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Prediction and mediation 
analysis for treatment responses 
to combined cognitive and physical 
training for older adults
I.‑Ching Chuang 1,2, I.‑Chen Chen 3, Yih‑Ru Wu 2,4 & Kuan‑Yi Li 1,2,5*

Diminished cognitive and physical functions negatively affect the daily functions of individuals. 
Although combined cognitive and physical training prevents instrumental activities of daily living 
(IADL) disability in older adults, no predictive model or mediation analysis of IADL after combined 
training exists. This study aims to employ prediction and mediation analysis to identify the predictors 
of IADL performance and to elucidate the mediators of the association between baseline global 
cognition and subsequent IADL performance following combined cognitive and physical training. 
This study involved 177 participants aged 60 years and older who underwent combined training. 
Cognitive function was measured with the Montreal Cognitive Assessment (MoCA), Digit Symbol 
Substitution Test (DSST), Color Trails Test, Word List, and a dual task; physical function with the 
Timed Up and Go (TUG) test; daily function with the Lawton IADL Scale. We conducted regression 
analyses to identify the predictors of IADL performance, and mediation analysis to examine whether 
DSST and TUG mediate the relationship between MoCA and IADL. The pre-intervention DSST and 
TUG were significant independent predictors of post-intervention IADL. The association between the 
pre-intervention MoCA and post-intervention IADL was mediated by pre-intervention DSST and TUG. 
This study highlighted the importance of measuring and improving processing speed and functional 
mobility before and during interventions to enhance IADL outcomes.

Trial registration: NCT03619577, 23/07/2018; NCT04689776, 29/12/2020.
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Cognitive decline, such as deterioration in attention, processing speed, memory, and executive functions1–3 and 
physical decline, such as reduced muscle mass, weakness, and slowness2,4–6, commonly occur with increasing age. 
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Diminished cognitive and physical functions negatively affect individuals’ abilities to perform everyday activities, 
such as managing finances and preparing meals (i.e., instrumental activities of daily living, IADL) and contribute 
to dependency in daily life, which increases the care burden and costs for families and society. Previous studies 
have shown that combined cognitive and physical training prevents disability in IADL and is beneficial for the 
ability to perform IADL in older adults7–9. Predictive modeling and mediation analysis of IADL performance 
after combined training can provide valuable information for clinical decision-making and outcome research; 
however, but this issue has not been widely addressed.

The ability to perform IADL is an essential cornerstone of independent living and personal autonomy. Previ-
ous studies have shown that IADL ability depends on cognitive10,11 and physical functions12–14. Existing evidence 
has shown that multi-dimensional cognitive abilities are associated with IADL in older adults15–23; these abili-
ties include processing speed (the ability to process information rapidly)24, sustained attention (the ability to 
maintain vigilance on a particular task over an extended period)25,26, verbal memory (the ability to store and 
recall phonological information)27, and executive functions (a collection of top-down mental control processes, 
including inhibition, working memory, and cognitive flexibility)28. Similarly, global cognition, referring to a 
family of cognitive capacities, including orientation, attention, memory, language, and executive function29 is 
related to functional independence30–32. On the other hand, previous studies show that functional mobility, refer-
ring to the ability to independently and safely move across environments to engage in functional activities33,34, 
is related to IADL performance in older adults13,35,36. These studies highlight the cognitive and physical abilities 
concurrently in relation to the IADL performance in this population. However, existing evidence does not suggest 
which abilities of older adults could serve as indicators to predict IADL outcomes following combined training. 
Establishing predictive modeling for IADL outcomes after combined cognitive and physical training can identify 
the characteristics of individuals who would benefit the most, which helps clinical practitioners recruit a certain 
population and effectively deliver tailored interventions.

Since age-related deterioration in cognition that may impede functional independence is a primary con-
cern, combined cognitive and physical training is intended to enhance cognition in older adults based on the 
guided plasticity facilitation framework37. Previous studies have demonstrated that combined training improves 
the global cognition of older adults38–42, and that global cognition and IADL performance show a strong 
association30–32. However, given global cognition as a collection of cognitive capacities, it remains unclear how 
global cognition may improve IADL performance following combined training. Numerous variables may play a 
role in the relationship between global cognition and IADL performance. Evidence suggests that in addition to 
global cognition, improved processing speed and functional mobility exert a positive impact on the IADL perfor-
mance of older adults13,19,35,36,43,44. Processing speed is the fundamental ability to rapidly process information and 
lay the basis for higher-order cognitive processes24,45. Functional mobility is the ability to move across environ-
ments and quickly switch motor programs according to changes in the environment and task requirements33,46, 
which involves both physical and cognitive functions. The mechanism underlying the association between global 
cognition and IADL performance needs to be elucidated, which would be helpful in targeting specific abilities 
for interventions.

Developing interventions to prevent disability in IADL among older adults is crucial, and a better under-
standing of the factors that predict the response to combined cognitive and physical training is needed to direct 
interventions to those who will potentially benefit from it. Through a mediation analysis, we gain insight and 
acquire a deep understanding of the pathways of intervention effects, and this information helps to determine 
efficient and efficacious intervention strategies. We investigated whether better global cognition before combined 
training would result in better processing speed and functional mobility and, in turn, contribute to better IADL 
performance after combined training. The aims of this study were to (1) identify the characteristics of older adults 
who would benefit most in terms of IADL performance from combined cognitive and physical training, and (2) 
clarify the contribution of processing speed and functional mobility to the association between baseline global 
cognition and subsequent IADL performance of older adults after combined training.

Materials and methods
Participants
This study was a secondary analysis of data from two pre-post studies of combined cognitive and physical 
training with convenience sampling. Those who were (1) aged 60 years or over, (2) having the ability to follow 
instructions (a score of Mini-Mental State Evaluation ≥ 20), (3) not diagnosed with dementia by physicians, and 
(4) having no difficulties in basic ADLs were recruited in this study. Individuals with self-reported diagnoses of 
neurological disorders or unstable medical conditions were excluded.

Procedure
The study was conducted in accordance with the Declaration of Helsinki and approved by the Research Ethics 
Committee of National Taiwan University (201711EM006, 201912EM016) for studies involving humans. Par-
ticipants were invited from community facilities or daycare centers. All participants were screened to ensure 
eligibility in the study. According to the temporal order of cognitive and physical training, the combined interven-
tions can be categorized into sequential (at a separate time) and simultaneous (at the same time) training. The 
participants engaged in either a sequential or simultaneous combination of cognitive and physical training. The 
instructors were community occupational therapists. Before conducting the interventions, all instructors were 
trained with the same program regarding motor-cognitive training concepts to minimize staff training weak-
nesses due to multisite sampling. Four researchers, who were unaware of the assigned interventions, evaluated 
the participants’ daily cognitive and physical functions before and after the interventions. If the participants were 
absent from more than 30% of the sessions, they were excluded from the study.
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Intervention
In the present study, we conducted sequential and simultaneous cognitive and physical training. The doses of 
the two interventions were matched at 120 min per session, once a week, for 12 sessions. Each session consisted 
of physical and cognitive exercises. The cognitive components included attention, processing speed, short-term 
memory, working memory, visuospatial skills, calculation, and language; one or more cognitive components 
were included in every session. The physical components consisted of stretching, muscle strengthening, aerobic, 
and balance exercises.

Measures
For prediction analysis, the potential predictors were global cognition, processing speed, sustained attention, 
verbal memory, executive functions, and functional mobility, which were assessed using the Montreal Cognitive 
Assessment (MoCA), Digit Symbol Substitution Test (DSST), Color Trails Test (CTT), Word List (WL), a dual 
task that we designed, and Timed Up and Go (TUG) test, respectively. For mediation analysis, the mediator vari-
ables were processing speed and functional mobility, which were assessed using the DSST and TUG, respectively. 
For both prediction and mediation analyses, the outcome variable was IADL performance, which was assessed 
using the Lawton IADL Scale.

MoCA
The MoCA is a validated and sensitive tool for evaluating general cognition and detecting mild cognitive impair-
ment. It is also widely recognized as a reliable measure of cognitive function47. It comprises 12 items that assess 
the executive functions, visuospatial abilities, language, short-term memory, attention, concentration, working 
memory, and orientation to time and place. The education level of the examinee was considered; one point was 
added to the total score if an examinee had 12 years or less of formal education. The scores on the MoCA ranged 
from 0 to 30, with higher scores indicating a higher function. A total score of 26 or above is considered normal 
and a total score of 19 to 25 indicates mild cognitive impairment29. In this study, we used a certified Chinese 
paper version (MoCA-T), this measurement tool has good reliability and validity48.

DSST
The DSST is designed to assess the processing speed; it is a subtest from the corpus of the Chinese version of 
the Wechsler Adult Intelligence Scale, Third Edition49. A participant is asked to transcribe a unique geometric 
symbol with its corresponding Arabic number. Initially, the participant was presented with a series of boxes 
containing numbers from 1 to 9 sequentially; there was a corresponding geometric symbol under each number. 
Subsequently, he/she is shown a series of boxes containing numbers in the top boxes and blank boxes below 
them, and is asked to copy the corresponding geometric symbol under each number. After the practice trial, 
the participant copied as many geometric symbols as possible in 120 s. The raw score was the number of correct 
items and was transformed into a scaled score based on the age range. It is considered to be a valid and sensitive 
measure of cognitive dysfunction, particularly in the working memory50.

CTT​
The CTT was designed to assess sustained attention. Each participant was presented with numbered circles 
printed on pink and yellow backgrounds. For CTT Part 1 (CTT1), the participant was asked to connect circles 
numbered 1–25 in sequence using a pencil, as rapidly as possible. For CTT Part 2 (CTT2), the participant was 
asked to rapidly connect circles numbered 1–25 in sequence, but alternated between pink and yellow. The time 
taken to complete each trial, errors, near-misses, and prompts were recorded. The time was transformed into 
scaled time based on sex, age, and years of formal education. In this study, we used the Taiwanese Version of 
CTT​51. This test has shown good reliability and validity in healthy adults51.

WL
WL is designed to assess the ability to recall information presented in verbal form immediately after a 30-min 
delay. It is a subtest from the corpus of the Chinese version of the Wechsler Memory Scale, Third Edition52. For 
WL Part I (WL-I), a participant is verbally presented with a 12-item list of unrelated words over a series of four 
trials and then is asked to recall the list immediately. For WL Part II (WL-II), 30 min after WL-I, the participants 
were asked to recall the 12-item list of words verbally presented earlier. The raw score of WL-I is the number of 
the sum of the correct responses of the four trials and that of WL-II is the number of the correct responses of 
one trial. Raw scores were transformed into scaled scores based on the age range.

Dual task: Box and Block Test and Serial Seven Test
We designed this dual task to assess executive functions. Each participant was instructed to simultaneously 
conduct the Box and Block Test and Serial Seven Test (SST) for 60 s. Each participant was seated at a table and 
presented with a rectangular box divided into two square compartments. One hundred and fifty colored wooden 
blocks were placed in each compartment. A participant is asked to move a block, one at a time, from one com-
partment to the other as many as he/she can for 60 s53. At the same time, a participant is asked to conduct serial 
subtraction by seven beginning with 300. The number of blocks moved was recorded. The difference between 
the correct and incorrect SST responses was calculated as the corrected number.
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TUG​
The TUG is a reliable and valid test designed to assess the mobility, balance (static and dynamic), and walking 
ability. The participants were asked to perform sequential motor tasks: stand up from a chair, walk a distance of 
3 m, turn around, walk back to the chair, and sit down. Timing begins at the verbal instruction “go” and stops 
when a participant is seated. The score given is the time taken to complete the test, in seconds54. In this study, 
the score is calculated as the average time of three trials for each participant, in seconds.

Lawton IADL scale
The Lawton IADL Scale is a valid tool designed to evaluate the ability to perform tasks and detect early func-
tional decline. The reliability and validity of the Lawton IADL scale have been established. In a semi-structured 
interview lasting 10 to 15 min, a participant was asked to describe in detail how IADLs were currently being 
performed. The IADL include eight items: using the telephone, shopping, preparing food, doing laundry, house-
keeping, using transportation, handling medications, and managing finances. Each item was rated based on 
the level of competence, from independent in performing the activity to not performing it at all. Higher scores 
indicate better functioning55.

Data analysis
Descriptive statistics were used to present the demographic characteristics of participants. Paired t-tests were 
used to compare pre- and post-intervention differences. Pearson’s correlation analysis was used to analyze the 
demographic variables and pre-intervention functional measures that were potentially related to post-interven-
tion IADL. A Pearson’s r-value of 0.35 was considered the cut-off value in this study. Regression analyses were 
conducted to identify significant predictors of post-intervention IADL. A mediation analysis was used to clarify 
the mechanism underlying the observed relationship between an independent and dependent variable that could 
be explained by a third variable known as a mediator variable. We conducted a parallel mediation analysis to 
examine whether pre-intervention MoCA influenced post-intervention IADL through mediator variables, pre-
intervention DSST, or TUG. We conducted serial mediation analyses to examine the direct and indirect effects of 
pre-intervention MoCA on post-intervention IADL while modeling a process in which better pre-intervention 
MoCA caused better pre-intervention DSST, and, in turn, caused better pre-intervention TUG, and, so forth, 
concluding with better post-intervention IADL as the final consequence35. Mediation analyses were conducted 
with age, sex, group, years of formal education, and pre-intervention IADL as covariates.

Data analysis for this study was performed using SAS software, Version 9.4 of the SAS System. Mediation 
analyses were performed using the PROCESS functions for SAS designed by Hayes (2018). Specifically, we 
employed PROCESS Model 4 for the parallel mediation model and Model 6 for the serial mediation model. All 
mediation models were analyzed using 5000 bootstrap samples and 95% bias-corrected confidence intervals (CIs).

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki and approved by the Research Ethics 
Committee of National Taiwan University (201711EM006, 201912EM016) for studies involving humans. Before 
conducting the study, all participants were provided with a written and oral explanation of the study protocol. 
After obtaining written informed consent, the participants started to participate in the study. As this article 
does not include the identifiable data of any participant in any form, consent for publication is not applicable.

Results
Demographic characteristics
Initially, 177 participants were recruited for the study. However, participants who were absent for more than 
30% of the intervention sessions were excluded from the data analysis, and twelve and seven participants in the 
sequential and simultaneous groups, respectively were excluded. Therefore, 158 participants completed the pre- 
and post-intervention measures and were included in the data analysis. The demographic characteristics and 
pre- and post-intervention measures are presented in Table 1. The participants showed significant improvements 
in the IADL, MoCA, DSST, WL-I, and WL-II scores after the intervention.

Correlation analyses
We examined the correlations between age, years of formal education, pre-intervention IADL, MoCA, DSST, 
WL-I, WL-II, CTT1, CTT2, dual-task, TUG, and post-intervention IADL; the results are presented in Table 2.

Univariate and multivariate regression analyses
First, we conducted univariate regression analyses to identify the potential predictors of post-intervention IADL. 
The results showed that age, pre-intervention IADL, MoCA, DSST, and TUG were five significant predictors 
(Table 3). Subsequently, we included age, pre-intervention MoCA, DSST, and TUG as predictors for multivariate 
regression analysis while controlling for pre-intervention IADL, sex, and group. The results showed that pre-inter-
vention DSST and TUG significantly predicted post-intervention IADL, with an adjusted R2 of 0.514 (Table 3).

Parallel mediation analysis
We assumed that the pre-intervention DSST and TUG mediated the relationship between the pre-intervention 
MoCA and post-intervention IADL (Fig. 1).

The results showed that better pre-intervention global cognition was associated with higher levels of post-
intervention IADL performance (β = 0.128, 95% CI [0.040, 0.216]). Better pre-intervention global cognition 



5

Vol.:(0123456789)

Scientific Reports |        (2024) 14:10571  | https://doi.org/10.1038/s41598-024-61407-6

www.nature.com/scientificreports/

was associated with better pre-intervention processing speed (β = 0.302, 95% CI [0.192, 0.413]) and functional 
mobility (β = − 0.302, 95% CI [− 0.513, − 0.093]). The pre-intervention processing speed and functional mobility 
were linked to improved post-intervention IADL performance. The total indirect link between pre-intervention 
global cognition and post-intervention IADL performance via processing speed and functional mobility was 
significant (β = 0.094, 95% CI [0.029, 0.187]). The direct link between pre-intervention global cognition and post-
intervention IADL performance was insignificant after adjusting for the mediators (β = 0.034, 95% CI [− 0.061, 
0.130]), supporting a full mediation model (Table 4).

Table 1.   Characteristics and functional measures of all participants. Education, years of formal education; 
SST, the number of correctly answering serial subtraction by seven in a dual task. CTT1 Color Trails Test Part 
1, CTT2 Color Trails Test Part 2, DSST Digit Symbol Substitution Test, IADL Lawton Instrumental Activity of 
Daily Living, M mean, MMSE Mini-Mental State Evaluation, MoCA Montreal of Cognitive Assessment, SD 
standard deviation, SST Serial Seven Test, TUG​ Timed Up and Go, WL-I Word List-Part I, WL-II Word List-
Part II.

Baseline/Pre-
intervention Post-intervention

t (157) pM (SD) or N (%) M (SD) or N (%)

Age (yr) 73.73 (7.28) –

Sex

 Female 109 (68.99) –

 Male 49 (31.01) –

Education (yr) 8.97 (3.93) –

Group

 Simultaneous 56 (35.44) –

 Sequential 102 (65.56) –

MMSE 26.44 (3.14) 26.49 (3.21) 0.025 0.402

IADL 28.91 (3.62) 29.26 (3.22) 1.75 0.041

MoCA 23.25 (4.91) 23.66 (5.02) 1.96 0.026

DSST 10.21 (2.67) 10.63 (2.95) 3.85 < 0.001

WL-I 9.71 (3.35) 10.75 (3.98) 5.28 < 0.001

WL-II 10.91 (3.01) 11.22 (3.33) 1.74 0.042

CTT1 (s) 53.82 (36.61) 58.53 (59.28) 0.62 0.732

CTT2 (s) 127.11 (75.03) 121.11 (80.30) 1.35 0.910

SST (No.) 5.65 (4.14) 5.73 (4.36) 0.97 0.167

TUG (s) 11.84 (5.04) 11.31 (3.63) 1.29 0.994

Table 2.   Pearson correlation coefficients (r) among variables. *p < 0.05, †p < 0.01, ‡p < 0.001. Edu years of 
formal education, SST the number of correctly answering serial subtraction by seven in a dual task, CTT1 
Color Trails Test Part 1, CTT2 Color Trails Test Part 2, DSST Digit Symbol Substitution Test, IADL Lawton 
Instrumental Activity of Daily Living, MoCA Montreal of Cognitive Assessment, pre pre-intervention, post 
post-intervention, SST Serial Seven Test, TUG​ Timed Up and Go, WL-I Word List-Part I, WL-II Word List-
Part II.

1 2 3 4 5 6 7 8 9 10 11

1 IADLPost

2 Age − 0.365‡

3 Edu 0.07 − 0.098

4 IADLPre 0.729‡ − 0.445‡ − 0.002

5 MoCAPre 0.530‡ − 0.438‡ 0.250† 0.557‡

6 DSSTPre 0.419‡ − 0.204* 0.389‡ 0.400‡ 0.628‡

7 WL-IPre 0.306‡ − 0.291‡ 0.256† 0.439‡ 0.721‡ 0.650‡

8 WL-IIPre 0.323‡ − 0.170* 0.211† 0.376‡ 0.607‡ 0.510‡ 0.756‡

9 CTT1Pre − 0.193 0.065 0.169 − 0.402‡ − 0.444‡ − 0.446‡ − 0.288† − 0.225*

10 CTT2Pre − 0.274† 0.137 0.088 − 0.416‡ − 0.505‡ − 0.548‡ − 0.455‡ − 0.374‡ 0.732‡

11 SSTPre 0.305† − 0.263† 0.318† 0.265† 0.613‡ 0.548‡ 0.636‡ 0.568‡ − 0.200 − 0.345‡

12 TUG​Pre − 0.577‡ 0.513‡ − 0.151 − 0.489‡ − 0.555‡ − 0.220* − 0.329‡ − 0.213* 0.235* 0.227* − 0.299†



6

Vol:.(1234567890)

Scientific Reports |        (2024) 14:10571  | https://doi.org/10.1038/s41598-024-61407-6

www.nature.com/scientificreports/

Serial mediation analysis
We assumed that increased cognitive function would lead to elevated physical function and enhanced IADL 
(Fig. 2). However, the results showed that there was no serial causal relationship between the two mediators 
(Table 4).

Discussion
To the best of our knowledge, this study is the first to identify the characteristics of older adults who would 
benefit most in terms of IADL performance after combined cognitive and physical training, and to disentangle 
the mechanisms underlying the relationship between baseline global cognition and IADL performance following 
training. The findings showed that the important predictors and mediators of IADL performance in older adults 
after the intervention were processing speed and functional mobility.

In the univariate regression model, age and global cognition before the intervention were predictors of IADL 
performance after the intervention, but were no longer predictors in the multivariate regression model. On the 
other hand, the processing speed and functional mobility before intervention were independent predictors of 
IADL performance after intervention in both univariate and multivariate regression models. The findings indi-
cated that processing speed and functional mobility before intervention better predicted the ability to perform 
IADL after intervention than age and global cognition, and that older adults who possessed better baseline 
performance on processing speed and functional mobility benefited the IADL performance from combined 
training. Therefore, considering the improvement in IADL performance in the targeted population, evidence 
suggests that clinical practitioners can measure the processing speed and functional mobility of older adults to 
recruit participants for combined cognitive and physical training instead of global cognition.

Table 3.   Predictors of post-intervention IADL. *p < 0.05, †p < 0.01, ‡p < 0.001. Adj adjusted, DSST Digit 
Symbol Substitution Test, IADL Lawton Instrumental Activity of Daily Living, MoCA Montreal of Cognitive 
Assessment, pre pre-intervention, post post-intervention, SE standard error, Std standardized, TUG​ Timed Up 
and Go, VIF variance inflation factor.

Univariate Multivariate

Std β SE t Std β SE t VIF Adj R2

Age − 0.3651 0.0325 − 4.88‡ 0.1053 0.0263 1.28 1.60 0.514

Sex − 0.1523 0.5489 − 1.92 − 0.0334 0.3334 − 0.48 1.13

Group − 0.0885 0.5604 − 1.12 0.0230 0.2938 0.34 1.07

IADLPre 0.7286 0.0488 13.29‡ 0.4740 0.0684 6.06‡ 1.45

MoCAPre 0.5302 0.0445 7.81‡ 0.0702 0.0484 0.73 2.18

DSSTPre 0.4188 0.0822 5.70‡ 0.1586 0.0658 2.00* 1.49

TUG​Pre − 0.5769 0.0343 − 7.61‡ − 0.3111 0.0371 − 3.69‡ 1.69

MoCAPre IADLPost

DSSTPre

TUGPre

a1= .302‡

a2 = -.302*

c’ = .034

b2 = -.144‡

b1 = .165*

Total effect: c = .128, 95% CI [.040, .216]

Total indirect effect: a1b1 + a2b2 = .094, 95% CI [.029, .187]

Indirect effect via DSST: a1b1 = .050, 95% CI [.006, .101]

Indirect effect via TUG:  a2b2 = .044, 95% CI [.011, .125]

Figure 1.   Parallel mediation model. Indirect effects of pre-intervention MoCA on post-intervention IADL 
through pre-intervention DSST and TUG. The direct effect was insignificant depicted by dotted line. *p < 0.05, 
†p < 0.01, ‡p < 0.001.
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The results of the parallel mediation analysis showed that the processing speed and functional mobility before 
the intervention fully mediated the relationship between baseline global cognition and IADL performance follow-
ing intervention in older adults. The current study provides evidence suggesting that global cognition before the 
intervention by itself may have a small positive effect on the IADL performance after the intervention. However, 
global cognition can indirectly benefit the IADL performance in older adults by enhancing the processing speed 
and functional mobility.

Table 4.   Mediation models. Paths in bold indicate statistically significant effects. CI confidence interval, 
DSST Digit Symbol Substitution Test, IADL Lawton Instrumental Activity of Daily Living, MoCA Montreal of 
Cognitive Assessment, pre pre-intervention, post post-intervention, SE standard error, TUG​ Timed Up and Go.

Paths β (SE) 95% CIs p

Parallel mediation model

 MoCAPre → IADLPost (total effect: path c) 0.128 (0.044) [0.040, 0.216] 0.005

 MoCAPre → DSSTPre (path a1) 0.302 (0.056) [0.192, 0.413] < 0.001

 DSSTPre → IADLPost (path b1) 0.165 (0.071) [0.025, 0.306] 0.021

 MoCAPre → TUG​Pre (path a2) − 0.302 (0.106) [− 0.513, − 0.093] 0.029

 TUG​Pre → IADL (path b2) − 0.144 (0.038) [− 0.218, − 0.070] < 0.001

 Total indirect effect: path a1b1 + a2b2 0.094 (0.040) [0.029, 0.187] –

 MoCAPre → DSSTPre → IADLPost (indirect effect: path a1b1) 0.050 (0.024) [0.006, 0.101] –

 MoCAPre → TUG​Pre → IADLPost (indirect effect: path a2b2) 0.044 (0.029) [0.011, 0.125] –

 MoCAPre → IADLPost (direct effect: path c’) 0.034 (0.048) [− 0.061, 0.130] 0.479

Serial mediation models

 MoCAPre → IADLPost (total effect: path c) 0.128 (0.044) [0.040, 0.216] 0.005

 MoCAPre → DSSTPre (path a1) 0.302 (0.056) [0.192, 0.413] < 0.001

 DSSTPre → IADLPost (path b1) 0.165 (0.071) [0.025, 0.306] 0.021

 MoCAPre → TUG​Pre (path a2) − 0.363 (0.119) [− 0.599, − 0.127] 0.003

 TUG​Pre → IADLPost (path b2) − 0.144 (0.038) [− 0.218, − 0.070] < 0.001

 DSSTPre → TUG​Pre (path d21) 0.198 (0.181) [− 0.161, 0.557] 0.277

 Total indirect effect: path a1b1 + a2b2 + a1d21b2 0.092 (0.041) [0.027, 0.187] –

 MoCAPre → DSSTPre → IADLPost (indirect effect: path a1b1) 0.050 (0.024) [0.006, 0.101] –

 MoCAPre → TUG​Pre → IADLPost (indirect effect: path a2b2) 0.055 (0.030) [0.013, 0.126] –

 MoCAPre → DSSTPre → TUG​Pre → IADLPost (indirect effect: path a1d21b2) − 0.011 (0.010) [− 0.026, 0.017] –

 MoCAPre → IADLPost (direct effect: path c′) 0.034 (0.048) [− 0.061, 0.130] 0.479

MoCAPre IADLPost

DSSTPre

TUGPre

a1 = .302‡ d21 = .198

a2 = -.363†

b1 = .165*

b2 = -.144‡

c’ = .034

Total effect: c = .128, 95% CI [.040, .216]

Total indirect effect: a1b1 + a2b2 + a1d21b2 = .092, 95% CI [.027, .187]

Indirect effect via DSST: a1b1 = .050, 95% CI [.006, .101]

Indirect effect via TUG:   a2b2 = .055, 95% CI [.013, .126]

Indirect effect via DSS and TUG: a2d21b2 = -.011, 95% CI [-.026, .017]

Figure 2.   Serial mediation model. Indirect effects of pre-intervention MoCA on post-intervention IADL 
through pre-intervention DSST and TUG. The direct and indirect effects were insignificant depicted by dotted 
line. *p < 0.05, †p < 0.01, ‡p < 0.001.
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Our findings indicate that a high level of global cognition in older adults can boost the processing speed and 
functional mobility and, in turn, improve IADL performance following the intervention. Processing speed is 
considered a fundamental component of cognitive ability and is often considered the baseline for higher-order 
cognitive processes such as memory and executive function24,45. Age-related reduction in processing speed may 
lead to compromised cognitive performance since the cognitive operations that are relevant to cognitive tasks 
cannot be completed within a limited time and the cognitive information is not simultaneously available for 
higher-order cognitive processes1,3,24,45,56–58. Therefore, an individual requires good processing speed, which sup-
ports them to perform complex activities involving higher-order cognition, such as IADL15,17,21–23. Our finding 
coincided with previous studies stating that enhanced processing speed may contribute to lesser limitations in 
IADL in older adults59–61. Therefore, targeting processing speed ability through trainings may be an important 
priority for promoting healthy aging and maintaining functional independence in older adults, regardless of 
their baseline global cognitive function. Alternatively, functional mobility requires not only physical but also 
cognitive function; it involves postural control, balance, locomotion, lower-extremity strength, continuous evalu-
ation of cues from environments, and rapid shifting motor programs based on task demands and changes in 
environments33,46. A prior study also suggested that among older adults, routine walking was a task involving 
cognitive abilities rather than an automated and rhythmic motor task62. Our findings were in line with previous 
studies that showed that functional mobility was associated with global cognition63–67. An individual with good 
functional mobility is able to go to different places and participate in functional and meaningful activities, such 
as IADL13,35,36. The results align with previous research which determined that elevated functional mobility may 
lead to the increased ability to perform IADL in older adults35,36,60,68. To ameliorate the IADL performance of 
older adults using an effective intervention strategy, the evidence suggests that the combined cognitive and physi-
cal training should target to address and enhance the processing speed and functional mobility of older adults.

Limitations
The current study had several limitations. First, the convenience sample mainly consisted of women (69.77%) 
and was area-specific. To increase the generalizability of our findings, a robust sampling strategy and large sam-
ples are needed in future research. Second, this was a secondary data analysis study, and we collected data from 
community-dwelling older adults who participated in either sequential or simultaneous interventions. However, 
the sample sizes of the two intervention groups were unequal due to practical considerations, and this group 
was included as a covariate in the analyses. Third, the measurements of the predictors and mediators (DSST and 
TUG) were performance-based, whereas the measurement of outcomes (IADL) was based on self-reporting. 
The performance-based measurement of IADL may be considered in future research.

Conclusions
With a rapidly growing aging population, identifying modifiable factors that can prevent the loss of independence 
is an urgent priority. To enhance the IADL performance of older adults using effective intervention strategies, 
our findings provide evidence that clinical practitioners can measure the processing speed and functional mobil-
ity of older adults to determine recruitment for combined cognitive and physical training and that the content 
of combined cognitive and physical training for older adults should aim to improve the processing speed and 
functional mobility for the best IADL outcomes.

Data availability
The datasets used and/or analyzed in the current study are available from the corresponding author upon rea-
sonable request.
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