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Background and aims: Age-related cognitive impairment impacts a significant 
portion of the elderly population. Remnant cholesterol (RC) has attracted 
increased attention in relation to cardiovascular disease, diabetes, hypertension, 
and fatty liver disease. Nevertheless, its role in cognitive function is still enigmatic, 
prompting our exploration into the potential associations between them.

Methods: A total of 1,331 participants from the NHANES (2011–2014) database, 
all aged over 60, were included in this investigation. Cognitive function was 
assessed using four widely applied tests, including the Consortium to Establish 
a Registry for Alzheimer’s Disease Word Learning (CERAD-WL), CERAD 
Delayed Recall (CERAD-DR), Animal Fluency Test (AFT), as well as Digit Symbol 
Substitution test (DSST). Z-score is calculated by scores from the above four 
tests. The association between RC, total cholesterol (TC) to RC and cognitive 
performance was assessed by logistic regression analyses. In addition, restricted 
cubic spline (RCS) regression was performed to assess non-linearity between 
RC and cognitive function. Subgroup analysis was performed to evaluate the 
robustness of the results in populations with relevant covariate variables.

Results: Those with Z-scores below the 25% quartile are defined as having 
cognitive impairment, totaling 498 individuals. Observationally, higher RC 
levels and a lower TC/RC were associated with an increased risk of cognitive 
impairment. After adjusting for confounding factors, the impact of RC levels 
on cognitive performance quartiles was consistent across various subgroups, 
except in individuals with trouble sleeping, no/unknown alcohol use, and no 
hypertension. Americans with high RC levels and trouble sleeping are more likely 
to develop cognitive impairment, with an odds ratio of 2.33 (95% CI: 1.18–4.59).

Conclusion: This study suggests that higher RC levels and lower levels of TC/RC 
are associated with an increased likelihood of cognitive impairment, suggesting 
that RC can serve as a novel and convenient indicator for predicting the risk of 
cognitive impairment in the US population.
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1 Introduction

Cognition is defined as the operation of the mind with all facets 
of perceiving, thinking, and remembering, commonly assessed by a 
diverse range of neuropsychological tests (1, 2). In the aging process, 
although there is often a decrease in the performance of some 
cognitive functions, this does not necessarily imply a diagnosis of mild 
cognitive impairment (MCI) or dementia; it is a possibility rather than 
a certainty. Cognitive impairment can occur in some individuals as 
they age, potentially leading to MCI or even dementia (3). MCI 
impacts approximately 16 to 20% of older adults (4). Furthermore, 
over a five-year span, more than one-third of individuals with MCI 
progress to develop dementia (5). Cognitive impairment and dementia 
affect millions of people globally, placing substantial financial burdens 
on families and healthcare systems (6). While lifestyle modifications 
have been posited as potentially effective, no pharmacologic 
treatments have demonstrated efficacy in slowing the progression 
from MCI to dementia (7, 8). Therefore, discerning risk factors for 
cognitive impairment could contribute to slowing or preventing the 
onset of dementia.

Lipids include triacylglycerols (TGs), low-density lipoprotein 
(LDL), high-density lipoprotein (HDL), and total cholesterol (TC) (9). 
Extensive research established that uprise blood lipids play a pivotal 
role in atherosclerotic cardiovascular diseases (10), metabolic 
disorders (11, 12), immune regulation (11), and cancer (13). Recent 
investigations (14, 15) have broadened their scope to scrutinize the 
influence of these lipids on cognitive function and sleep. Preceding 
studies have accentuated a genetically dependent and nonlinear 
relationship between blood lipoproteins and cognitive function (16, 
17). Remnant cholesterol (RC), has garnered heightened attention and 
reveals robust associations with prevalent diseases, such as 
cardiovascular disease (18–21), diabetes (22), hypertension (23), and 
fatty liver disease (24). Elevated levels of RC are closely related to TC 
metabolism disorders and insufficient hepatic clearance of residual 
lipoproteins. Meanwhile, APOE variants are closely associated with 
the risk of Alzheimer’s disease (AD) and are involved in the regulation 
of lipid metabolism in the liver (25). Therefore, RC may affect 
cognitive function.

There exists a scarcity of studies leveraging the National Health 
and Nutrition Examination Survey (NHANES) database to delve into 
the potential relationship between RC and cognitive function. The aim 
of this study was to elucidate and clarify the correlation between RC 
levels and the presence of cognitive function among NHANES 
participants. We  hypothesized that individuals diagnosed with 
cognitive impairment would exhibit significantly elevated RC levels.

2 Materials and methods

2.1 Study population

The data were retrieved from the National Health and Nutrition 
Examination Survey (NHANES) database,1 which employs a complex 
survey design and population-specific sample weights to assess the 

1 https://www.cdc.gov/nchs/nhanes/

health or nutritional status of the non-institutionalized population in 
the United States. The assessment methodology includes a series of 
sampled household interviews and standardized physical 
examinations conducted at Mobile Examination Centers (MECs). 
We  retrieved health examination results, laboratory samples, and 
interviewed personal information from cognitive function surveys 
conducted among adults aged 60 and over from 2011 to 2014. All 
participants signed informed consent forms, and the study was 
approved by the Research Ethics Review Board of the National Center 
for Health Statistics.

We excluded (1) adults aged under 60 years old. (2) individuals 
with TG higher than 400 mg/dL. (3) individuals with missing 
laboratory data on HDL-C, LDL-C, or TC; (4) individuals without 
cognitive data; (5) individuals with missing data on other co-variables, 
such as BMI, smoking status, diabetes, and hypertension. A total of 
1,331 individuals were ultimately included in this study. The process 
of recruiting is shown in Figure 1.

2.2 Assessment of cognitive performance

Cognitive function was evaluated by four widely applied tests, 
which included the Consortium to Establish a Registry for Alzheimer’s 
Disease Word Learning (CERAD-WL), CERAD Delayed Recall 
(CERAD-DR), Animal Fluency Test (AFT), as well as Digit Symbol 
Substitution test (DSST) (26). CERAD, designed to identify 
Alzheimer’s disease, is a highly reliable and valid cognitive function 
evaluation tool (27). The CERAD-WL involves three consecutive 
learning trials and an additional delayed recall trial. Participants read 
10 irrelevant words in the first three trials and immediately recall as 
many as possible in a disrupted order each trial. Each correct word 
scores 1, and the total score is 30 (26). The AFT assesses verbal fluency, 
where participants are asked to name as many animals as possible in 
1 min. A score of less than 14 indicates a decrease in cognitive function 
(28). The DSST test is a global measure of brain health, evaluating 

FIGURE 1

Patient selection. NHANES, National Health and Nutrition 
Examination Survey; TG, Triacylglycerol; LDL-C, Low-density 
lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol.
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processing speed, visual scanning, sustained attention, and short-term 
memory (29). In the NHANES study, the version of The Digit Symbol 
Substitution Test (DSST) used is from the Wechsler Adult Intelligence 
Scale (WAIS III), with a time limit of 120 s. Participants have 2 min to 
match symbols with numbers in 133 boxes. Each correct match scores 
one point. A score greater than 33 indicates healthy cognitive function.

Z-score is calculated by scores from the above four tests for a more 
reliable and comprehensive evaluation of cognitive function. Here is 
the formula Z = (x–m)/σ(x for the raw score, m for overall mean, and 
σ for the overall standard deviation) (30). Recognizing the substantial 
impact of age on cognitive function, age-stratified quartiles of Z-scores 
(≥80 years, ≥70 to 80 years, and ≥ 60 to 70 years,) were used to assess 
cognitive performance. Subsequently, participants were classified into 
four cognitive function tiers (1 to 4) based on weighted quartiles 
derived from Z-scores within these age groups. The bottom quartile 
indicated cognitive impairment, with ascending quartiles 
corresponding to normal cognitive function.

2.3 Sleep problems

Sleep duration (14, 31) was self-reported by the question, “How 
much sleep do you get (hours)?.” Trouble sleeping was evaluated by 
the answer to “Have you ever told a doctor or other health professional 
that you have trouble sleeping?.” Sleep disorder was assessed by the 
response to “Have you ever been told by a doctor or other health 
professional that you have a sleep disorder?.” The responses to this 
question have been categorized into two distinct options: ‘yes’ or ‘no’.

2.4 Lipids assessment

In the NHANES laboratory, serum or plasma TC, HDL-C, and 
LDL-C were measured in participants who had fasted for more than 
8.5 h but less than 24 h. TC and TGs were measured using an 
enzymatic assay method. HDL-C was measured using the heparin-
manganese precipitation method or a direct immunoassay technique. 
Due to technological limitations, the precise numerical value of TG 
exceeding 400 mg/dL cannot be accurately displayed. When the TG 
value was 400 mg/dL or less, LDL-C was calculated by the following 
formula [LDL-C] = [TC]—[HDL-C]—[TG/5] according to the 
following Friedwald formula (32, 33). RC and TC/RC were the 
exposure variables. RC = TC—(LDL-C + HDL-C) (17). The TC/RC 
stands for TC divided by RC.

2.5 Co-variables

We collected potential confounding factors from standardized 
questionnaires. The data contained gender, age, race, education level, 
marital status, body mass index (BMI), alcohol use, smoking status, 
diabetes, and hypertension. Self-reported race was categorized into 
five groups: non-Hispanic White, non-Hispanic Black, Mexican 
American, other/multiracial race, and other/Hispanic race. 
Educational level was stratified into three categories: less than high 
school, high school or equivalent, and college or above. Marital status 
was divided into two groups: married and unmarried. BMI was 
categorized into four groups: underweight (<18.5), normal (18.5 to 

<25), overweight (25 to <30), and obese (30 or greater). Alcohol use 
was classified into two groups: no/unknown and yes. Smoking status 
was defined as current smoker, former smoker, and never smoker. 
Sleep duration was categorized as short (less than 7 h per night), 
normal (7–9 h per night), or long (greater than 9 h per night). 
Participants with diabetes were identified if they had any of the 
following conditions: diagnosed by a doctor or health professional, 
HbA1c ≥ 6.5%, fasting blood glucose ≥7.0 mmoL/L, random blood 
glucose ≥11.1 mmoL/L, 2-h OGTT blood glucose ≥11.1 mmoL/L, or 
use of diabetes medication or insulin. Hypertension was defined based 
on any of the following: diagnosed by a doctor or health professional, 
average systolic blood pressure ≥ 140 mmHg, or average diastolic 
blood pressure ≥ 90 mmHg.

2.6 Statistical analysis

The R software version 4.3.1 was utilized for the analysis of 
NHANES data, taking into account the intricate sampling design and 
corresponding sampling weights. The sampling weights for the 
combined four-year cycles were derived by dividing the individual 
sampling weights by 2. The data were presented as the mean ± standard 
deviation for continuous variables, median with interquartile range 
for skewed variables, and sample counts with weighted percentages 
for categorical variables. To fit the regression models, TC/RC and 
continuous RC values were subjected to natural log-transformation. 
Categorical RC and TC/RC were divided into four subgroups using 
quartiles as cutoff points.

To evaluate the association between RC, TC/RC, and cognitive 
performance, we  conducted weighted logistic regression analyses. 
Sequential models were adjusted for potential risk factors: Model 1 
without covariate adjustments, Model 2 adjusted for age, gender, and 
race, Model 3 further including education, marital status, and BMI in 
addition to the variables in Model 2, and Model 4 incorporating all 
co-variables such as alcohol use, smoking status, diabetes, and 
hypertension, along with the adjustments made in Model 3.

In order to assess the robustness of our analytical results, 
we conducted sensitivity analyses using logistic regression based on 
unweighted raw data. Additionally, to assess nonlinearity and confirm 
the dose–response relationship between residual cholesterol levels and 
cognitive function, a restricted cubic spline (RCS) regression analysis 
was performed, accounting for all variables in Model 4. Subgroup 
analysis was conducted to validate the robustness of the results in 
populations with specific covariate variables. A p-value of less than 
0.05 was deemed statistically significant.

3 Results

3.1 Characteristics of the study population

Table  1 outlines the sociodemographic and baseline 
characteristics. 1,331 individuals aged 60 years or older were included. 
The median age was 68, with females constituting 56% of the cohort. 
Cognitive impairment was identified in 498 subjects. Populations with 
different RC levels had similar prevalence rates in terms of age, sex, 
education level, marital status, trouble sleeping, sleep duration, 
smoking status, and alcohol-related conditions. However, there were 
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TABLE 1 Baseline characteristics.

Characteristic Overall, 
N =  1,331 
(100%)a

Q1, N =  364 
(25%)

Q2, N =  329 
(25%)

Q3, N =  307 
(25%)

Q4, N =  331 
(25%)

p Valueb

Age (years) 68 (63, 74) 68 (63, 74) 68 (64, 76) 69 (64, 75) 67 (64, 74) 0.13

Sex 0.5

  Female 685 (56%) 188 (56%) 167 (53%) 153 (53%) 177 (59%)

  Male 646 (44%) 176 (44%) 162 (47%) 154 (47%) 154 (41%)

Age 0.057

  < 70 years 709 (58%) 203 (61%) 172 (56%) 151 (53%) 183 (60%)

  70–80 years 401 (28%) 93 (22%) 97 (28%) 108 (34%) 103 (30%)

  ≥80 years 221 (14%) 68 (17%) 60 (15%) 48 (13%) 45 (11%)

Race, n (%) 0.001

  Non-Hispanic White 671 (80%) 178 (79%) 160 (79%) 146 (77%) 187 (83%)

  Non-Hispanic Black 269 (8.3%) 113 (13%) 68 (9.2%) 53 (7.8%) 35 (3.6%)

  Other Hispanic 141 (3.5%) 27 (2.6%) 30 (3.0%) 47 (5.5%) 37 (3.5%)

  Other/multiracial 131 (5.0%) 31 (4.1%) 36 (4.4%) 31 (6.0%) 33 (5.8%)

  Mexican American 119 (3.5%) 15 (1.5%) 35 (4.4%) 30 (4.2%) 39 (4.3%)

Education level 0.14

  Less than high school 340 (16%) 77 (12%) 80 (16%) 92 (22%) 91 (16%)

  High school or 

equivalent

314 (22%) 81 (19%) 77 (22%) 64 (21%) 92 (28%)

  College or above 677 (61%) 206 (69%) 172 (62%) 151 (57%) 148 (56%)

Marital status, n (%) 0.4

  Married 786 (65%) 213 (68%) 204 (69%) 176 (61%) 193 (63%)

  Unmarried 545 (35%) 151 (32%) 125 (31%) 131 (39%) 138 (37%)

BMI (kg/m2) <0.001

  Underweight (<18.5) 17 (1.2%) 7 (2.4%) 5 (0.6%) 3 (0.6%) 2 (1.0%)

  Normal (18.5 to < 25) 353 (26%) 135 (42%) 90 (26%) 78 (23%) 50 (13%)

  Overweight (25 to < 30) 455 (35%) 117 (34%) 133 (43%) 104 (36%) 101 (28%)

  Obese (30 or greater) 506 (38%) 105 (22%) 101 (30%) 122 (41%) 178 (59%)

Trouble sleeping 0.5

  Non-trouble sleeping 939 (68%) 269 (72%) 231 (69%) 214 (68%) 225 (66%)

  Trouble sleeping 392 (32%) 95 (27%) 98 (30%) 93 (31%) 106 (33%)

Sleep disorder, n (%) 0.005

  Sleep disorder 165 (13%) 37 (10%) 35 (8.6%) 35 (13%) 58 (20%)

  Non-sleep disorder 1,166 (87%) 327 (90%) 294 (91%) 272 (87%) 273 (80%)

Sleep duration 0.6

  < 7 h 435 (27%) 111 (26%) 117 (28%) 100 (27%) 107 (27%)

  7–9 h 772 (65%) 223 (66%) 187 (67%) 177 (64%) 185 (62%)

  ≥9 h 124 (8.4%) 30 (8.3%) 25 (5.4%) 30 (9.2%) 39 (11%)

Smoke status, n (%) 0.3

  Current smoker 159 (11%) 38 (8.2%) 35 (7.9%) 43 (14%) 43 (13%)

  Former smoker 507 (40%) 141 (40%) 114 (38%) 126 (43%) 126 (40%)

  Never smoker 665 (49%) 185 (52%) 180 (54%) 138 (43%) 162 (47%)

Alcohol, n (%) 0.3

  No/unknown 213 (14%) 44 (12%) 70 (17%) 47 (14%) 52 (11%)

(Continued)
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significant differences in the prevalence of race, BMI, sleep disorder, 
diabetes, hypertension, Z-score, and cognitive function. The 
prevalence rates of cognitive impairment across the quartiles of RC 
levels were 18, 23, 33, and 27%, respectively.

Significant differences were observed in age, race, education level, 
marital status, smoking status, diabetes, sleep duration, HDL-C, RC, 
LDL-C, TC, and TC/RC between the normal and cognitive 
impairment groups (Supplementary Table S1). Participants with 
cognitive impairment exhibited lower levels of TC, LDL-C, HDL-C, 
and TC/RC (all p < 0.05) and higher levels of RC (p = 0.048). In the 
cognitive normal group, individuals with prolonged sleep (≥ 9 h) 
accounted for 13%, surpassing the 6.9% in the cognitive 
impairment group.

3.2 The association among RC, TC/RC and 
cognitive performance

In Table 2, we delineated the relationships between RC, TC/RC 
and cognitive performance. Participants were stratified based on the 
interquartile range of RC levels. The lowest quartile (Q1) was the 
referential baseline. A statistically significant positive association was 
identified between RC and cognitive performance at the third quartile 
(Q3) in all analytical models examined. Specifically, for Model 1, the 
odds ratio (OR) with 95% confidence interval (CI) was calculated as 
2.2 (1.43, 3.37), with a p-value of less than 0.001. Similarly, Model 2 
exhibited an OR of 2.31 (1.45, 3.69), p = 0.001; Model 3 showed an OR 
of 2.21 (1.45, 3.37), p = 0.001; and Model 4 demonstrated an OR of 
2.11 (1.37, 3.25), p = 0.003. Furthermore, a positive association 
between TC/RC and cognitive performance was also identified at the 

Q3 level in Model 4, with an OR of 0.56 (0.33, 0.94) and a p-value of 
0.032. Additionally, a non-linear correlation between RC and cognitive 
performance was observed within restricted cubic spline (RCS) 
regression model limitations (P-nonlinear = 0.0439) as depicted in 
Figure 2.

3.3 Sensitivity analysis

Similarly, sensitivity analyses using unweighted logistic 
analyses showed that individuals with the highest quartile of the 
RC had a lower cognitive decline than those with the lowest 
quartile of the RC, according to the different models, Model 1 
(OR = 1.28, 95% CI: 0.93–1.75, p < 0.12), Model 2 (OR = 1.52, 95% 
CI:1.08–2.14, p < 0.017), and Model 3 (OR = 1.47, 95% CI: 1.01–
2.14, p  < 0.046) (Table  3). The RC and cognitive performance 
appear to consistently correlate negatively, according to 
these findings.

3.4 Subgroup analysis

After adjusting for the full model in these subgroups, a significant 
interaction emerged between RC levels and cognitive impairment 
specifically among individuals experiencing trouble sleeping 
(p = 0.035). Americans with higher RC levels who also struggle with 
sleep difficulties may face an increased risk of cognitive impairment, 
with an odds ratio of 2.33 (95% CI, 1.18–4.59). Conversely, no such 
interactions were identified in other subgroups (p > 0.05) in Figure 3. 
After adjusting for confounding factors, the impact of RC levels on 

Characteristic Overall, 
N =  1,331 
(100%)a

Q1, N =  364 
(25%)

Q2, N =  329 
(25%)

Q3, N =  307 
(25%)

Q4, N =  331 
(25%)

p Valueb

  Yes 1,118 (86%) 320 (88%) 259 (83%) 260 (86%) 279 (89%)

Diabetes, n (%) 0.011

  No 980 (77%) 290 (87%) 246 (76%) 222 (77%) 222 (69%)

  Yes 351 (23%) 74 (13%) 83 (24%) 85 (23%) 109 (31%)

Hypertension, n (%) <0.001

  No 499 (41%) 149 (51%) 147 (49%) 109 (35%) 94 (28%)

  Yes 832 (59%) 215 (49%) 182 (51%) 198 (65%) 237 (72%)

WL 20 (17, 23) 22 (18, 24) 21 (18, 23) 19 (16, 22) 20 (17, 23) 0.003

DR 7 (5, 8) 7 (5, 8) 6 (5, 8) 6 (5, 8) 6 (5, 8) 0.078

AF 18 (14, 21) 18 (14, 22) 18 (14, 21) 17 (14, 21) 17 (14, 21) 0.7

DSST 53 (41, 64) 56 (41, 67) 50 (40, 63) 48 (36, 59) 55 (44, 63) 0.004

Z-score 0.39 (−0.32, 1.00) 0.65 (−0.19, 1.17) 0.31 (−0.40, 0.97) 0.23 (−0.48, 0.77) 0.42 (−0.21, 0.98) 0.013

Cognitive function 0.012

  Normal 833 (75%) 250 (82%) 200 (77%) 174 (67%) 209 (73%)

  Decline 498 (25%) 114 (18%) 129 (23%) 133 (33%) 122 (27%)

BMI, Body mass index; CERAD-WL, Consortium to Establish a Registry for Alzheimer’s Disease Word Learning; CERAD-DR, CERAD Delayed Recall; AFT, Animal Fluency Test; DSST, Digit 
Symbol Substitution test; TC, Total cholesterol; TG, Triacylglycerol; LDL-C, Low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; RC, Remnant cholesterol.
aMedian (IQR) for continuous; n (%) for categorical.
bWilcoxon rank-sum test for complex survey samples; chi-squared test with Rao and Scott’s second-order correction.

TABLE 1 (Continued)
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FIGURE 2

Restricted cubic spline curves for association of RC with the cognitive performance.

cognitive performance quartiles was consistent across various 
subgroups, including gender, age, race, education level, marital status, 
BMI, sleep duration, alcohol use, smoking, diabetes, and hypertension 

(p ≥ 0.05). Exceptions were noted in individuals with trouble sleeping, 
no/unknown alcohol use, and no hypertension, where the 
p-values <0.05.

TABLE 2 Association of RC (log-transformed) and TC/RC (log-transformed) with cognitive performance.

Characteristic Model 1 Model 2 Model 3 Model 4

Cognitive 
dysfunction 

(n%)

OR1 (95% 
CI1)

P value OR1 (95% 
CI1)

P value OR1 (95% 
CI1)

P value OR1 (95% 
CI1)

P value

RC

Q1(1.61–2.71) 114 (20%) Ref Ref Ref Ref

Q2 (2.71–3.04) 129 (22%) 1.35 (0.85–2.14) 0.194 1.38 (0.84–2.27) 0.189 1.39 (0.83–2.33) 0.197 1.35 (0.78–2.32) 0.3

Q3 (3.04–3.37) 133 (29%) 2.20 (1.43–3.37) <0.001 2.31 (1.45–3.69) 0.001 2.21 (1.45–3.37) 0.001 2.10 (1.36–3.25) 0.003

Q4 (3.37–4.34) 122 (29%) 1.62 (0.97–2.69) 0.063 1.94 (1.10–3.40) 0.023 1.85 (1.01–3.38) 0.046 1.69 (0.91–3.15) 0.088

p for trend 0.001 0.001 <0.001 <0.001

TC/RC

Q1 (0.34–1.84) 133 (32%) Ref Ref Ref Ref

Q2 (1.84–2.17) 146 (30%) 1.16 (0.70–1.93) 0.557 1.09 (0.63–1.91) 0.739 1.02 (0.53–1.95) 0.950 1.08 (0.55–2.11) 0.809

Q3 (2.17–2.52) 115 (20%) 0.71 (0.49–1.02) 0.062 0.58 (0.39–0.87) 0.011 0.51 (0.30–0.86) 0.014 0.56 (0.33–0.95) 0.035

Q4 (2.52–3.77) 104 (19%) 0.52 (0.29–0.94) 0.031 0.48 (0.25–0.92) 0.029 0.49 (0.23–1.04) 0.06 0.55 (0.26–1.19) 0.116

p for trend <0.001 <0.001 <0.001 <0.001

Model 1 univariable analysis. Model 2 adjusted for age, gender, and race. Model 3 further adjusted for education, marital status and BMI status plus model 2. Model 4 included adjustments for 
alcohol use, smoking status, trouble sleeping, diabetes, and hypertension plus model 3. OR, Odds ratio; CI, Confidence interval; RC, Remnant cholesterol; TC, Total cholesterol.

https://doi.org/10.3389/fnut.2024.1458970
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Liu et al. 10.3389/fnut.2024.1458970

Frontiers in Nutrition 07 frontiersin.org

4 Discussion

To our knowledge, this study is the first to investigate the 
association between plasma RC levels and TC/RC with cognitive 
performance in a nationally representative U.S. cohort. Our findings 
indicated that higher RC levels and lower levels of TC/RC were 
associated with positive likelihood of cognitive impairment. Even 
after adjusting for race, gender, age, education, marital status, BMI, 
alcohol use, smoking status, diabetes, and hypertension, elevated RC 
levels and a low TC/RC ratio were linked to greater cognitive 
impairment. The effect sizes of RC levels as well as the TC/RC ratio 
on cognitive impairment were consistent across almost all subgroup 
analyses except trouble sleeping. Higher RC levels may increase the 
risk of cognitive impairment among Americans who experience 
trouble sleeping.

There is a scarcity of previous research examining the relationship 
between RC and cognitive function in sizeable and diverse 
representative samples. Xie et al. (31) reported an association between 
higher RC levels and lower TC to RC ratios with increased risk of 
verbal learning and memory dysfunction. Analysis of 5,358 
postmenopausal women from the Women’s Health Initiative Memory 
Study showed higher RC in individuals with Apolipoprotein E4 
(apoE4) mutation, the most prevalent genetic risk factor of AD, was 
linked to increased dementia and cognitive impairment risk 
compared with lower RC group (34). These studies primarily utilized 
CERAD total scores for cognitive assessment. Our study adopted a 
more comprehensive methodology, utilizing a Z-score, which was 
integrated by the popularly and widely used four cognitive tests, 
potentially offering a more reliable and comprehensive evaluation of 
cognitive function. Moreover, prior research has demonstrated that 
trouble sleeping is inclined to facilitate cognitive impairment (35–
37). We have incorporated sleep as a crucial factor to investigate the 
effect of RC on cognitive performance. Our findings reveal that RC 

has a noteworthy influence on cognitive function among individuals 
struggling with sleep difficulties.

The effects of RC metabolism on cognitive function might 
be attributed to its damage to brain cells. Cholesterol is crucial for cellular 
membranes, signaling pathways, and as a precursor for oxysterols and 
hormones (32, 33). Additionally, RC, smaller than 70 nanometers, could 
penetrate arterial walls, contributing to atherosclerosis in cerebral 
arteries and arterioles, potentially impairing cognitive function by 
reducing cerebral blood flow (38, 39). However, more animal 
experiments are needed to confirm our speculation.

The onset age of dyslipidemia might be related to the development 
of cognitive impairment. A recent meta-analysis, synthesizing data 
from over 23,000 patients across 17 studies, revealed that the highest 
risk for developing AD in association with hypercholesterolemia 
occurs during midlife and the early stages of aging (40), while no 
significant association is observed if the hypercholesterolemia occurs 
in later life (41). To fully understand lipids’ impact on late-life brain 
health, extensive follow-ups of cohorts with cognitive impairment 
are needed.

4.1 Strengths and limitation

The study presented several notable strengths, including a 
substantial sample size and the utilization of Z-scores as a metric for 
cognitive function evaluation. However, there are some limitations. 
Firstly, some older adults potentially experiencing cognitive 
impairment might have been excluded if they were unable to 
complete cognitive function assessments. Additionally, this 
research, grounded in the U.S. population and database, necessitates 
a broader inclusion of diverse regions and further clinical trials to 
validate the role of RC in cognitive function more conclusively. 
Since most of the data is self-reported, an information bias may have 

TABLE 3 Association of unweighted RC (log-transformed) and TC/RC (log-transformed) with cognitive performance.

Characteristic Model 1 Model 2 Model 3 Model 4

Cognitive 
dysfunction 

(n%)

OR1 (95% 
CI1)

P value OR1 (95% 
CI1)

P value OR1 (95% 
CI1)

P 
value

OR1 (95% 
CI1)

P 
value

RC

Q1(1.61–2.71) 114 (20%) Ref Ref Ref Ref

Q2 (2.71–3.04) 129 (22%) 1.41 (1.03–1.94) 0.030 1.50 (1.08–2.10) 0.017 1.58 (1.10–2.26) 0.013 1.52 (1.06–2.19) 0.023

Q3 (3.04–3.37) 133 (29%) 1.68 (1.22–2.30) 0.001 1.75 (1.25–2.47) 0.001 1.76 (1.22–2.55) 0.003 1.70 (1.17–2.47) 0.005

Q4 (3.37–4.34) 122 (29%) 1.28 (0.93–1.75) 0.12 1.52 (1.08–2.14) 0.017 1.47 (1.01–2.14) 0.046 1.38 (0.95–2.03) 0.095

p for trend 0.012 0.008 0.015 0.03

TC/RC

Q1 (0.34–1.84) 133 (32%) Ref Ref Ref Ref

Q2 (1.84–2.17) 146 (30%) 1.17 (0.86–1.59) 0.3 1.09 (0.79–1.52) 0.6 1.05 (0.74–1.50) 0.778 1.08 (0.75–1.54) 0.679

Q3 (2.17–2.52) 115 (20%) 0.8 (0.58–1.09) 0.2 0.66 (0.47–0.93) 0.018 0.64 (0.44–0.93) 0.020 0.69 (0.47–0.99) 0.049

Q4 (2.52–3.77) 104 (19%) 0.69 (0.50–0.94) 0.021 0.63 (0.44–0.89) 0.009 0.63 (0.43–0.93) 0.020 0.68 (0.45–1.00) 0.053

p for trend 0.005 0.001 0.007 <0.001

Model 1 univariable analysis. Model 2 adjusted for age, gender, and race. Model 3 further adjusted for education, marital status and BMI status plus model 2. Model 4 included adjustments for 
alcohol use, smoking status, trouble sleeping, diabetes, and hypertension plus model 3. OR, Odds ratio; CI, Confidence interval; RC, Remnant cholesterol; TC, Total cholesterol.
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been induced. What’s more, given the cross-sectional design and 
lack of follow-up, it is not impossible that a reverse causality bias has 
been introduced.

5 Conclusion

In conclusion, higher levels of RC and lower levels of TC/RC are 
associated with an increased likelihood of cognitive impairment, 
suggesting that RC can serve as a novel and convenient indicator for 
predicting the risk of cognitive impairment in the US population. 
Furthermore, these findings provide insights into early intervention 
strategies for vulnerable populations who are at risk of developing 
cognitive impairment.
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FIGURE 3

Forest plot for subgroup analyses of the association between RC and cognitive performance. Model adjusted for age, gender, race, education, marital 
status, BMI status, alcohol use, smoking status, diabetes, and hypertension. CI, Confidence interval; BMI, Body mass index.
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