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The effect of cognitive function 
heterogeneity on depression risk 
in older adults: a stratified analysis 
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Backgrounds: The mechanisms linking depression and cognitive decline in 
older adults in the context of global aging are unclear, and functional status 
may modulate the relationship. This study aimed to reveal the heterogeneity of 
cognitive functioning in older adults under different physical functional states 
through latent profile analysis (LPA) and to explore the patterns associated with 
depressive symptoms.
Methods: Based on the China Health and Retirement Longitudinal Study 
(CHARLS) 2020 data, 4,158 older adults ≥60 years old were included, and 
the subtypes of cognitive functions (immediate memory, delayed memory, 
calculative ability, orientation, and visual construction) were classified by 
LPA. The associations between different cognitive categories and depressive 
symptoms were analyzed by stepwise logistic regression. The samples were 
stratified according to the physical functioning status into “functional intactness 
“and “functional impairment.”
Results: In the functional intactness group, LPA identified three cognitive 
profiles, and the risk of depression was significantly higher in the low cognitive 
function with severe calculative impairment group (19.1%) (OR = 1.52, 95% CI: 
1.21–1.91); in the functional impairment group, LPA identified four cognitive 
profiles, and the risk of depression in the low cognitive function with severe 
calculative impairment group (21.3%) was 3.37 times higher than that in the high 
cognitive function group (95% CI: 2.40–4.74), and the low cognitive function with 
impaired calculative ability group was independently associated with depression 
risk (OR = 2.65, 95% CI: 1.77–3.94). The strength of the association between low 
cognition and depression was significantly higher in the functionally impaired 
population than in the functionally intact population (B-value: 1.25 vs. 0.42, both 
p < 0.001).
Conclusion: Cognitive function heterogeneity significantly affects depression 
risk through functional status stratification, impaired functioning exacerbates 
the predictive role of low cognitive functioning for depression, and calculative 
impairment may be  an early marker of executive function impairment. The 
findings provide a basis for the precise identification of people at high risk of 
depression and the development of stratified intervention strategies.
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1 Introduction

As the process of population aging continues to accelerate in 
China, the mental health of older adults is increasingly becoming a 
focal issue in public health (1). As a common mental disorder among 
older adults, the prevalence of depression reaches 10–15% in the 
community and up to 30% or more in nursing facilities and homes (2, 
3). While current antidepressant treatments can alleviate symptoms, 
challenges such as insufficient efficacy and relapse are particularly 
prevalent in older adults. For this group, the cumulative rate of relapse 
following recovery from major depressive symptoms can be as high as 
380%, posing a significant threat to both their physical and mental 
health (4). Studies have shown that geriatric depression is associated 
with cognitive decline and difficulty functioning in daily physical 
activities (5–7).

Cognitive functioning is the basis of human higher mental 
activities, covering multiple core dimensions such as learning, 
memory, and thinking, which interact dynamically and jointly support 
individuals’ behavioral decision-making, knowledge construction, 
and social adaptation (8, 9). Despite the prevalence of physiologic 
cognitive decline in old age, there is group heterogeneity in the rate 
and degree of decline among individuals. However, previous studies 
have mainly used a single scale to assess the presence of cognitive 
impairment and to explore its association with depressive symptoms, 
thus neglecting the heterogeneity of cognitive function. As an 
individual-centered statistical analysis method, Latent Profile Analysis 
(LPA) can determine the potential categories of research subjects 
based on their episodic continuous variables and then explore the 
characteristics and influencing factors of different categories of people. 
Therefore, considering cognitive function as a profile construct and 
identifying subgroups with similar cognitive characteristics through 
LPA provides new perspectives for a deeper understanding of the 
relationship between geriatric depression and cognitive function.

Although a large number of studies have revealed bidirectional 
associations between cognitive functioning and depressive symptoms 
(10–13), the strength and direction of the relationship may vary across 
different groups of older adults, and this variation may be closely 
related to the individual’s physical functional status. Older adults with 
intact functioning may maintain cognitive functioning through social 
engagement, thus weakening the impact of negative affect caused by 
cognitive decline. In contrast, individuals with impaired functioning 
are more likely to have cognitive deficits that translate into frustration 
with daily tasks due to limitations in their activities, which can lead to 
an increase in adverse psychological effects (14). However, most of the 
existing studies consider functional status as a confounding factor 
rather than a basis for stratified analysis, leading to under-explored 
mechanisms unique to at-risk populations, such as functionally 
impaired individuals. Furthermore, although diverse depression 
intervention strategies exist [e.g., cognitive behavioral therapy (15, 
16), physical function rehabilitation (17, 18), community screening 
programs (19)], evidence for stratified interventions targeting 
cognitively heterogeneous subgroups remains limited. Clarifying the 
association patterns between cognitive subtypes and depression under 
distinct functional statuses could provide critical targets for developing 
precision interventions.

In this study, we  aimed to distinguish between “functional 
intactness” and “functional impairment” populations, utilize latent 
profile analysis to reveal the heterogeneity of cognitive functioning in 

older adults with different physical functioning states, and explore its 
association with depressive symptoms. Through this study, we hope 
to provide a basis for the accurate identification of high-risk groups 
for depression and the development of stratified intervention 
strategies, thereby promoting the development of research and 
practice in the field of geriatric mental health.

2 Methods

2.1 Data sources

This study used data from the fifth wave of the national follow-up 
survey of the China Health and Retirement Longitudinal Study 
(CHARLS) 2020. CHARLS is a nationally representative longitudinal 
cohort study hosted by the National School of Development at Peking 
University, covering 28 provinces/autonomous regions in China. It 
employs a multi-stage stratified probability sampling method, and the 
sample represents socioeconomic and health characteristics (20). The 
survey has been approved by the Peking University Institutional 
Review Board (IRB00001052-11015), and all participants signed 
informed consent forms. This study follows the Helsinki Declaration’s 
principles and was conducted per established standards and 
regulations. We included participants aged 60 and above, excluded 
those with missing or abnormal values for key variables such as 
cognitive function, depression, physical function, and demographics, 
and ultimately obtained 4,158 valid samples.

2.2 Definition of variables

2.2.1 Cognitive functions
Cognitive functioning was assessed in the CHARLS database by 

interviewing older adults, with two main components: situational 
memory and mental state (21–23). Situational memory consists of two 
dimensions: immediate memory and delayed recall. Participants were 
asked to memorize 10 semantically unrelated words. After completing 
the immediate free retelling test, a short delayed recall test was 
conducted after a few minutes, with one point for each correctly 
recalled word and 10 points for each immediate and delayed recall. 
Mental status includes calculative ability, orientation, and visual 
construction. Respondents’ numerical calculative ability was assessed 
by asking them to complete five consecutive arithmetic tasks of 
decreasing from 100 to 7, with 1 point for correct result, totaling 5 
points; orientation examined respondents’ ability to correctly 
recognize the current year, season, month, day and day of the week, 
with 1 point for each question, totaling 5 points. The visuospatial 
construction test required the respondents to reproduce the graphs 
according to the given graphs (24, 25), with 1 point in total 1 point. 
The psychometric properties of this cognitive function assessment 
method have been validated by Meng et al. in the CHARLS study 
(26–28).

2.2.2 Depressed state
In this study, we assessed the depressive state of older adults using 

the CESD-10 Depression Scale, which has good reliability (Cronbach’s 
alpha coefficient of 0.795) among Chinese older adults (29, 30). The 
scale consists of 10 entries, including two positive and eight negative 
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entries, and respondents choose one of the four options that most 
closely matches their state in the most recent week. For the eight 
negative entries, answers were scored 0–3 in order according to (1) 
little or no time (< 1 day); (2) some or a few times (1–2 days); (3) 
occasionally or moderately (3–4 days); and (4) most or all of the time 
(5–7 days). Two positive entries were scored in reverse. Scores for all 
10 entries were summed for a total score ranging from 0 to 30, with 
scores ≥10 considered the presence of depressive symptoms (31).

2.2.3 Functional state
Impaired functioning is defined as the need for any assistance 

with any of the basic activities of daily living (BADL) or instrumental 
activities of daily living (IADL) (32). BADL include feeding, bathing, 
dressing, toileting, transferring and continence; IADL include 
shopping, cooking, housekeeping, managing finances, using the 
telephone and handling medications, reflecting independence in more 
complex daily tasks (33). Respondents were considered to 
be functionally impaired if they reported “difficulty needing help” or 
“total inability” in any of these activities (34).

2.2.4 Other variables
Covariates were identified through a literature review, and the 

following covariates were included to take into account confounding 
factors that may affect cognitive functioning and depressive symptoms: 
(1) demographic variables: age (continuous variable), gender (male/
female), marital status (married/other), and residence (urban/rural); 
(2) health and lifestyle-related variables: sleep duration (continuous 
variable), self-rated health (good/fair/poor), number of chronic 
diseases (0, 1, 2, > = 3), smoking (yes/no), drinking alcohol (yes/no), 
and participation in social activities (yes/no); and (3) socio-economic 
variables: level of education (illiterate/primary/secondary/high school 
and above).

2.3 Statistical methods

2.3.1 Descriptive statistics
The basic characteristics of the study sample were first analyzed 

descriptively. The mean ± standard deviation (Mean ± SD) was used 
to describe continuous variables; categorical variables were expressed 
as frequencies (percentages). The study sample was categorized into 
functional intactness and functional impairment groups based on the 
physical functional status of the older adults, and comparisons 
between the groups were made. The χ2 test (Chi-square test) was used 
for categorical variables to detect distributional differences between 
the functional status groups. The Wilcoxon rank-sum test was used 
for continuous variables to test for significant differences in cognitive 
functioning between the functional status groups.

2.3.2 LPA
In order to explore the heterogeneity of cognitive functioning in 

the older adult population, this study used latent profile analysis (LPA) 
to identify potential categories with similar cognitive functioning 
based on five dimensions of cognitive functioning: immediate 
memory, delayed memory, calculative ability, orientation and 
visuospatial ability (24).

Starting from a single-category model (k = 1), the number of 
categories was gradually increased to a five-category model (k = 5), 

and the optimal profile model was selected based on the fitting 
metrics. The model evaluation metrics include Akaike Information 
Criterion (AIC) (35), Bayesian Information Criterion (BIC), 
Lo-Mendell-Rubin Likelihood Ratio Test (LMR-LRT) and Vuong-Lo-
Mendell-Rubin Test (VLMR) (36). In this case, smaller values of AIC 
and BIC indicate better model fit, and the LMR-LRT and VLMR tests 
p < 0.05 indicate that adding categories significantly improves model 
fit. Combining the sample proportions of the potential categories and 
the interpretability of the categories, the optimal classification model 
was ultimately determined in a comprehensive manner by preventing 
extreme category groupings with small sample sizes while ensuring 
that the cognitive function classification had clear clinical explanatory 
value (37). All LPA analyses were done in Mplus 8.0 software.

2.3.3 Regression
In this study, after identifying different potential categories of 

cognitive functioning, the relationship between them and depressive 
symptoms was further explored. Logistic regression analysis was used 
to assess the association between depressive symptoms as the 
dependent variable and potential categories of cognitive functioning 
as the independent variable, and stepwise regression was used to 
adjust the covariates step by step in order to observe the changes in 
regression coefficients before and after adjustment. Regression results 
were expressed as regression coefficients (B), odds ratios (OR), and 
95% confidence intervals (95% CI), and the significance level 
threshold for the two-sided test was set at p < 0.05. All statistical 
analyses were done in Stata 17.0 and SPSS 27.

3 Results

3.1 Sample characteristics

A total of 4,158 subjects were finally included in this study. The 
percentage of participants with impaired function was 26.07% 
(n = 1,084), and 73.93% (n = 3,074) were functionally intact. The 
mean (± SD) age was 68.46 ± 5.94 years and included 2,469 (59.38%) 
male and 1,689 (40.62%) female participants. The mean (± SD) sleep 
duration of the subjects was 6.05 ± 1.71 h, with the majority of the 
older adults being of married status (85.3%). More than 85.26% of the 
older adults suffered from at least one chronic disease, and 43.96% of 
the older participants suffered from three or more chronic diseases. In 
addition, the study found that the prevalence of depression in the 
older adult population was 29.34%, with the prevalence of depression 
in the functionally intact older adults 22.51%. However, the prevalence 
of depression in the functionally impaired older adults was as high as 
48.71% (see Table 1 for details).

3.2 Potential profile analysis

Tables 2, 3 show the LPA model fit indices for cognitive function in 
stratified populations. In the fully functional participants, the model fit 
increased as the potential subgroups increased with progressively higher 
AIC, BIC, and aBIC values. Entropy was highest at category 3, then 
decreased slightly at category 4, and rose again to 1 at category 5, all 
exceeding 0.8, indicating good distinguishability and reliable 
categorization. The p-values for LMRT and BLRT from categories 1–5 
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are all less than 0.05, indicating that each added category significantly 
improves the model. However, both categories 4 and 5 have a minimum 
category share of < 5%, according to the theoretical significance and 

practical interpretability of the model emphasized by Nylund et al. (36), 
too few categories (< 5%) may lack relevance and stability, and retaining 
such categories may lead to overfitting of the model, so categories 4 and 

TABLE 1  Descriptive statistics.

Characteristics Overall 
(%)

Functional impairment Functional intactness

LCF-SCI MCF LCF-ICA HCF p LCF-SCI MCF-
ICA

HCF p

Number, % 4,158 (100.0) 231 (21.31) 187 (17.25) 140 (12.92) 526 (48.52) 1,812 (58.95) 674 (21.93) 588 (19.13)

Age, Mean± SD 68.5 ± 5.9 68.9 ± 6. 69.9 ± 6.3 70.1 ± 6.9 69.4 ± 5.9 0.221 67.9 ± 5.6 68.2 ± 5.8 68.4 ± 6.1 0.133

Gender, % 0.011 0.087

 � Male 2,469 (59.38) 97 (41.99) 90 (48.13) 66 (47.14) 289 (54.94) 647 (35.71) 268 (39.76) 232 (39.46)

 � Female 1,689 (40.62) 134 (58.01) 97 (51.87) 74 (52.86) 237 (45.06) 1,165 (64.29) 406 (60.24) 356 (60.54)

Sleep, Mean ±SD 6.0 ± 1.7 5.5 ± 1.9 5.5 ± 1.8 5.5 ± 1.8 5.5 ± 1.8 0.994 6.2 ± 1.6 6.2 ± 1.6 6.1 ± 1.6 0.302

Marital status 0.419 0.141

 � Married 3,545 (85.26) 186 (80.52) 154 (82.35) 112 (80.00) 445 (84.60) 1,575 (86.92) 581 (86.20) 492 (83.67)

 � Else 613 (14.74) 45 (19.48) 33 (17.65) 28 (20.00) 81 (15.40) 237 (13.08) 93 (13.80) 96 (16.33)

Residence 0.376 0.007

 � Urban 2,197 (52.84) 106 (45.89) 76 (40.64) 67 (47.86) 252 (47.91) 1,028 (56.73) 336 (49.85) 332 (56.46)

 � Rural 1,961 (47.16) 125 (54.11) 111 (59.36) 73 (52.14) 274 (52.09) 784 (43.27) 338 (50.15) 256 (43.54)

Self-rated health 0.673 0.103

 � Poor 916 (22.03) 115 (49.78) 85 (45.45) 71 (50.71) 244 (46.39) 246 (13.58) 89 (13.20) 66 (11.22)

 � Fair 2,274 (54.69) 99 (42.86) 87 (46.52) 63 (45.00) 251 (47.72) 1,024 (56.51) 381 (56.53) 369 (62.76)

 � Good 968 (23.28) 17 (7.36) 15 (8.02) 6 (4.29) 31 (5.89) 542 (29.91) 204 (30.27) 153 (26.02)

Drinking 0.031 0.191

 � No 2,459 (59.14) 151 (65.37) 131 (70.05) 101 (72.14) 321 (61.03) 1,010 (55.74) 399 (59.20) 346 (58.84)

 � Yes 1,699 (40.86) 80 (34.63) 56 (29.95) 39 (27.86) 205 (38.97) 802 (44.26) 275 (40.80) 242 (41.16)

Smoking 0.839 0.077

 � No 2,966 (71.33) 175 (75.76) 137 (73.26) 108 (77.14) 401 (76.24) 1,289 (71.14) 448 (66.47) 408 (69.39)

 � Yes 1,192 (28.67) 56 (24.24) 50 (26.74) 32 (22.86) 125 (23.76) 523 (28.86) 226 (33.53) 180 (30.61)

Education 0.017 <0.001

 � Illiterate 1,079 (25.95) 94 (40.69) 61 (32.62) 48 (34.29) 163 (30.99) 336 (18.54) 191 (28.34) 186 (31.63)

 � Primary school 1,088 (26.17) 60 (25.97) 61 (32.62) 36 (25.71) 128 (24.33) 455 (25.11) 184 (27.30) 164 (27.89)

 � Middle school 1,101 (26.48) 47 (20.35) 45 (24.06) 27 (19.29) 141 (26.81) 524 (28.92) 165 (24.48) 152 (25.85)

 � High school and above 890 (21.40) 30 (12.99) 20 (10.70) 29 (20.71) 94 (17.87) 497 (27.43) 134 (19.88) 86 (14.63)

Social activity 0.490 0.400

 � No 1,955 (47.02) 118 (51.08) 97 (51.87) 71 (50.71) 245 (46.58) 824 (45.47) 327 (48.52) 273 (46.43)

 � Yes 2,203 (52.98) 113 (48.92) 90 (48.13) 69 (49.29) 281 (53.42) 988 (54.53) 347 (51.48) 315 (53.57)

Number of chronic diseases 0.554 0.455

 � 0 595 (14.31) 10 (4.33) 11 (5.88) 8 (5.71) 32 (6.08) 307 (16.94) 116 (17.21) 111 (18.88)

 � 1 845 (20.32) 27 (11.69) 17 (9.09) 24 (17.14) 68 (12.93) 429 (23.68) 160 (23.74) 120 (20.41)

 � 2 890 (21.40) 44 (19.05) 39 (20.86) 20 (14.29) 88 (16.73) 423 (23.34) 139 (20.62) 137 (23.30)

 � ≥3 1,828 (43.96) 150 (64.94) 120 (64.17) 88 (62.86) 338 (64.26) 653 (36.04) 259 (38.43) 220 (37.41)

Depression <0.001 <0.001

 � No 2,938 (70.66) 73 (31.60) 116 (62.03) 52 (37.14) 315 (59.89) 1,452 (80.13) 503 (74.63) 427 (72.62)

 � Yes 1,220 (29.34) 158 (68.40) 71 (37.97) 88 (62.86) 211 (40.11) 360 (19.87) 171 (25.37) 161 (27.38)

Functional impairment, LCF-SCI, Low Cognitive Function with Severe Calculative Impairment. MCF, Moderate Cognitive Function Group; LCF-ICA, Low Cognitive Function with Impaired 
Calculative Ability. HCF, High Cognitive Function Group; Functional intactness, LCF-SCI, Low Cognitive Function with Severe Calculative Impairment; MCF-ICA, Moderate Cognitive 
Function with Impaired Calculative Ability; HCF, High Cognitive Function Group. Boldface indicates statistical significance (p < 0.05).
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5 are excluded, and the minimum category share of 19.13% in the model 
of category 3 is more in line with the statistical robustness requirements. 
Finally, we chose the 3-category model as the best model. Figure 1 
represents the sample proportion and estimated probability of cognitive 
categorization in the functional intactness group, and based on the 
difference of the dimensions in the figure, we named the category 1 
(19.1% of the total) as the group of low cognitive function with severe 
calculative impairment (LCF-SCI); the category 2 (21.9%) as the group 
of moderate cognitive function with impaired calculative ability (MCF-
ICA); and the category 3 (59.0% of the total) was good in all dimensions 
and named the high cognitive function group (HCF).

For functionally impaired participants, the p-value for category 
4 was < 0.05, whereas the p-value for category 5 was > 0.05, indicating 
no significant improvement from category 4 to 5. The entropy value 
for category 4 was 0.994, indicating a high degree of clarity in the 
classification of the categories. Category 4 achieved an optimal 
balance between model fit, statistical significance, and practical 
explanatory properties. Finally, we chose the 4-category model for 
analysis. Figure  2 represents the categorization results of the 
functionally impaired population. Category 1 (21.3% of the 
population) has overall low cognitive ability and severely impaired 
numeracy, so the first category is named the low cognitive function 
with severe calculative impairment group (LCF-SCI); In category 2 
(12.9% of the percentage), other dimensions were better and 
calculative ability was poor, so category 2 was named the low 
cognitive function with impaired calculative ability group (LCF-
ICA); In category 3 (17.2% share) named moderate cognitive 
functioning group (MCF). In category 4 (48.5% of the percentage), 
cognitive ability is generally higher than in other cognitive categories, 
so category 4 is named the high cognitive function group (HCF).

3.3 Depression risk analysis

Forward stepwise logistic regression was used to analyze the 
relationship between depression and influential factors. For older 
participants with intact functioning, after adjusting for gender, 

marriage, residence, sleep duration, social activities, and self-rated 
health, and using the high cognitive functioning group as a control 
group, Figure 3 results showed that the low cognitive functioning 
with severe calculative impairment group (OR = 1.516, 95% CI: 
1.207–1.905) and the moderate cognitive function with impaired 
calculative ability group (OR = 1.340, 95% CI: 1.074–1.672) were 
associated with a higher risk of depression. For older participants 
with impaired functioning, after adjusting for residence, sleep 
duration, social activities, and number of chronic diseases, and using 
the high cognitive functioning group as a control group, Figure 4 
results showed that there was no statistically significant difference in 
the risk of depression in the moderate cognitive function group 
(OR = 0.843, 95% CI: 0.590–1.204) but impaired computational 
functioning showed a significant risk gradient, with low cognitive 
functioning with severe calculative impairment group showed a more 
than 2.3-fold increase in depression risk (OR = 3.369, 95% CI: 2.396–
4.737), and the low cognitive function with impaired calculative 
ability group also showed a 1.6-fold increase in risk (OR = 2.645, 95% 
CI: 1.774–3.944).

4 Discussion

In this study, we revealed the heterogeneous characteristics of 
cognitive functioning in older adults with different physical 
functioning states employing latent profile analysis (LPA) and delved 
into the association between cognitive profiles and depressive 
symptoms. The results showed that the cognitive functions of 
functionally intact and functionally impaired older adults showed 
significantly different stratification structures, with the strength of the 
association between the low cognitive function group and depressive 
symptoms being particularly prominent (B-values of 0.416 and 1.251, 
respectively, both p < 0.001). This finding not only confirms the 
association between cognitive function and depressive symptoms in 
previous studies but also provides a new perspective for understanding 
the mechanism of action of the two through the fine delineation of 
cognitive subtypes.

TABLE 2  Functional intactness group: latent profile analysis (LPA) indicators.

Classes AIC BIC ABIC LMR BLRT Entropy Class probability

1 48190.681 48250.988 48219.214 – – – –

2 45432.399 45589.198 45506.585 <0.001 <0.001 0.925 40.73/59.27

3 44064.796 44257.779 44156.102 <0.001 <0.001 0.984 19.13/21.93/58.95

4 43921.327 44150.495 44029.754 <0.001 <0.001 0.971 19.13/1.24/21.93/57.71

5 42754.394 43019.746 42879.941 0.004 <0.001 1 1.17/17.96/51.85/12.23/16.79

AIC, Akaike information criterion; BIC, Bayesian information criterion; ABIC, sample size adjusted BIC; LMR, Lo-Mendell-Rubin likelihood radio test; BLRT, Bootstrap likelihood ratio test.

TABLE 3  Functional impairment group: latent profile analysis (LPA) indicators.

classes AIC BIC ABIC LMR BLRT Entropy Class probability

1 16904.79 17004.558 16941.034 – – – –

2 16241.035 16370.733 16288.152 <0.001 <0.001 0.921 44.09/55.91

3 15755.066 15914.695 15813.056 <0.001 <0.001 0.983 23.54/21.67/54.79

4 15408.212 15597.772 15477.076 <0.001 <0.001 0.994 21.31/ 17.25/ 48.52/12.92

5 14426.774 14646.264 14506.511 0.158 <0.001 1 21.31/12.92/10.98/48.52/6.27

AIC, Akaike information criterion; BIC, Bayesian information criterion; ABIC, sample size adjusted BIC; LMR, Lo–Mendell–Rubin likelihood radio test; BLRT, Bootstrap likelihood ratio test.
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4.1 Multidimensional analysis of 
heterogeneity in cognitive functioning

Among functionally intact older adults, the LPA model identified 
three types of cognitive profiles, with differences centered on 
calculative ability and delayed memory. The low cognitive functioning 
group was significantly lower than the other groups on these two 
measures. In contrast, no significant between-group differences 
existed on the immediate memory, orientation, and visual 
construction dimensions. This result supports the “asynchronous 
decline model of cognitive capacity,” i.e., the temporal heterogeneity 
of functional loss in different cognitive domains (38). The early 
decline of computational power, a prefrontal-parietal network-
dependent higher cognitive function (39), may serve as a sensitive 
marker of cognitive reserve depletion (5).

Cognitive stratification of functionally impaired older adults was 
more complex, and the separate division of the four types of profiles 
into the severely impaired low cognitive function with severe 
calculative impairment group was clinically significant. This group did 
not differ significantly from the others in immediate memory and 
visual construction dimensions. However, it had significantly 
calculative impairment and a risk of depression that was 3.369 times 
higher than that of the high cognitive functioning group. This finding 
suggests that numeracy deficits may be  a “window indicator” of 
executive function impairment (40). Decreased physical activity 
triggers computational decline by disrupting the efficiency of 
prefrontal lobe regulation (41), forming a pathological chain of 
“impaired function → executive impairment → computational deficits 
→ risk of depression,” which is consistent with the findings of Zhu L 
et al. (42).

FIGURE 1

Proportional distribution of functional intactness subgroups.

FIGURE 2

Proportional distribution of functional impairment subgroups.
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4.2 Neurobiological mechanisms of 
cognitive-depressive associations

The present study found a significantly higher risk of depression 
in the low cognitive functioning group (adjusted OR = 1.52, 95% CI: 
1.21–1.91 in the functional intactness group and adjusted OR = 3.37, 
95% CI: 2.43–4.67 in the functional impairment group), which was 
closely related to prefrontal cortex hypofunction (43). Structural 
damage to the prefrontal-limbic system-hippocampal loop is more 

likely to exacerbate feelings of low self-esteem and helplessness 
through negative cognitive biases (44–47). The present study further 
suggests that computational power may be  a more direct 
characterization of the functional status of this loop.

Animal experimental evidence that exercise promotes 
hippocampal neurogenesis by upregulating brain-derived 
neurotrophic factor (BDNF) levels (48) suggests that the cognitive 
advantage in the functionally intact group may be  related to a 
protective mechanism of exercise-related neuroplasticity. Future 

FIGURE 3

Logistic regression analysis of depression in the functional intactness group. LCF-SCI, Low Cognitive Function with Severe Calculative Impairment; 
MCF-ICA, Moderate Cognitive Function with Impaired Calculative Ability; HCF, High Cognitive Function Group.

FIGURE 4

Logistic regression analysis of depression in the functional impairment group. LCF-SCI, Low Cognitive Function with Severe Calculative Impairment. 
MCF, Moderate Cognitive Function Group; LCF-ICA, Low Cognitive Function with Impaired Calculative Ability. HCF, High Cognitive Function Group.

https://doi.org/10.3389/fpubh.2025.1624599
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Zhang et al.� 10.3389/fpubh.2025.1624599

Frontiers in Public Health 08 frontiersin.org

studies could test this hypothesis using serum BDNF assays and 
cranial MRI scans in human samples.

4.3 Methodological innovations and clinical 
insights

In contrast to traditional studies that consider cognitive function 
as a single variable, this study used the LPA model to reveal the 
heterogeneity of cognitive subtypes and analyze the cognitive-
depressive associations in older adults with different functional 
statuses. Based on the identified population heterogeneity, we propose 
stratified intervention strategies: For the functional intactness group, 
primary interventions should focus on calculative ability training (e.g., 
arithmetic-based games) and social engagement. For the functional 
impairment group, multimodal interventions integrating physical 
rehabilitation and executive function training are recommended.

Notably, our findings highlight calculative impairment as a 
significant predictor of depression risk, suggesting its potential as an 
early biomarker for screening. We  advocate incorporating brief 
calculative tests (e.g., adopting CHARLS-style arithmetic tasks) into 
community-based depression screening systems for older adults. This 
cost-effective, easily administrable tool could facilitate preliminary 
identification of high-risk individuals. Such a tiered intervention 
model not only optimizes resource allocation but also enables 
precision prevention and treatment tailored to individuals’ 
functional statuses.

4.4 Research limitations and future 
directions

This study provides new perspectives on the mechanisms of 
cognition-depression interactions, but it is only a preliminary 
exploration. Several limitations remain: (1) The study’s cross-sectional 
design limits causal inferences and requires longitudinal follow-up in 
the future. (2) Due to data limitations, we did not assess the association 
between other dimensions of cognitive functioning and depression, 
such as “language functioning.” (3) The data for this study were 
collected during the COVID-19 pandemic, and the control of the 
pandemic may have led to a systematic bias in the scores of the Self-
Rating Scale of Depressive Symptoms in the older adults. Therefore, 
when extrapolating the depressive symptom-cognitive functioning 
association model constructed in this study to regular social situations, 
structural differences in environmental stressors need to be carefully 
considered. (4) The gender ratio of the study sample was unbalanced, 
and future studies need to include more balanced samples to improve 
the generalizability of this study. Future multicenter and longitudinal 
studies are expected to validate the model further and promote the 
development of precise intervention strategies.

5 Conclusion

In summary, the present study reveals the differential impact of 
cognitive heterogeneity on depression risk through an in-depth 
profiling of cognitive function in older adults with different 
functional statuses. In the group of functional intactness older adults, 

we  identified three patterns of cognitive functioning, in which 
individuals with low cognitive functioning had a significantly 
elevated risk of depression. In contrast, among the four cognitive 
subtypes in functionally impaired older adults, the group with low 
cognitive function with severe calculative impairment in particular 
had the most prominent risk of depression. Notably, the impaired 
functioning status not only exacerbated the strength of the 
association between low cognitive functioning and depression but 
also highlighted the early warning value of numeracy as a core 
indicator of executive functioning in the development of depression. 
Based on population heterogeneity, we  propose stratified 
intervention strategies: the functional intactness group should 
receive primary interventions focusing on calculative ability training 
(e.g., arithmetic-based games) and social engagement, while the 
functionally impaired group requires multimodal interventions 
integrating physical rehabilitation and executive function training. 
We recommend incorporating brief calculative tests (e.g., CHARLS’s 
arithmetic tasks) into community-based depression screening 
systems to enable precise identification of high-risk individuals. As 
this study is limited by its cross-sectional design, future longitudinal 
research is needed to verify the temporal relationship between 
cognitive decline and depression, thereby providing more robust 
theoretical foundations for precision mental health interventions in 
older adults.
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