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Abstract
Background: Cognitive impairment is a major contributor to mortality among the elderly. However, the trend
between cognitive impairment and mortality with time is understudied. We aim to evaluate the differences in
associations of cognitive impairment with all-cause mortality and 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 13906 and 13873 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 de�ned 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, the total follow-up times were 55,277 and 53,267 person-
years, and the mean (SD) age were 86.5 (11.6) and 87.2 (11.3) years, respectively. Compared to normal cognition,
severe cognitive impairment was independently associated with higher mortality risk after controlling for potential
confounders, with hazard ratios (HRs) of 1.48 (95% con�dence interval [CI], 1.39-1.57) in 2002-2008 cohort and
1.32 (95% CI, 1.25-1.41) in 2008-2014 cohort. The trend of cognitive impairment with risk of all-cause mortality
decreased from 2002-2008 to 2008-2014 cohort. The association of cognitive impairment and mortality was
decreased with age in the two cohorts.

Conclusions : Cognitive impairment evaluated by MMSE was associated with increased risk of mortality and the
association decreased with the passage of time during the two 6-year cohorts; this advocates that periodic
screening for cognitive impairment among the elderly is warranted.

Introduction
Cognitive impairment is a major risk factor for poor health in the growing population of elders worldwide1–3. It
imposes a heavy burden on public health and is associated with shortened life expectancy4. The prevalence of
mild cognitive impairment in China was about 20.8% in 2014; more than half of these individuals progresses to
dementia within 5 years5. It was reported that the mortality attributable to dementia in China increased from 1.6
million in 1990 to 2.3 million in 20166. Although a number of epidemiological studies have reported on a cognitive
impairment-mortality relationship3, 7, most of them concern the association of cognitive impairment and mortality
risk of elders in high-income contries8–12. In upper-middle income countries countries such as China, several
studies have indicated that baseline cognitive impairment increases the risk of all-cause mortality13, 14. However,
studies are limited that include large sample sizes, national representation, different age groups in the oldest old
(aged 80 and older) and sex differences.

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, 15, 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 substantially declined between 0.2% and 1.3% in 1998–2008
compared with the participants of the same age born before ten years, but cognitive impairment increased
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annually between 0.7% and 2.2% in the past ten years16. 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 and mortality
using two cohort studies conducted in 2002–2008 and 2008–2014. Moreover, subgroup analyses were further
conducted among different sex and age groups to identify susceptible populations

Materials And Methods
Study design and participants

The Chinese Longitudinal Healthy Longevity Surveys (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. The
present study evaluated baseline cognitive status of two cohorts, ascertained in 2002 and 2008, using the same
scale of cognitive function; each cohort was followed for 6 years (till 2008 and 2014) to quantify mortality. A 
more detailed description of the CLHLS has been published elsewhere17.

The protection of human subjects for the CLHLS was approved by the Ethics Committees. Informed consent was
provided by all participants prior to participation.

Assessment of cognitive impairment and mortality

Cognitive impairment was evaluated using the Mini-Mental State Examination (MMSE), a widely used cognitive
test18. The total MMSE score ranges from 0 to 30 within 6 dimensions: orientation, registration, attention,
language, memory, and visual construction skills. Three methods were used to de�ne cognitive impairment: (1)
≥24 and <23 were used to de�ne cognitive normal (reference) and cognitive impairment18, 19; (2) <18 was used to
de�ne 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 education20, 21;
(3) ≥24, 18–23, and <18 were used to de�ne cognitive normal (reference), mild cognitive impairment and serious
cognitive impairment18, 19.

The main outcome was all-cause mortality occurring during the follow-up survey in 2002–2008 and 2008–2014,
with follow-up in the middle of 2005 and 2011 respectively. Mortality date was ascertained from interviews with
family members or relatives of participants. The cause-speci�c 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 surveillance systems are uncertain in many survey �elds.

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 conditions and medical services.

Marital status was classi�ed into unmarried and married. Education level was classi�ed as no formal education,
elementary school graduate (1–6 years of education), and high school graduate ( 6 years of education). Region
was de�ned as: urban, rural and suburban. Exercise was categorized into yes or no. Housework and reading were
divided into 3 categories: never, sometimes, and often. Binary variables were de�ned to assess current status of
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smoking, drinking, depression and disability in six activities of daily living (ADL) including dressing, bathing, using
the toilet, getting in/out of a bed or chair and feeding. Participants with systolic blood pressure ≥140 mm Hg or
diastolic blood pressure ≥90 mm Hg were considered hypertensive. Self-reported history of heart disease and
stroke were also collected. According to the survey, we assessed the level of medical care by whether the
participant was receiving adequate 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 �nancial sources
enough for your life?”, “do you have a pension?” 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 continuous variables, frequency and percentage for
categorical variables. Comparisons between the elderly were conducted using the chi-square test for categorical
variables, Kruskal-Wallis test for continuous variables.

Kaplan–Meier analysis was used to draw the survival curves strati�ed by MMSE score, compared by the log-rank
test. We used the Cox proportional hazards models and the important confounders were identi�ed by previous
studies13,15. Less than 1.3% for all independent variables had missing values, and multiple-imputation approach
were adopted to reduce the in�uence of missing values on the models22.

Hazards ratio (HR) and 95% con�dence 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 economic status were further adjusted in model 5. For
subgroup analyses, the elderly were strati�ed 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.

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 attrition bias; (2) excluded survival time less than one 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, hypertension, self-reported heart disease and stroke.

Data analysis was conducted using R version 3.3.1. All statistical tests were 2-sided, and statistical signi�cance
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 cohort, and 53,267 in the 2008–2014 cohort. Characteristics of
the elderly who survived, died or lost to follow-up are displayed in Figure 1. Participants with cognitive impairment
tended to be older; female; unmarried; less likely to smoke, drink and live alone; have lower baseline ADL and
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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

Appendix Figure 1 shows the Kaplan-Meier survival curve by different categories of MMSE-based cognitive
impairment. Signi�cant differences were revealed by the log-rank test in the 3 groups (cognitive normal, mild
cognitive impairment and serious cognitive impairment; 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
impairment (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), demographic characteristics (model 3), functional status (model
4), and medical care and economic status (model 5), similar associations were found between cognitive
impairment and mortality in the two cohorts. In the fully adjusted model, participants with MMSE scores indicative
of cognitive 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). Similar results were obtained when cognitive impairment was
de�ned by MMSE 24 or considering education level in both cohorts.

Subgroup analysis

Lower MMSE score was consistently associated with elevated risk of mortality both in 2002–2008 and 2008–
2014. The analysis strati�ed by sex revealed that cognitive impairment 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 cognitive impairment with sex for all-cause mortality was
not observed (Table 3, P>0.05 for interaction).

The association of cognitive impairment with risk of all-cause mortality with the passage of time was reduced
comparing the 2002–2008 to the 2008–2014 cohort. 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 mortality among two
cohorts (Table 3).

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 one year. The association
was still robust after further adjustment for potential confounders (Appendix Table 1, 2).

Discussion
In this large-scale prospective analysis we explored the association of cognitive impairment and all-cause
mortality 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 of all-cause mortality. Secondly, the association of
cognitive impairment with risk of all-cause mortality was lower in 2008–2014 versus 2002–2008. Thirdly, the
association of cognitive impairment with all-cause mortality was reduced with age in both cohorts.
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A relationship between cognitive impairment and elevated risk of mortality in elders has been reported
consistently by epidemiological studies. The MMSE as a general measure of cognitive impairment has been an
important predictor of all-cause mortality23, 24. To date, although few studies have explored the relationship
between cognitive impairment and all-cause mortality in China 25–27, the existing results support our conclusion
that cognitive impairment is independently associated with an increased risk of death in the elderly13, 14.

This study, for the �rst time in China, discovered that the association of cognitive impairment with risk of all-cause
mortality has declined among the Chinese elderly in 2008–2014 compared to 2002–2008. One possible
explanation is that the elderly in the later cohort might bene�t from China’s medical reform since 2008, which has
achieved medical insurance coverage for all people. Governments at all levels are increasingly investing in
medical reform, such as medical technology and equipment28, 29. These bene�ts 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
inconsistent13, 30; this might be attributed to regional differences and insu�cient 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 drinking15. Conversely, Kirsten found that women perform worse than men
with respect to lifelong subnormal cognitive functioning or emotional disorders18. However, there are also studies
that reported no sex-speci�c differences13. Similarly, we did not �nd sex differences between baseline cognitive
impairment and all-cause mortality. It is necessary for further analyses to explore possible different patterns of
mortality among sexs with cognitive impairment.

Many population-based studies have reported that cognitive impairment was strongly associated with subsequent
mortality in the elderly18, 31, 32. Our study was consistent with previous �ndings and further demonstrated 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 association 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 impairment26. Another 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 association13.

Several strengths are worth mentioning in our �ndings. We included the representative sample of deaths among
the Chinese elderly population based on two 6-year cohorts. Moreover, our age-speci�c 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 analyses suggested that the �ndings
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). Secondly, despite the effort of adjusting for a number of confounders
such as demographic characteristics, 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
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cognitive status did not decline or declined slowly. In our study, we only focused on baseline cognitive impairment
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 revealed that cognitive impairment was signi�cantly
associated with increased risk of all-cause mortality, and the association of cognitive impairment with mortality
decreased over a time period during the two 6-year cohorts. Thus, prevention and management of cognitive
impairment have substantial bene�ts for mortality. We advocates that periodic screening for cognitive impairment
among the elderly is warranted.
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Characteristic 2002-2008 2008-2014  

MMSE≥24 18≤MMSE 240 MMSE 18N(%) MMSE≥24 18≤MMSE 240 MMSE 18N(%) P
value

Age 81.60(10.7) 90.11(9.8) 95.76(7.9) 86.52(11.6) 82.17(10.6) 89.75(9.1) 95.44(7.9) 87.22(11.3) .001

Survival
status

                .001

Died 3630(44.7) 1685(71.0) 2970(87.2) 8285(59.6) 3360(43.3) 1282(66.2) 3523(84.5) 8165(58.9)  

Censored 4497(55.3) 689(29.0) 435(12.7) 5621(40.4) 4409(56.8) 654(33.8) 645(15.5) 5708(41.1)  

Sex                 .001

Male 4196(51.6) 796(33.5) 937(27.5) 5929(42.6) 4096(52.7) 696(36.0) 1112(26.7) 5904(42.6)  

Female 3931(48.4) 1578(66.5) 2468(72.5) 7977(57.3) 3673(47.3) 1240(64.1) 3056(73.3) 7969(57.4)  

Education
level

                .001

No formal
education

1569(19.3) 175(7.4) 204(6.0) 1948(14.0) 1723(22.2) 145(7.5) 213(5.1) 2081(15.0)  

1-6 years 2336(28.7) 475(20.0) 488(14.3) 3299(23.7) 2116(27.2) 357(18.4) 496(11.9) 2969(21.4)  

Above 7 years 4222(52.0) 1724(72.6) 2713(79.7) 8659(62.3) 3930(50.6) 1434(74.1) 3459(83.0) 8823(63.6)  

In marriage 4616(56.8) 1893(79.7) 3064(90.0) 9573(68.8) 4422(56.9) 1499(77.4) 3695(88.7) 9616(69.3) .001

Living alone 1350(16.6) 471(19.8) 609(17.9) 2430(17.5) 515(6.6) 333(17.2) 2404(57.7) 3252(23.4) .001

Current
smoking

11323(22.1) 402(16.9) 382(11.2) 2583(18.6) 1740(22.4) 270(14.0) 455(10.9) 2465(17.8) .001

Current
drinking

1976(24.0) 454(19.0) 499(15.0) 2929(21.0) 1622(21.0) 307(16.0) 531(13.0) 2460(18.0) .001

Exercise 4821(59.3) 1809(76.2) 2904(85.3) 9534(68.6) 5015(64.6) 1488(76.9) 3611(86.6) 10114(72.9) .001

ADL impaired 6899(84.9) 1517(63.9) 1338(39.3) 9754(70.1) 7224(93.0) 1545(79.8) 2193(52.6) 10962(79.0) .001

Depression 1941(23.9) 878(37.0) 923(27.1) 3742(26.9) 2125(27.4) 749(38.7) 1064(25.5) 3938(28.4) .001

Adequate
medical

1916(7.0) 232(10.2) 214(6.2) 2362(17.4) 1744(22.3) 163(8.2) 298(7.4) 2205(16.3) .001

Having
pension

2030(25.2) 256(11.3) 251(7.1) 2537(18.4) 1676(22.4) 153(8.5) 276(7.3) 2105(15.2) .001

Adequate
funds

7479(92.1) 2064(87.3) 2749(81.2) 12292(88.1) 7290(94.4) 1766(91.3) 3759(90.1) 12815(92.3) .001

Self-reported
economic
status

                .001

Rich 1604(20.3) 366(15.3) 409(12.2) 2379(17.3) 1151(15.3) 233(12.1) 441(11.4) 1825(13.1)  

Common 6361(78.0) 1907(80.2) 2808(80.3) 11076(80.0) 6419(82.7) 1634(84.2) 3500(83.6) 11553(83.2)  

Poor 162(1.7) 101(4.5) 188(7.5) 451(2.7) 199(2.0) 69(3.7) 227(5.0) 495(3.7)  
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Note: Values are n (%) unless otherwise noted; MMSE, Mini-Mental State Examination; ADL:
activities of daily living.

P value for 2002-2008 and 2008-2014, respectively.

 

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            

MMSE 24 4655(0.81) 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 by Education3216(0.85) 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 18 2970(0.87) 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)

MMSE 18 to 23 1685(0.71) 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 24 to 30 3630(0.45) 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference

2008-2014            

MMSE 24 4805(0.79) 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 by Education3711(0.84) 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 18 3523(0.85) 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)

MMSE 18 to 23 1282(0.66) 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 24 to 30 4409(0.43) 1 Reference 1 Reference 1 Reference 1 Reference 1 Reference

Note: CI, confidence interval; MMSE, Mini-Mental State Examination; ADL, activities of daily
living.
*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

 

Table 3. The subgroup analyses of hazard ratios (95% CI) for all-cause mortality according to
baseline MMSE score.
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MMSE 2002-2008 P-interaction2008-2014 P-interaction

Sex     P=0.663   P=0.810

Male MMSE 18 to 231.26(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 231.31(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 231.41(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 231.27(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 231.26(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 231.09(0.97,1.24)   0.94(0.81,1.09)  

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

Above 80MMSE 18 to 231.25(1.17,1.33)   1.13(1.05,1.21)  

MMSE 18 1.47(1.39,1.56)   1.30(1.22,1.39)  

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.

Figures
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Figure 1

Flowchart of the study population, the Chinese Longitudinal Healthy Longevity Surveys (CLHLS) form 2002-2008
(Left) and 2008-2014 (Right).
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