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Abstract
Background: Serum lipids [total cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein
cholesterol (HDL-C) and triglyceride (TG)] are risk factors for stroke, but the relationships between serum lipids and
cognitive impairment have not been verified completely. In this study, we studied the relationships between serum
lipids and cognitive impairment and explored whether gender and age had effects on the relationships.
Methods: In this cross-sectional study, we collected serum lipids and cognitive function information from 1762
participants (aged 40–85). Univariate analysis, multivariate analysis, and both gender- and age-based stratified
multivariate analysis were used.
Results: In the entire sample set, there was no significant correlation between serum lipid parameters (TC, LDL-C, HDLC and TG) and cognitive impairment. In both gender- and age-based stratified multivariate analysis, high serum TC was
positively associated with cognitive impairment in the elderly (> 55) male participants (OR = 4.404, 95% CI = 1.264–15.344,
p = 0.02), and high serum LDL-C was positively correlated with cognitive impairment in the elderly female subjects (OR =
2.496, 95% CI = 1.057–5.896, p = 0.037), while high serum TG was negatively associated with cognitive impairment in the
middle-aged (≤ 55) male participants (OR = 0.157, 95% CI = 0.051–0.484, p = 0.001).
Conclusions: The relationships between serum lipids and cognitive impairment are gender- and age- dependent, with
high serum TC and LDL-C may be risk factors of cognitive impairment in the elderly male and female subjects
respectively, while high serum TG may be protector of cognitive impairment in the middle-aged male participants.
Keywords: Cognitive impairment, Risk factor, Serum lipid, Epidemiology

Introduction
Cognitive Impairment is emerging as one of the biggest
health problems of the twenty-first century. There are
nearly 46.8 million individuals living with cognitive impairment worldwide [1]. Cognitive impairment is a general
term representing a group of disorders in which memory
and thought courses become impaired, and it is frequently
caused by Alzheimer’s disease (AD). Early intervention of
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subjects to prevent the onset of AD is particularly important because there is no efficient drug treatment available
for AD.
With the development of economic level and the
improvement of people’s living standards, the prevalence of
dyslipidemia in China increased rapidly in the past ten
years [2, 3]. Dyslipidemia, as a modifiable risk factor, is one
of the vascular risk factors, and vascular disease is likely to
have important effects on AD [4]. Some studies reported
that this risk factor may also play a key role during the occurrence and development of AD [5, 6], but with conflicting results. One previous study showed a support for the
hypothesis that higher levels of total cholesterol (TC) may
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induce the development of cognitive impairment [7]. Another research showed that lower level of TC may increase
the risk of AD [8]. Conflicting results have also been found
in studies relating low density lipoprotein cholesterol
(LDL-C) [9, 10], high density lipoprotein cholesterol
(HDL-C) [11, 12] and triglyceride (TG) [13, 14] levels with
AD. Through the comparative analysis of relevant literatures, we speculate that the reason of contradictory results
may be related to the different characteristics of study
population and the incomprehensive possible influence factors which should be considered.
Previous studies showed that gender and age seem to be
important factors in the association between serum lipids
and cognitive function [15, 16], however, only a few studies
have analyzed the relationship between serum lipids and
cognitive impairment depending on both gender and age.
So in order to explore the influence of gender and age on
the relationship between serum lipids and cognitive impairment, more studies are necessary that include grouped
subjects based on both gender and age. Because of different
eating habits, low literacy, poor health consciousness and be
indifferent to hyperlipidemia of Chinese people in rural
areas, and while the previous studies were almost conducted
in other countries, no similar research was carried on in
rural areas of China, it is important to conduct such study.
Therefore, we studied the relationships between serum
lipids and cognitive impairment from the middle-aged to
the elderly (40–85) both in men and women. We explored
that if dyslipidemia was correlated with cognitive impairment and if the correlation was regulated by both gender
and age.

Methods
Study participants

In order to clarify the effect of serum lipid parameters
on the cognitive impairment in Chinese of rural areas,
participants were recruited from a village of Xi’an, from
October 8, 2014, to March 30, 2015. This sample cohort
included 1762 participants with age ≥ 40 years. Inclusion
criteria are as follows: 1) permanent residents of the
countryside, namely, the participants had the village’s
household registration and had lived there for more than
3 years; 2) aged 40 or older; 3) agreed to join this research and be able to cooperate to complete the questionnaire survey, for illiterate participants, their relatives
agreed on the informed consent.
Exclusion criteria are as follows: 1) individuals with a
clear history of acute cerebrovascular disease, including
stroke; 2) Individuals with diseases which could have an
effect on cognitive function, excepting neurodegenerative
disease or cerebrovascular disease, such as epilepsy (all
types), brain trauma, nervous system tumor, past craniocerebral operation, congenital mental retardation, organic
psychosis, affective psychosis, untreated hypothyroidism.
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3) Individuals with serious liver or renal insufficiency. 4)
Individuals who had malignant tumor or severe chronic
disease. 5) Individuals who suffered from acute postoperative infection, inflammation, or major surgery. 6)
Individuals who are taking lipid-lowering drugs, diuretics, sex hormones, oral contraceptives, glucocorticoids or immunosuppressant.
The selection of subjects and the study protocol are
shown in Fig. 1. Every participant signed written informed consent, and the study was approved by the
Medical Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University.
Cognitive evaluation

The Mini-Mental State Examination (MMSE) was used to
evaluate the global cognition. Before the beginning of the
study, every examiner accepted the unified training.
According to the psychiatric rating scale defined by Mingyuan Zhang et al. [17], we chose MMSE score lower than
the boundary values as cognitive impairment criteria. This
MMSE includes five parts: orientation (10 points), retention (3 points), attention and calculation (5 points), recall
(3 points) and language (9 points), altogether 30 points.
The boundary value was ≤17 for the uneducated, ≤ 20 for
the primary school educated, and ≤ 24 for those accepted
the junior high school or higher level of education.
Serum lipids test

Five ml of elbow venous blood was taken from every participant in the morning on an empty stomach (8:00 am).
Then the blood was centrifuged at 3000 G for 15 min and
was rapidly stored at − 80 °C until later evaluation. The
concentration of serum TC, LDL-C, HDL-C and TG levels
were tested by enzymatic method using an automated biochemical analyzer (C501, Roche, Sweden). Quality indicators accord with the quality requirements proposed by the
American National Cholesterol Educational Program. With
reference to the diagnostic criteria of Chinese adult dyslipidemia prevention guide (2007 edition), dyslipidemia was
defined as in according with at least one of the following
components: high TC (≥ 5.18 mmol/L or receiving drug
treatment for high TC); high LDL-C (≥ 3.37 mmol/L or
receiving drug treatment for high LDL-C); low HDL-C (<
1.04 mmol/L or receiving drug treatment for low HDL-C)
or high TG (≥ 1.70 mmol/L or receiving drug treatment for
high TG) [18].
Covariate

Covariates consisted of basic demographic information
(gender, age, education years and marital status), life
style (alcohol, tobacco, and physical exercise habits), comorbidities [hypertension (HP), diabetes mellitus (DM),
coronary heart disease (CHD) and atrial fibrillation],
family history (HP, DM, CHD, dyslipidemia), physical
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Fig. 1 Flow chart. Abbreviations: MMSE, Mini-Mental State Examination

examination parameters [pulse rate, mean arterial pressure (MAP), cardiac murmur, body mass index (BMI)
and arrhythmia] and biochemical indexes [fasting blood
glucose level (FBG)]. It was defined as HP when systolic
blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood
pressure (DBP) ≥ 90 mmHg [19]. MAP was calculated as
1/3 SBP plus 2/3 DBP. The diagnosis of DM was based
on the WHO definition [20].
Statistical analysis

All analyses were conducted using SPSS 13.0 statistical
software. With double side inspection, P < 0.05 was considered significant. Graphs were plotted in GraphPad Prism
version 5.0 for Windows. Data are given as mean ± standard deviation (SD) for continuous variables of normal distribution, as the median (25% percentile, 75% percentile)
for continuous variables of skewed distribution or numerical value (percentage) for categorical variables. Differences
between study groups were assessed using student t-tests
for continuous variables of normal distribution, rank tests
for continuous variables of skewed distribution, and χ2
tests for categorical variables.
As primary analysis, we showed the demographic and
clinical data distribution. We conducted the statistical description about the distribution of general data characteristics, serum lipids, and possible factors affecting cognitive
function.
In order to clarify the effects of gender and age on relationships between serum lipids and cognitive impairment,
we conducted the following statistical analysis. First, we
focused on the univariate analysis to explore the relationship between five serum lipid parameters and cognitive
impairment respectively. In the process of analysis, the

total population was divided into several subgroups respectively- women subgroup and men subgroup according
to gender, the middle-aged (40–55) subgroup and the
elderly (> 55) subgroup according to age [21], the middleaged women subgroup, the elderly women subgroup, the
middle-aged men subgroup and the elderly men subgroup
according to both gender and age. We also analyzed the
possible relationships between the confounders and cognitive dysfunction.
Second, on the basis of single factor analysis, we utilized
multiple logistic regression analysis in all study subjects to
adjust confounding factors and to further explain the
effects of serum lipids on cognitive dysfunction. The inclusive criteria of covariates in multivariate analysis models
are: factors that may probably influence cognitive function
in previous studies, factors that may probably influence
cognitive function which were focused on by this study,
statistically significant factors in univariate analysis by this
study. We also did interaction analysis of gender, age and
serum lipids on cognitive impairment in the total
population.
Furthermore, we did stratified analysis. The total population was divided into several subgroups based on gender,
age, both gender and age respectively as mentioned above.
In this part, we established three multivariate models to investigate if the relationship between serum lipid parameters
and cognitive impairment is regulated by gender and age.

Results
Demographic and clinical data distribution

1762 people were actually included in the analysis of this
study. 887 participants were diagnosed as having dyslipidemia. TC (5.05 ± 0.99 mmol/L), LDL-C (3.32 ± 0.89
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mmol/L) and HDL-C (1.40 ± 0.31 mmol/L) were approximately normally distributed. TG [1.44 (1.02, 2.00)
mmol/L] was skewed distributed. 226 subjects met the
criteria of cognitive impairment and MMSE scores
(25.66 ± 4.19) were normally distributed. Table 1 shows
the demographic and general clinical information of the
entire study sample set, as well as of subjects with and
without dyslipidemia.
Prevalence of cognitive impairment based on serum
lipids in total population and subgroups

Figure 2 shows the prevalence of cognitive impairment.
In the total population, the prevalence of cognitive impairment was no significantly different between dyslipidemia group and normal lipid group, but in the female
subgroup, the prevalence of cognitive impairment in the
dyslipidemia group was higher than that in the normal
lipid group (Fig. 2a).
In total population, the prevalence of cognitive impairment in the high TC group was higher than that in the
normal TC group significantly (Fig. 2b). Gender- and
age-stratified univariate analysis showed that in the elderly (> 55) male subgroup the prevalence of cognitive
impairment was significantly higher in the high TC
group than that in the normal TC group (Fig. 2b). In
total population, the prevalence of cognitive impairment
had no significant difference between the normal LDL-C
group and the high LDL-C group (Fig. 2c), neither between the normal HDL-C group and the low HDL-C
group (Fig. 2d). After stratified by both gender and age,
the prevalence of cognitive impairment was still no significantly different between the normal LDL-C group
and the high LDL-C group, nor between the normal
HDL-C group and the low HDL-C group. In total population, the prevalence of cognitive impairment was no
significantly different between the high TG group and
the normal TG group, but in the female subgroup, the
prevalence of cognitive impairment in the high TG
group was higher than that in the normal TG group,
while in the male subgroup, the prevalence of cognitive
impairment in the high TG group was lower than that
the in normal TG group (Fig. 2e). Table 2 shows differences in covariates, such as gender, age, education years
and so on, between the cognitive impairment groups
and the normal cognition groups.
Multivariate analysis of serum lipids on cognitive
impairment in the total population

To explore relationships between serum lipids and cognitive impairment further, we conducted multiple logistic regression analysis in all study subjects (Fig. 3).
Multivariate analysis showed that controlling for possible
confounding factors, there was no significant correlation
between high TC, high LDL-C, low HDL-C or high TG
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with cognitive impairment (models 1 and 2). As well, no
significant correlation was found between TC, LDL-C,
HDL-C, TG and cognitive impairment (model 3). The
hypothesis test of regression coefficients for all covariates in model 2 has been did and the results showed that
the effect on high TC, high LDL-C, age, education years,
lack of physical activity, CHD, BMI and MAP on cognitive impairment was significant, while the effect of other
covariates had no significance on cognition (data not
shown). Next we established model 4 to examine the
interaction of serum lipid parameters (high TC, high
LDL-C, low HDL-C and high TG), gender and age. The
interaction term gender by age by high TC was positively
correlated with cognitive impairment (OR = 2.236, P =
0.009), the interaction term gender by age by high
LDL-C was negatively correlated with cognitive impairment (OR = 0.533, P = 0.041), meanwhile, the effect of
the interaction of gender, age and high TG on cognitive
impairment was similar to that of gender, age and high
LDL-C on cognitive impairment. It indicated that gender
and age had effects on the relationship between serum
lipid parameters and cognitive impairment.

Multivariate analysis of relationships between serum
lipids and cognitive impairment in subgroups stratified
by gender and age

To illustrate the effect of both gender and age on relationships between serum lipids and cognitive impairment further, stratified analysis was used (Fig. 4, models
5, 6 and 7). Confounders introduced into models 5, 6
and 7 were the same as those considered in model 2. In
model 5, the stratified logistic regression results showed
that high TC related with cognitive impairment positively (OR = 2.506, p = 0.038) in the male subgroup,
while high TG associated with cognitive impairment
negatively (OR = 0.411, p = 0.005) in the same subgroup.
However, there was no difference of the other serum
lipids and cognitive impairment in model 5. In model 6,
high TG associated with cognitive impairment negatively
(OR = 0.600, p = 0.049) in the middle-aged subgroup.
Age stratified multivariate analysis showed that there
seemed to be no difference between the other serum
lipid indexes and cognitive impairment. Both gender and
age stratified multivariate analysis showed that high
LDL-C associated with cognitive impairment positively
(OR = 2.496, p = 0.037) in the elderly female subgroup,
while high TG associated with cognitive impairment
negatively (OR = 0.157, p = 0.001) in the middle-aged
male subgroup and high TC associated with cognitive
impairment positively (OR = 4.404, p = 0.02) in the elderly male subgroup. However, no significant correlation
between the other serum lipid parameters and cognitive
impairment was found in model 7.

Zhao et al. Lipids in Health and Disease

(2019) 18:4

Page 5 of 11

Table 1 Demographic and clinical characteristics of the participants (n = 1762)
Variables

Total (n = 1762)

Normal serum lipids(n = 875)

Dyslipidemia (n = 887)

Male [n(%)]

714(40.5)

364(41.6)

350(39.5)

0.360

Age [Mean(SD),year]

55.48(9.95)

54.60(10.03)

56.34(9.80)

< 0.001

Uneducated

224(12.7)

90(10.3)

134(15.1)

Primary school

508(28.8)

263(30.1)

245(27.6)

High school or above

1030(58.5)

522(59.7)

508(57.3)

7(4.0,8.0)

7(4.3,8.0)

7(4.0,8.0)

Formal Education [n(%)]

Education years [Median(P25, P75), y]

P

0.009

Marital status [n(%)]

0.042
0.054

Married

1606(91.1)

809(92.5)

797(89.9)

Others

156(8.9)

66(7.5)

90(10.1)

Tobacco use [n(%)]

510(28.9)

267(30.5)

243(27.4)

0.149

Alcohol consumption [n(%)]

251(14.2)

124(14.2)

127(14.3)

0.930

Lack of physical activity [n(%)]

261(14.8)

121(13.8)

140(15.8)

0.248

HP

831(47.2)

351(40.1)

480(54.1)

0.001

DM

210(11.9)

72(8.2)

138(15.6)

0.001

CHD

38(2.2)

14(1.6)

24(2.7)

0.110

Atrial fibrillation

10(0.6)

2(0.2)

8(0.9)

0.060

HP

542(30.8)

254(29.0)

288(32.5)

0.118

DM

142(8.1)

69(7.9)

73(8.2)

0.791

CHD

107(6.1)

57(6.5)

50(5.6)

0.441

Dyslipidemia

32(1.8)

15(1.7)

17(1.9)

0.751

Comorbidities [n(%)]

Family history [n(%)]

Physical examination [n(%)]
Cardiac murmur

28(1.6)

14(1.6)

14(1.6)

0.971

Arrhythmia

41(2.3)

27(3.1)

14(1.6)

0.136

MAP [Mean(SD), mmHg]

98.46(12.18)

95.99(11.55)

99.78(12.30)

< 0.001

Pulse Rate [Mean(SD)]

75.32(8.85)

75.29(8.64)

75.35(9.06)

0.818

BMI[Mean(SD), kg/m2]

25.28(3.15)

24.67(2.98)

25.88(3.31)

< 0.001

FBG [Median(P25,P75), mmol/L]

5.40(5.06,5.82)

5.33(5.02,5.68)

5.49(5.12,6.00)

< 0.001

TC [Mean(SD), mmol/L]

5.05(0.99)

4.51(0.63)

5.58(0.99)

< 0.001

Biochemical examination

LDL [Mean(SD), mmol/L]

3.32(0.89)

2.86(0.65)

3.78(0.86)

< 0.001

HDL [Mean(SD), mmol/L]

1.40(0.31)

1.44(0.29)

1.37(0.33)

0.010

TG [Median(P25,P75), mmol/L]

1.44(1.02,2.00)

1.11(0.89,1.39)

1.99(1.49,2.53)

< 0.001

Cognition
MMSE [Mean(SD)]

25.66(4.19)

25.87(4.15)

25.46(4.22)

0.038

Cognitive impairment [n(%)]

226(12.8)

101(11.5)

125(14.1)

0.110

Abbreviations, SD standard deviation; P25, 25% percentile; P75, 75% percentile, HP hypertension, DM diabetes mellitus, CHD coronary heart disease, MAP mean
arterial pressure, BMI body mass index, FBG fasting blood glucose, TC total cholesterol, LDL low-density lipoprotein, HDL high-density lipoprotein, TG triglycerides,
MMSE Mini-Mental State Examination

Discussion
In this cross-sectional study, we found there was no association between serum lipids and cognitive impairment in the total population. However, after stratified

according to gender and age, with adjustment for confounding factors, the correlation ships between serum
lipids and cognitive impairment were prominent. In the
elderly male participants, there was a positive association
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Fig. 2 Prevalence of cognitive impairment based on dyslipidemia (a), TC (b), LDL-C (c), HDL-C (d) and TG (e) in total population and in the
gender-based, age-based or gender- and age-based subgroups. * P < 0.05. Abbreviations: TC, total cholesterol; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; TG, triglycerides

between serum TC and cognitive impairment, while
among the elderly female subjects, the correlation was
positive between serum LDL-C and cognitive impairment. In the middle-aged male participants, the correlation ship was negative between TG and cognitive
impairment. However, the data showed no association
between HDL-C and cognitive impairment. The results
above demonstrated that relationships between serum
lipids and cognitive impairment were both gender- and
age-dependent.
TC is the most important lipids, and transported by
LDL-C and HDL-C in the blood mainly. A previous study
showed that high serum TC level could lead to bearing an
increased risk of AD in old participants [15], while another
study found the association was only in the middle-aged
people [22], and one study reported that the association
was only found in male participants [23]. One study found
that high LDL-C was negatively correlated with cognitive
impairment [24], one showed the correlation was opposite
[25]. The relationship between serum HDL-C levels and
cognitive impairment remained unclear [26, 27]. One suggested an association between lower HDL-C levels and
poor cognitive function [28], while another reported that
HDL-C levels were not related to cognitive function [29].
Therefore, results of the previous researches showed that
the relationship between cholesterol and cognitive impairment still remained unclear. So in order to explore the
clear and deep relationship between dyslipidemia and
cognitive impairment, stratification analysis according to
gender and age was conducted in this study. Participants
were recruited from a village of Xi’an, and after stratified
according to gender and age, we found that TC and
LDL-C levels were positively associated with cognitive

impairment in the elderly male and elderly female participants respectively, while HDL-C level was not associated
with cognitive function. These results indicated that TC
and LDL-C levels related to cognitive impairment were
gender- and age- dependent.
The mechanism of dyslipidemia, particularly high TC
and high LDL-C level, increasing the risk of cognitive
impairment is still unclear at present. However, high
concentrations of TC and LDL-C have been proven to
be independent risk factors of cerebrovascular diseases
[30], which in turn may result in cognitive impairment
through cerebral ischemia. Furthermore, leucoaraiosis,
which belongs to the pathological change of cerebrovascular diseases, is a progressive process that is associated
with cognitive impairment [31]. High TC and LDL-C
levels may also be connected with small-vessel diseases
by holding a vital role in maintaining the balance of
cholesterol levels in the brain. Thus, high TC and
LDL-C could promote cognitive impairment through a
cerebrovascular pathway. Meanwhile, it is possible that
high concentrations of TC and high LDL-C could affect
cognitive function through non-cerebrovascular mechanisms. Animal study provided proofs for the function of
cholesterol in the production of amyloid-β (Aβ), a hallmark of AD pathogenesis, by demonstrating that a high
cholesterol diet sustaining for 7–10 months could increase TC level by 4-fold and increase Aβ accumulation
in mice [32]. This conclusion has also been demonstrated by the rabbit experiment [33]. Experimental
study found that cholesterol reduction could lower the
production of Aβ [34]. Also, there was evidence that
larger amount of Aβ deposition was associated with high
TC and LDL-C levels measured during lifetime in
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Table 2 Differences in covariates between the cognitive impairment group and the normal cognition group
Variables

CI (n = 226)

NC (n = 1536)

Male

84(11.8)

630(88.2)

Female

142(13.5)

906(86.5)

Gender [n(%)]

0.271

Age [n(%)]

< 0.001

40–55

82(8.4)

897(91.6)

> 55

144(18.4)

639(81.6)

8(5.0,9.0)

5(0.0,8.0)

Education years [Median(P25,P75), y]
Marital status [n(%)]

190(11.8)

1416(88.2)

Others

36(23.1)

120(76.9)

Y

63(12.4)

447(87.6)

N

163(13.0)

1089(87.0)

Tobacco use [n(%)]

0.704

Alcohol consumption [n(%)]

0.207

Y

26(10.4)

225(89.6)

N

200(13.2)

1311(86.8)

Y

45(17.2)

216(82.8)

N

181(12.1)

1320(87.9)

Lack of physical activity [n(%)]

0.021

HP [n(%)]

0.013

Y

124(14.9)

707(85.1)

N

102(11.0)

829(89.0)

Y

42(20.0)

168(80.0)

N

184(11.9)

1368(88.1)

DM [n(%)]

0.001

CHD [n(%)]

0.006

Y

11(28.9)

27(71.1)

N

215(12.5)

1509(87.5)

Y

2(20.0)

8(80.0)

N

224(12.8)

1528(87.2)

Atrial fibrillation [n(%)]

0.837

Family history of HP [n(%)]

< 0.001

Y

43(7.9)

499(92.1)

N

182(15.0)

1034(85.0)

U

1(25.0)

3(75.0)

Family history of DM [n(%)]

0.701

Y

15(10.6)

127(89.4)

N

210(13.0)

1402(87.0)

1(12.5)

7(87.5)

Family history of CHD [n(%)]

0.034

Y

5(4.7)

102(95.3)

N

220(13.3)

1428(86.7)

U

1(14.3)

6(85.7)

Family history of Dyslipidemia [n(%)]

< 0.001
< 0.001

Married

vU

P

0.529
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Table 2 Differences in covariates between the cognitive impairment group and the normal cognition group (Continued)
Variables

CI (n = 226)

NC (n = 1536)

Y

2(6.3)

30(93.7)

N

223(12.9)

1500(87.1)

U

1(14.3)

6(85.7)

Cardiac murmur [n(%)]

0.034

Y

8(28.6)

20(71.4)

N

217(12.6)

1502(87.4)

U

1(6.7)

14(93.3)

Arrhythmia [n(%)]

0.127

Y

9(22.0)

32(78.0)

N

217(12.7)

1497(87.3)

U
MAP [Mean(SD), mmHg]

P

0(0.0)

7(100.0)

100.90(12.71)

98.10(12.06)

0.002

Pulse Rate [Mean(SD)]

76.13(10.67)

75.20(8.55)

0.321

BMI[Mean(SD), kg/m2]

24.83(3.359)

25.35(3.181)

0.024

FBG [Median(P25,P75), mmol/L]

5.39(5.07,5.80)

5.42(5.04,6.02)

0.394

Abbreviations, CI cognitive impairment, NC normal cognition, P25, 25% percentile, P75, 75% percentile, Y yes, N no, U unknown, HP hypertension, DM diabetes
mellitus, CHD coronary heart disease, SD standard deviation, MAP mean arterial pressure, BMI body mass index, FBG fasting blood glucose

Fig. 3 Forest plot of relationships between serum lipid parameters and cognitive impairment in the total population with multivariate analysis
(model 1, 2, 3 and 4). High TC, high LDL-C, low HDL-C and high TG were treated as binary data (yes or no) in model 1 and 2. In model 3, TC,
LDL-C, HDL-C and TG were transformed into continuous variables. In model 1, the analysis was corrected for gender, age, and years of education.
Model 2 was adjusted for the covariates included in model 1 as well as for tobacco use, alcohol consumption, lack of physical activity, CHD, MAP,
BMI, FBG. In model 3, the confounding variables considered were the same as those considered in model 2. Model 4 was adjusted for the
covariates included in model 2 plus the interaction terms gender by age by serum lipids. Abbreviations: OR, odds ratio; CI, confidence interval; TC,
total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; CHD, coronary heart disease; MAP, mean arterial
pressure; BMI, body mass index; FBG, fasting blood glucose
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Fig. 4 Forest plot of relationships between serum lipid parameters and cognitive impairment in the subgroups stratified by gender and age
(models 5, 6 and 7). The population was divided into two gender-based subgroups (male and female) in model 5, two age-based subgroups (≤
55 and > 55) in model 6, four both gender and age-based subgroups (female, ≤ 55; female, > 55; male, ≤ 55 and male, > 55) in model 7. Every
serum lipid parameter (high TC, high LDL-C, low HDL-C and high TG) was included in every subgroup of these 3 models. The confounding
variables considered in model 5, 6 and 7 were as follows: years of education, tobacco use, alcohol consumption, lack of physical activity, CHD,
MAP, BMI, and FBG. Abbreviations: OR, odds ratio; CI, confidence interval; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density
lipoprotein; TG, triglycerides; CHD, coronary heart disease; MAP, mean arterial pressure; BMI, body mass index; FBG, fasting blood glucose

autopsied brains from AD patients [35]. Furthermore,
previous studies showed that cholesterol increased the
activity of β-secretase, which is important for activity of
the amyloid precursor protein secretase, and implied
that high cholesterol levels could increase Aβ generation
[36, 37]. Based on these findings, we can conjecture that
high levels of TC and LDL-C contribute to cognitive impairment by cerebral hypoperfusion, white matter injuries, the disorder of transport in cerebrovascular pathway,
and by increasing the deposition of Aβ and the activity
of β-secretase in non-cerebrovascular pathway.
Why TC and LDL-C related to cognitive impairment only
in elderly people? One possible reason is that it takes a long
time for high serum TC and LDL-C levels to induce atherosclerosis, small vessel lesions of the brain capillaries, and
increase the deposition of Aβ and the activity of β-secretase
in both cerebrovascular and non-cerebrovascular pathways,
which contribute to the development of AD [38]. The
elderly themselves are vulnerable to hyperlipidemia may be
another possible reason. To demonstrate if high TC levels in

the middle-aged associate with an increased risk of cognitive
impairment in old age, cohort studies are needed. Moreover,
our study showed that the positive correlation between TC
levels and cognitive impairment was only in males, while
the association was only in females when referred to LDL-C
levels. This gender difference may be related to different
hormonal status. Estrogen which could modify the cholesterol metabolic process was lower in postmenopausal
women [39]. Animal study has suggested sex differences
linked to a difference in LDL receptor [40]. A previous study
found that higher TC related to increase cortical thinning,
which related to AD, was only in male population [41].
TG is another form of serum lipids. Several previous
studies have reported that there was no association
between TG levels and AD risk [42, 43], similarly, our
study demonstrated no significant association between
TG levels and cognitive impairment in entire sample set,
however, after stratified according to gender and age,
high TG was negatively correlated with cognitive impairment in the middle-aged male participants. Low TG
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concentrations were correlated with the brain inflammation, frailty and low nutrition levels [44]. Low TG levels
may in turn reflect a low nutrition level diet implying
pathological changes or be a marker for early cognitive
impairment. However, we don’t know any reasonable
physiologic progression for such a causal relationship
clearly. Moreover, the reasons for this inconsistency in
different genders could partly be attributed to the truth
that cognitive impairment is quite different condition
with gender differences [45].
Several limitations of this research should be noted.
Firstly, one of limitations of the present study is that it is a
cross-sectional study, and so no causal relationships
between serum lipids and cognitive impairment could be
reached. Secondly, because of different eating habits, low
literacy, poor health consciousness and be indifferent to
hyperlipidemia of Chinese people in rural areas, and while
the previous studies were almost conducted in other
countries, no similar research was carried on in rural areas
of China, so we conducted this study. Actually, the participants with dyslipidemia in this study were significantly
older, had a lower education level, and had a higher rate of
comorbidities compared to normolipidemic participants,
and these confounding factors themselves could significantly increase the risk of CI, so we adjusted confounding
factors and did stratified analysis to illustrate the effect of
both gender and age on relationships between serum
lipids and cognitive impairment further. Thirdly, we evaluated cognition only using the MMSE. Although the
MMSE is a convenient measurement of global cognition
and has been used in previous studies widely, but it should
be note that MMSE has false positive and false negative.
The cognitive impairment diagnosed by MMSE needs to
be confirmed by other neuropsychiatric test. Meanwhile,
we did not determine apolipoprotein-E genotypes, which
is the most powerful genetic dangerous factor of AD. As
apolipoprotein-E also associated with serum lipids transport, it may have impact on relationships between serum
lipid parameters and cognitive impairment.
In conclusion, this present study suggested that relationships between serum lipids and cognitive impairment are
gender- and age- dependent, with high serum TC and
high LDL-C may be risk factors for cognitive impairment
in the elderly male and elderly female subjects respectively, while high serum TG may be protector of cognitive
impairment in the middle-aged male participants. Additional large longitudinal studies with comprehensive measurements of cognitive function are required.
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