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ABSTRACT

Background: Hyperlipidemia has been linked to cognitive impairment (Cogl) caused by Alzheimer’s dis-
ease and vascular disease. Nevertheless the relationship between long-term trajectories of serum lipids
and the risk of developing Cogl is still lacking.
Methods: Research enrolled participants aged 40 years or older in the suburbs of Xi’an, China and con-
ducted follow-ups every two years from 2014 to 2020. Fasting serum lipid (including total cholesterol,
TC; triglyceride, TG; high density lipoprotein, HDL-c; low density lipoprotein, LDL-c) levels were tested.
Those with normal cognition at baseline and diagnosed with MCI or dementia during follow-up were
defined as having new-onset Cogl. We used group-based trajectory model for serum lipid trajectory clas-
sification, and multivariable logistic regression models to investigate the relationship between long-term
serum lipids trajectories and Cogl.
Results: Our final sample included 1268 participants. There were 33 (2.6%) new-onset Cogl of whom 20
met the criteria for MCI and 13 met the criteria for dementia during the follow-up. Trajectories of TC
and LDL-c were divided into three categories (low, medium and high level) respectively; IgTG and HDL-c
were divided into low and high level respectively. Univariate analysis showed that the incidence rate of
Cogl in low TC group (3.4%) or high TC group (4.3%) was higher than that in medium TC group (1.5%).
Multivariable logistic regression analysis showed that compared to medium level, the risk of developing
Cogl was increased for both low TC level (OR=2.679 [95% CI, 1.140-6.295]) and high TC level (OR=2.828
[95% CI, 0.927-8.624]). Other lipid trajectory levels were not associated with the risk of developing Cogl.
Conclusions: Long-term low or high TC levels may be a predictive factor for the risk of Cogl.

© 2025 The Authors. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Abbreviations: Cogl, cognitive impairment; MCI, mild cognitive impairment; VCI, vascular cognitive impairment; AD, Alzheimer’s disease; A, amyloid-[3; BBB, blood-brain
barrier; MMSE, Mini-Mental State Examination; APOE, apolipoprotein E; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglyceride;
HDL-c, high-density lipoprotein; LDL-c, low-density lipoprotein; FBG, fasting blood glucose; BMI, body mass index; GBTM, group-based trajectory model; BIC, Bayesian
Information Criterion; 27-OHC, 27-hydroxycholesterol.
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Relacion entre las trayectorias de los lipidos séricos y la disfuncion cognitiva en
personas de mediana edad y ancianos: un estudio de cohorte prospectivo de 6
aios en Xi’an, China

RESUMEN

Antecedentes: La hiperlipidemia se asocia a la enfermedad de Alzheimery a la disfuncién cognitiva (Cogl)
por enfermedad vascular. Sin embargo, la relacién entre la trayectoria a largo plazo de los cambios en los
lipidos séricos y el riesgo de desarrollar disfuncién cognitiva sigue estando poco estudiada.

Meétodos: Para el estudio se reclutaron participantes de 40 afios o mas en los suburbios de Xi'an (China)
y fueron sometidos a seguimiento cada dos afios desde 2014 hasta 2020. Los investigadores analizaron
los niveles séricos de lipidos en ayunas (colesterol total [CT], triglicéridos [TG], lipoproteinas de alta
densidad [cHDL] y lipoproteinas de baja densidad [cLDL]). Los individuos con una capacidad cognitiva
normal al inicio del estudio pero diagnosticados de MCI o demencia durante el seguimiento se definieron
como individuos con un Cogl de nueva aparicién. Utilizamos modelos de trayectoria basados en grupos
para clasificar las trayectorias de los lipidos séricos, y modelos de regresién logistica multivariante para
examinar la relacién entre las trayectorias a largo plazo de los lipidos séricos y el Cogl.

Resultados: Nuestra muestra final incluyé 1.268 participantes. Hubo 33 (2,6%) Cogl de nueva aparicién, de
los cuales 20 cumplian los criterios de MCl y 13 los de demencia durante el seguimiento. Las trayectorias
de CT y cLDL se dividieron en tres categorias (nivel bajo, medio y alto, respectivamente); 1gTG y cHDL se
dividieron en nivel bajo y alto, respectivamente. El analisis univariante mostr6 que la tasa de incidencia
de Cogl en el grupo de CT bajo (3,4%) o CT alto (4,3%) era superior a la del grupo de CT medio (1,5%). El
andlisis de regresion logistica multivariable mostré que, en comparacion con el nivel medio, el riesgo de
desarrollar Cogl aumentaba tanto para el nivel bajo de CT (OR=2,679; IC95%: 1,140-6,295) como para el
nivel alto de CT (OR=2,828; IC95%: 0,927-8,624). Otros niveles de trayectoria lipidica no se asociaron con
el riesgo de desarrollar Cogl.

Conclusiones: A largo plazo, los niveles de CT bajos o altos pueden ser un factor predictivo del riesgo de

Cogl.

© 2025 Los Autores. Publicado por Elsevier Espafia, S.L.U. Este es un articulo Open Access bajo la CC

BY-NC-ND licencia (http://creativecommons.org/licencias/by-nc-nd/4.0/).

Introduction

Dyslipidemia is an important modifiable risk factor for the
cerebrovascular diseases and is also involved in the progression
of neurodegenerative diseases.! Recent researches suggest serum
lipids are closely associated with cognitive impairment (Cogl)
caused by both Alzheimer’s disease (AD) and vascular risk factors.?3
A growing body of evidence has revealed that the presence of
midlife vascular risk factors, especially dyslipidemia,* are strongly
associated with the risk of later-life cognitive decline.>® Hyperc-
holesterolemia may contribute to impaired memory consolidation
either directly through pathways related to pathological changes
of AD,” or indirectly through the oxidation of oxysterols,® which
cross the blood-brain barrier (BBB).”

Research on the associations between serum lipid concentra-
tions and the risk of developing Cogl has been increasing.'® While
most studies focus on the relationship between baseline blood
lipids and subsequent Cogl, a single blood lipid test may be inter-
fered by various factors and cannot reflect the patient’s long-term
serum lipid burden. Furthermore, it remains unclear whether the
risk of developing Cogl changes in a unidirectional manner with
increasing lipid levels. Investigating long-term lipid trajectories is
important in clinical practice as it can provide crucial evidence for
making informed recommendations for long-term lipid control for
middle aged and elderly at risk of Cogl. To address this, we inves-
tigated the association between long-term trajectories of serum
lipids (including total cholesterol, TC; triglyceride, TG; high density
lipoprotein, HDL-c; low density lipoprotein, LDL-c) concentration
changes and the risk of developing Cogl in a Chinese population-
based cohort followed for 6 years.

Materials and methods
Study design and population

This was a population-based longitudinal cohort study initi-
ated in 2014 and followed up every two years. Two villages were

selected using random cluster sampling method from suburbs near
Xi'an in northwest China. These villages were chosen because their
lifestyles and population compositions were similar to other rural
areas of Xi'an. The research procedures have been described in
detail elsewhere.!! Study inclusion criteria were as follow: (1) par-
ticipants above 40 years old or who had lived in this area for more
than 3 years in 2014 and before; (2) agreed to participate in this
study and provided informed consent. The exclusion criteria were
as follow: (1) participants had Cogl at baseline in 2014; (2) partic-
ipants refused to finish Mini-Mental State Examination (MMSE);
(3) participants with other baseline information missed; (4) par-
ticipants with other neurological disease that may affect cognitive
function (e.g., epilepsy, central nervous system infection, essential
tremor, Parkinson’s disease, anxiety, depression, thyroid hypofunc-
tion, intracranial trauma or surgery); (5) participants who had
fewer than three lipid measurements across four follow-up visits
(Fig. 1).

This study was approved by the Ethics Committee of The First
Affiliated Hospital of Xi'an JiaoTong University, approval number
[XJTU1AF2014LSK-038], March 1,2014. Understanding and written
informed consent was obtained from all participants or their next-
on-kin and that the study conformed to World Medical Association
Declaration of Helsinki published on the website of the Journal of
American Medical Association. This study followed the Ethics Com-
mittee of The First Affiliated Hospital of Xi’an JiaoTong University’
protocols to access to the patient’s data and that was done with
the unique purpose of the scientific investigation and scientific
disclosure.

Standard interview and follow-up

In the baseline survey, all participants underwent standardized
face-to-face interviews. Demographic information included age,
gender, years of education, smoking (yes or no), drinking (yes or
no), and lack of physical activity (yes or no). Physical examinations
included height, weight, systolic blood pressure (SBP) and diastolic
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Villagers reached the age of 40
(n=2,158)

Excluded participants who did not participate or were

A

unwilling to accept investigation (n=147)

The cohort established in 2014
(n=2,011)

Excluded:

(1) MCI or dementia patients at baseline (n=67);

A

Cognitively normal subjects in initial visit (visit 1)
(n=1,605)

(2) MMSE at baseline missed (n=88);

(3) Baseline information missed (n=233);

(4) Neuro-related diseases (epilepsy, central nervous system
infections, essential tremor, Parkinson, anxiety, depression,
thyroid hypofunction, intracranial trauma or surgery) (n=18);

}

Follow-up in 2016 (visit 2)
(n=1,480, response rate 92.21%)

!

Follow-up in 2018 (visit 3)

(n=1,276, response rate 79.5%)

}

Follow-up in 2020 (visit 4)
(n=1,103, response rate 68.72%)

A

Final analysis
(n=1,268)

Excluded
participants
who had fewer
than three lipid "

® People who came only once
of four visits were exclude
(three times lipid values
were missing), n=150

measurements ® People who came only twice
in four follow- of four visits were exclude
up visits (two times lipid values were
(n=337) missing), n=187

Fig. 1. Flow chart of participant screening. MCI, mild cognitive impairment. MMSE, Mini-Mental State Examination.

blood pressure (DBP). Medical histories included antihyperten-
sive use (yes or no), antidiabetic use (yes or no), lipid-lowering
agents use (yes or no), and other physical diseases. Additionally,
all subjects received a neurological examination and a cognitive
assessment. After every two years, all subjects accepted the same
standardized face-to-face interview as in the baseline again. We
tried to avoid the loss of follow-up through the combination of uni-
fied field investigation and household investigation (for villagers
with inconvenient mobility). Only those who did not respond after
contacting villagers themselves, their relatives and neighbors for 3
times were judged to be lost to follow-up (the reasons and the time
of missing follow-up were recorded).

Cognitive evaluation and the diagnosis of Cogl

Global cognitive function was evaluated in a quiet room using
the MMSE. The cutoff values were as follows: scores < 17 for illiter-
acy, scores < 20 for participants who only finished primary school,
and scores < 24 for participants with junior high school or above
level of education.!? Participants with a MMSE score below the
cutoff value further underwent a neuropsychological battery to
assess different cognitive domains as previously described, includ-
ing Clock Drawing Task, Fuld Object Memory Evaluation, Rapid
Verbal Retrieval, Block Design Test, Digit Span Test, and Trail Mak-
ing Test. Additionally, we used the Activities of Daily Living Scale
to assess basic and instrumental functional independence deterio-
ration, and the 15-item Geriatric Depression Scale to evaluate the
depression status.

The preliminary diagnosis was made based on the medical his-
tory and neuropsychological test results by a neurological expert
panel. The diagnosis of mild cognitive impairment (MCI) was made

according to the Petersen criteria.!> The diagnosis of dementia was
according to the NIA-AA. Those with normal cognition at base-
line and diagnosed with MCI or dementia during follow-up were
defined as having new-onset Cogl.

Blood biomarkers and APOE genotyping

The collection method has been described in our previous
article.'* Serum lipids, including TC, TG, HDL-c, LDL-c and fast-
ing blood glucose (FBG) were detected by a biochemical automatic
analyzer (C501, Roche, Sweden). An extraction kit (Tiangen Co.
Beijing, China) was used to extract DNA from the frozen EDTA-
anticoagulant blood according to the manufacturer’s protocol. All
PCR products were detected by Sanger sequencing (Sangon Com-
pany, Shanghai, China) to finally determine the apolipoprotein E
(APOE) genotype.

Definition of covariates

The diseases and related conditions involved in this study were
defined as follows: (1) Subject who have taken antihypertensive,
antidiabetic or lipid-lowering agents at least two weeks before the
investigation are defined as antihypertensive, antidiabetic or lipid-
lowering user, respectively. (2) Continuous or cumulative smoking
for 6 months or more defined as smoking. (3) Drinking was defined
as alcohol consumption at least once a week in the past 1 year.
(4) Subject who exercises less than 30 min a day or three times a
week over 1 year is defined as lack of physical activity. (5) APOE
&4 carriers were defined as having at least one allele of €4 (APOE
£2/e4, APOE £3/e4 and APOE &£4/e4), while non-carriers referred to
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Table 1
Comparison of characteristics between normal cognition group and Cogl group.
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Characteristics Total participants (n=1268)

Normal cognition (n=1235) Cognitive impairment (n=33)

Age, years, M [IQR] 54[48-62]
Woman, n (%) 743 (58.6%)
Education, years, mean + SD 6.56 +3.307
Antihypertensive use, n (%) 205(16.2%)
Antidiabetic use, n (%) 61(4.8%)
Lipid-lowering use, n (%) 53(4.2%)
Smoking, n (%) 363(28.6%)
Drinking, n (%) 177(14.0%)
Lack of physical activity, n (%) 213(16.8%)
APOE &4 carrier, n (%) 190(15.0%)

BMI, kg/m?, mean =+ SD
SBP, mmHg, mean +SD
DBP, mmHg, mean + SD
FBG, mmol/L, M [IQR]

25.387+£3.126
131.84+17.955
82.05+10.136

5.39 [5.05-5.79]

TC, mmol/L, mean + SD 4.992+0.951
TG, mmol/L, M [IQR] 1.43[1.03-2.01]
HDL-c, mmol/L, mean + SD 1.392 +£0.305
LDL-c, mmol/L, mean + SD 3.276+0.842
MMSE, M [IQR] 27[25-29]

54[47-62] 65[57-68.5]
729(59.0%) 14(42.4%)
6.63 +3.267 3.64+3.507
196(15.9%) 9(27.3%)
58(4.7%) 3(9.1%)
49(4.0%) 4(12.1%)
352(28.5%) 11(33.3%)
175(14.2%) 2(6.1%)
206(16.7%) 7(21.2%)
185(15.0%) 5(15.2%)
25.399+3.142 24.940 +2.455
131.48+17.785 145.36+19.306

81.94+10.034
5.39 [5.04-5.79]

86.21+12.932
5.43 [5.06-5.885]

4.993+0.954 4.925+0.849
1.43 [1.03-2.000] 1.55[1.17-2.135]
1.392+0.306 1.401+0.290
3.278+0.844 3.1940.739
27[25-29] 22[18.5-25.5]

Note: Data for participants in 2014 stratified by whether they were diagnosed as Cogl. Data are presented as mean (SD), M [IQR], or number (%).
Abbreviations: BMI, body mass index; ApoE, apolipoprotein E; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast blood glucose; TC, total cholesterol; TG,
triglyceride; HDL-c, high-density lipoprotein; LDL-c, low-density lipoprotein; MMSE, Mini-Mental State Examination.

the ones without any &4 allele (APOE €2/e2, APOE &2/e3 and APOE
e3/e3).

Statistical analysis

In the analysis of comparing the characteristics between nor-
mal cognition group and Cogl group, ANOVA, Student’s t-test,
and Mann-Whitney U-test were used for continuous variables
(expressed as mean 4 SD or median (interquartile range) (M [IQR])).
Chi-square test was used for categorical variables (expressed as the
number (percentage)).

Group-based trajectory model (GBTM) was used to identify tra-
jectories of serum lipids from 2014 to 2020. GBTM is an exploratory
technique that isolates developmental trajectories within a popu-
lation, aiming to identify subgroups following distinct trajectories
over time. We performed GBTM that assigned individuals with
similar features of serum lipids trajectories into distinct, exclusive
subgroups, using the “traj” command implemented in Stata soft-
ware. According to the distribution characteristics of serum lipids,
censored normal distribution is sensible for modeling the data in
GBTM. Models with two or more subgroups were conducted after
accounting for the varying trajectory shapes of linear, quadratic
and/or cubic terms. Data-based parameters and principles were
applied to decide the final subgroups according to Nagin,!” includ-
ing (i) A minimum Bayesian Information Criterion (BIC) value (Close
to 0), (ii) average of the posterior probabilities by class (>0.7), (iii)
odds of correct classification based on the posterior probabilities
of group membership >5, (iv) minimizing overlap in confidence
intervals (CIs) and capturing the distinctive features of the data as
parsimonious as possible, (v) class size > 5% of the study population.
To facilitate interpretability, we labeled to the trajectories based on
their modeled graphic patterns. Considering the non-normal distri-
bution of TG, we applied the natural Ig transformation to our data
set. Other lipid measurements (including TC, HDL-c and LDL-c) con-
formed to the normal distribution, and the GBTM method could be
directly used for trajectory fitting.

First, when analyzing the relationship between TC and Cogl, the
incidence rate of Cogl among the three groups of low, medium,
and high TC level were compared. Secondly, Cogl was taken as the
dependent variable, low TC level and high TC level were taken as the
independent variables, and age, gender, years of education, antihy-
pertensive drug use, lipid-lowering drug use, SBP, DBP, and APOE

€4 status (these measures were considered pertinent covariates
because they were associated with dementia!®) were adjusted in
the logistic regression models. Through this step, we analyzed the
risk of developing Cogl after 6 years in the low TC and the high TC
level (compared to the medium level, the reference group). Simi-
lar analysis steps were used between TG, HDL-c, LDL-c trajectories
and Cogl. 167 of 1605 participants at baseline had missing value
for a Cogl diagnosis (10.4%) due to loss to follow-up in 2020 that
were dealt with using Last Observation Carried Forward as pre-
dictors. The remaining variables (age, gender, years of education,
antihypertensive drug use, lipid-lowering drug use, SBP, DBP, and
APOE &4 status) had no missing values. In addition, sensitivity anal-
ysis was conducted in 1096 participants who had participated in
all 4 follow-ups. The analysis method was the same as described
above. Confounding bias was avoided by incorporating confound-
ing factors into the multiple logistic regression model to correct
and increased sensitivity analysis.

Multicollinearity statistics (tolerance and variance inflation fac-
tors) were calculated for each logistic regression model in this study
to avoid multicollinearity. All statistical analysis were performed
with IBM SPSS Statistics version 20.0 (IBM. Armonk, New York, USA)
and Stata 15.0 (Stata Corp, College Station, Texas, USA). We calcu-
lated Odds Ratio (OR) and their 95% confidence intervals (Cls) as a
measure of effect size.

Results

Comparison of characteristics between normal cognition group
and Cogl group

The cohort established in 2014 with 2158 villagers who had
reached the age of 40. Of these, 2011 individuals enrolled to this
cohort. According to the exclusion criteria, 1605 participants with
normal cognitive function were enrolled at baseline (visit 1). The
follow-ups were conducted in 2016, 2018 and 2020. Except for the
visit 1, during the subsequent 3 visits (visit2-visit4), the number
of people who visited at each time of study was 1480, 1276 and
1103 respectively. According to our follow-up records, 117 of the
1605 people died during the follow-up years. Other reasons for not
participating in the follow-up included relocation of villagers due
to demolition, migrant work, migration to other cities, and reluc-
tance to participate in the study. 337 participants who had fewer



N.Hu,Y.Yan,S. Weietal.

Table 2

Multivariable logistic regression analysis of serum lipids and the risk of developing Cogl.
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B S.E. Wald OR 95% CI for OR
Lower Upper

Unadjusted-TC

Low TC level vs medium TC level 0.859 0.413 4328 2.360 1.051 5.298

High TC level vs medium TC level 1.104 0.536 4.244 3.015 1.055 8.617
Model 1-TC

Low TC level vs medium TC level 0.986 0.436 5.113 2.679 1.140 6.295

High TC level vs medium TC level 1.040 0.569 3.339 2.828 0.927 8.624
Unadjusted-IgTG

High IgTG level vs low IgTG level 0.153 0.354 0.186 1.165 0.582 2.333
Model 1-IgTG

High IgTG level vs low IgTG level 0.183 0.383 0.228 1.200 0.567 2.542
Unadjusted-HDL-c

High HDL-c level vs low HDL-c level —-0.290 0411 0.499 0.748 0334 1.674
Model 1-HDL-c

High HDL-c level vs low HDL-c level -0.483 0.443 1.188 0.617 0.259 1.470
Unadjusted-LDL-c

Medium LDL-c level vs low LDL-c level -0.718 0.382 3.537 0.488 0.231 1.031

High LDL-c level vs low LDL-c level —-0.056 0.565 0.010 0.945 0312 1.031
Model 1-LDL-c

Medium LDL-c level vs low LDL-c level —0.693 0.403 2.954 0.500 0.227 1.102

High LDL-c level vs low LDL-c level -0.218 0.588 0.138 0.804 0.254 2.545

Note: Unadjusted-TC: only TC trajectories classification.

Model 1-TC: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and TC trajectories classification.

Unadjusted-1gTG: only IgTG trajectories classification.

Model 1-1gTG: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and IgTG trajectories classification.

Unadjusted-HDL-c: only HDL-c trajectories classification.

Model 1-HDL-c: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and HDL-c trajectories classification.

Unadjusted- LDL-c: only LDL-c trajectories classification.

Model 1-LDL-c: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and LDL-c trajectories classification.

Abbreviations: OR, odds ratio; CI, confidence interval; Cogl, cognitive impairment.

than three lipid measurements were excluded. Finally, a total of
1268 participants (79.0%) were included in the analysis (Fig. 1). The
medium age was 54 [48-62] and 58.6% were women at baseline.
Among the 1268 participants, 33 (2.6%) were diagnosed as Cogl
according to the criteria, including 20 MCI and 13 dementia during
the 6-years follow-up. As shownin Table 1, Cogl group was older (65
[57-68.5] vs 54 [47-62]), had higher SBP level (145.36 + 19.306 vs
131.48 £17.785), less educated (3.64 +3.507 vs 6.63 +3.267) and
had lower MMSE scores (22 [18.5-25.5] vs 27 [25-29]), while other
characteristics had no difference among the two groups (Table 1).

Trajectory of serum lipids over time

We estimated the best-fitting number of trajectories based on
a minimum BIC and satisfied class size >5% of the population. Tra-
jectory shapes of TC, 1gTG, HDL-c and LDL-c are selected as 333,
11,33 and 333 respectively in total population (see Supplementary
Material, Supplementary table* 1-4, marked in red font).

According to the best-fitting number of subgroups, trajectory
of TC can be divided into three groups. Low level (41.3%, 524): TC
remained at a low level, with no tendency to fluctuate. Medium
level (47.8%, 606): TC remained at a medium level, with a tendency
to increase. High level (10.9%, 138): TC remained at a high level,
with an upward trend (Fig. 2a).

According to the best-fitting number of subgroups, trajectory
of 1gTG can be divided into two groups. Low level (58.2%, 738): It
remained at a persistently lower level. High level (41.8%, 530): It
remained at a persistently higher level (Fig. 2b).

According to the best-fitting number of subgroups, trajectory
of HDL-c can be divided into two groups. Both low level (70.2%,
890) and high level (29.8%, 378) displayed a tendency rising at the
beginning and declining in late, but the high trajectory was always

higher than the low trajectory, and the two trajectory lines had no
trend of intersecting (Fig. 2c).

According to the best-fitting number of subgroups, trajectory of
LDL-c can be divided into three groups. Low level (37.5%, 475): It
declined in the first two years and showed a slight downward trend
after a rebound in the second year. Medium level (53.2%, 675): It
rebounded after a decline in the first two years and had maintained
asteady trend since its recovery. High level (9.3%, 118): After a rapid
decline in the second year, it continued to rise and had a continuous
upward trend (Fig. 2d).

The relationship between trajectories of TC and the risk of
developing Cogl

Univariate analysis showed that the incidence rate of Cogl was
different among the low TC, the medium TC, and the high TC group
(the incidence rate of Cogl: low TC level vs. medium TC level vs.
high TC level, 3.4% vs. 1.5% vs. 4.3%, Fig. 3a). Logistic regression
model adjusted for confounders showed that compared with the
medium TC level, the risk of developing Cogl was increased for both
low TC level (OR=2.679 [95% CI, 1.140-6.295]) and high TC level
(OR=2.828 [95% CI, 0.927-8.624]) (Table 2).

The relationship between trajectories of TG and the risk of
developing Cogl

Univariate analysis showed that no difference was found in low
1gTG and high IgTG level group (the incidence rate of Cogl: low IgTG
level vs. high 1gTG level, 2.4% vs. 2.8%, Fig. 3b). Logistic regression
model showed that compared with low IgTG level, the high 1gTG
level was not associated with the risk of developing Cogl (Table 2).
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Fig. 2. Trajectory of serum lipids over time in 1268 participants. Trajectories of TC, IgTG, HDL-c and LDL-c were fitted using the GBTM respectively in picture (2a-d). TC, total
cholesterol; 1gTG, lg triglyceride; HDL-c, high-density lipoprotein; LDL-c, low-density lipoprotein.

The relationship between trajectories of HDL-c and the risk of
developing Cogl

Univariate analysis showed that no difference was found in low
HDL-c and high HDL-c level group (the incidence rate of Cogl: low
HDL-c level vs. high HDL-c level, 2.8% vs. 2.1%, Fig. 3c). Logistic
regression model showed that compared with low HDL-c level, the
high HDL-c level was not associated with the risk of developing
Cogl (Table 2).

The relationship between trajectories of LDL-c and the risk of
developing Cogl

Univariate analysis showed that no difference was found among
the low, the medium, and the high LDL-c level group (the incidence
rate of Cogl: low LDL-c level vs. medium LDL-c level vs. high LDL-
c level, 3.6% vs. 1.8% vs. 3.4%, Fig. 3d). Logistic regression model
showed that compared with low LDL-c level, the medium and the
high LDL-c level was not associated with the risk of developing Cogl
(Table 2).

Sensitivity analysis
To confirm the robustness of the results, sensitivity analysis

was conducted in 1096 participants who had participated in all
4 follow-ups and the GBTM was recon-ducted to classify the dif-

ferent serum lipid trajectory groups (see Supplementary Material,
Supplementary Tables 5-8, Supplementary Fig. 1) according to
the criteria mentioned in method. The results were the same as
the previous main analysis after adjusting for the same covari-
ates mentioned above (Table 3). As shown in Table 3, Compared
to medium TC level, the risk of developing Cogl was increased for
both low TC level (OR=2.846 [95% CI, 1.198-6.670]) and high TC
level (OR=3.041[95%CI,0.982-9.421]). Other lipid trajectory levels
were not associated with the risk of developing Cogl.

Discussion

In this cohort study, we found that compared with medium TC
level, long-term low TC level and long-term high TC level were
associated with an increased risk of developing Cogl, over a 6-year
period after adjusting for confounding factors. Trajectories of other
serum lipids concentrations (including TG, HDL-c, and LDL-c) were
not associated with the risk of developing Cogl.

The relationship between blood lipid and Cogl has not been con-
firmed. Prospective observational studies have shown that higher
TC or LDL-c levels are positively associated with a greater risk of
cognitive disordered.!”'® However, maintaining cholesterol levels
at the lowest quartile did not appear to confer the expected pro-
tective effects on cognitive function.'®2° These results indicated
that the “lower TC is better” strategy for the prevention of car-
diovascular disease should be revisited to understand the range of
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adverse effects that may arise from low cholesterol levels, includ-
ing an increased risk of developing new-onset dementia.?! While
ILSE study (222 people were included in the analysis) showed TC
levels declined in those with Cogl over the 14 year follow-up,
but remained stable in those who remained healthy.?? Another
3C case-control study from France showed no difference in the
trajectory of average lipid levels between dementia patients and
control patients after 14 years of follow-up.2> Cholesterol lev-
els were affected by age and the clinical onset time of dementia,
which caused the conflict results with previous research. Differ-
ences in study outcomes may be related to several possible factors:
(1) the timing of the lipid measurement, as according to sev-
eral studies, TC concentrations were associated with the risk of
developing dementia in middle aged patients but not in old aged

patients!7-24; (2) the difference in the age scope of participants
at baseline; and (3) the difference in the methodology, without
considering the impact of changes in lipid concentration during
long time. Understanding the complex relationship between serum
lipids concentrations and the risk of developing Cogl requires other
modeling approaches.

Underlying mechanism of dyslipidemia leading to Cogl remains
to be elucidated. Researchers found that a 2% cholesterol diet
upregulated the expression of CYP27A1 (a rate-limiting enzyme
involved in bile acid synthesis) in the brain of C57BL/6] mice,
through increasing the levels of 27-hydroxycholesterol (27-OHC)
and 24-hydroxycholesterol in learning and memory impairment.2>
Moreover, dietary cholesterol promoted the incremental formation
and deposition of amyloid-3 (AB) in the brain, which related to
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Table 3

Sensitivity analysis of serum lipids and the risk of developing Cogl.
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B S.E. Wald OR 95% CI for OR
Lower Upper

Unadjusted-TC

Low TC level vs medium TC level 0.873 0.413 4.460 2.394 1.065 5384

High TC level vs medium TC level 1.087 0.537 4.098 2.966 1.035 8.495
Model 2-TC

Low TC level vs medium TC level 1.046 0.441 5.617 2.846 1.198 6.670

High TC level vs medium TC level 1.112 0.557 3.716 3.041 0.982 9.421
Unadjusted-IgTG

High IgTG level vs low IgTG level 0.100 0.355 0.079 1.105 0.551 2.216
Model 2-1gTG

High IgTG level vs low IgTG level 0.153 0.388 0.156 1.166 0.545 2.493
Unadjusted-HDL-c

High HDL-c level vs low HDL-c level -0.234 0.412 0.322 0.792 0.353 1.774
Model 2-HDL-c

High HDL-c level vs low HDL-c level —0.488 0.450 1.176 0.614 0.254 1.483
Unadjusted-LDL-c

Medium LDL-c level vs low LDL-c level —0.750 0.383 3.841 0.472 0.223 1.000

High LDL-c level vs low LDL-c level —-0.252 0.566 0.198 0.777 0.256 2.357
Model 2-LDL-c

Medium LDL-c level vs low LDL-c level —0.684 0.407 2.830 0.505 0.227 1.120

High LDL-c level vs low LDL-c level -0.307 0.590 0.270 0.736 0.231 1.120

Note: Unadjusted-TC: only TC trajectories classification.

Model 2-TC: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and TC trajectories classification.

Unadjusted-1gTG: only IgTG trajectories classification.

Model 2-1gTG: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and IgTG trajectories classification.

Unadjusted-HDL-c: only HDL-c trajectories classification.

Model 2-HDL-c: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and HDL-c trajectories classification.

Unadjusted-LDL-c: only LDL-c trajectories classification.

Model 2-LDL-c: Age, gender, years of education, antihypertensive use, lipid-lowering use, SBP, DBP, APOE &4 status, and LDL-c trajectories classification.

Abbreviations: OR, odds ratio; CI, confidence interval; Cogl, cognitive impairment.

changes in cognitive function.?6 Cholesterol cannot cross the BBB
in vivo. However, when BBB dysfunction occurs with age, choles-
terol in the blood may enter the brain and participate in regulating
cholesterol balance.?’ In addition, lipid-lowering drugs can slow
the rate of cognitive decline in patients with Cogl,2® which might
through regulating 3/y-secreting enzymes and reducing the level
of AB4y and ABy4o in neurons.>® Because lipid-lowering therapy
might be prescribed to treat the prodromal hematological symp-
toms of Cogl and because the treatment strategies vary over time,
the involvement of peripheral cholesterol in the process of demen-
tia development still needs to be explored.

This study has several strengths, we used a random cluster sam-
pling method to select two villages as the cohort population to
make the sample representative. Resident aged 40 years or older
were followed-up every two years to monitor their serum lipid lev-
els and cognitive function, which based on standardized clinical
assessment of cognition, and a consensus-based clinical diagnosis.
We used the GBTM to identify two or three distinct trajectories for
each lipid index, characterized by low, or/and medium, and high
level. The cholesterol level measured from midlife to late life may
better predict the risk of developing Cogl than the lipid level mea-
sured at one time point prior to Cogl onset. This strategy could
distinguish people at risk for Cogl more accurately than a single
observation of serum lipids concentrations. Evidence from a large
global study of changes in cholesterol levels showed trend similar to
that in our study of increasing non-HDL cholesterol levels over the
years,?? which indicated that GBTM is relatively stable and reliable
to fit the blood lipid level of the population in the real world. Unlike
other studies that have found an effect of either low or high levels
of cholesterol on Cogl, we found that maintaining a medium level of
serum TC over 6-years may be more conducive to stable cognition.
That is, there may be a non-linear relationship between cholesterol

levels and Cogl in middle-aged and elderly people. Besides, by iden-
tifying high-risk middle aged and elderly from a population-based
perspective, our approach may help target high-risk populations
for evidence-based effective prevention and early treatment. We
also performed sensitivity analysis, and the results were consis-
tent with our preliminary analysis, confirming the robustness of
our findings.

There are several limitations to this study. First, our analysis was
focused on specified trajectories and did not consider the uncer-
tainty of each individual class member, which might mean that
the variance estimate of our model was underestimated. However,
the robustness of the low and high TC groups that we observed in
multiple models and sensitivity analysis suggested that this lim-
itation was unlikely to affect the overall conclusions. In addition,
our study mainly had a follow-up bias. Our results showed a non-
linear relationship between TC and Cogl, so the direction of bias
due to the loss of follow-up may be difficult to judge accurately.
However, according to the sensitivity analysis, the OR value of TC
and Cogl increased in those who visited all four times. If all the
subjects did not exist missing, we cautiously conjectured that the
OR value might decrease. But this inference needs to be validated
by interventional studies. Second, due to the low number of new-
onset Cogl, it is difficult to analyze the subtypes of Cogl caused by
specific causes. However, since serum lipids may be related to Cogl
caused by both AD and V(], it is reasonable to take all-cause Cogl
as the main outcome from the perspective of protecting cognitive
function. Third, due to the low sample size of the new-onset Cogl,
further follow-up of the population is necessary for a more sta-
ble result. Fourth, we found that both low and high TC levels were
associated with an increased risk of developing cogl, and the risk of
developing cogl was lowest for individuals with medium TC level;
however, our study could not clarify the optimal TC level for main-
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taining cognitive stability, which may limit the potential clinical
application of our findings.

Conclusion

In conclusion, these findings suggested that persistently low or
high TClevel may be a predictive factor for the development of Cogl.
LDL-c, HDL-c and TG trajectories were not associated with the risk
of developing Cogl. Future studies are needed to investigate the
potential impact of lipid-lowering drugs on the risk of developing
Cogl.
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