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Background: Conventional dichotomous classifications of cognitive status in older adults (normal vs impaired) 
may obscure distinct domain-specific deficits. Identifying nuanced cognitive profiles could enable personalized 
interventions, particularly when tailored to instrumental activities of daily living (IADLs). 
Objectives: To identify distinct cognitive profiles in older adults without dementia and assess their associations 
with overall and domain-specific IADL performance. 
Design/Setting/Participants: Cross-sectional data from 2219 adults aged ≥ 65 years without dementia in the na- 
tionally representative National Health and Aging Trends Study. 
Measurements: Latent profile analysis classified participants across six cognitive domains: episodic memory, ex- 
ecutive function, orientation, psychomotor function, visual attention, and working memory. Logistic and linear 
regression models with Holm-Bonferroni corrections evaluated relationships between cognitive profiles and IADL 
performance. 
Results: Five profiles emerged: Profile 1 : Overall intact (50.5 % of participants); Profile 2 : Isolated moderate ori- 
entation impairment (15.6 %); Profile 3 : Mild global impairment with preserved orientation (22.0 %); Profile 4 : 
Mild global impairment with significant orientation impairment (5.5 %); Profile 5 : Moderate global impairment 
(6.2 %). Compared with Profile 1 , all other profiles exhibited significantly higher overall IADL difficulty and 
were more likely to experience challenges with shopping, medication management, meal preparation, and bank- 
ing (all adjusted p < 0.05). Profile 4 had the highest odds for difficulties with shopping ( OR , 2.19; 95 % CI , 
1.41–3.38; adjusted p = 0.005) and banking ( OR , 3.98; 95 % CI , 2.62–6.04; adjusted p < 0.001), whereas Profile 

5 showed the greatest risk for medication management ( OR , 2.55; 95 % CI , 1.66–3.90; adjusted p < 0.001) and 
meal preparation ( OR , 2.22; 95 % CI , 1.49–3.31; adjusted p = 0.001). 
Conclusion: Nearly half of older adults without dementia exhibit distinct cognitive profiles warranting tai- 
lored interventions. Profile 5 requires comprehensive strategies, whereas Profiles 2, 3 , and 4 may benefit from 

orientation-targeted and intensity-varied training in other cognition domain. Incorporating specific IADL tasks 
(e.g., meal preparation, medication management for Profile 5 and shopping, banking for Profile 4 ) into cognitive 
interventions may concurrently enhance cognitive health and functional independence. 
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. Introduction 

By 2050, older adults will represent 22 % of the global population-
ouble the current rate [ 1 ]. Such demographic shifts have made demen-
ia and functional dependence major public health challenges, imposing
ubstantial economic burdens on health systems, social services, care-
ivers, and patients. In 2019, global societal costs of dementia were esti-
ated at US $1.3 trillion [ 2 ], while annual costs related to limitations in
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unctional independence reached approximately US $27.4 K societally,
S $24.2 K for health care, and US $7.5 K for personal expenses [ 3 ].
ognitive decline is prevalent, with up to 15 % of community-dwelling
lder adults exhibiting mild cognitive impairment [ 4 ]. Although demen-
ia is currently incurable, early or subtle cognitive decline may represent
 pre-onset stage that offers a critical window for intervention, with the
oal of slowing or delaying progression and reducing its impact on func-
ion [ 5 ]. Instrumental activities of daily living (IADLs), such as cooking,
D 21205. 
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leaning, transportation, laundry, financial management, and medica-
ion adherence are crucial for older adults to maintain independence
nd successfully age in place [ 6 , 7 ]. Given that cognitive function plays
 crucial role in everyday activities and decision-making, impairments
re closely linked to IADL difficulties [ 8–11 ]. In fact, IADL disability
as been reported in as many as 46.8 % of older adults [ 12 ], highlight-
ng the need to improve cognitive health and functional performance to
romote healthy aging, preserve independence, and enhance quality of
ife. 

Traditional classifications of cognitive status (normal, mild cogni-
ive impairment, dementia) fail to capture the varying domain-specific
eclines in areas such as episodic memory, executive function, spatial
rientation, psychomotor skills, visual attention, and working memory.
hese declines arise from a complex interplay of biological, psycholog-

cal, lifestyle, and environmental factors. For instance, aging differen-
ially affects brain regions: the inferior frontal gyrus rapidly loses vol-
me, the dentate gyrus declines steadily, and the entorhinal cortex re-
ains relatively stable over time [ 13 ], thereby disproportionately im-
acting specific cognitive domains [ 14 , 15 ]. In addition, health condi-
ions like cardiovascular disease and diabetes exacerbate cognitive de-
line by impairing cerebral blood flow and increasing inflammation
 16 , 17 ], contributing to selective deterioration [ 18 ]. Moreover, lifestyle
actors also play a critical role; regular physical activity improves pro-
essing speed and executive function, and social engagement enhances
emory and executive abilities, whereas toxin exposures and occupa-

ional hazards can impair performance [ 19 , 20 ]. This heterogeneity sug-
ests that latent cognitive profiles exist among older adults without de-
entia, yet they remain underexplored. Identifying these profiles is key

or developing profile-targeted, group-based interventions that strike a
alance between one-size-fit-all population-level approaches and costly
ersonalized interventions, ensuring they are scalable, cost-effective,
nd capable of delaying progression to dementia. 

This gap is particularly significant when considering that successful
ADL performance depends on the intricate interplay of multiple cogni-
ive domains [ 8 , 9 ]. A comprehensive systematic review has found that
ild cognition impairment is associated with deficits in IADL function-

ng [ 9 ]. This seminal review, along with other key studies, has demon-
trated that global cognitive impairment is significantly linked to dif-
culties in managing everyday tasks such as medication management
 8 , 11 ], shopping [ 8 ], and financial management [ 11 ]. However, these
nvestigations often overlook the nuances of domain-specific decline. A
etailed understanding of these relationships could facilitate the integra-
ion of cognitive training with IADL-focused practice —an approach that
ot only enhances cognitive function but also promotes daily autonomy.
uch a dual-targeted strategy holds promise for reducing functional de-
line and improving quality of life. 

Therefore, this study addresses these gaps by applying latent profile
nalysis to representative United States data from older adults with-
ut dementia to identify distinct cognitive profiles that inform profile-
argeted and group-based interventions. We further examine how these
rofiles relate to specific IADL difficulties, thereby informing the in-
egration of IADL support into cognitive training, ultimately fostering
reater cognitive well-being, independence, and quality of life. 

. Methods 

.1. Study design and data source 

We conducted a cross-sectional analysis using data from the 11th and
2th waves (2021–2022) of the National Health and Aging Trends Study
NHATS), a longitudinal, nationally representative survey of Medicare
eneficiaries aged ≥ 65 years in the United States. Data were collected
uring in-home interviews. For participants present in both waves, only
ave 12 data were used to capture the most recent cognitive and IADL
ssessments. These two waves were selected because the comprehensive
ix-domain cognitive performance assessment was introduced in wave
2

1, while earlier waves only included a three-domain cognitive assess-
ent. The final sample comprised 245 participants from wave 11 and
994 from wave 12 (total n = 2239). 

.2. Participants and sample size calculation 

Participants were community-dwelling individuals aged ≥ 65 years
eemed cognitively intact, defined as the absence of both potential and
robable dementia. Following previous NHATS protocols, potential de-
entia was identified if a participant scored ≥ 1.5 standard deviations

elow the mean in one cognitive domain, while probable dementia was
ndicated by similar scores in two or more domains, meeting AD8 crite-
ia, or having a documented clinical diagnosis of dementia [ 21 ]. Simula-
ion studies suggest that a sample size of approximately 500 is sufficient
o reliably identify latent profiles [ 22 ]. 

.3. Measures 

.3.1. Cognitive performance assessment 
Cognitive performance was evaluated across six domains using both

raditional measures (episodic memory, executive function, and ori-
ntation) and computerized measures administered via a tablet-based
ogstate battery (psychomotor function, visual attention, and working
emory), which has been implemented in NHATS since wave 11 [ 23 ]. 

Episodic memory was assessed through a word recall task. In this
ask, participants were presented with a list of 10 words and subse-
uently asked to recall as many words as possible immediately and after
 delay. The combined score from the immediate and delayed recall tri-
ls yields a total score ranging from 0 to 20, reflecting the ability to
ncode, store, and retrieve verbal information. 

Executive function was evaluated using the clock drawing test, par-
icipants were instructed to draw a clock showing a specific time. This
est measures planning, visuospatial organization, and abstract reason-
ng. Scores range from 0 to 5, with higher scores indicating better per-
ormance in executive processing. 

Orientation was measured by asking participants questions related
o time and key political figures, including the date, month, year, day
f the week, and the names of the president and vice president. The
rientation score ranges from 0 to 8, capturing participants’ awareness
f temporal and contextual information critical for daily functioning 

Psychomotor function was assessed using the Cogstate Detection
ask, which measures simple reaction time. In this task, participants are
nstructed to tap the screen as soon as a card turns face up. Reaction
imes, recorded in milliseconds and log-transformed to reduce skewness,
erve as an index of psychomotor speed and processing efficiency. 

Visual attention was measured with the Cogstate Identification task,
here participants classify the color of a card (red or black) as quickly
nd accurately as possible. Reaction times for correct responses are
ecorded in log-transformed milliseconds, providing a sensitive measure
f attention and visual processing speed. 

Working memory was evaluated through the Cogstate One Card Back
ask, which assesses working memory and continuous performance. Par-
icipants were shown a sequence of cards and asked to indicate whether
he current card had appeared previously. Accuracy on this task reflects
he capacity to hold and manipulate information over short intervals. 

.3.2. IADL measurements 
IADL function was self-reported, and the tasks assessed included

anaging medication, laundry, shopping, meal preparation, and bank-
ng. For each task, responses were categorized as indicating difficulty if
he participant selected ’1 ′ (Did not do by self in the past month), ’3 ′ (Did
y self in the past month with difficulty), and ’5 ′ (Don’t know or refuse,
ith difficulty). Responses were categorized as indicating no difficulty

f the participant selected ’2 ′ (Did by self in the past month with no dif-
culty) and ’4 ′ (Don’t know or refuse, with no difficulty). Each IADL
ask was then dichotomized based on the presence (yes: responses 1, 3,
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r 5) or absence (no: responses 2 or 4) of difficulty. Additionally, the
otal number of difficulties across all IADL tasks (ranging from 0 to 5)
as calculated as a continuous variable. This summative count approach

s a common and practical method for capturing overall limitations in
ndependence [ 24 ]. 

.3.3. Socio-demographics and covariates 
Covariates included age, sex, living arrangement, race, income sta-

us, and self-rated health. All covariates were entered as categorical
ariables for both description and regression model adjustment. Age
as grouped into five categories (70–74, 75–79, 80–84, 85–89, and
 90). Sex was coded as a binary variable (female, male). Self-rated
ealth was categorized into five levels (poor, fair, good, very good, ex-
ellent). Race was classified into four groups (Asian American/Pacific
slander, Non-Hispanic Black, Hispanic, Non-Hispanic White). Living ar-
angement was dichotomized (alone vs. living with someone), and in-
ome status was categorized into three groups (poverty: ≤ 100 % Fed-
ral Poverty Level [FPL], low-income: > 100 % to ≤ 200 % FPL, normal:
 200 % FPL). 

.4. Statistical analysis 

Overall, Latent Profile Analysis (LPA) was performed on standard-
zed cognitive performance scores to identify latent cognitive profiles,
ollowed by logistic or linear regression with Holm-Bonferroni correc-
ions to examine associations between these profiles and IADL difficul-
ies. All analyses were performed using R (version 4.4.0). 

.4.1. Data transformation and checking 
Cognitive scores were first transformed so that higher scores uni-

ormly indicated greater impairment, and then standardized into z-
cores for each of the six cognitive domains. Standardizing to z-scores
llowed us to compare domains on a common scale, ensuring that dif-
erences in the original scoring metrics did not bias the latent profile
nalysis. A correlation matrix was generated to assess multicollinearity;
ll coefficients were below 0.55[25]. Outlier detection was performed
sing the 1.5 × interquartile range (IQR) rule [ 25 ]. Participants with
utlier scores in more than one domain (i.e., scores below Q1–1.5 × IQR
r above Q3 + 1.5 × IQR) were excluded from the analysis, resulting in
he removal of 20 participants. 

.4.2. Latent profile analysis 
LPA was applied to the six-domain z-scores to determine the optimal

umber of cognitive profiles. Models with one to six profiles were tested
nder the assumption of equal variances and zero covariances. Model
election was guided by three criteria [ 25 ]: 

Model fit: Evaluation using Akaike Information Criterion ( AIC ),
ayesian Information Criterion ( BIC ), and sample-size adjusted BIC
 SABIC ), where lower values indicate better fit. 

Incremental fit improvement: The Bootstrapped Likelihood Ratio
est ( BLRT ) was used to assess whether adding an additional profile
ignificantly improved model fit. 

Profile characteristics: Consideration of the number and size of pro-
les, as well as entropy values, with values closer to 1 signifying clearer
elineation between profiles. 

.4.3. Reporting and interpretation of profiles 
For each identified profile, mean z-scores across the six cognitive

omains were reported. Given the absolute value of z-scores (| z|) range
cross all domains in this study (from 0.09 to 2.7), to facilitate inter-
retation, deviations in z-scores were categorized as mild ( |z| < 1.0),
oderate ( |z| 1.0–1.5), or significant ( |z| > 1.5). 
3

.4.4. Exploring the associations between profiles and IADL difficulties 
We examined associations between latent cognitive profiles and

ADL difficulties using regression analyses. The profiles were treated
s categorical independent variables, with the best-performing profile
erving as the reference group. Dependent variables included difficulties
n individual IADL domains (shopping, laundry, banking, meal prepara-
ion, and medication management) and a cumulative IADL sum score
erived by aggregating difficulty responses across domains. Logistic re-
ression was employed for individual IADL difficulties (categorical out-
omes), while linear regression was used for the total number of diffi-
ulties (a continuous outcome). All models adjusted for potential con-
ounders, including sex, age group, self-rated health, race, living ar-
angement, and income status. Holm-Bonferroni-adjusted p-values were
pplied to control for multiple comparisons, thereby preserving the
amily-wise error rate and enhancing the robustness of significant find-
ngs. 

. Results 

.1. Participants’ demographics and characteristics 

The analytic sample (N = 2219) was composed of 56.3 % female,
7.0 % White individuals, with the most common age range being 75–
9 years (33.6 %). Additionally, 36.0 % lived alone, 40.0 % rated their
ealth as “good ”, and 43.4 % reported having a normal income. Detailed
emographics, cognitive scores, and IADL difficulties are presented in
able 1 . 

.2. Identification of latent profiles 

A five-profile model was selected based on optimal model fit, ev-
denced by the lowest AIC, BIC , and SABIC values, highest entropy
0.853), and a significant Bootstrapped Likelihood Ratio Test ( BLRT ;
 < 0.001) (see Appendix 1 ). Fig. 1 displays the mean z-scores and sam-
le sizes for each profile, while Appendix 2 details the z-scores, original
cores, and standard deviations. The profiles, defined by predefined z-
core deviation thresholds, are as follows: 

Profile 1 (Overall intact, n = 1123; 50.5 %): Exhibited below-
verage impairments across all cognitive domains (all z-scores < 0),
epresenting the healthiest cognitive group. 

Profile 2 (Isolated moderate orientation impairment, n = 346;
5.6 %): Characterized by a moderate deficit in orientation (z-
core = 1.06) while other domains remained average (z-scores between
 0.21 and 0.21). 

Profile 3 (Mild global impairment with preserved orientation,
 = 489, 22.0 %): Demonstrated slight impairments across all cogni-
ive domains (z-scores between 0.14 and 0.89) but showed relatively
reserved orientation (z-score = − 0.47). 

Profile 4 (Mild global impairment with significant orientation im-
airment, n = 123, 5.5 %): Showed significant impairment in orientation
z-score = 2.7) alongside slight impairments in other domains (z-scores
etween 0.4 and 0.91) 

Profile 5 (Moderate global impairment, n = 138, 6.2 %): Represented
he most cognitively impaired group, with moderate impairments across
ll domains (z-scores between 0.78 and 1.43). 

In summary, Profile 1 exhibited the healthiest cognitive perfor-
ance; Profiles 2 and 4 were marked by orientation deficits (with Pro-

le 4 also showing broader impairment); Profile 3 had mild global im-
airments but relatively preserved orientation; and Profile 5 demon-
trated the most extensive global impairment. 

.3. Association between the profiles and IADLs 

Overall, compared with Profile 1 (the healthiest group), all other
rofiles were associated with higher odds of difficulties in individual



J. Li, S.L. Szanton and J. Li The Journal of Prevention of Alzheimer’s Disease 12 (2025) 100162

Fig. 1. Mean z-scores across six cognitive domains and corresponding profile sizes. 
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ADL tasks (medication management, shopping, meal preparation, and
anking) as well as a higher cumulative IADL difficulty score, after ad-
usting for confounders and applying Holm-Bonferroni correction. No
ignificant associations were observed for laundry. Detailed regression
odel results are presented in Table 2 , and the significant associations

re visualized in Fig. 2 . 
For medication management, compared with Profile 1, Profile 5

xhibited the highest risk, with a 2.55-fold increase in the odds
f experiencing difficulty ( OR = 2.55, 95 % CI : 1.66–3.90; adjusted
 < 0.001). This was followed by Profile 4 , which had a 2.15-fold in-
rease ( OR = 2.15, 95 % CI : 1.36–3.40; adjusted p = 0.008), then Pro-

le 2 ( OR = 2.06, 95 % CI : 1.51–2.81; adjusted p < 0.001), and Profile 3

 OR = 1.56, 95 % CI : 1.16–2.09; adjusted p = 0.017). 
In shopping difficulties, compared with Profile 1 , the highest risk

as observed in Profile 4 ( OR = 2.19, 95 % CI : 1.41–3.38; ad-
usted p = 0.005). Profile 5 also showed a substantial association
 OR = 2.03, 95 % CI : 1.35–3.06; adjusted p = 0.007), followed by Pro-

le 2 ( OR = 1.77, 95 % CI : 1.35–2.31; adjusted p < 0.001) and Profile 3

 OR = 1.65, 95 % CI : 1.30–2.11; adjusted p = 0.001). 
For meal preparation difficulties, compared with Profile 1, Profile 5

xhibited the highest risk ( OR = 2.22, 95 % CI : 1.49–3.31; adjusted
 = 0.001), followed by Profile 4 ( OR = 2.07, 95 % CI : 1.36–3.15; ad-
usted p = 0.007), with Profiles 2 and 3 both associated with a 1.52-fold
ncrease in odds ( Profile 2 : OR = 1.52, 95 % CI : 1.16–1.99; adjusted
 = 0.017; Profile 3 : OR = 1.52, 95 % CI : 1.19–1.94; adjusted p = 0.007).

Banking difficulties showed the strongest associations overall. The
ighest risk was observed in Profile 4 , with nearly four times the odds
f difficulty compared with Profile 1 ( OR = 3.98, 95 % CI : 2.62–6.04;
djusted p < 0.001). This was followed by Profile 5 ( OR = 3.25, 95 %
I : 2.19–4.81; adjusted p < 0.001), then Profile 2 ( OR = 1.81, 95 %
I : 1.38–2.37; adjusted p < 0.001), and Profile 3 ( OR = 1.48, 95 % CI :
.15–1.90; adjusted p = 0.017). 

In contrast, regarding laundry activities, none of the profiles demon-
trated a statistically significant association after adjusting for multiple
omparisons. Specifically, Profile 2 ( OR = 1.16, 95 % CI : 0.88–1.54;
djusted p = 0.434), Profile 3 ( OR = 1.17, 95 % CI : 0.91–1.51; adjusted
 = 0.434), Profile 4 ( OR = 1.51, 95 % CI : 0.98–2.35; adjusted p = 0.198),
nd Profile 5 ( OR = 1.52, 95 % CI : 1.00–2.30; adjusted p = 0.198) did
ot reach statistical significance. 
l

4

In linear regression analyses of the cumulative IADL difficulty
core, all profiles were associated with significantly higher scores
ompared with Profile 1. Profile 5 was associated with the largest
ncrease ( 𝛽 = 0.83, 95 % CI : 0.57–1.09; adjusted p < 0.001), fol-
owed closely by Profile 4 ( 𝛽 = 0.82, 95 % CI : 0.55–1.10; adjusted
 < 0.001), then Profile 2 ( 𝛽 = 0.46, 95 % CI : 0.29–0.64; ad-
usted p < 0.001), and Profile 3 ( 𝛽 = 0.37, 95 % CI : 0.21–0.52;
djusted p < 0.001). 

. Discussion 

Using a nationally representative dataset from the United States, we
dentified five distinct cognitive profiles among older adults without
ementia, underscoring considerable heterogeneity. The largest group
 Profile 1 , 50.5 %) demonstrated intact cognition across all domains,
hereas a small subgroup ( Profile 5 , 6.2 %) exhibited pronounced im-
airments across all domains, suggesting the need for comprehensive
ognitive interventions. Two profiles were characterized by orientation
eficits: Profile 4 (5.5 %) showed mild global impairments with a sig-
ificant orientation deficit, and Profile 2 (15.6 %) exhibited isolated
rientation-specific impairment with otherwise average functioning. In
ontrast, Profile 3 (22.0 %) presented mild global impairments but re-
ained strong orientation. With regard to IADLs, compared with Pro-

le 1 (overall intact), all other profiles (Profiles 2–5) were associated
ith increased risk for difficulties in nearly every domain except laun-
ry. Notably, the highest risk varied by task, with Profile 4 (mild global
mpairment with significant orientation impairment) showing the great-
st risk for banking and shopping difficulties, and Profile 5 (moderate
lobal impairment) demonstrating the highest odds for challenges in
edication management and meal preparation. Both Profiles 4 and 5

onsistently exhibited higher risk across IADL domains (except laundry)
han Profile 2 (isolated moderate orientation impairment) and Profile

 (mild global impairment with preserved orientation). These findings
uggest that a one-size-fits-all approach to cognitive training is inade-
uate, and underscore the importance of tailoring interventions to ad-
ress both domain-specific cognitive deficits and associated IADL chal-
enges. 
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Table 1 

Participant demographics, cognitive scores, and instrumental activities of 
daily living (IADL) difficulties ( n = 2219). 

Variable N/mean %/SD 

Demographics (n, %) 

Sex 
Female 1249 56.3 
Male 970 43.7 

Age group 
70–74 214 9.6 
75–79 745 33.6 
80–84 614 27.7 
85–89 391 17.6 
≥ 90 255 11.5 

Self-rated health 
Poor 66 3.0 
Fair 427 19.2 
Good 883 39.8 
Very good 673 30.3 
Excellent 169 7.6 

Race 
Asian American/Pacific Islander 41 1.9 
Non-Hispanic Black 368 16.6 
Hispanic 79 3.6 
Non-Hispanic White 1709 77.0 

Living arrangement 
Alone 798 36.0 
Living with someone 1421 64.0 

Income status 
Poverty 846 38.1 
Low Income 409 18.4 
Normal 964 43.4 

IADL difficulties (n, %) 

Difficulty in medication 
No 1787 80.5 
Yes 432 19.5 

Difficulty in laundry 
No 1316 59.3 
Yes 903 40.7 

Difficulty in shopping 
No 1210 54.5 
Yes 1009 45.5 

Difficulty in meal preparation 
No 1366 61.6 
Yes 853 38.4 

Difficulty in banking 
No 1499 67.6 
Yes 720 32.5 

Cognition (mean, SD) 

Episodic memory, range: 0 to 19 10.11 3.18 
Executive function, range: 0 to 5 0.83 0.88 
Orientation, range: 0 to 7 0.94 1.29 
Psychomotor function, range: 2.36 to 3.26 2.65 0.13 
Visual attention, range: 2.57 to 3.21 2.82 0.10 
Working memory, range: 0 - 1.26 0.33 0.24 

Note: IADL: instrumental activities of daily living ; SD: standard deviation; 
NA: not applicable. 
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Fig. 2. Adjusted associations between cognitive profiles and IADL outcomes 
relative to Profile 1. Panel A: Associations with individual IADL domains. Panel 
B: Associations with overall IADL difficulty. 
Note : Each regression model was adjusted for potential confounders, including 
sex, age, race, income, living arrangement, and self-rated health status. P values 
were adjusted using the Holm-Bonferroni correction. 
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.1. Profiles’ characteristics and tiered interventions 

A profile-group-based approach offers a balanced alternative to both
ne-size-fits-all programs and the high costs of fully personalized inter-
entions. In particular, individuals in Profile 5 (moderate global im-
airment) appear to be at the greatest risk for dementia [ 26 ]. Targeted
nterventions for this group should systematically address deficits across
ultiple cognitive domains. For example, deficits in episodic memory
ay be countered with physical exercise, computer-based tasks, and
sychopedagogical sessions designed to enhance memory function and
ounteract negative beliefs about memory decline [ 27 ]. In addition, in-
orporating caregiver collaboration, structured training models (such
s ACTIVE), and varied cognitive exercises using multiple stimuli has
hown promise in improving episodic memory [ 27 ]. Enhancing exec-
tive function can be achieved through exercises that promote cogni-
5

ive flexibility (e.g., task-switching), inductive reasoning tasks (such as
dentifying patterns in sequences), and activities that encourage goal-
irected behaviors in daily life [ 28 , 29 ]. For psychomotor function, co-
rdinated activities like tai chi, yoga, or fine motor tasks (e.g., knitting)
ave demonstrated benefits [ 30 ]. Interventions to improve visual at-
ention might include scanning exercises, computer-based training pro-
rams, and environmental modifications —such as clear signage and
ontrasting colors —to facilitate better visual processing [ 31 ]. Working
emory can be strengthened through exercises like digit span and n-

ack tasks, dual-task sessions that combine physical activity with mem-
ry challenges, and strategies that manage cognitive load (e.g., chunk-
ng) [ 32 ]. Finally, to enhance orientation, interventions such as real-
ty orientation therapy, environmental enrichment using clocks and cal-
ndars, and assistive technologies like electronic reminders and Global
ositioning System (GPS) systems have proven effective in supporting
emporal and spatial awareness [ 33 , 34 ]. 

Relative to Profile 5 (moderate global impairment), the other three
rofiles present less severe impairments, but varying orientation needs.
 tiered intervention strategy can adapt the multi-domain regimen de-
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Table 2 

Regression analysis of associations between cognitive profiles and domain-specific and overall IADL difficulties 
relative to Profile 1. 

Domain-specific or overall IADL Independent variable (ref: Profile 1) OR/b 95 % CI p Adjusted p 

Logistic regression ( OR ) 
Medication Profile 2 2.06 (1.51, 2.81) < 0.001 < 0.001 

Profile 3 1.56 (1.16, 2.09) 0.003 0.017 
Profile 4 2.15 (1.36, 3.40) 0.001 0.008 
Profile 5 2.55 (1.66, 3.90) < 0.001 < 0.001 

Laundry Profile 2 1.16 (0.88, 1.54) 0.292 0.434 
Profile 3 1.17 (0.91, 1.51) 0.217 0.434 
Profile 4 1.51 (0.98, 2.35) 0.064 0.198 
Profile 5 1.52 (1.00, 2.30) 0.049 0.198 

Shopping Profile 2 1.77 (1.35, 2.31) < 0.001 < 0.001 
Profile 3 1.65 (1.30, 2.11) < 0.001 0.001 
Profile 4 2.19 (1.41, 3.38) < 0.001 0.005 
Profile 5 2.03 (1.35, 3.06) 0.001 0.007 

Meal preparation Profile 2 1.52 (1.16, 1.99) 0.002 0.017 
Profile 3 1.52 (1.19, 1.94) 0.001 0.007 
Profile 4 2.07 (1.36, 3.15) 0.001 0.007 
Profile 5 2.22 (1.49, 3.31) < 0.001 0.001 

Banking Profile 2 1.81 (1.38, 2.37) < 0.001 < 0.001 
Profile 3 1.48 (1.15, 1.90) 0.003 0.017 
Profile 4 3.98 (2.62, 6.04) < 0.001 < 0.001 
Profile 5 3.25 (2.19, 4.81) < 0.001 < 0.001 

Linear regression ( b ) 
Total number of IADL difficulties Profile 2 0.46 (0.29, 0.64) < 0.001 < 0.001 

Profile 3 0.37 (0.21, 0.52) < 0.001 < 0.001 
Profile 4 0.82 (0.55, 1.10) < 0.001 < 0.001 
Profile 5 0.83 (0.57, 1.09) < 0.001 < 0.001 

Note : IADL: instrumental activities of daily living (including medication management, laundry, shopping, meal 
preparation, banking); Cognitive Profiles: Profile 1 (overall intact), Profile 2 (isolated moderate orientation im- 
pairment), Profile 3 (mild global impairment with preserved orientation), Profile 4 (mild global impairment with 
significant orientation impairment), Profile 5 (moderate global impairment); Regression models adjusted for sex, 
age, race, income, living arrangement, and self-rated health status; P values adjusted using the Holm-Bonferroni 
method. 
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eloped for Profile 5 by adjusting the intensity —in terms of dosage,
requency, and duration [ 35 ] —while also accounting for each group’s
nique orientation training requirements. For example, Profile 4 (mild
lobal impairment with significant orientation impairment) may require
 slightly lower overall intervention intensity, but with a greater empha-
is on orientation, whereas Profile 2 (isolated moderate orientation im-
airment) might benefit from an even lower intensity across all domains
ith simplified, less frequent orientation exercises alongside basic train-

ng in other cognitive areas. Meanwhile, Profile 3 (mild global impair-
ent with preserved orientation), which demonstrates intact orientation

ut deficits in other domains, may benefit from minimal orientation re-
nforcement combined with more intensive interventions targeting the
ffected domains. This tiered approach enables targeted, tailored inter-
entions that address the distinct cognitive profiles and orientation ca-
abilities of each group. 

.2. Associations of profiles with IADLs 

Our findings on the association between cognitive profiles and both
verall and domain-specific IADL performance deepen our understand-
ng of the interplay between cognition and daily functioning. In gen-
ral, more impaired cognitive profiles were associated with a higher
isk of overall IADL disability and difficulties across nearly all IADL
omains —with the notable exception of laundry. Profiles 2 –5 , char-
cterized by greater cognitive impairments, demonstrated pronounced
ifficulties in IADL performance, consistent with prior studies linking
ognitive decline to impaired daily functioning [ 8 , 9 ]. However, the
bsence of differences in laundry performance likely reflects its low
ognitive demand; as a habit-based, routine task involving predictable
teps —operating a machine, hanging, folding, and putting away clothes
 36 ] —laundry is often performed on autopilot using preserved procedu-
6

al memory. Moreover, physical capacity and habitual factors can mask
ognitive effects, as variations (e.g. a strong but forgetful person versus a
eak but cognitively sharp person) may introduce unrelated variance.

n our sample of older adults without dementia, this uniformity sug-
ests that laundry is a less sensitive indicator of early cognitive decline
han tasks like managing finances and medications that require plan-
ing, problem-solving, and memory. 

Notably, each profile displayed unique IADL demands. Profile 5

moderate global impairment) exhibited highest challenges with med-
cation management ( OR : 2.55) and meal preparation ( OR : 2.22),
hile Profile 4 (mild global impairment with pronounced orienta-

ion deficits) had the greatest difficulties with shopping ( OR : 2.19)
nd banking ( OR : 3.98). Using our thresholds ( OR 1.68 = small effect,
.47 = medium, 6.71 = large) [ 37 ], the challenges for Profile 5 fall be-
ween small and medium, whereas Profile 4 ′ s banking difficulty ex-
eeds the medium threshold, indicating a more clinically significant im-
act. Orientation, a complex cognitive function that integrates sensory
nformation, attention, and memory, is essential for navigating one’s
urroundings [ 38 ]. Deficits in orientation may disproportionately af-
ect tasks requiring spatial navigation and environmental awareness;
or example, banking and shopping, which are typically conducted
n less familiar settings than the home, demand effective spatial in-
erpretation and route planning. When orientation is impaired, locat-
ng services and navigating layouts become particularly challenging.
linically, these findings suggest that patients in Profile 4 may ben-
fit from targeted interventions —such as environmental modifications
nd enhanced support services —to maintain independence and safety,
hile streamlined strategies in routine tasks might ease the burden for
rofile 5 . 

Integrating each profile’s specific IADL demands into cognitive train-
ng holds promise for simultaneously improving underlying cognitive
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unction and mitigating real-world functional decline. For instance, we
ypothesize that interventions for Profile 4 (mild global impairment
ith significant orientation impairment) could incorporate practical,

imulation-based modules for financial tasks and shopping alongside
argeted orientation drills such as calendar management and spatial
avigation exercises. In contrast, the comprehensive impairments ob-
erved in Profile 5 (moderate global impairment) might benefit from
 multi-domain regimen that combines structured cognitive exercises
ith real-world activities, such as medication scheduling workshops
nd guided meal preparation sessions. Meanwhile, the milder deficits
n Profile 2 (isolated moderate orientation impairment) and Profile

 (mild global impairment with preserved orientation) may call for a
ore focused approach —with minimal orientation reinforcement for
rofile 3 and simplified, scaled interventions for Profile 2 to sup-
ort their cognitive functions —while integrating IADL scenarios at a
ild level may be sufficient. This tiered, integrated strategy not only

ligns intervention intensity with specific cognitive deficits but also
ddresses their IADL demands, thereby providing a framework for fu-
ure studies to evaluate the efficacy of group-based interventions that
trike a balance between scalability and personalization to promote
ognitive well-being and independence among older adults without
ementia. 

.3. Limitations 

Several limitations warrant consideration. First, the cross-sectional
esign precludes the assessment of the stability and transitions of cog-
itive profiles over time, and causality between cognitive profiles and
ADL performance cannot be inferred. Longitudinal research is essential
o determine the stability of these cognitive profiles and to better un-
erstand the causal relationships between cognitive decline and func-
ional impairments. However, this study represents an important initial
tep in building evidence in this area. Second, focusing exclusively on
lder adults in the United States limits generalizability; distinct cultural,
ocial, or economic contexts may yield different cognitive profiles or
ssociations (for example, laundry practices may vary in low-resource
ettings). Third, although eligibility was set at 65 years and older, all
nal participants were aged 70 and above. This is likely due to attrition
r aging of those initially aged 65–69, which may limit the applicabil-
ty of our findings to the younger segment of older adults. Fourth, since
he six-domain cognitive assessment was introduced in Wave 11 and
epeated in Wave 12, the one-year interval may not be sufficient to cap-
ure significant longitudinal changes in cognitive performance. While a
ongitudinal latent profile analysis would be informative, future studies
hould consider this approach once additional waves of data become
vailable. Finally, reliance on self-reported IADLs may introduce bias,
articularly among participants with subtle cognitive impairments. For
xample, some individuals may underreport or overreport difficulties
ue to recall issues, social desirability bias, or a lack of insight into their
wn functional limitations. Future research should incorporate objective
r performance-based measures of IADL performance to confirm these
esults. 

. Conclusion 

This study identified five distinct cognitive profiles among older
dults without dementia. Approximately half of the participants exhib-
ted robust cognition ( Profile 1 : overall intact), while the remaining half
howed varying levels of impairment. Notably, 6.2 % experienced sig-
ificant all-domain deficits, and the other three profiles demonstrated
ilder impairments with differing orientation needs. Cognitive training

or Profile 5 (moderate global impairment)should address all cognitive
omains systematically, whereas interventions for Profile 2 (isolated
oderate orientation impairment), Profile 3 (mild global impairment
ith preserved orientation), and Profile 4 (mild global impairment
7

ith significant orientation impairment) should tailor intensity and
rientation-focused components according to their specific needs. Com-
ared with Profile 1, Profiles 2 to 5 showed higher overall IADL risks
n nearly all domains except for laundry, which may be a less sensi-
ive indicator of cognitive well-being. Integrating profile-specific cogni-
ive training with corresponding IADL tasks (e.g., medication and meal
reparation for Profile 5 , and shopping and banking for Profile 4 ) may
nhance real-world functionality. These findings provide a foundation
or designing group-level, profile-tailored interventions that balance the
imitations of broad population-based programs with the high costs of
ully personalized approaches, ultimately enhancing the well-being of
lder adults. 
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ppendix 1. Fit statistics for six test models in latent profile 

nalysis 

Number of profiles AIC BIC SABIC Entropy BLRT_p 

1 37,801.49 37,869.95 37,831.83 1.000 NA 
2 36,299.03 36,407.42 36,347.06 0.736 0.010 
3 35,719.41 35,867.73 35,785.13 0.767 0.010 
4 35,314.80 35,503.06 35,398.21 0.823 0.010 
5 34,813.19 35,041.38 34,914.30 0.853 0.010 
6 35,149.47 35,417.59 35,268.27 0.664 0.010 

Note : Model fit statistics from 6 latent profile analysis models (1–6 profiles).
IC : Aikake information criteria; BIC : Bayesian information criteria; SABIC : sam-
le size-adjusted Bayesian information criteria; BLRT_p : p-value for the boot-
trapped likelihood ratio test. 

https://www.nhats.org
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ppendix 2. Z-scores and original scores for cognitive domains 

cross five latent profiles 

Cognition Profile 1 Profile 2 Profile 3 

Z-scores: mean (standard deviation) 
Episodic memory − 0.39 (0.93) 0.21 (0.93) 0.25 (0.86) 
Executive function − 0.34 (0.80) − 0.05 (0.90) 0.42 (1.05) 
Orientation − 0.56 (0.32) 1.06 (0.36) − 0.47 (0.37) 
Psychomotor function − 0.5 (0.68) − 0.26 (0.75) 0.85 (0.80) 
Visual attention − 0.55 (0.66) − 0.21 (0.77) 0.89 (0.71) 
Working memory − 0.27 (0.84) 0.09 (0.99) 0.14 (1.04) 
Original scores: mean (standard deviation) 
Episodic memory 8.88 (2.95) 10.79 (2.95) 10.9 (2.75) 
Executive function 0.53 (0.70) 0.79 (0.79) 1.2 (0.92) 
Orientation 0.22 (0.41) 2.31 (0.47) 0.33 (0.47) 
Psychomotor function 2.59 (0.08) 2.62 (0.09) 2.76 (0.10) 
Visual attention 2.76 (0.06) 2.8 (0.08) 2.91 (0.07) 
Working memory 0.27 (0.20) 0.35 (0.24) 0.36 (0.25) 

Note : Z-scores were computed after transforming the cognitive test scores
uch that higher scores indicate greater impairment. Original scores reflect the
aw cognitive performance measures. 
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