < 0.05 5.96 < 0.05 5.25 < 0.05 1.32 0.19

Item24 0.96 0.34 −4.23 < 0.05 −1.07 0.28 −0.34 0.73 N/A N/A

Item25 3.88 < 0.05 −1.56 0.12 −0.40 0.69 −1.55 0.12 −0.47 0.64

Note: Wald tests were conducted to compare item parameters between younger (< 65 years) and older (≥ 65 years) adults. p < 0.05 considered statistically significant 
(bolded). Z (a) represents discrimination parameters, and Z (b1–b4) represent threshold parameters. Positive Z-values indicate higher parameter estimates in older 
adults, whereas negative Z-values indicate higher estimates in younger and middle-aged adults.
Abbreviations: N/A, indicates that the corresponding threshold parameter was not estimated due to limited category responses; Z, Wald statistic.
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Because the GLFS-25 was originally validated for geriatric 
populations, its use in younger cohorts requires caution; how-
ever, items with moderate-to-high discrimination and low dif-
ficulty thresholds (e.g., b1 < −0.5) may help detect early-stage 
LS. Previous simplified GLFS-based tools [21, 22] did not in-
clude pain items, which our findings suggest are essential in 
younger populations. Thus, an age-sensitive short form of 5–8 
items, combining pain/social participation items for younger 
adults and ADL-anxiety items for older adults, could be clini-
cally feasible as a brief 3-min screening tool. Item parameters 
may also serve as priors for computer-adaptive testing.

Response patterns revealed ceiling effects, with categories 
“3” and “4” rarely chosen, especially in younger adults. Zero-
response categories challenged parameter estimation and re-
duced the stability of IRT estimates, though model convergence 
was not prevented. Sparse responses in younger adults likely re-
flected the low prevalence of severe limitations. Future studies 
could consider collapsing categories or applying alternative IRT 
models.

Items with moderate-to-high discrimination and low diffi-
culty thresholds were most useful for early LS detection. A few 
items consistently showed strong discrimination, whereas Item 
8 in younger adults and Item 22 in older adults were less suit-
able. These results support developing a shorter, age-specific 
GLFS-25.

This study has four limitations. First, sampling bias: LS preva-
lence in older adults was higher in our study (48%) than in pre-
vious reports (36.4%) [23], while prevalence of stage 2–3 LS in 
younger adults was lower (6% vs. 12.4%) [24]. This may explain 
sparse responses in younger adults. Second, reliability concerns: 
prior reliability studies of the GLFS-25 involved only older adults 
[7], therefore, its validity in younger groups is uncertain. Third, 
sample representativeness: the younger group mainly included 
adults in their 40s–60s, with few in their 20s–30s, limiting gener-
alizability. Fourth, although several items showed sparse upper-
category responses (“3” and “4”), particularly among younger 
adults, we did not perform a category-collapse sensitivity anal-
ysis because models with different category structures are not 
directly comparable in the same IRT framework. However, the 
estimation process in the IRT algorithm automatically treats 
such items as having fewer effective response levels, ensuring 
stable parameter estimation. Although a few items exhibited 
slightly higher RMSEA values (0.08–0.09), the overall model fit 
was satisfactory; therefore, these minor deviations were consid-
ered negligible and did not indicate systematic misfit.

In conclusion, IRT analysis revealed distinct patterns of item 
discrimination across age groups. Pain-related items were most 
informative in younger adults, whereas ADL and anxiety items 
were more relevant in older adults. These findings support the 
GLFS-25's psychometric validity across adulthood and provide a 
rationale for age-adapted screening tools, including short forms 

TABLE 5    |    Sensitivity analysis of discrimination parameters (a) using alternative age thresholds (60, 65, 70, and 75 years).

60 years 65 years 70 years 75 years

Z (a) p (a) Z (a) p (a) Z (a) p (a) Z (a) p (a)

Item1 −0.44 0.66 0.56 0.57 0.49 0.63 2.25 < 0.05

Item3 1.82 0.07 0.77 0.44 2.03 < 0.05 −0.03 0.98

Item5 1.55 0.12 1.00 0.32 2.39 < 0.05 1.89 0.06

Item6 0.76 0.45 0.86 0.39 2.46 < 0.05 1.32 0.19

Item7 1.23 0.22 0.46 0.64 2.47 < 0.05 2.08 < 0.05

Item8 1.60 0.11 1.33 0.18 2.41 < 0.05 2.06 < 0.05

Item12 3.29 < 0.05 2.75 < 0.05 3.08 < 0.05 2.59 < 0.05

Item13 2.84 < 0.05 2.55 < 0.05 2.94 < 0.05 2.25 < 0.05

Item15 0.18 0.86 0.65 0.52 −0.03 0.98 −2.03 < 0.05

Item17 3.15 < 0.05 2.65 < 0.05 2.01 < 0.05 1.83 0.07

Item18 2.68 < 0.05 2.06 < 0.05 3.01 < 0.05 2.14 < 0.05

Item19 1.55 0.12 1.36 0.17 2.69 < 0.05 2.01 < 0.05

Item20 2.20 < 0.05 2.22 < 0.05 3.30 < 0.05 3.04 < 0.05

Item22 −4.22 < 0.05 −4.65 < 0.05 −3.16 < 0.05 −1.02 0.31

Item23 −3.81 < 0.05 −4.39 < 0.05 −1.44 0.15 −0.60 0.55

Item25 4.35 < 0.05 3.88 < 0.05 1.89 0.06 1.51 0.13

Note: p < 0.05 is considered statistically significant (bolded). Items that showed statistically significant differences (p < 0.05) in discrimination parameters between 
younger and older adults at any cutoff are presented. Positive Z-values indicate higher discrimination in older adults, and negative Z-values indicate higher 
discrimination in younger and middle-aged adults. Statistical significance was determined using Wald tests based on standard errors estimated from the IRT model.
Abbreviation: Z, Wald statistic.
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and adaptive formats. A potential short-form could prioritize 
pain/social participation items (younger) and mobility/anxiety 
items (older), serving as a rapid 3–5-min screening instrument 
in primary care or community health. Further studies should 
validate these tools in diverse settings.
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