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Abstract

Background: Cognitive impairment is a major contributor to mortality among the elderly. However, the
relationship between cognitive impairment evaluated by educational levels and mortality and the trend between
cognitive impairment and mortality with time are unclear. We aim to evaluate the differences in associations of
cognitive impairment, taking the stratification by educational levels into account, with all-cause mortality and
further explore the relationship of cognitive impairment with mortality in different age and sex groups in two
cohorts ascertained 6 years apart in China.

Methods: A total of 13,906 and 13,873 Chinese elderly aged 65 years and older were included in the 2002–2008
and 2008–2014 cohorts from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). Mortality data was
ascertained from interviews with family members or relatives of participants. Cognitive function, evaluated by the
Mini-Mental State Examination (MMSE), were defined by different cut-offs taking educational background into
account. Cox models were used to explore the relationship of cognitive impairment with mortality.

Results: For the 2002–2008 and 2008–2014 cohorts, 55,277 and 53,267 person-years were followed up, and the
mean (SD) age were 86.5 (11.6) and 87.2 (11.3) years, respectively. Compared to normal cognition, cognitive
impairment was independently associated with higher mortality risk after controlling for potential confounders,
with hazard ratios (HRs) of 1.32 (95% confidence interval [CI], 1.25–1.39) in 2002–2008 cohort and 1.26 (95% CI,
1.19–1.32) in 2008–2014 cohort, stratified by educational levels. The trend of cognitive impairment with all-cause
mortality risk decreased from 2002 to 2008 to 2008–2014 cohort, while no significant interaction of cognitive
impairment with cohort for all-cause mortality was observed. The associations of cognitive impairment and
mortality were decreased with age in the two cohorts.

Conclusions: Cognitive impairment evaluated by different cut-offs were associated with increased risk of mortality,
especially among those aged 65–79 years in the two cohorts; this advocates that periodic screening for cognitive
impairment among the elderly is warranted.
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Introduction
Cognitive impairment is a major risk factor for poor health
in the growing population of elders worldwide [1–3]. It
imposes a heavy burden on public health and is associated
with shortened life expectancy. The prevalence of mild
cognitive impairment aged 65 years or older in China was
about 20.8% in 2014 [4]; more than half of these individ-
uals progresses to dementia within 5 years [5]. As China,
the world’s largest developing country quickly transitions
into an aging society, it was reported that the mortality at-
tributable to dementia in China increased from 1.6 million
in 1990 to 2.3 million in 2016 [6], which can profoundly
impact Chinese elderly health-related quality of life and
longevity.
Although a number of epidemiological studies have re-

ported on a cognitive impairment-mortality relationship
[3, 7], most of them concerned the association of cognitive
impairment and mortality risk of elders in high-income
contries [8–12]. In upper-middle income countries such
as China, several studies have indicated that baseline cog-
nitive impairment increases the risk of all-cause mortality
[13, 14]. Earlier studies have found that education is
strongly related with cognitive performance [15]. In China,
illiteracy is still widely prevalent, particularly among the
elderly population [16]. In previous studies, the prevalence
of cognitive impairment was different for entire cohort ac-
cording to the cut-offs of education, which is higher than
reported previously in China [16]. Therefore, it’s necessary
to consider cognitive impairment, stratified by different
cut-offs taking educational background into account when
we investigate the relationship between cognitive impair-
ment and mortality in the elderly population. In addition,
women have a higher risk of cognitive impairment, while
a lower risk of death may lead to gender differences. The
relationship between cognitive impairment and mortality
risk have been extensively reported and the results were
inconsistent [13, 17]. Moreover, studies are limited that
include large sample sizes, national representation, differ-
ent age groups in the oldest old (aged 80 and older).
Prior studies have explored the association of cognitive

impairment and all-cause mortality risk with long-term
follow-up (14 years and 20 years) [13, 17], but have rarely
studied the impacts of change in medical, demographic
and social factors over time on the association between
cognitive impairment and mortality. It has been reported
that annual mortality among the oldest old was substan-
tially declined between 0.2 and 1.3% in 1998–2008 com-
pared with the participants of the same age born before 10
years, but cognitive impairment increased annually be-
tween 0.7 and 2.2% in the past ten years [18]. Therefore, it
is unclear whether the impact of cognitive impairment on
mortality has changed with the passage of time.
The present study aims to examine and compare the

relationship between cognitive impairment, stratified by
different cut-offs taking educational background into ac-
count, and mortality using two cohort studies conducted
in 2002–2008 and 2008–2014. Moreover, subgroup ana-
lyses were further conducted among different sex and
age groups to identify susceptible populations in 2002–
2008 and 2008–2014.
Materials and methods
Study design and participants
The Chinese Longitudinal Healthy Longevity Survey
(CLHLS) was a nationwide survey that randomly selected
half of the cities and counties in 23 provinces of China,
and recruited participants aged 65 years and older. A
more detailed description of the CLHLS has been pub-
lished elsewhere [19].
The protection of human subjects for the CLHLS was

approved by the Ethics Committees. All participants or
their legal representatives signed written consent forms
to participate in the baseline and follow-up surveys.
Assessment of cognitive impairment and mortality
The present study evaluated baseline cognitive status of
two cohorts, ascertained in 2002 and 2008, using the
same scale of cognitive function. Cognitive impairment
was evaluated using the Mini-Mental State Examination
(MMSE), a widely used cognitive test [20] and adapted
into the Chinese language based on the international
standard of MMSE questionnaire, and carefully tested by
previous pilot survey interviews [21]. The total MMSE
score ranges from 0 to 30 within 6 dimensions: orienta-
tion, registration, attention, language, memory, and
visual construction skills. Three methods were used to
define cognitive impairment: (1) ≥24, 18–23, and < 18
were used to define normal cognition (reference), mild
cognitive impairment and serious cognitive impairment
[22, 23]; (2) < 18 was used to define cognitive impair-
ment for participants who didn’t receive any formal edu-
cation, < 21 for participants who received 6 years of
education or less, and < 25 for participants who received
more than 6 years of education [16, 24]; (3)≥24 and < 23
were used to define normal cognition (reference) and
cognitive impairment [22, 23].
The main outcome was all-cause mortality occurring

during the follow-up survey in 2002–2008 and 2008–
2014, with followed up every 3 years respectively. Each
cohort was followed for 6 years to quantify mortality and
the mortality date. Mortality date was ascertained from
interviews with family members or relatives of partici-
pants [18]. The cause-specific mortality was not involved
in this study because (1) many of the elderly died at
home rather than in medical institutions where cause of
mortality might be recorded, and (2) mortality surveil-
lance systems are uncertain in many survey fields.
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Assessment of potential confounding variables
A number of variables were collected through a face-to-
face standardized questionnaire, including demographic
characteristics, economic status, lifestyles, health condi-
tions and medical services.
Marital status was classified into unmarried and mar-

ried. Education level was classified as no formal education,
elementary school graduate (1–6 years of education), and
high school graduate (>6 years of education). Region was
defined as: urban, rural and suburban. Exercise was cate-
gorized into yes or no. Housework and reading were di-
vided into 3 categories: never, sometimes, and often.
Binary variables were defined to assess current status of
smoking, drinking, depression and disability in six activ-
ities of daily living (ADL) including dressing, bathing,
using the toilet, getting in/out of a bed or chair and feed-
ing. An ADL impairment was defined as a elder’ s re-
sponse of “needs help” to at least one or more of activities
associated with one of the six items. Participants with
systolic blood pressure ≥ 140mmHg or diastolic blood
pressure ≥ 90mmHg were considered hypertensive. Self-
reported history of heart disease and stroke were also col-
lected. According to the survey, we assessed the level of
medical care by whether the participant was receiving ad-
equate medical care at present? (Yes or No)” and on the
basis of the payor of the medical costs (public medicare or
not)”. We assessed economic status by asking, “are all fi-
nancial sources enough for your life?”, “do you have a pen-
sion?” and “how is your life compared with other local
people? (richer, similar and poorer)”.

Statistical analysis
We divided the elderly into 3 groups by the conventional
MMSE cut-off points for 2002–2008 and 2008–2014.
Mean and standard deviation were summarized for con-
tinuous variables, frequency and percentage for categor-
ical variables. Comparisons between the elderly were
conducted using the chi-square test for categorical vari-
ables, Kruskal-Wallis test for continuous variables.
Kaplan–Meier analysis was used to draw the survival

curves stratified by MMSE score, compared by the log-
rank test. We used the Cox proportional hazards models
and the important confounders were identified by previ-
ous studies [13, 17]. Less than 1.3% for all independent
variables had missing values, and due to such low missing
rates, we deleted the cases with missing values, and the
results have no significant difference compared to those
with imputation [18].
Hazards ratio (HR) and 95% confidence intervals (CIs)

were estimated with the construction of Cox proportional
hazards models: the crude model was model 1; age and
sex were adjusted in model 2; marital status, living alone,
exercise, alcohol consumption, and smoking status were
further adjusted in model 3; ADL and depression were
further adjusted in model 4; and medical care and eco-
nomic status were further adjusted in model 5. We pooled
data from the 2002 cohort and the 2008 cohort and a vari-
able that was assigned a value of 0 in the 2002 cohort and
1 in the 2008 cohort was included in the Cox proportional
hazards model [25]. We tested the interaction between
each cohort and cognitive impairment and explored
whether the influence of cognitive impairment on mortal-
ity decreases over time. For subgroup analyses, the elderly
were stratified by age group (65–79, 80–89, 90–99, and ≥
100) and sex (male and female) in model 5. Interactions of
baseline cognitive impairment with age group and sex on
mortality risk were explored.
We cannot measure long-term progression about cogni-

tive function on mortality. Previous studies demonstrated
that both cognitive impairment and disability were inde-
pendent of adverse impact on mortality [26, 27]. There-
fore, the interaction synergistic effects between ADLs and
cognitive impairment were tested in the models.
The following sensitivity analyses were conducted to

check the robustness of the primary results: (1) removed
the participants lost to follow-up to examine possible at-
trition bias; (2) excluded survival time less than 1 year
due to the possibility that disease status in the last year
of life could have affected the risk effects; (3) additionally
adjusting for place of residence, dietary habits, hyperten-
sion, self-reported heart disease and stroke.
Data analysis was conducted using R version 3.3.1. All

statistical tests were 2-sided, and statistical significance
was judged by P-values <0.05.

Results
Baseline characteristics
A total of 13,906 and 13,873 elderly aged 65 and older
participated in the baseline survey in 2002 and 2008.
The mean (SD) age of the elderly were 86.52 (11.63) and
87.22 (11.33) years in the two cohorts. A total of 55,277
person-years were documented in the 2002–2008 co-
hort, and 53,267 in the 2008–2014 cohort. Characteris-
tics of the elderly who survived, died or lost to follow-up
are displayed in Fig. 1. Participants with cognitive im-
pairment tended to be older; female; unmarried; less
likely to smoke, drink and live alone; have lower baseline
ADL and depression; have higher rates of inadequate
medical care and no pension. The baseline conditions of
the two cohorts were similar (Table 1).

Relationship between cognitive impairment and all-cause
mortality
Additional file 1: Figure S1 shows the Kaplan-Meier sur-
vival curve by different categories of MMSE-based cogni-
tive impairment. Significant differences were revealed by
the log-rank test in the 3 groups (cognitive normal, mild
cognitive impairment and serious cognitive impairment;



Fig. 1 Flowchart of the study population, the Chinese Longitudinal Healthy Longevity Survey (CLHLS) form 2002–2008 (Left) and 2008–2014 (Right)
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P < 0.001) among the two cohorts. Table 2 shows that risk
of mortality increased in parallel with a decrease in MMSE
scores. In the crude model, the elderly with cognitive im-
pairment (MMSE < 18) had an elevated risk of all-cause
mortality compared to the other MMSE categories in
2002–2008 (MMSE < 18 [crude HR, 3.56; 95% CI, 3.39–
3.74]) and 2008–2014 ([crude HR, 3.25; 95% CI, 3.10–
3.41]). After adjusting for sex and age (model 2), demo-
graphic characteristics (model 3), functional status (model
4), and medical care and economic status (model 5), simi-
lar associations were found between cognitive impairment
and mortality in the two cohorts. In the fully adjusted
model, participants with MMSE scores indicative of cogni-
tive impairment had increased all-cause mortality risk
compared with the participants with normal cognition: for
2002–2008 mild cognitive impairment HR 1.28 (95% CI
1.20–1.37), severe cognitive impairment HR 1.48 (95% CI
1.39–1.57); for 2008–2014 mild cognitive impairment HR
1.20 (95% CI 1.12–1.28), severe cognitive impairment HR
1.32 (95% CI 1.25–1.41) (Table 2). When cognitive
impairment was stratified by educational levels, cognitive
impairment was independently associated with higher
mortality risk, with hazard ratios (HRs) of 1.32 (95% confi-
dence interval [CI], 1.25–1.39) in 2002–2008 cohort and
1.26 (95% CI, 1.19–1.32) in 2008–2014 cohort, compared
to normal cognition. Similar results were obtained when
cognitive impairment was defined by MMSE<24 or con-
sidering education level in both cohorts.
The association of cognitive impairment with all-cause

mortality over the time was decreased comparing the
2002–2008 cohort to the 2008–2014 cohort. However,
no significant interaction of cognitive impairment for
all-cause mortality among two cohorts was significant
(Table 3, P > 0.05 for interaction).
Subgroup analysis
Lower MMSE score was consistently associated with ele-
vated risk of mortality both in 2002–2008 and 2008–2014.
The analysis stratified by sex revealed that cognitive im-
pairment was associated with increased risk of all-cause
mortality in females compared to males in 2002–2008
with HR 1.35 (95% CI 1.24–1.46) and in 2008–2014 HR
1.20 (95% CI 1.10–1.32). However, an interaction of cog-
nitive impairment with sex for all-cause mortality was not
observed (Table 3, P > 0.05 for interaction).
Compared to those with normal cognition, MSSE

scores > 24, the younger elderly (65–79 years old) with
cognitive impairment had higher risk of all-cause mor-
tality, respectively in the two cohorts (Table 3).
Both cognitive impairment and ADL impairment have

been considered important risk factors associated with
elderly mortality. During the aging process, cognitive im-
pairment and ADL impairment often co-exist and
closely interact (Additional file 1: Table S1, S2).

Sensitivity analysis
Among two cohorts, there was almost no change in the
association between cognitive impairment and all-cause
mortality after excluding participants lost to follow-up
or with survival time less than 1 year. The association
was still robust after further adjustment for potential
confounders (Additional file 1: Table S3, S4).

Discussion
In this large-scale prospective analysis we explored the
association of cognitive impairment and all-cause mor-
tality based on two Chinese cohorts with 6 years each of
follow-up. Firstly, cognitive impairment evaluated by
MMSE score was closely related with an increased risk
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Table 2 Hazard ratios (95% CI) for all-cause mortality according to baseline MMSE Score

MMSE Score Death Hazard Ratio(95% CI)

Model1 Model2 Model3 Model4 Model5

2002–2008

Cognitive impairment by Education 5069 (49.9) 1(Reference) 1(Reference) 1(Reference) 1(Reference) 1(Reference)

MMSE by Education 3216 (85.7) 2.88 (2.75,3.01) 1.49 (1.41,1.56) 1.44 (1.37,1.51) 1.33 (1.26,1.40) 1.32 (1.25,1.39)

MMSE 24 to 30 3630 (45.3) 1(Reference) 1(Reference) 1(Reference) 1(Reference) 1(Reference)

MMSE<24 4655 (81.8) 2.85 (2.72,2.97) 1.54 (1.47,1.62) 1.48 (1.41,1.56) 1.39 (1.32,1.46) 1.38 (1.31,1.45)

MMSE 24 to 30 3630 (45.3) 1(Reference) 1(Reference) 1(Reference) 1(Reference) 1(Reference)

MMSE 18 to 23 1685 (71.6) 2.12 (2.00,2.25) 1.38 (1.30,1.47) 1.34 (1.26,1.42) 1.29 (1.21,1.37) 1.28 (1.20,1.37)

MMSE<18 2970 (87.4) 3.56 (3.39,3.74) 1.69 (1.60,1.79) 1.62 (1.53,1.72) 1.48 (1.40,1.58) 1.48 (1.39,1.57)

2008–2014

Cognitive impairment by Education 4454 (47.1) 1(Reference) 1(Reference) 1(Reference) 1(Reference) 1(Reference)

MMSE by Education 3711 (84.2) 2.80 (2.68,2.92) 1.53 (1.45,1.60) 1.37 (1.30,1.44) 1.29 (1.22,1.36) 1.26 (1.19,1.32)

MMSE 24 to 30 3630 (45.3) 1(Reference) 1(Reference) 1(Reference) 1(Reference) 1(Reference)

MMSE<24 4805 (79.2) 2.73 (2.61,2.86) 1.52 (1.44,1.59) 1.37 (1.30,1.44) 1.30 (1.23,1.37) 1.27 (1.20,1.34)

MMSE 24 to 30 4409 (43.4) 1(Reference) 1(Reference) 1(Reference) 1(Reference) 1(Reference)

MMSE 18 to 23 1282 (66.2) 1.92 (1.80,2.05) 1.30 (1.22,1.39) 1.25 (1.17,1.34) 1.22 (1.14,1.30) 1.20 (1.12,1.28)

MMSE<18 3523 (85.1) 3.25 (3.10,3.41) 1.65 (1.56,1.74) 1.46 (1.38,1.55) 1.36 (1.28,1.45) 1.32 (1.25,1.41)

Note: The values of cognitive impairment are n and mortality rate in brackets(%); CI confidence interval, MMSE Mini-Mental State Examination, ADL activities of
daily living. Cognitive impairment by Education: < 18 was used to define cognitive impairment for participants who didn’t receive any formal education, < 21 for
participants who received 6 years of education or less, and < 25 for participants who received more than 6 years of education
*Hazard ratio (95% CI) was calculated from Cox models
Model1: Unadjusted
Model2: Age + sex
Model3: Model2 + Marry+Living alone+Educational level + Exercise+Smoke+Drink
Model4: Model3 + ADL + Depression
Model5: Model4 + Medical service + Economic status
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of all-cause mortality and the risk effect of cognitive
impairment on mortality was lower by the cut-off of
education level. Secondly, the association of cognitive
impairment with risk of all-cause mortality was lower in
2008–2014 versus 2002–2008, but there were no signifi-
cant interaction of cognitive impairment for all-cause
mortality among two cohorts between them. Thirdly, the
association of cognitive impairment with all-cause mor-
tality was reduced with age in both cohorts.
A relationship between cognitive impairment and ele-

vated risk of mortality in elders has been reported consist-
ently by epidemiological studies. The MMSE as a general
measure of cognitive impairment has been an important
predictor of all-cause mortality [28, 29]. To date, although
few studies have explored the relationship between cogni-
tive impairment and all-cause mortality in China [30–32],
the existing results support our conclusion that cognitive
impairment is independently associated with an increased
risk of death in the elderly [13, 14]. Moreover, MMSE
scores are known to be influenced by education [16]. The
risk of cognitive impairment evaluated by MMSE score,
stratified by education was lower than used by the same
cutoff point as in Western countries. The effect might be
overestimated due to the illiterate or less educated in
China. Thus, in the near future, as the level of education
increases, it is possible that we will be able to re-evaluate
by a certain cut-off.
This study discovered that the association of cognitive

impairment with the risk value of all-cause mortality has
declined among the Chinese elderly in 2008–2014 com-
pared to 2002–2008 and an interaction of cognitive im-
pairment for all-cause mortality among two cohorts was
not significant. China has achieved medical insurance
coverage for all people since China’s medical reform in
2008. Governments at all levels are increasingly investing
in medical reform, such as medical technology and equip-
ment [33]. These benefits might be expected to play a part
in reducing mortality from all causes in the later cohort.
Previous studies on sex differences in the association of

cognitive impairment with all-cause mortality have been
inconsistent [13, 34]; this might be attributed to regional
differences and insufficient sample size for analysis. An
et al. indicated that males had a higher risk than females,
which might be attributed to an undesirable lifestyle
among men, such as smoking and drinking [17]. Con-
versely, Kirsten found that women perform worse than
men with respect to lifelong subnormal cognitive func-
tioning or emotional disorders [22]. However, there are



Table 3 The subgroup analyses of hazard ratios (95% CI) for all-cause mortality according to baseline MMSE score

MMSE 2002–2008 P-interaction 2008–2014 P-interaction

Cohort / P = 0.254

MMSE 18 to 23 1.28 (1.20,1.37) 1.20 (1.12,1.28)

MMSE<18 1.48 (1.39,1.57) 1.32 (1.25,1.41)

Sex P = 0.663 P = 0.810

Male MMSE 18 to 23 1.26 (1.14,1.39) 1.20 (1.08,1.34)

MMSE<18 1.42 (1.29,1.57) 1.23 (1.11,1.36)

Female MMSE 18 to 23 1.31 (1.21,1.42) 1.21 (1.10,1.32)

MMSE<18 1.51 (1.40,1.63) 1.40 (1.29,1.51)

Age P < .001 P < .001

65–79 MMSE 18 to 23 1.41 (1.16,1.72) 1.63 (1.29,2.06)

MMSE<18 2.15 (1.64,2.83) 1.79 (1.33,2.41)

80–89 MMSE 18 to 23 1.27 (1.14,1.42) 1.17 (1.04,1.33)

MMSE<18 1.75 (1.56,1.97) 1.33 (1.17,1.52)

90–99 MMSE 18 to 23 1.26 (1.14,1.40) 1.16 (1.05,1.29)

MMSE<18 1.44 (1.31,1.59) 1.39 (1.27,1.53)

100+ MMSE 18 to 23 1.09 (0.97,1.24) 0.94 (0.81,1.09)

MMSE<18 1.29 (1.16,1.43) 1.11 (0.99,1.24)

Note: CI confidence interval, MMSE Mini-Mental State Examination
Reference: MMSE 24 to 30
*Hazard ratio (95% CI) was calculated from cox models after adjust age, sex, marry, living alone, educational level, exercise, smoke, drink, ADL, depression, medical
service and economic status
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also studies that reported no sex-specific differences [13].
Similarly, we did not find sex differences between baseline
cognitive impairment and all-cause mortality. It is neces-
sary for further analyses to explore possible different pat-
terns of mortality among sexes with cognitive impairment.
Many population-based studies have reported that cog-

nitive impairment was strongly associated with subse-
quent mortality in the elderly [22, 35, 36]. Our study was
consistent with previous findings and further demon-
strated that the association of cognitive impairment with
all-cause mortality was more pronounced among younger
elderly in two Chinese cohorts. One possible reason that
cognitive impairment of younger elderly poses a greater
risk of mortality may be due to their ability to develop
cognitive impairment faster compared to the oldest old,
thus triggering a greater risk of mortality. The varying as-
sociation of cognitive impairment and all-cause mortality
in different age groups might be due to the survival bias
that the oldest old represent hardy survivors who have
successfully adapted to cognitive impairment [31]. An-
other possible explanation is that the oldest old have a
higher risk of mortality, a common competing risk for
cognitive impairment, thus causing loss to follow up bias
and confusing the association [13].
Several strengths are worth mentioning in our findings.

We included the representative sample to explore the rela-
tionship between cognitive impairment, evaluated by dif-
ferent cut-offs, and mortality among the Chinese elderly
population based on two 6-year cohorts. Moreover, our
age-specific analyses including 65–79, 80–89, 90–99 and ≥
100 age groups can help us obtain a more comprehensive
understanding of the impact of cognitive impairment on
risk of mortality in elders. In addition, our sensitivity ana-
lyses suggested that the findings of this study were robust.
Some limitations of this study should be acknowledged.

Firstly, cognitive impairment was measured using the
MMSE (not based on clinical diagnosis) and we were not
being able to distinguish between elders with and without
dementia. However, we tried to reduce the impact of
long-term progression about cognitive function by tested
the interaction cognitive impairment and functional im-
pairment. Secondly, despite the effort of adjusting for a
number of confounders such as demographic characteris-
tics, lifestyle factors, heath conditions, health service and
economic status, we could not completely eliminate the
risk of confounding bias due to unobserved differences in
personal characteristics. Thirdly, the association of rapid
cognitive decline and mortality might differ in the elderly
whose cognitive status did not decline or declined slowly.
In our study, we only focused on baseline cognitive im-
pairment and did not assess whether cognitive decline
over time was associated with elevated risk of mortality.

Conclusions
The data from this population-based longitudinal study re-
vealed that cognitive impairment was significantly



Duan et al. BMC Geriatrics           (2020) 20:29 Page 8 of 9
associated with increased risk of all-cause mortality, and
the relationship of cognitive impairment, stratified by edu-
cational levels with mortality was lower than previous stud-
ies. Thus, prevention and management of cognitive
impairment taking the educational levels into account
might have substantial benefits for mortality in the health
policies or clinical practice. .
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