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Few studies have examined the effects of self-managed lifestyle behavioral adjustment on cognitive status. This study aimed to
explore the association between self-managed behavioral changes and transitions in cognitive status. The Hubei Memory and
Aging Cohort Study was a prospective cohort study conducted from 2018–2023 in rural and urban areas. Home-dwelling adults
aged ≥65 years completed neuropsychological, lifestyle, clinical, and cognitive assessments. The Cox regressions and cubic splines
were used to assess the risk of incident cognitive impairment, and latent class analysis was used to group participants based on
behavioral patterns and assess transitions in cognitive status. Among 2477 participants with a mean of 2.02 (SD, 1.25) years of
follow-up were included in the study. Participants with low and intermediate compared with high baseline behavioral risk exhibited
a reduced risk of incident cognitive impairment. At follow-up, those who maintained stable healthy behaviors or positively adjusted
them had a 54% (HR, 0.46 [95% CI, 0.34–0.62]) and 84% (0.16 [0.07–0.35]) lower risk of developing cognitive impairment,
respectively, compared with those who maintained unhealthy behaviors. The standard and reinforced behavioral adjustment
patterns exhibited a 37% (0.63 [0.22–1.79]) and 77% (0.23 [0.05–0.97]) reduction in the risk of incident cognitive impairment,
respectively, compared with the basic pattern. Optimal cognitive gains were attributed to positive adjustments in social networks,
physical exercise, cognitive activity, and sleep health. Older adults who maintained healthy behaviors or positively adjusted their
unhealthy behaviors exhibited a reduced risk of incident cognitive impairment. Positive behavior modification brought greater
cognitive improvement to all participants and more pronounced effects for those with dementia.
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INTRODUCTION
Between 1990 and 2017, the number of life years lost and deaths
caused by cognitive impairment, mainly Alzheimer’s disease, more
than doubled in China [1]. A considerable time window exists
before symptoms of cognitive impairment appear, during which
time lifestyle behaviors and other risk factors are modifiable [2, 3].
However, efforts to develop an approach for reducing the risk of
cognitive impairment that is sufficiently intensive to be effective
and scalable in the real world have thus far been unsuccessful.
Previous studies have detailed the healthy behaviors associated

with a reduced risk of cognitive impairment, as well as the effects on
cognitive function of one or a combination of lifestyle behaviors,
including smoking, alcohol intake, physical exercise, cognitive
activity, and eating patterns [2, 4–7]. Several large-scale multi-domain
randomized controlled trials (RCTs) conducted mainly in high-income
countries have shown that simultaneously targeting several modifi-
able lifestyle risk factors in individuals without dementia is a
promising strategy [8]. However, translating the interventions from
these RCTs into daily life across multiple population groups is
challenging. Notably, most current research has been concentrated
in certain regions or populations, with a scarcity of studies targeting

the Chinese people or other underrepresented groups [9]. Addition-
ally, no known risk assessment of lifestyle behaviors currently exists
for different age groups based on the risk weight of behavioral
indicators for cognitive impairment, especially within the Chinese
context. The type-dependent effects of behavioral adjustments on all
cognitive stages also require further consideration, as such
investigations remain insufficient.
Therefore, we evaluated the association between self-managed

lifestyle behavior adjustments and the onset of cognitive impairment
and changes in cognitive status among participants in the Hubei
Memory and Aging Cohort Study (HMACS) a large prospective cohort
study designed to better understand the risk factors for cognitive
impairment in the Chinese context. We hypothesized that actively
managing lifestyle behaviors would reduce the risk of cognitive
decline and improve cognitive function.

METHODS
Study design and participants
The HMACS (ChiCTR1800019164) enrolled home-dwelling adults aged 65
years and older living in Hubei, China. Details of the study design have
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been reported previously [5, 6, 10]. Baseline data were collected between
2018 and 2022. At the beginning of the study and every 1–2 years
thereafter, each participant underwent a standardized clinical assessment.
Each participant received at least two personalized health instructions and
life-based health education at baseline and during the follow-up period. In
total, 2477 participants with available follow-up measurements were
included in the current analysis (Fig. 1). Of these, 1391 did not have
cognitive impairment at baseline. The Ethics Committee of the School of
Medicine at the Wuhan University of Science and Technology approved
the study protocol. All participants provided written informed consent.

Assessment of lifestyle behaviors
Participants rated seven lifestyle behaviors: social network, nicotine
exposure, diet, physical activity, cognitive activity, sleep health, and mental
health (Table S1). Social network was categorized as follows: at least three
friends and concern from neighbors; at least three friends or concern from
neighbors; fewer than three friends and no concern from neighbors [10].
Unhealthy nicotine exposure was defined as a former smoker who quit <5
years ago or a current smoker [11]. Diet was measured by dietary preference
and frequency of intake of vegetables, fruits, and fish [12]. Physical activity
was defined as participation in moderate activity for at least 150min/week
[13]. Cognitive activity was measured by the frequency of participating in
active information-processing activities such as reading, playing chess, cards,
and games, and speculating on stocks [7]. Self-reported sleep and Athens
Insomnia Scale (AIS) scores were used to assess sleep status [14]. Unhealthy
sleep was defined as self-reported insomnia or an AIS score >6 [15].
Participants who self-reported no depression or depression for less than two
weeks and a Geriatric Depression Scale (GDS)-15 score <5 (or GDS-30 score
<10) were classified as mentally healthy [16].
We calculated risk scores of lifestyle behaviors for cognition (RSLCs), which

indicate an individual’s potential risk for cognitive decline or dementia. The
use of RSLCs enhanced statistical power, enabled personalized assessments,
and dynamically reflected health changes across the seven age-related
behaviors (Table S1 and S2) [17]. RSLC cutoff values were determined using
the receiver operating characteristic curve (Table S3) [18]. Risk levels of
lifestyle behaviors for cognition (RLLCs) were classified as low, intermediate,
and high. Behavioral adjustments during follow-up were assessed based on
changes in the RLLC. Subsequently, participants were categorized into stable
healthy, positively adjusted, negatively adjusted, and stable unhealthy
groups, according to their changing RLLC profiles.
We used the latent class analysis (LCA) program in Mplus 7.0 to create a

single indicator of positive behavioral adjustment patterns for 440 participants
who adjusted their behaviors positively based on the seven lifestyle behaviors.
LCA was used because of its strengths in identifying homogeneous subgroups
and handing complex data [19, 20]. Each participant was assigned to one of
three groups—basic, standard, or reinforced adjustment group—based on
their level of behavioral modification.

Cognition evaluation and diagnosis
Participants’ cognitive status was tested using the following standar-
dized batteries: (1) the Mini-Mental State Examination (MMSE); (2) the

Montreal Cognitive Assessment-Basic (MoCA-B); and (3) a battery of
cognitive tests, including the Auditory Verbal Learning Test, Trail-Making
Tests A and B, forward and backward conditions of the Digit Span Test,
the Boston Naming Test, the Animal Fluency Test, and the Clock Drawing
Test. These tests evaluate memory, executive ability, language ability,
and attention, respectively [6, 10]. Mild cognitive impairment (MCI) and
dementia were diagnosed at baseline and all follow-up assessments
using Petersen’s MCI criteria and the Diagnostic and Statistical Manual of
Mental Disorders, 5th edition, respectively, by an expert panel of two
neurologists and two neuropsychologists with dementia expertise
(eMethods) [21]. Cognitive impairment was defined as the occurrence
of MCI or dementia.

Statistical analysis
Descriptive statistics were calculated for all study variables. The continuous
variables were presented as median (interquartile interval) owing to a non-
normal distribution as confirmed by the Kolmogorov–Smirnov test.
Categorical variables were expressed as frequency (%).
Time-dependent Cox regression models were used to estimate the

hazard ratios (HRs) and 95% confidence intervals (CIs) between the RLLCs
and incident cognitive impairment. There was a crossover in the survival
curves for the different RLLCs when the hazard probability hypothesis was
visually assessed using log mini-log plots. Thus, the statistical significance
of the interactions was evaluated using likelihood ratio tests. Interactions
between RLLCs and the natural logarithm (ln) of time showed that the
proportional hazards hypothesis could be rejected (p < 0.001). Therefore,
we constructed a time-dependent covariate based on the RLLC and fitted a
time-varying HR function between the RLLC and incident cognitive
impairment. Subsequently, we evaluated the minimum adjusted model
using sociodemographic variables (age, sex, education, and residence) as
covariates. In the fully adjusted model, additional covariates included
hypertension, diabetes, hyperlipidemia, coronary heart disease, and
cerebrovascular disease. In the multivariate-adjusted Cox model, a
restricted cubic spline (RCS) with three knots was used to demonstrate a
non-linear correlation shape. The Akaike information criterion was used to
determine optimal linear fit. Likelihood ratio tests were used to examine
potential non-linear associations between baseline and follow-up RSLC as a
continuous variable and incident cognitive impairment by age group.
We evaluated four main trends in RLLC: stable healthy, positively

adjusted, negatively adjusted, and stable unhealthy. Furthermore, we
added a more detailed analysis of the nine types of changes in RLLC. To
make the HRs more comparable, the stable unhealthy and intermediate-
intermediate groups were used as reference categories. Cognitively normal
survival at 6 years was analyzed by examining the RLLC trend using the
Kaplan-Meier method, with subgroups compared using the log-rank test.
Owing to different RLLC evaluation criteria in different age groups, we
used RCS to demonstrate the risk of incident cognitive impairment in
relation to changes in RSLC after excluding specific participants across age
groups during the follow-up period.
Next, logistic regression was used to investigate the relationship

between changes in the RLLCs and positive cognitive transitions.
Improvement and deterioration in cognitive status were initially categor-
ized as transitioning from cognitive impairment to normal cognition and
from normal cognition to cognitive impairment, respectively. To further
clarify the impact of changes in RLLC on the cognitive function of
participants with different cognitive statuses, we divided participants into
three groups based on their baseline cognitive diagnosis: normal
cognition, MCI, and dementia. For each group, we analyzed the
associations between changes in RLLC and cognitive status at follow-up,
with the stable unhealthy group as the reference category in all analyses.
The models were also adjusted for all variables.
To evaluate the impact of different patterns of positive behavioral

adjustment on incident cognitive impairment, we classified the seven
behavioral indicators into two categories based on whether they were
actively adjusted for or included in the model. A stepwise approach was
used to fit the model, progressively incorporating each indicator until all
seven models were established. Model evaluation details are provided in
the eMethods and Table S4 in the Supplement. Based on the practical
significance and number of participants in each category, we identified
three positive behavior adjustment patterns: basic, standard, and
reinforcement adjustment. Further analysis of the HRs of incident cognitive
impairment for these three groups was undertaken in relation to those
who were stable healthy. Associations between the risk of cognitive
impairment at follow-up and behavioral adjustment patterns were

Fig. 1 Flow diagram of study participants. The data used in this
study were obtained from the participants of the HMACS who were
recruited between 2018 and 2023. During this period, a total of 2603
participants were followed up. After excluding 36 participants with
severe diseases and/or significant impairment in activities of daily
living, as well as 11 participants with severe mental disorders, a total
of 2556 participants met the inclusion criteria of the HMACS.
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assessed to explore the long-term effects of each adjustment pattern on
the prevalence of cognitive impairment.
In the sensitivity analysis, we evaluated the effects of unmeasured

potential confounders on the robustness of the results using Van der
Weele and Ding’s e-value method. This method was used to estimate odds
ratios (ORs) for any unmeasured confounder with substantial effects on the
occurrence and reversal of incident cognitive impairment [22]. To
accurately estimate associations between long-term stable RLLCs and risk
of cognitive impairment, we excluded participants with changes in RLLC
during follow-up and repeated the previous analyses. All analyses and
visualizations were performed using R software (Version 4.2.1). All P-values
were two-sided, and p < 0.05 was considered significant.

RESULTS
A total of 2477 participants (mean age 72.65 [SD, 5.68] years,
54.7% women) from the HMACS were analyzed for cognitive
transitions over 5250 person-years of follow-up. The mean follow-
up time was 2.02 years (Table 1). Participants with low,
intermediate, and high behavioral risks accounted for 48.9, 42.2,
and 8.9% of the sample, respectively. Higher behavioral risks were
linked to older age, female sex, vascular diseases, and poorer
cognition. Lower baseline behavioral risk and health behavior
improvements were correlated with urban residence and higher
education. Of 1391 participants with normal cognition at baseline,

Table 1. Baseline characteristics of participants by baseline RLLC.

Overall (n= 2477) Low RLLC (n= 1211) Intermediate RLLC
(n= 1045)

High RLLC (n= 221)

Age, median (IQR), y 71 (68–75) 70 (67–74) 71 (68–76) 72 (68–76)

Age groups (>75 y), No. (%) 566 (22.9) 237 (19.6) 273 (26.1) 56 (25.3)

Sex (female), No. (%) 1355 (54.7) 638 (52.7) 579 (55.4) 138 (62.4)

Education (primary school or below),
No. (%)

1256 (50.7) 313 (25.8) 766 (73.3) 177 (80.1)

Residence location (rural), No. (%) 1270 (51.2) 282 (23.3) 789 (75.5) 199 (90.0)

Social network, No. (%)a

Level 1 1211 (48.9) 842 (69.5) 346 (33.1) 23 (10.4)

Level 2 909 (36.7) 292 (24.1) 486 (46.5) 131 (59.3)

Level 3 357 (14.4) 77 (6.4) 213 (20.4) 67 (30.3)

Nicotine exposure (Level 2), No. (%)b 554 (22.4) 205 (16.9) 286 (27.4) 63 (28.5)

Diet, No. (%)c

Level 1 1031 (41.6) 886 (73.2) 130 (12.4) 15 (6.8)

Level 2 968 (39.1) 274 (22.6) 653 (62.5) 41 (18.6)

Level 3 478 (19.3) 51 (4.2) 262 (25.1) 165 (74.7)

Physical activity (Level 2), No. (%)d 1006 (40.6) 167 (13.8) 646 (61.8) 193 (87.3)

Cognitive activity, No. (%)e

Level 1 826 (33.3) 711 (58.7) 106 (10.1) 9 (4.1)

Level 2 448 (18.1) 237 (19.6) 191 (18.3) 20 (9.0)

Level 3 1203 (48.6) 263 (21.7) 748 (71.6) 192 (86.9)

Sleep health (Level 2), No. (%)f 1108 (44.7) 429 (35.4) 539 (51.6) 140 (63.3)

Mental health (Level 2), No. (%)g 150 (6.1) 12 (1.0) 50 (4.8) 88 (39.8)

Hypertension, No. (%) 1598 (64.5) 774 (63.9) 680 (65.1) 144 (65.2)

Diabetes, No. (%) 444 (17.9) 231 (19.1) 179 (17.1) 34 (15.4)

Hyperlipemia, No. (%) 573 (23.1) 323 (26.7) 206 (19.7) 44 (19.9)

Coronary heart disease, No. (%) 470 (19.0) 203 (16.8) 216 (20.7) 51 (23.1)

Cerebrovascular disease, No. (%) 566 (22.9) 240 (19.8) 262 (25.1) 64 (29.0)

Cognitive impairment, No. (%)h 1086 (43.8) 295 (24.4) 607 (58.1) 184 (83.3)

RSLC, median (IQR)

For persons ≤75 years old 9 (5–14) 5 (2–7) 13 (11–15) 19 (18–20)

For persons >75 years old 9 (5–13) 5 (3–6) 12 (10–13) 17 (16–20)

RLLC risk level of lifestyle behaviors for cognition, RSLC risk score of lifestyle behaviors for cognition.
aSocial network was categorized into three levels: (1) at least three friends and showing concern for neighbors; (2) at least three friends or showing concern for
neighbors; (3) less than three friends and almost no concern for neighbors.
bNicotine exposure was categorized as: (1) never smoker, or former smoker, quit ≥5 years; (2) former smoker, quit <5 years, or current smoker.
cDiet was categorized as: (1) the balanced diet between meat and vegetables, vegetables daily, fruits at least 3 times a week, and fish at least once a week; (2)
the balanced diet between meat and vegetables, but not at least one of the following: vegetables daily, fruits at least 3 times a week, and fish at least once a
week; (3) imbalanced diet between vegetables and meat, leaning more towards vegetables or meat.
dPhysical activity was categorized as: (1) at least 150 min of moderate or vigorous activity per week; (2) less than 150min per week.
eCognitive activity was categorized as: (1) at least one cognitive activity per day; (2) at least one cognitive activity per month; 3) no cognitive activities.
fSleep health was categorized as: (1) self-reported no insomnia; (2) self-reported insomnia or AIS score >6.
gMental health was categorized as: (1) self-reported no depression or depression duration less than two weeks and GDS-15 score <5 (or GDS-30 score <10); (2)
self-reported presence of depressive state for at least two consecutive weeks or GDS-15 score≥5 (or GDS-30 score≥10).
hCognitive impairment contains mild cognitive impairment and dementia.
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547 (55.4% women) developed cognitive impairment during
follow-up, and 474 had low RLLC at baseline (51.7% women)
(Tables S5–S7).
After adjusting for confounders, we found a reduced risk of

incident cognitive impairment in participants with low (HR, 0.49
[95% CI, 0.29–0.83]) and intermediate (HR, 0.47 [95% CI, 0.30–0.74])
compared with high baseline RLLC (Table S8). A U-shaped
correlation linked baseline RSLC to the risk of cognitive impair-
ment, with upslope correlation lines at follow-up (Fig. 2A).
Maintaining an unhealthy lifestyle profile resulted in a higher

incidence rate of cognitive impairment (238.53/1000 person-
years). In comparison, healthier lifestyles and maintained healthy
profiles exhibited lower incidence rates (31.41 and 86.63/1000
person-years, respectively). Stable healthy and positively
adjusted groups had a 54% (HR, 0.46 [95% CI, 0.34–0.62]) and
84% (HR, 0.16 [95% CI, 0.07–0.35]) lower risk of developing
cognitive impairment, respectively, than the stable unhealthy
group. Conversely, the negatively adjusted group exhibited
increased risk by 55% (HR, 1.55 [95% CI, 1.27–1.90]) (Fig. 2B;
Table 2). These findings suggest a significantly decreased risk of
cognitive impairment for participants who either improved their
RLLC or maintained a low RLLC, irrespective of baseline RLLC, in
contrast to those who maintained an intermediate RLLC (Table
S9; Fig. 2C). There was a non-linear positive correlation at follow-
up between changes in RSLC and risk of incident cognitive
impairment (Figure S1).
In secondary analyses, stable healthy behaviors were signifi-

cantly associated with promoting cognitive reversal (OR, 4.28 [95%
CI, 2.69–6.82]) and preventing the development of cognitive
impairment (OR, 0.36 [95% CI, 0.24–0.54]) compared with the
stable unhealthy group. Stronger effects were observed in the

positive lifestyle adjustments group (improvement: OR, 7.86 [95%
CI, 5.37–11.52]; decline: OR, 0.06 [95% CI, 0.03–0.15]). Conversely,
negative lifestyle adjustment significantly hindered cognitive
recovery (OR, 0.05 [95% CI, 0.01–0.33]), and was associated with
a substantially increased risk of cognitive deterioration (OR, 4.80
[95% CI, 3.21–7.18]) (Table S10). These results were consistent
across analyses subdividing cognitive status transitions among the
normal cognition, MCI, and dementia groups (Fig. 3). Among those
with dementia at baseline, only those with positive adjustment
experienced significant cognitive improvements (OR, 7.05 [95% CI,
2.12–23.46]) (Table S11).
The basic adjustment group changed social networks, diet,

cognitive activities, and sleep behaviors. More participants in
the standard adjustment group made positive changes, espe-
cially in physical activity. The reinforced adjustment group
further augmented these changes, with a notable increase in
active modifications across social networks, physical activity,
cognitive activity, and sleep (Table S12). Compared with the
stable health behavior group, the risk of incident cognitive
impairment was reduced by 77% in the reinforced adjustment
group (HR, 0.23 [95% CI, 0.05–0.97]) and 37% in the standard
adjustment group (HR, 0.63 [95% CI, 0.22–1.79]) (Table S13). The
prevalence of cognitive impairment across all three active
adjustment patterns was substantially higher than that in the
reference group (Table S14).
Sensitivity analysis demonstrated a low likelihood that unmea-

sured confounding factors could undermine the robustness of
these findings (Table S15). Furthermore, after excluding partici-
pants with changes in RLLC, lower baseline RLLC was significantly
associated with a reduced risk of incident cognitive impairment
(Table S16).

Fig. 2 Association of lifestyle behaviors and their changes with the incidence of cognitive impairment. A Histogram showing participant
counts across the range of risk score of lifestyle behaviors for cognition (RSLC). Non-linear relationships between RSLC and incidence of
cognitive impairment. Data were HR (solid line) and 95%CI (shadow area) from cox regression analysis with restricted cubic splines. The RCSs
illustrated a U-shaped correlation between either a lower or higher baseline RSLC score and an increased risk of cognitive impairment.
Conversely, upslope correlation lines were evident at follow-up. B Kaplan-Meier survival curves showing the overall survival according to the
change trend of risk level of lifestyle behaviors for cognition. C Heatmap showing the HRs (see eTable 6) of incident cognitive impairment in
different RLLC changes.
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DISCUSSION
This study investigated how self-management adjustments affect
cognitive status transitions. A low baseline behavioral risk score in
older adults significantly reduced the risk of incident cognitive
impairment. Furthermore, maintaining healthy behaviors lowered
the incidence of cognitive impairment and improved cognitive
performance in those without dementia. Positive behavioral
modifications provided short-term cognitive benefits among
persons with dementia. Additionally, positive adjustments in

social networks, physical exercise, cognitive activity, and sleep
yielded the most significant cognitive gains.
Consistent with previous research [23–26], our results demon-

strate that a combination of healthy behaviors correlates with
better cognitive function. To date, the complex mechanism
underlying the relationship between lifestyle behaviors and
cognitive impairment is yet to be fully understood. However,
factors that may play a role in the association include oxidative
stress, inflammation, vascular factors, neurotoxicity, and

Table 2. Risk of incident cognitive impairment according to the changing trend of RLLCa.

Changing trend of RLLC

Stable healthyd Positively adjustede Negatively adjustedf Stable unhealthyg

Incident cognitive impairment

No. of cases 103 6 282 156

Person-years 1189 191 783 654

Cases per 1000 person-years 86.63 31.41 360.15 238.53

Minimally adjusted modelb

HR (95% CI) 0.45 (0.34, 0.61) 0.16 (0.07, 0.35) 1.55 (1.27, 1.89) 1 [Reference]

P value <0.001 <0.001 <0.001

Fully adjusted modelc

HR (95% CI) 0.46 (0.34, 0.62) 0.16 (0.07, 0.35) 1.55 (1.27, 1.90) 1 [Reference]

P value <0.001 <0.001 <0.001

RLLC risk level of lifestyle behaviors for cognition, HR hazard ratio.
aThe sample size for this analysis is 1391.
bAdjusted for age, sex, education level and residence location.
cAdjusted for age, sex, education level, residence location and chronic diseases (hypertension, diabetes, hyperlipemia, coronary heart disease and
cerebrovascular disease).
dBoth baseline RLLC and follow-up RLLC are low.
eIntermediate (baseline) to low (follow-up); high (baseline) to low (follow-up); high (baseline) to intermediate (follow-up).
fLow (baseline) to intermediate (follow-up); low (baseline) to high (follow-up); intermediate (baseline) to high (follow-up).
gIntermediate (baseline) to intermediate (follow-up); high (baseline) to high (follow-up).

Fig. 3 Circular packing of cognitive status transitions for different RLLC changes. The size of the colored circle shows the number of
participants in this group, and the color shows the strength and direction of the association between the change trend of RLLC and cognitive
status transition.
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psychosocial processes [7]. Physical activity, cognitive activity, and
socialization can increase brain volume and cognitive reserve
[27–30]. Moreover, physical activity is beneficial in relieving
psychological stress and improving the status of cardiovascular
factors that increase the risk of cognitive impairment, such as
hypertension and hyperglycemia [31]. Healthy diet patterns also
play a role in promoting metabolic health [32]. The gut-brain axis
maintains brain health by maintaining the integrity of the neural
membrane and upregulating neurotrophic factors [33, 34]. Sleep
disorders increase β-amyloid (Aβ) load by inducing systemic
inflammation [35–37]. This suggests that sleep disorders are not
only a consequence of cognitive impairment as commonly
assumed, but may be driven by inflammation, potentially
contributing to the development of Alzheimer’s dementia [38].
An association also exists between Aβ dynamics and depression,
which may be an important reason why patients with depression
are at a much higher risk of developing cognitive impairment [39].
Notably, this study uniquely quantified risk by assigning

weights to behaviors related to cognitive impairment and
categorized them into levels of behavioral risk, thereby providing
a more accurate measure of the impact of these behaviors on
cognitive health. Other factors like sex, residence, and chronic
diseases may affect this relationship [7, 40]. However, our main
results remained significant after adjusting for such factors,
reinforcing lifestyle behavior as an independent risk factor for
cognitive impairment. We also found a U-shaped relationship
between baseline behavioral risk and risk of incident cognitive
impairment. This finding may be related to participants’ behavioral
adjustments due to increased health education and enhanced
self-health awareness [41].
Few studies have explored the effects of self-managed

behavioral risk changes on cognition. We found that positive
behavior adjustments or maintaining healthy behaviors reduced
cognitive impairment risk and improved cognitive function. Such
self-management has effects on cognitive improvement similar
to those of other interventions [8, 42], which may delay further
cognitive impairment by reducing exposure to risk factors
[43, 44]. Positive behavior adjustment is a dynamic process
involving self-awareness and self-adjustment [2, 45], which also
enhances feelings of mastery, reduces stress, and reduces
psychological risk factors for cognitive decline [46]. Long-term
cognitive benefits of maintaining healthy behaviors may be
reflected in a lower risk of cognitive impairment. We found that
small changes in RSLC significantly altered cognitive impairment
risk, but larger changes exhibited a slight downward trend. This
may be because the impact of behavioral risk changes on
cognitive impairment plateau, leading to diminished future
increases in risk. Additionally, high-risk individuals may have had
severe health issues before the onset of impairment. Survivorship
bias could also underestimate cognitive impairment risk in high-
risk groups.
This study identified three behavioral adjusting patterns—basic,

standard, and reinforced—and demonstrated that the reinforced
pattern significantly reduced cognitive impairment risk compared
with maintaining health behavior. In all three adjustment patterns,
the effects of adjusting some behaviors (e.g., social networks,
physical exercise, cognitive activity, sleep, and diet) on cognitive
impairment were consistent with the reported efficacy of multi-
domain RCTs [47, 48]. Moreover, the reinforced adjustment group
focused on adjustments in social networks, physical exercise,
cognitive activity, and sleep. Despite the many suggestions for
preventing dementia [2], implementing complex strategies is
challenging. We recommend focusing on key behaviors, including
social networks, exercise, cognitive activity, and sleep, which are
relevant to overall health and relatively easy to adjust.
This study has several strengths. This is the first large-scale

prospective cohort study to explore the relationship between
self-management, lifestyle behavioral adjustments, and

cognitive transitions. Our comprehensive consideration of social
health, mental health, sleep state, and daily behaviors suffi-
ciently captures health behaviors associated with cognitive
health and provides a broad perspective on lifestyle behaviors.
Based on the real-world clinical experience of the HMACS group,
this study has identified lifestyle behavior standards that are
consistent with the habits of Chinese older adults, as well as a
feasible behavioral modification plan with positive feedback
from participants. Consequently, the behavior levels proposed in
this study appear to be less influenced by objective factors and
more resistant to strong subjective rejection. We developed an
age-adjusted weighted risk score for the effects of lifestyle
behaviors on cognitive impairment that fits the characteristics of
the population. Compared with the traditional quantitative
scoring method for the frequency of unhealthy behaviors, this
method can accurately assess behavioral risk according to
individual conditions. Participants with normal cognition, MCI, or
dementia were included separately in the analysis, suggesting
the wide-ranging significance of our results for individuals at all
cognitive stages. Finally, the LCA analyses that focused on
positive behavior adjustments in four lifestyle behaviors—social
networks, physical exercise, cognitive stimulation, and sleep—
suggest a more actionable strategy for behavior adjustment in
real life.
Our study also has some limitations. First, our sample was

drawn from a community cohort in Hubei province, China, and our
results cannot be generalized to people living in nursing homes
and patients with moderate-to-severe dementia at home.
Additionally, the applicability of our results to other cultural
populations should be considered after further assessment.
Second, the RSLC established in this study applied only to people
≥65 years; thus, its applicability to assess risks in younger people is
limited. Third, some participants with poor health were less likely
to participate in the cognitive assessment. A few did not complete
the assessment, which may have produced an underestimated
proportion of people with unhealthy behaviors and negative self-
management. Fourth, lifestyle behaviors were self-reported; thus,
measurement errors may have occurred, although we extracted
the data from electronic health records and then double-checked
some of the records with participants over the phone in cases of
unclear or contradictory information. Additionally, we adjusted
some data for the years of behavior by calendar year. Fifth,
although we used baseline and follow-up lifestyle behavior status
and changes in lifestyle behaviors assessed using two records, and
addressed time-dependent covariates, reverse causality cannot be
completely excluded. Sixth, we did not eliminate the possibility
that some participants made positive behavioral adjustments
during follow-up because they were diagnosed with other chronic
conditions that might adversely affect cognition. However, despite
the potential for the effect to be masked, the benefits of positive
behavioral adjustment on cognitive function were significant,
suggesting that the effect of positive behavioral adjustment on
cognitive function may be greater in real life. Seventh, owing to
the influence of different periods and eras, the incidence and
characteristics of influencing factors of cognitive impairment may
change over time. Therefore, the influence of cohort effects must
be further considered in future studies of cognitive impairment.
Eighth, the smaller sample size remains an unavoidable limitation.
We will use the data of more participants continuously collected in
future studies to verify our results. Ninth, the temporal sequence
between lifestyle changes and outcomes remains unclear, which
restricts causal inference despite annual cognitive assessments
and updated electronic health records. Future research with
extended follow-up and more intensive monitoring is needed to
clarify this relationship. Finally, there may be residual or
unmeasured confounders in our study design, although it seems
unlikely that any potentially unmeasured confounders would
affect the robustness of the results.
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CONCLUSION
The results of this study indicate that proactive self-behavioral
management in later life—particularly in areas such as social
engagement, physical exercise, cognitive activities, and sleep—
can induce short-term improvements in cognitive status. Recom-
mendations for specific behavioral adjustments related to
dementia risk that are based on quantitative assessments provide
an efficient, targeted path for public health policy implementation
and personalized self-health management. Future research must
explore and validate the relationship between healthy behaviors
and cognitive improvement in other cultural settings.
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