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Abstract

Objectives: Increasing evidence has demonstrated that vascular risk factors (VRFs) contribute to cognitive impairment in the
elderly population. Prevention and administration of VRFs can be a vital strategy for delaying cognitive impairment. This study aimed
to determine the impact of VRFs on cognitive function of the aged people from Chonggqing, Southwest China. Methods: A total of
597 participants (>60 years) from hospital and community population were enrolled in the cross-sectional study. Participants
were screened for hypertension, coronary heart disease (CHD), and cerebrovascular disease (CVD). Blood pressure (BP) and
blood lipid were also measured. Cognitive function was assessed with Mini-Mental State Examination and Clinical Dementia
Rating. Logistic regression analysis was used to look for VRFs impacting mild cognitive impairment (MCI). Then we investigated
the relationship between different types of vascular diseases and MCI. Results: A total of 457 participants showed normal
cognitive function and 140 participants showed MCI. After adjusting for age, gender, and education, logistic regression analysis
demonstrated that hypertension, CHD, systolic BP, total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C) were
independently associated with MCI; however, CVD, diastolic BP, triglyceride, and high-density lipoprotein cholesterol were not
associated with MCI. Moreover, vascular diseases significantly contributed to MCI compared with no vascular disease; however,
no significant difference in incident MCl was found among different combinations of vascular diseases. Conclusions: Hyper-
tension, CHD, TC, and LDL-C are independent risk factors for MCI. Moreover, patients with vascular diseases have a higher risk
of MCI; however, the amount of vascular diseases does not increase the risk of MCI.
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which ultimately leads to cognitive impairment.*> Multiple vas-
cular diseases can lead to cerebral hypoperfusion, including
hypertension, coronary heart disease (CHD), and cerebrovascu-
lar disease (CVD). Therefore, those vascular risk factors (VRFs)
could be risk factors for cognitive impairment. Moreover, it is

Introduction

Cognitive impairment is a progressive condition from mild
cognitive impairment (MCI) to dementia. Mild cognitive
impairment, an intermediate state between normal cognitive
(NC) function and dementia, is a common clinical manifesta-
tion affecting the aged people. It is suggested in large sample
studies that the progression rates from MCI to dementia range
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between 5.4% and 11.7% per year; moreover, patients with
MCI have higher risks of progression to dementia compared
with healthy aging people.'* At present, dementia is very com-
mon in the elderly population, and the number of people
affected by dementia is continually increasing. It is estimated
that to date more than 20 million people have dementia, and the
total prevalence of dementia is predicted to quadruple by
2040.° However, there are no modifying treatments for demen-
tia so far. The early intervention of cognitive impairment
appears to be very important for the prevention of dementia.
Cerebral hypoperfusion can induce hypoxia/ischemia and
contribute to structural and functional changes in the brain,
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suggested that these VRFs are associated with the progression of
dementia such as Alzheimer’s disease (AD) and vascular demen-
tia (VD).>” Meanwhile, some studies also demonstrate that the
treatment of VRFs can delay the onset and progression of cogni-
tive impairment and dementia.'® However, till date there is still
no final conclusion about the relations between VRFs and MCI,
based on published data.'''* Moreover, data on the correlation
between VRFs and MCI are still lacking for Chinese population.
Therefore, this issue needs to be further investigated in China
because of race and regional differences.

The present study aimed to investigate the association of
MCI with several VRFs, including hypertension, dyslipide-
mia, CHD, and CVD, in the elderly population in Chongqing,
Southwest region of China, based on comprehensive geriatric
assessment (CGA).

Methods
Study Participants

Hospital-based participants were recruited from Department
of Geriatrics, The First Affiliated Hospital of Chongqing
Medical University. Community-based individuals volun-
teered from clinic of community service center, Jiangbei Dis-
trict, Chongqing. Our study was performed from September
2011 to August 2012. Study participant’s inclusion criteria
were as follows: (1) 60 years and older; (2) no history of
neuropsychiatric disorders; (3) no evidence of neoplastic
diseases; and (4) agree to participate in the study. Exclusion
criteria were as follows: (1) acute stress state; (2) diagnosed
with dementia; (3) severe organ dysfunction; and (4) the par-
ticipant or the relatives refused to participate in the study. The
cognitive and functional status of all patients was assessed by
using Mini-Mental State Examination and Clinical Dementia
Rating (CDR), and recruited participants were divided into
the NC group and the MCI group.

Ethics Statement

Written informed consent, witnessed oral consent, or kin writ-
ten consent was obtained from all study participants or their
family members. This study complied with the guidelines of
the National Institutes of Health on the conduct of human
research and was approved by the Ethical Committee of The
First Affiliated Hospital of Chongqing Medical University on
human research.

Data Collection

The survey of CGA sheet was performed by professional ger-
iatricians via face-to-face interview in hospital or community
service center, and CDR was further used after cognitive
screening if necessary. Blood pressure (BP) was measured
under resting condition. Heart condition was assessed by elec-
trocardiogram and color doppler ultrasound. Cerebrovascular
disease was evaluated by neurological examination and com-
puted tomography/magnetic resonance imaging scan of brain.

Blood samples were analyzed, including blood routine, liver
function, kidney function, triglyceride (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C).

The diagnosis of hypertension fulfilled the criteria of the 2011
guide of American College of Cardiology and the American Heart
Association (ACCF/AHA), and hypertension was diagnosed
with the systolic BP (SBP) >140 mm Hg and/or the diasto-
lic BP (DBP) >90 mm Hg. The diagnosis of CHD fulfilled
the criteria of the 2011 guide of ACCF/AHA, and CHD was
defined as a history of silent myocardial ischemia, angina
pectoris, myocardial infarction, or ischemic cardiomyopa-
thy. Cerebrovascular disease was identified as a history of
transient ischemic attack (TIA) or stroke.

The diagnosis criteria of MCI included subjective complaint
of memory decline for at least 6 months; objective memory
decline via neuropsychological evaluation, CDR score of 0.5;
decline in performing the normal activities of daily living; incon-
formity to dementia diagnostic criteria; and no history of alco-
holism and drug abuse. When the participants had scored 0 for
all CDR items, they were categorized as the NC group.

Statistical Analysis

Distributions of continuous data were represented by the mean
and standard deviation (SD; mean + SD). Normality of all
continuous data was tested by Kolmogorov-Smirnov test. Inde-
pendent ¢ test (normally distributed) and Mann-Whitney U test
(nonnormally distributed) were used for continuous data. Dis-
tribution of categorical data was represented by ratio (%). The
x* test was used for comparison of categorical data. To show
the correlation between VRFs and cognitive function in our
study, logistic regression analysis was used to analyze VRFs
impacting MCI. The analysis of all data was carried out with
SAS statistics 9.1. A P value of less than .05 was considered
to be significant.

Results

A total of 603 participants were included in this study; however,
6 participants did not complete CGA due to practice reason.
Therefore, 597 participants were enrolled in the cross-sectional
study.

The age of our cohort ranged from 60 to 95 years; 219
(36.7%) participants of 60 to 69 years, 237 (39.7%) participants
of 70 to 79 years, and 141 (23.6%) participants of >80 years. In
all, 55.95% (334 of 597) of patients had hypertension for the
duration of 13.88 + 11.16 years; 28.81% (172 of 597) of
patients had CHD, for the duration of 10.45 + 8.88 years; and
17.09% (102 of 597) of patients had CVD, for the duration of
5.20 + 6.28 years.

A total of 457 (76.5%) patients belonged to the NC group
and 140 (23.5%) patients to the MCI group. Mini-Mental State
Examination score of the MCI group was significantly lower
than that of the NC group (21.03 + 4.50 vs 28.80 + 1.30,
respectivel, P < .05). Demographic and clinical characteristics
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Table I. Demographic Characteristics of Participants With NC and
MCI.

Table 3. Association of Vascular Risk Factors With MCI Adjusted for
Age, Gender, and Education.

Basic Condition NC (n=457) MCI(n=140) P Value Basic Condition OR (95% CI) P Value

Age, mean + SD 7144 + 778 7792 + 6.78 .000? Diseases

Gender, n (%) .058 Hypertension 0.979 (0.971-0.987) .000*
Male 208 (45.51%) 51 (36.43%) CHD 0.988 (0.981-0.996) .001*
Female 249 (54.49%) 89 (63.57%) Blood pressure, mm Hg

Education, n (%) 0272 SBP 0.958 (0.951-0.964) .000?
<12 years 333 (72.87%) I15 (82.14%) Blood lipid, mmol/L
>12 years 124 (27.13%) 25 (17.86%) TC 0.944 (0.931-0.957) .000*

MMSE score 28.80 + 1.30 21.03 + 4.50 .000” LDL-C 0.940 (0.929-0.952) .000?

Abbreviations: NC, normal cognition; MCI, mild cognitive impairment; SD,
standard deviation; MMSE, Mini-Mental State Examination.
? P < .05 represents statistical significance.

Table 2. Clinical Characteristics of Participants With NC and MCI.

Basic Condition NC (n = 457) MCI (n = 140) P Value
Diseases, n (%.)
Hypertension 241 (52.74%) 93 (66.43%) .0007
CHD 121 (26.48%) 51 (36.43%) .023*
CvD 72 (15.75%) 30 (21.43%) 119
Blood pressure, mm Hg
SBP 131.74 + 1678  137.63 + 18.90 .0007
DBP 77.37 £ 10.12 77.00 + 1081 .658
Blood lipid, mmol/L
TG 1.60 + 1.0l 1.55 + 1.86 117
TC 496 + 2.18 459 + 1.21 .015°
HDL-C 1.39 + 041 1.36 + 0.45 316
LDL-C 2.86 + 0.93 2,67 +£ 090 .048°

Abbreviations: NC: normal cognition; MCI: mild cognitive impairment; CHD,
coronary heart disease; CVD, cerebrovascular disease; SBP, systolic pressure;
DBP, diastolic pressure; TG, triglyceride; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
? P < .05 represents statistical significance.

of patients with NC and MCI were listed in Tables 1 and 2,
respectively. After adjusting for age, gender, and education,
logistic regression analysis demonstrated that hypertension,
CHD, SBP, TC, and LDL-C were independently associated
with MCI (P < .05; Table 3). However, CVD, DBP, TG, and
HDL-C were not independently associated with MCI (P > .05).

There were 211 (35.34%) individuals without vascular dis-
ease, 205 (34.34%) with 1 vascular disease, 141 (23.62%)
with 2 vascular diseases, and 40 (6.70%) with 3 vascular dis-
eases. The incidence of MCI was 14.69% (31 of 211) in the
subgroup with no vascular disease, 27.80% (57 of 205) with
1, 28.37% (40 of 141) with 2, and 30.00% (12 of 40) with 3
diseases, respectively. Vascular disease was closely associ-
ated with MCI in this study. Patients with vascular diseases
had higher risks of MCI than those without vascular disease
(P <.05); however, patients with 2 or more vascular diseases
did not show higher risk of MCI than patients with 1 vascular
disease (P > .05; Table 4).

Abbreviations: MCI, mild cognitive impairment; CHD, coronary heart disease;
SBP, systolic pressure; TC, total cholesterol; LDL-C, low-density lipoprotein
cholesterol; OR (95% ClI), odds ratio (95% confidence intervals).

? P < .05 represents statistical significance.

Table 4. Association of Vascular Diseases With Cognitive Function
Adjusted for Age and Education.?

NC(h MCI(n P
Varieties =457) = 140) Value
A: No disease 180 31
B: | disease (hypertension, CHD, CVD)? 148 57 .001°
C: 2 diseases (hypertension + CHD, 101 40 .002°
hypertension + CVD, CHD + CVD)?
D: 3 diseases (hypertension + CHD + 28 12 018°
CvVD)*

Abbreviations: NC: normal cognition; MCI: mild cognitive impairment; CHD,
coronary heart disease; CVD, cerebrovascular disease.

? Represented P > .05 (any 2 groups from B, C, or D), P> .05 was considered as
no significance.

b Represented P < .05 (B, C, D vs A), P < .05 was considered as significance.

Discussion

The present study has shown that several VRFs are associated
with MCI in Chinese elderly people of Chongqing region.
Hypertension and CHD are independent VRFs for MCI. Mild
cognitive impairment is more likely to present in patients with
vascular diseases than those without vascular diseases. More-
over, abnormal SBP, TC, and LDL-C also significantly contrib-
ute to MCI. Approximately 130 mm Hg of SBP level should
be controlled to prevent MCI; 4.96 mmol/L of TC level and
2.66 mmol/L. of LDL-C level are suitable for the prevention
of MCI. Higher SBP, lower TC, and LDL-C can contribute
to MClI in the elderly population. However, there was no signif-
icant difference in CVD, DBP, TG, HDL-C, and increased
types of vascular diseases.

Hypertension is not only associated with cognitive impair-
ment but also increases the risk of dementia.'? However, the
association between hypertension and cognitive impairment
may be related to BP levels. Higher BP levels or elevated pulse
pressure significantly increases the risk of cognitive impair-
ment,m'16 while other studies show even lower BP levels with
higher risk of cognitive impairment.'”'® Therefore, both high
BP and low BP affect brain perfusion and cognitive function
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because of multiple pathophysiological pathways, including
cerebral hypoperfusion-induced hypoxia/ischemia, increased
B-amyloid accumulation in brain vessels, and vascular damage
mediated by atherosclerosis and oxidative stress.”*>* It is also
suggested that in patients who developed dementia, SBP showed
a greater increase from midlife to late life and a greater decrease
in late life, but DBP showed no significant changes.?* Consistent
with the most findings, our present study demonstrated that
hypertension was associated with MCI and higher SBP levels
contributed to the risk of MCI in the elderly population, and
there was no association between DBP and MCI. Increasing
evidence has suggested that antihypertensive agents have a
decreased risk of dementia in individuals with hypertension;
and antihypertensive treatments need to be carried out in early
stage; however, BP control levels preventing the development
of dementia are not inconclusive. According to our results,
SBP levels should be controlled at approximately 130 mm
Hg to prevent MCI.

Recently, several studies find that CHD is associated with
cognitive decline, such as executive function, global cognition,
and nonamnestic MCI, and promotes the risk of vascular cog-
nitive impairment and VD.?*** However, other studies have
found no significant contribution of CHD to cognitive impair-
ment.>*3? Therefore, the relation between CHD and MCI is
still contradictory. The present study support that CHD is asso-
ciated with MCI. The relationship between cognitive impair-
ment and CHD can be explained by reduced cardiac pump
function,> because lower scores for cognitive function are
detected in patients with lower ejection fraction or reduced car-
diac output.>* Therefore, CHD-causing impaired cardiac func-
tion may give rise to cerebral hypoperfusion, subsequently lead
to hypometabolism, cerebrovascular pathology, and brain atro-
phy, and eventually contributes to cognitive impairment.>>=’

Cerebrovascular disease, especially stroke, increases the
risk of both MCI and AD?**® via increase in B-amyloid
production/accumulation and inflammation-associated hippo-
campal atrophy.***° Cerebrovascular disease consists of mul-
tiple subtypes; variant CVD subtype shows different risk for
MCI. For instance, a study shows that the annual prevalence
of cognitive impairment is higher in small vessel occlusion
than that in lacunar infarction (10% vs 2%), up to 5 years after
stroke.*! Another study finds no relationship between TIA
and MCI; and stroke significantly increases the risk of MCI
after adjustment for demographics.*> However, onset time
of TIA probably contributes to cognitive impairment. It is
reported that patients with prestroke TIA <4 weeks had a
higher risk of dementia than those with a prestroke TIA >4
weeks and without TIA. Moreover, the association between
TIA and dementia depends on age, and there is no signifi-
cance between TIA and dementia in patients aged more than
75 years.** In addition, the risk of cognitive impairment is
also associated with low baseline cognition before CVD.*
Our results show no significant correlation between CVD and
MCI. This phenomenon is possibly explained by age. In all,
141 (23.6%) patients (>80 years old) are enrolled in this
study, which may affect our results. In addition, there are only

102 (17.09%) patients with CVD in this study and the limited
sample size probably results statistic bias. Therefore, we need
to enlarge the sample size of the study and follow-up this
cohort in further work.

Our results also show that patients with vascular diseases
have a higher risk of MCI than those without vascular diseases.
However, combinations of vascular diseases including hyper-
tension, CHD, and CVD do not reach a higher risk of MCI in
this study. In other words, patients with 1 vascular disease had
the same MCI risk as those with 2 or 3 vascular diseases.
Although CVD is not independently associated with MCI in
this study, this result suggests that the relationship between
CVD and MCI is influenced by hypertension and CHD and
demonstrates that hypertension and CHD are important risk
factors for CVD-associated cognition.

Dyslipidemia is a known risk factor for cognitive impair-
ment, especially for AD. Both hypercholesterolemia and hyper-
triglyceridemia lead to cognitive impairment via B-amyloid
generation, T hyperphosphorylation, and inflammation in the
brain.***> However, to our knowledge, it is controversial for
the association between dyslipidemia and cognitive impair-
ment. Some studies demonstrate that dyslipidemia such as
higher TG, TC, LDL-C, and lower HDL-C contributes to the
progression of AD,***” while other studies find no associations
between dyslipidemia and cognitive impairment.** Even the
relationship between blood lipid and cognitive impairment may
vary considerably depending on age. High TC levels in late life
(>70 years old) reduce the risk of cognitive impairment.*’
Higher TC and LDL-C levels are associated with better mem-
ory function in very elderly population.’® The present study
demonstrates that lower TC and lower LDL-C are associated
with MCI adjusting for age, sex, and education; but TG and
HDL-C were not associated with MCI. In our cohort, 63.3%
of participants reached 70 years or more, thus, adequate levels
of TC and LDL-C may be a protective factor for cognitive
function in very elderly population. Meanwhile, this study may
provide a useful reference on treatment of hyperlipidemia for
clinicians. According to our results, 4.96 mmol/L of TC level
and 2.66 mmol/L. of LDL-C level are suitable for cognitive
function, and lower TC and LDL-C lead to cognitive impair-
ment in the elderly population. In addition, 1 study shows that
high normal TG level is conducive to preservation of cognitive
function in Chinese elderly people (>80 years).”' However, TG
has no important role in MCI in our population. Moreover,
individuals with higher HDL-C levels have a significantly
lower risk of dementia.’® Lower HDL-C level is associated
with more severe lesions of white matter changes, leading to
amnestic MCI.>* However, our report does not show HDL-C
has a correlation to MCI.

We have to acknowledge a few limitations in this study.
First, this is only a cross-sectional study with a relatively small
number of samples, and there are no follow-up data. There is
lacking of brain imaging or biomarker data (such as apolipo-
protein E 4 allele), thus the risk from MCI to dementia cannot
be predicted in this study. Therefore, a follow-up study, brain
imaging, and biomarker tests will be performed in the future.
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In summary, hypertension, CHD, SBP, TC, and LDL-C are
independent risk factors of MCI. Moreover, patients with vas-
cular diseases have a higher risk of MCI, but combinations of
vascular diseases do not increase the risk of MCI. We suggest
that 130 mm Hg of SBP, 4.96 mmol/L of TC, and 2.66 mmol/L
of LDL-C may be suitable for elder people to prevent the pro-
gression of cognitive impairment.
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