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Abstract 

Background High-density lipoprotein cholesterol (HDL-C) is widely recognized for its protective effects against cog-
nitive decline. However, recent studies have presented conflicting results, with some suggesting no significant 
cognitive benefits or even an increased risk of dementia associated with high HDL-C levels. For those who suffer 
from depression, the cognitive benefits of HDL-C may be diminished or reversed. The purpose of this study is to inves-
tigate the associations between HDL-C, cognitive ability, and depressive symptoms in middle-aged and older Chinese 
adults.

Methods The datasets utilized were sourced from the China Health and Retirement Longitudinal Study (CHARLS) 
for the years 2011 and 2015, comprising 4,302 participants. Cross-lagged models were employed to explore the tem-
poral sequence between cognitive performance and HDL-C levels, and to examine the interplay among depression, 
cognition, and HDL-C. Confounding factors such as sociodemographic characteristics, sleep conditions, and history 
of chronic diseases were controlled for.

Results The analysis revealed unidirectional effects of baseline impaired cognition and greater severity of depres-
sion on increased HDL-C levels at follow-up (β =  − 0.036 and β = 0.028, respectively, P < 0.05). However, higher baseline 
HDL-C levels did not significantly predict cognitive performance or depression 4 years later (β =  − 0.008 and β = 0.023, 
respectively, P > 0.05). Depressive symptoms and cognition were found to have a significant bidirectional association 
(β =  − 0.026 and β =  − 0.053, respectively, P < 0.05).

Conclusions Cognitive impairment and depression are associated with higher HDL-C levels, whereas higher HDL-C 
levels do not appear to protect against cognitive decline or depressive symptoms. These findings underscore 
the importance of preserving cognitive and mental health, which may lower the likelihood of cardiovascular disease 
and dementia. Future studies should validate these findings and develop targeted interventions tailored to specific 
populations.
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Background
High-density lipoprotein cholesterol (HDL-C) is widely 
regarded as a beneficial lipoprotein, particularly for its 
protective effects on cognitive function in older adults 
[1–3]. HDL-C exerts multiple protective actions, includ-
ing atheroprotection, endothelial protection, immune 
regulation, oxidative stress inhibition, anti-inflammatory 
effects, and antithrombotic effects [4]. These functions 
are crucial in preventing cerebrovascular and cardiovas-
cular diseases, which are major risk factors for cognitive 
deterioration in older adults [5]. Furthermore, HDL-C is 
crucial in reducing dementia risk by preventing amyloid 
β-protein accumulation in brain vessels, improving nitric 
oxide production, slowing amyloid β-protein fibrilliza-
tion, and preserving memory and cortical complexity in 
specific brain areas such as the insular and frontal oper-
cular regions [6, 7]. Evidence suggests that HDL-C levels 
under 40 mg/dL are linked to various cognitive impair-
ments in older adults, affecting areas such as working 
memory, executive function, and immediate and delayed 
recall [8].

However, not all studies support HDL-C’s potential to 
protect cognition. For instance, two longitudinal studies 
conducted among the elderly population in China discov-
ered no significant impact of HDL-C on cognitive status 
[9, 10]. Additionally, an increased risk of dementia devel-
opment was linked to HDL-C levels above 80 mg/dL in 
initially healthy individuals aged 75 and older, and this 
association was independent of traditional dementia risk 
factors, for example, physical activity, education, smok-
ing status, alcohol consumption, and diabetes [11].

Depression may be a contributing factor to these incon-
sistencies. A longitudinal study reported that HDL-C 
positively impacts cognition in individuals without 
depression, but offers no cognitive protection for those 
with depressive symptoms, and might even lead to cogni-
tive decline [12]. Path analysis indicated that more severe 
depressive symptoms are positively correlated with 
higher HDL-C levels in middle-aged men [13]. Addi-
tionally, two studies in people with diabetes reported a 
similar positive correlation between depression or vital 
exhaustion and HDL-C, which was unexpected [14, 15].

Currently, there is a lack of nationally representative 
data exploring the relationships among HDL-C, cogni-
tive performance, and depression in middle-aged and 
older Chinese adults. Therefore, this study used a com-
prehensive longitudinal database in China to investigate 
the temporal sequence between cognition and HDL-C, as 

well as the impact of depressive symptoms on this rela-
tionship. It was hypothesized that HDL-C and cognition 
are causally related, with depressive symptoms affecting 
this association.

Methods
Data and sample
Data were acquired from the China Health and Retire-
ment Longitudinal Study (CHARLS). The subjects were 
chosen from 150 counties (districts) and 450 villages 
(urban communities) nationwide using a multi-stage 
stratified probability sampling technique, ensuring the 
data’s representativeness and a high quality for popula-
tion aged 45 years or above [16]. Ethical approval was 
granted by the Institutional Review Board at Peking Uni-
versity, with permission numbers IRB00001052-11015 
and IRB00001052-11014 for the primary household sur-
vey and biomarker collection, respectively. All partici-
pants provided written informed consent. Further details 
can be found on the official website of CHARLS.

Data from two independent waves of the CHARLS 
study were analyzed in this research. Wave 1 was the 
national baseline survey conducted between 2011 and 
2012 involving 17,708 residents, with 11,847 (67%) com-
pleting blood tests. Wave 3, conducted from 2015 to 
2016, included 21,100 individuals, with 13,420 providing 
blood samples. Among them, 10,384 participants under-
went a follow-up interview, and 7,648 (74%) completed 
the blood test. Exclusions were made for 226 individuals 
under the age of 45 years, 2,468 individuals with missing 
cognitive data, 100 participants without HDL-C infor-
mation, and 552 individuals lacking covariables such as 
depression symptoms, sleep data, and body mass index 
(BMI). Ultimately, 4,302 participants were included in 
the analysis. The detailed exclusion process is shown in 
Fig. 1.

Study variables
Cognitive function was assessed using several phone-
based measures across two main domains: episodic 
memory and mental intactness [17, 18]. Immediate and 
delayed word recall tests were used to evaluate episodic 
memory, in which participants were required to recol-
lect 10 words immediately and again after a few min-
utes, with a final score of 0–20. Mental intactness was 
assessed using three components, resulting in a total 
score of 0–11: arithmetic ability (subtracting 7 from 100 
in a sequence, five times), time orientation (recognizing 
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the year, month, day, day of the week, and season), and 
visual and spatial ability (drawing two overlapping pen-
tagons). The global cognitive score ranging from 0 to 31 
was formed by summing these individual scores. The 
higher the total score, the better the cognitive function. 
These neuropsychological tests have shown good validity 
in the Chinese adult population [19].

The HDL-C levels were measured through an enzy-
matic colorimetric test, which had a detection range of 
3–120 mg/dL. The normal range for HDL-C in adult 
males is 45–55 mg/dL, whereas in females it is 50–60 
mg/dL, slightly higher. Further details regarding the 
blood sample procedures can be found in the CHARLS 
2011–2012 National Baseline Blood Data User Guide.

Covariables
The current study identified several sociodemographic 
characteristics as potential confounders in the connec-
tion between HDL-C levels and cognition. These include 
age, sex, BMI, residence (rural or urban), educational 
level, and marital status. Other factors were depressive 
symptoms, sleep conditions, history of chronic diseases, 
alcohol usage, and smoking status.

Depressive symptoms were measured through the 
10-item Center for Epidemiological Studies Depression 
Scale (CESD-10), which has good internal validity in 

Chinese middle-aged and above individuals [20–22]. A 
4-point Likert scale was used to score, with 12 points as 
the cutoff point. Higher total scores indicate more severe 
depressive symptoms [22, 23]. Educational attainment 
was categorized into four groups: no formal education, 
primary school, middle and high school, and college or 
above. Marital status was divided into two categories: 
married/partnered and separated/divorced/widowed. 
Sleep conditions were assessed through self-reported 
data on nightly sleep duration and nap duration, defined 
as the average number of hours slept per night and the 
number of minutes napped after lunch in the past month, 
respectively. Histories of four chronic diseases—cancer, 
hypertension, diabetes, and stroke—were coded as “yes” 
or “no.” Smoking and drinking status were classified into 
three categories: never, former, and current.

Statistical analysis
Continuous variables were presented as means (standard 
deviations), whereas categorical variables were reported 
as numbers (proportions). A paired t-test was conducted 
to compare the differences in HDL-C levels and cog-
nitive function scores between wave 1 and wave 3. The 
cross-lagged panel model (CLPM) was applied as a path 
analysis technique in this longitudinal study to explore 

Fig. 1 Participant selection schematic
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the temporal relationships between variables measured 
at multiple time points [24, 25].

The cross-lagged analysis evaluated three types of rela-
tionships between cognition and HDL-C by testing the 
following five paths: one baseline correlation path, two 
autoregressive effects, and two cross-lagged effects. The 
modeling strategy is presented in Fig. 2. Furthermore, a 
cross-lagged panel analysis of the relationships between 
depressive symptoms, cognition, and HDL-C was con-
ducted. The parameters in the CLPM were assessed using 
the robust maximum likelihood method. Several indices 
were employed to evaluate model fit. Normed chi-square 
(χ2/df ) < 3, goodness-of-fit index (GFI), incremental fit 
index (IFI), and normed fit index (NFI) > 0.90, standard-
ized root mean square residual (SRMR) < 0.05, and root 
mean square error of approximation (RMSEA) < 0.08 are 
considered acceptable ranges, suggesting a good fit for 
the model.

Data were analyzed using IBM SPSS version 26.0 (IBM 
Corp., Armonk, NY) and SPSS AMOS version 28.0 soft-
ware. Statistical significance was established at a two-
tailed P value of less than 0.05.

Results
Demographic data
Table  1 presents descriptive information for a total of 
4,302 individuals at baseline. The mean age of the study 
sample was 57.80 (SD 8.19) years, with a slightly higher 
proportion of males (2,225/4,302, 51.7%). Educational 
attainment tended toward the lower end, with 62.9% 

Fig. 2 Cross-lagged panel models of HDL-C levels and cognition in middle-aged and older Chinese adults. A The modeling framework. B CLPM 
of global cognition and HDL-C levels. C CLPM of episodic memory and HDL-C levels. D CLPM of mental intactness and HDL-C levels. Standardized 
structural regression coefficients are presented. CS: cross sectional; AR: autoregressive; CL: cross-lagged

Table 1 Baseline demographic data of the population 
(N = 4,302)

Variables Values

Age (years), mean (SD) 57.80 (8.19)

Female, n (%) 2077 (48.3)

BMI (kg/m2), mean (SD) 24.67 (38.69)

Rural Village, n (%) 2687 (62.5)

Married/partnered, n (%) 3914 (91)

Educational level, n (%)

 No formal education 718 (16.7)

 Primary school 1988 (46.2)

 Middle and high school 1545 (35.9)

 College or above 51 (1.2)

History of chronic diseases, n (%)

 Hypertension 1149 (26.7)

 Diabetes 273 (6.3)

 Cancer 35 (0.8)

 Stroke 95 (2.2)

Current smoker, n (%) 1401 (32.6)

Current drinker, n (%) 1269 (34.1)

Cognition, mean (SD)

 Global cognition 15.74 (4.53)

 Episodic memory 7.56 (3.21)

 Mental intactness 8.18 (2.45)

CESD-10 scores, mean (SD) 7.87 (6.10)

Nightly sleep duration (hours), mean (SD) 6.43 (1.76)

Daytime nap duration (minutes), mean (SD) 32.78 (42.94)

HDL-C (mg/dL), mean (SD) 50.66 (15.38)
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holding a primary school diploma or lower qualification. 
In 2011, the average level of HDL-C was 50.66 mg/dL (SD 
15.38), with 28% of individuals (n = 1,203) having elevated 
HDL-C levels (16.4% of males and 11.6% of females), and 
by 2015, the mean HDL-C level increased to 51.17 mg/
dL (SD 11.97). There was a significant difference between 
these HDL-C levels (t =  − 2.86, P = 0.004). The average 
global cognitive function score decreased from 15.74 (SD 
4.53) at baseline to 14.96 (SD 4.92) at follow-up, with a 
statistically significant difference (t = 11.03, P < 0.001). 
Episodic memory scored lower (7.56 out of 20) com-
pared to mental intactness (8.18 out of 11). In terms of 

depressive symptoms, the average prevalence in 2011 was 
24.8%, with 40.7% (n = 434) of men and 59.3% (n = 633) of 
women exhibiting symptoms.

Spearman correlations between HDL-C levels and cog-
nition in waves 1 and 3 are shown in Table 2. All variables 
showed significant negative relationships. The correlation 
between HDL-C levels in 2011 and mental intactness 
in 2015 deviated from the outcomes of the cross-lagged 
analysis, whereas the remaining variables were consistent 
with the CLPM results.

Cross‑lagged panel analyses of HDL‑C and cognition
Table  3 and Fig.  2 present the findings from the cross-
lagged path analysis of the relationship between HDL-C 
levels and cognition. HDL-C levels in wave 1 were 
negatively associated with global cognitive scores and 
episodic memory scores in wave 3 in both directions, 
without controlling for covariables (βCL-1 =  − 0.048, 
P < 0.001; βCL-2 =  − 0.030, P < 0.05 in Model 1; and βCL-

1 =  − 0.026, P < 0.05; βCL-2 =  − 0.035, P < 0.05 in Model 
3). However, after adjusting for covariables (i.e., age, sex, 
BMI, education, marital status, residence, depression 
symptoms, night sleep duration, nap duration, and his-
tory of four chronic diseases), unidirectional cross-lagged 
effects were observed for impaired cognitive function 
and increased HDL-C levels 4 years later (βCL-1 =  − 0.036, 
P < 0.01, and βCL-2 =  − 0.008, P > 0.05 in Model 2), 
whereas the association between episodic memory and 
HDL-C was not statistically significant (βCL-1 =  − 0.021, 

Table 2 Spearman correlations between HDL-C and cognition at 
baseline and follow-up

* P < 0.05

** P < 0.01

*** P < 0.001

Baseline HDL‑C Follow‑up HDL‑C

Baseline Cognition scores

 Global cognition  − .060***  − .086***

 Episodic memory  − .041**  − .047**

 Mental intactness  − .060***  − .098***

Follow-up cognition scores

 Global cognition  − .059***  − .061***

 Episodic memory  − .049**  − .039*

 Mental intactness  − .052**  − .063***

Table 3 Cross-lagged panel model results for HDL-C and cognition scores (N = 4,302)

* P < 0.05

** P < 0.01

*** P < 0.001
a Abbreviation of model fit indices: χ2/df: normed chi-square; GFI: goodness-of-fit index; NFI: normed fit index; IFI: incremental fit index; SRMR: standardized root mean 
square residual; RMSEA: root mean square error of approximation
b Model 1, 3, and 5 were crude models without covariables adjusted
c Model 2, 4, and 6 were adjusted for covariables including age, sex, BMI, educational level, marital status, residence, depression symptom, nightly sleep duration and 
nap duration, history of four chronic diseases (i.e., cancer, hypertension, diabetes, and stroke)

HDL‑C and 
cognition 
scores

Autoregressive Correlations Cross sectional Model fit  indicesa

βAR‑Cognition βAR‑HDL‑C βCL‑1 βCL‑2 βCS‑Baseline χ2/df GFI IFI NFI SRMR RMSEA

Global cognitive

 Model  1b .525*** .625***  − .048***  − .030*  − .059*** 0.5 1.000 1.000 1.000 0.002 0.000

 Model  2c .375*** .639***  − .036**  − .008  − .059*** 1.4 1.000 1.000 1.000 0.001 0.009

Episodic memory

 Model  3b .417*** .654***  − .026*  − .035*  − .043** 0.5 1.000 1.000 1.000 0.002 0.000

 Model  4c .299*** .639***  − .021  − .012  − .043** 1.9 1.000 1.000 1.000 0.001 0.014

Mental intactness

 Model  5b .455*** .652***  − .055***  − .021  − .054*** 1.4 1.000 1.000 1.000 0.004 0.010

 Model  6c .329*** .639***  − .034** .001  − .054*** 0.4 1.000 1.000 1.000 0.001 0.000

Referent range  < 3  > 0.90  > 0.90  > 0.90  < 0.05  < 0.08
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P > 0.05, and βCL-2 =  − 0.012, P > 0.05 in Model 4). Mental 
intactness scores in 2011 exhibited a one-way negative 
association with HDL-C in 2015, regardless of whether 
covariables were controlled (βCL-1 =  − 0.055, P < 0.001; 
βCL-2 =  − 0.021, P > 0.05 in Model 5; and βCL-1 =  − 0.034, 
P < 0.01; βCL-2 = 0.001, P > 0.05 in Model 6). All CLPM fit 
indices demonstrated good alignment with the observed 
data, meeting the criteria within the reference range 
(Table 3).

Based on sex and age, subgroup analyses are shown in 
Supplementary Materials Fig. 1. In the female subgroup 
and the 45 to under 60 age subgroup, baseline cognition 
were significantly negatively associated with subsequent 
HDL-C levels (β =  − 0.048, P = 0.013 and β =  − 0.045, 
P = 0.007, respectively). No significant association was 
observed between baseline HDL-C levels and follow-up 
cognitive function in any subgroup, in line with the over-
all sample analysis.

Further analysis
Figure 3 depicts the associations among depressive symp-
toms, cognition, and HDL-C. Higher CESD-10 scores 
and lower global cognition scores at baseline were sig-
nificantly associated with higher HDL-C levels (β = 0.049, 
P = 0.001 and β =  − 0.059, P < 0.001, respectively). A 
marked bidirectional relationship was observed between 
CESD-10 scores and global cognition scores, indicating 
that more severe depression at baseline predicts worse 
cognitive function at follow-up (β =  − 0.026, P = 0.046), 
and vice versa (β =  − 0.053, P < 0.001).

Notably, the severity of depression in wave 1 was posi-
tively associated with HDL-C levels in wave 3 (β = 0.028, 
P = 0.024), whereas global cognition in wave 1 was 

negatively associated with HDL-C in wave 3 (β =  − 0.036, 
P < 0.001). However, the cross-sectional pathway from 
HDL-C in 2011 to depression in 2015 and from HDL-C 
in 2011 to cognition in 2015 did not provide statistically 
significant results (β = 0.023, P = 0.090 and β =  − 0.008, 
P = 0.541, respectively).

Regarding model fit, the value of χ2/df was excessively 
high at 24.6. The SRMR was 0.0061, the GFI was 0.0098, 
the NFI and CFI were 0.0095, and the RMSEA was 0.074.

Subgroup analyses based on sex and age are presented 
in Supplementary Materials Fig.  2. The direction and 
positive or negative association of each path were con-
sistent with the overall sample analysis.

Discussion
This study marks a pioneering effort in examining the 
temporal interplay among cognitive function, depres-
sion, and HDL-C levels in middle-aged and older Chinese 
adults, leveraging a nationwide longitudinal database. 
The present cross-lagged path analysis model not only 
elucidated a unidirectional cross-lagged effect between 
cognitive status and HDL-C but also uncovered a bidi-
rectional temporal relationship between depression and 
cognition, where depression was discovered to elevate 
subsequent HDL-C levels.

A negative association was found between baseline 
HDL-C levels and cognitive function. Interestingly, base-
line cognitive impairment was associated with an increase 
in subsequent HDL-C levels, but initially higher HDL-C 
levels did not appear to protect against future cognitive 
decline. This finding challenges the notion of HDL-C as 
solely “good” cholesterol. Previous research suggests that 
HDL-C affects long-term cognitive function, including 

Fig. 3 Cross-lagged panel model of the associations among depressive symptoms, cognition, and HDL-C. Standardized structural regression 
coefficients are provided. * P < 0.05, ** P < 0.01, *** P < 0.001
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both protecting cognitive function [1–3, 26, 27] and con-
tributing to cognitive decline [11]. This study conducted 
a four-year follow-up of a nationwide East Asian popula-
tion and found that HDL-C was not associated with the 
risk of cognitive impairment, which is consistent with 
findings from studies on elderly individuals in Chinese 
longevity regions, middle-aged and older adults in devel-
oped Chinese cities, and a meta-analysis of cohort stud-
ies [9, 10, 28]. The variation in results may be explained 
by the different follow-up periods used in each study, 
with longer studies reporting a substantial association 
and shorter researches not finding such a link [29].

This clinical phenomenon may be related to the fol-
lowing mechanisms. First, the increased HDL-C linked 
to cognitive impairment may not represent normal func-
tional HDL, but rather HDL that has been modified by 
oxidation. Cholesteryl ester transfer protein (CETP) 
serves a vital function in mediating the reverse trans-
port of cholesterol, and its inhibitors can lead to elevated 
plasma HDL-C levels [30]. Although theoretically they 
possess anti-atherosclerotic properties and could reduce 
cardiovascular risks [31, 32], clinical trials have demon-
strated that CETP inhibitors can elevate the levels of oxi-
dation-modified HDL, which is dysfunctional in reducing 
cholesterol clearance and antioxidation [33, 34]. This 
dysfunctional HDL may contribute to higher incidences 
of stroke, cardiovascular events, mortality, and cognitive 
damage [35]. A study from the China Kadoorie Biobank 
have identified a functional variation, CETP-rs2303790, 
unique to the East Asian population, which affects CETP 
protein activity [36]. A 10-year follow-up revealed that 
this variation did not reduce the risk of cardiovascular or 
cerebrovascular diseases, thereby indirectly suggesting 
that HDL does not have cognitive protective effects [36]. 
In patients with Alzheimer’s disease (AD), elevated HDL 
levels, especially HDL-4, may indicate increased lipid 
crossing of the blood–brain barrier, potentially promot-
ing the formation of amyloid plaques [37]. Dysfunctional 
HDL in patients with AD, characterized by a greater pro-
portion of the H5 subfraction rich in apoCIII, is asso-
ciated with impaired cholesterol efflux and increased 
proinflammatory components, potentially contributing 
to cognitive impairment [38]. Second, the association 
among sleep quality, HDL-C levels, and cognitive func-
tion is a complex interplay that has significant implica-
tions for overall health and cognitive well-being [21, 39, 
40]. Another study from CHARLS suggests a two-way 
interaction between sleep duration and HDL-C lev-
els, revealing that shorter sleep duration correlates with 
higher HDL-C levels, which could exacerbate insom-
nia and potentially impact cognitive function negatively 
[21]. A Midlife in the United States study revealed that 
negative emotions and physical symptoms peaked when 

individuals slept less than 6 h for 3 consecutive days [41]. 
Studies among East Asian and British populations have 
shown that both sleep deficiency (< 7 h) and oversleep-
ing (> 7 h) are linked to increased mortality rates, com-
promised cognitive function, and mental health issues 
[42, 43]. Even individuals without cognitive impairment 
who sleep less than 7 h may show increased AD biomark-
ers in cerebrospinal fluid, indicating the importance of 
adequate sleep for overall brain health [44]. The overall 
mean sleep duration in the present work was 6.43 h (SD 
1.76), which falls short of the optimal 7 h. Based on the 
abovementioned findings, it was assumed that cogni-
tive impairment symptoms—such as diminished time 
orientation, numeracy, and visual-spatial abilities (col-
lectively referred to as mental intactness)—may manifest 
earlier than cholesterol metabolism disorders in case of 
sleep deprivation. Additionally, cognitive impairment 
is considered a marker of disrupted neuroplasticity and 
brain integrity and an early sign of covert vascular lesions 
[45]. Notably, longitudinal studies have revealed that the 
decline in global cognitive function in older individuals 
(aged > 85 years) occurs earlier than changes in vascu-
lar risk factors like blood pressure, total cholesterol, and 
HDL-C levels, which supports the findings of the cur-
rent study [46]. Cognitive function, lipid metabolism, and 
blood pressure regulation share common brain regions 
(such as the hypothalamus and amygdala), which may be 
jointly affected by neurodegenerative lesions. Cognitive 
decline can occur in mild brain disease, whereas meta-
bolic disorders tend to manifest in more severe condi-
tions. This underscores the importance of early detection 
and intervention for cognitive impairment. Early cogni-
tive assessments are crucial for identifying individuals 
at risk, enabling timely interventions that may mitigate 
the progression of cognitive loss and reduce the associ-
ated possibility of dementia and other related conditions. 
Such proactive measures are essential for maintaining 
cognitive health and preventing dementia in later years.

Besides exploring the direct relationship between cog-
nition and HDL-C, the role of depressive symptoms was 
further investigated in this context. The present study 
observed a bidirectional relationship between cognition 
and depression, suggesting that depression may be linked 
to later cognitive impairment and vice versa. Moreover, it 
was found that severe depression may be associated with 
subsequent increases in HDL cholesterol levels.

The discovery that depressive symptoms can precipitate 
cognitive difficulties, and conversely, cognitive impair-
ment can exacerbate depressive symptoms, supplements 
some prior studies suggesting a one-way association [47, 
48], and aligns with recent researches that also supported 
a bidirectional relationship [49–51]. The mechanisms of 
cognitive decline in patients with depression may include 
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elevated oxidative stress, diminished antioxidant levels, 
inflammatory responses, reduced neurogenesis, hypo-
thalamic–pituitary–adrenal axis imbalance, increased 
cell apoptosis, and decreased monoamine activity [52, 
53]. In elderly patients with depression, cognitive impair-
ment may also have pathological bases such as cerebral 
ischemia and amyloid-beta deposition. Genetic studies 
have identified a group of single nucleotide polymor-
phisms that significantly interact between major depres-
sive disorder and cognitive domains, such as REST, 
TNFRSF21, and ARFGEF1, which are involved in neu-
ronal development, oligodendrocyte maturation, and 
myelination, respectively [54]. In addition, a comprehen-
sive model of neuroplasticity illuminates various changes, 
such as neuronal atrophy, synaptic loss, impaired neu-
roplasticity, and weakened neural circuit connectiv-
ity, in common brain regions associated with emotional 
regulation and cognition (e.g., medial prefrontal cortex, 
amygdala, and hippocampus) [55]. These alterations give 
rise to depressive moods and cognitive deficits, offering 
a plausible explanation for this bidirectional relationship.

Moreover, the baseline depression results in elevated 
HDL-C levels at follow-up were presented, which contra-
dicts most previous studies but is consistent with findings 
comparing adults or adolescents with severe depression 
to those with mild depression or healthy controls [56, 
57]. A meta-analysis found that this positive association 
was significant only in women [58]. These studies attrib-
uted dyslipidemia in patients with depression to common 
unhealthy lifestyles, such as lack of exercise, malnutrition 
or excessive fat intake, and sleep disturbances [13, 59, 
60]. Animal-based studies have shown that mouse brains 
spontaneously generate transient and localized hypoxic 
regions during wakefulness, occurring with considerable 
frequency [61]. Physical activities such as running can 
effectively reduce the hypoxic burden, providing com-
pelling evidence of how lifestyle influences the nervous 
system. Besides, genetic studies have identified potential 
relationships between the neurotransmitter 5-hydroxy-
tryptamine (5-HT) system, which is closely linked to 
depressive disorders, and HDL-C levels. This involves 
the 5-HT2A receptor gene T102C polymorphism and 
the serotonin transporter gene promoter region poly-
morphism (5-HTTLPR) [62–64]. Furthermore, it is sug-
gests that inflammatory markers are increased in elderly 
individuals with depression symptoms [65], and HDL can 
exert anti-inflammatory effects by negatively regulating 
lymphocyte activation [66]. However, there is currently 
insufficient evidence to support whether elevated HDL is 
related to delayed immune compensation. Studies involv-
ing other ethnic groups have yielded conclusions that 
diverge from those of the present study [67, 68]. Dispari-
ties in dietary habits, lifestyle, and life expectancy among 

different countries and various regions of China may con-
tribute to variations in the average levels and distribution 
of blood lipids, which could serve as confounding factors 
contributing to the inconsistent conclusions.

In addition to the impact of depression, age is another 
factor that can affect blood lipid levels. Studies involv-
ing male adults in their middle and advanced years have 
shown that as age increases, total cholesterol levels 
decrease and HDL-C levels increase [69]. These find-
ings align with the present study results. However, there 
is a perspective that HDL-C may not be a causal marker 
because many of the functions attributed to HDL are 
actually carried out by particles or specific components 
in addition to cholesterol [35]. Therefore, the current evi-
dence is insufficient to fully explain the reasons for the 
increase in HDL-C caused by cognitive impairment, and 
this finding may change after a longer follow-up, possibly 
indicating a bidirectional or no temporal relationship.

In summary, the present study highlights that cogni-
tive deficit is linked to increased HDL-C levels and that 
depression and cognitive impairment mutually aggravate 
each other. Depression may also be associated with sub-
sequent HDL-C levels. These findings could be related to 
dysfunctional HDL-C, neurodegenerative lesions in brain 
regulatory centers, and changes in neuroplasticity, as well 
as insufficient sleep and unhealthy lifestyles.

Strengths and limitations
This study exhibits several strengths and limitations 
worth considering. The national representativeness of the 
sample and its wide geographic coverage bolster the gen-
eralizability of the present findings among middle-aged 
and older Chinese adults. Cross-lagged analysis not only 
delineated the association between HDL-C and cognition 
but also elucidated their temporal sequence, enhancing 
the depth of this investigation. The standardized process 
for blood sample collection, processing, transportation, 
laboratory testing, and quality control further bolsters 
the reliability of the present results.

However, certain limitations warrant acknowledg-
ment. First, the response rate for individuals who com-
pleted both blood tests and cognitive assessments was 
74%, potentially influencing the accuracy of the present 
results. Second, the HDL levels in CHARLS represent 
HDL-C rather than the proteins and enzymes, the prin-
cipal functional components of HDL. Future research 
should delve into functional alterations in HDL, encom-
passing variations in HDL subtypes, lipid composition, 
protein conformation, and enzyme activity, rather than 
focusing solely on quantitative changes. Despite rigor-
ous control for covariables, certain unmeasured fac-
tors, such as dietary intake and physical activity levels 
were not accounted for. Alcohol consumption, although 
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divided into three general categories (i.e., never drinking, 
previous drinking, and present drinking), lacked detailed 
information on alcohol use, such as concentration, daily 
consumption, frequency, and years since quitting, poten-
tially limiting the interpretation of HDL changes. Lastly, 
the current dataset may not account for familial genetic 
variations or mutations that could contribute to elevated 
HDL levels. Long-term follow-up studies, ideally involv-
ing diverse ethnicities or age groups, are imperative to 
more comprehensively evaluate these associations.

Conclusions
In summary, this study emphasizes that elevated HDL-C 
levels do not confer protection against cognitive decline 
and depression symptoms, and in fact, cognitive impair-
ment and depression may contribute to increased HDL-C 
levels among Chinese individuals in midlife and beyond. 
This underscores the importance of holistic patient 
care, incorporating early cognitive assessments, routine 
monitoring, and prompt interventions to manage lipid 
levels and mitigate risks of cardiovascular disease and 
dementia. Clinicians should reevaluate the emphasis on 
achieving high HDL-C levels in patients with cognitive 
impairment, especially for women and individuals aged 
45–60. Future long-term longitudinal research is neces-
sary to confirm these findings, elucidate the underlying 
mechanisms, and devise more targeted interventions.
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