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Abstract
There is merely study from China using nationally representative longitudinal dataset to assess the
prognostic factors for the progression of normal cognition to cognitive impairment (CI).Aim This study
will identify the best subset of 6-year CI predictors.Design and setting 11,781 participants 60 years old or
older from Chinese Longitudinal Healthy Longevity Survey (CLHLS, 2008-09 wave) were included at
baseline for six-year follow-up. Of these individuals, 4,727 participants were eligible for �nal analysis.
Univariate and binary logistic regression analysis was used to identify the signi�cantly related predictors
for incident CI. Subsequently, nomogram models were established to rank and �nd prognostic
factors.Results A overall prevalence of 6-year CI was 17.4%, and 60-70, 70-80, 81-90, 91- age groups were
5.4%, 9.5%, 26.1% and 50.3%, respectively. In general, the activities of daily living and baseline cognition
were valuable prognostic factors to predict CI, with the exception of unmodi�able factors. Age subgroup
analysis showed that, among 60-70 old age group, cardiovascular diseases were valuable prognostic
factors; among over 70-year old age groups, baseline cognitive function could be a valuable addition to CI
prediction models.Conclusions Brief baseline cognitive testing and functional status were important
valuable prognostic factors for CI.

Background
According to World Alzheimer Report 2015, china is the largest population of patients with dementia in
the world (9.5 million), followed by USA (4.2 million)[1]. Identifying predictors of cognitive impairment (CI)
is important as it could reduce the incidence of CI or dementia or substantially delay its onset. Delaying
the onset of dementia by just one year is likely to reduce its prevalence by 11% by 2050, while delaying it
by �ve years could halve the number of people living with dementia by 2050[2]. 

There are several studies with robust evidence examining the modi�able prognostic risk factors for CI[2-
4]. A population-based perspective research from lancet commission[2] identi�ed nine potentially
prognostic factors of CI, including low educational level in childhood, hearing loss, hypertension, obesity,
smoking, depression, physical inactivity, social isolation, and diabetes. A systematic review from the
Alzheimer’s Association[3] demonstrated that undernutrition was also risk factor of cognitive decline.
Overall, the results were controversial and it might due to cultural difference around the world. The World
Health Organization advocated that every country should routinely collect a core set of dementia
indicators through their national health and social information systems[5]. However, there is little study
examining risk prognostic factors of CI from China. Therefore, this study will use Chinese Longitudinal
Healthy Longevity Survey (CLHLS) database to explore prognostic factors for CI and develop nomogram
to predict 6-year CI.

Methods
Study population
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The data used in this study are from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), an
ongoing longitudinal survey launched in 1998 with follow-up surveys implemented in 2000, 2002, 2005,
2008–09, 2011-12 and 2014, respectively[6]. CLHLS is representative of the older population in China
because the respondents are randomly sampled and the sampling frame covers about 85% of the total
population of China[7].

Analytic sample

A total of 16,954 respondents at baseline were initially included in 2008-09. For this analysis, we excluded
participants who were: 1) younger than 60 years old (114 participants); 2) were institutionalized (308
participants); 3) suffered mental diseases, including dementia (166) and Parkinson’s disease (59); 4)
suffered severe disease, like cancer (71); and 5) had cognitive impairment with MMSE scores lower than
18 points (4455 participants). Among the remaining participants, in 2011-12 wave, 1910 participants
were lost to follow-up and 2879 died. In 2014 wave, 488 participants were lost to follow-up and 1777
died. The �nal dataset contained 4727 participants. Those who were excluded from analyses due to lost
or death were on average older and had a lower baseline cognition score.

Variables

Sociodemographic information Sociodemographic factors were collected during the standardized
interview. These included age (60-70, 71-80, 81-90 and 91-), sex, ethnicity (Han vs non-Han), marriage
(partnered vs not partnered), economy (rich, fair and poor), co-residence status (living with other
household member vs alone) and education (illiterate, 1-5 years, and ≥ 6 years). Economy information
was derived from asking participants ‘how do you rate your economic status.’

Lifestyle behaviors Lifestyle behaviors contained smoking (current smoker, former smokers and non-
smoker), drinking (current drinker, former drinker and non-drinker). Exercise information were determined
by the response to the question “Do you exercise or not at present” and responses were yes or no. Fruit
and vegetable information were collapsed into three categories (often, occasionally and rarely) by asking
the question “how often do you eat fresh fruit?”. Social participation information was derived by the
question ‘do you take part in some social activities at present?’ and was collapsed into four groups
(several times a week, several times a month and rarely).

Psychological factors Self-rating health were combined into three groups (good, fair and bad) by the
question “how do you rate your health.” Loneliness and anxiety were determined by the questions “Do you
always feel anxious and lonely” and responses were collapsed into four groups (often, sometimes,
seldom and never).

Clinical diagnosis Hypertension, diabetes, heart diseases, stroke/cardiovascular diseases were
determined by asking participants ‘if these diseases were diagnosed by hospital?’

Anthropometric factors Body mass index (BMI) was calculated as the ratio of weight to squared height
(kg/m2). Blood pressure (BP) was measured twice and the average systolic and diastolic BP was used,
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but if there was only one record of blood pressure, it then was used instead of the average. Functional
impairment at baseline were measured by the Katz index of independence in activities of daily living
(ADLs). Functional impairment was de�ned as having di�culty in performing at least one of the six
ADLs.

Cognitive impairment Cognitive function was assessed using the Chinese version Mini-Mental State
Examination (MMSE). It consists of 24 items within 6 dimensions: 5 items for Orientation, 3 for
Registration, 1 for Naming, 5 for Attention and Calculation, 3 for Recall and 7 for Language. The total
score of the Chinese MMSE ranges from 0 to 30 points; higher scores indicate better cognitive levels. The
Chinese MMSE has been validated among Chinese elderly. Cognitive impairment was de�ned as a
CMMSE score below 18 points as previously validated[8].

Statistical analysis

We used categorical patient characteristics such as the age by MMSE using the chi-square test, or, if
expected cell counts were less than 5, continuity correction was applied. We used Wilcoxon tests to
compare two groups on BMI, blood pressure and heart rate as all the test of normality did not show
normal distribution (p for Kolmogorov-Smirnov test < 0.05). These tests were all 2 sided.

We used binary logistic regression analysis was used to explore the association between variables and
CI. Moreover, we developed the nomogram model via R package regplot using the result of the binary
logistic regression model to show the odds ratio of each predictor and to assess the probability of CI.

Some covariates including education (7 missing), economy (6 missing), smoking (4 missing), drinking (4
missing), blood pressure (115 missing), heart rate (119 missing), BMI (18 missing), self-rated anxiety (32
missing) and self-rated loneliness (24 missing), had missing values. However, the proportion of missing
values was <5% for all variables. Thus, we performed imputations, using multivariable regression
methods via R package mice. All statistical analysis was performed with free open-source R statistical
software (www.r-project.org).

Results
The baseline information was presented in Table 1. For binary and categorical variables, the number and
percentage of participants in each category were represented. For continuous variables, the median (25th

and 75th quantiles) were reported. A total number of participants who were cognitively normal at baseline
and who processed to CI was 821 (17.4%). The baseline mean age of participants was 78.01, 48.7% was
male, 93.5% was Han and 50% were illiterate.

Univariate analysis showed that age, sex, education, marriage, smoking, drinking, fruit, vegetable,
exercise, self-rated anxiety, self-rated loneliness, BMI, ADLs and baseline MMSE were signi�cantly
associated with incident CI (p < 0.05). (see Table 1).

Table 1. Baseline characteristics of the study population by CI.

http://www.r-project.org%29/
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Variables Categories Cognitively
normal

n (%)

Incident CI

n (%)

p value

Demographic
characteristics

       

Age 60-70 1171 (30.0) 67 (8.2) 0.00***
  71-80 1546 (39.6) 163 (19.9)  
  81-90 928 (23.8) 328 (40.0)  
  91- 260 (6.7) 263 (32.0)  
Sex male 2013 (51.5) 290 (35.3) 0.00***
  female 1893 (48.5) 531 (64.7)  
Ethnicity Han 3662 (93.8) 757 (92.2) 0.12
  Non-Han 244 (6.2) 64 (7.8)  
Education Illiterate 1786 (45.7) 576 (70.2) 0.00***
  1-5 years 1129 (28.9) 156 (19.0)  
  > 5 years 991 (25.4) 89 (10.8)  
Marriage Partnered 2246 (57.5) 248 (30.2) 0.00***
  Not partnered 1660 (42.5) 573 (69.8)  
Economy Rich 564 (14.4) 114 (13.9) 0.06
  Fair 2745 (70.3) 554 (67.5)  
  Poor 597 (15.3) 153 (18.6)  
Co-residence status With household

member
3295 (84.4) 673 (82.0) 0.10

  alone 611 (15.6) 148 (18.0)  
Lifestyle behaviors        
Smoking Current smoker 970 (24.8) 141 (17.2) 0.00***
  Former smoker 574 (14.7) 92 (11.2)  
  Non smoker 2362 (60.5) 588 (71.6)  
Drinking Current smoker 917 (23.5) 126 (15.3) 0.00***
  Former smoker 509 (13.0) 101 (12.3)  
  Non smoker 2480 (63.5) 594 (72.4)  
Fruit Often 504 (12.9) 96 (11.7) 0.01**
  Occasionally 2627 (67.3) 522 (63.6)  
  Rarely 775 (19.8) 203 (24.7)  
Vegetable Often 2675 (68.5) 521 (63.5) 0.01**
  Occasionally 1187 (30.4) 285 (34.7)  
  Rarely 44 (1.1) 15 (1.8)  
Social participation Several times a

week
268 (6.9) 30 (3.) 0.00***

  Several times a
month

463 (11.8) 59 (7.2)  

  rarely 3175 (81.3) 732 (89.2)  
Exercise Yes 1480 (37.9) 253 (30.8) 0.00***
  No 2436 (62.1) 568 (69.2)  
Clinical diagnosis        
Hypertension Yes 786 (20.1) 147 (17.9) 0.16
  No 3120 (79.9) 674 (82.1)  
Diabetes Yes 124 (3.2) 16 (1.9) 0.07
  No 3782 (96.8) 806 (98.1)  
Heart disease Yes 348 (8.9) 65 (7.9) 0.40
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  No 3558 (91.1) 756 (92.1)  
Stroke or CVD1 Yes 184 (4.7) 44 (5.4) 0.48
  No 3722 (95.3) 777 (94.6)  
Psychological factors        
Self-rated health Good 2177 (55.7) 437 (53.2) 0.32
  Fair 1234 (31.6) 267 (32.5)  
  Bad 495 (12.7) 117 (14.3)  
Self-rated anxiety Often 208 (5.4) 47 (5.8) 0.01**
  Sometimes 718 (18.5) 182 (22.4)  
  Seldom 1283 (33.0) 283 (34.9)  
  never 1675 (43.1) 299 (36.9)  
Self-rated loneliness Often 235 (6.0) 67 (8.2) 0.00***
  Sometimes 679 (17.5) 188 (23.1)  
  Seldom 1173 (30.2) 269 (33.0)  
  never 1801 (46.3) 291 (35.7)  
Anthropometric
factors

       

BMI2   20.9 (18.9,
23.4)

20.1 (17.9,
22.5)

0.00***

SBP3   134.0 (123.0,
149.5)

133.5 (122.5,
148.5)

0.78

DBP4   79.0 (72.0,
85.5)

79.0 (72.0,
85.5)

0.82

Heart rate   72.5 (68.0,
78.5)

73.0 (68.5,
78.0)

0.28

ADLs5 Impairment 94 (2.4) 67 (8.2) 0.00***
  Non-impairment 3812 (97.6) 754 (91.8)  
Baseline MMSE6   29 (26, 30) 27 (23, 30) 0.00*

*p < 0.05; **p < 0.01; ***p < 0.001.

Abbreviation:1 CVD cardiovascular disease; 2 BMI: body mass index; 3 SBP: systolic blood
pressure; 4 DBP: diastolic blood pressure; 5 ADLs: Katz activities of daily living; 6 MMSE:
Mini-mental State Examination.

Binary logistic regression analysis

Seven predictors were included in the binary logistic regression model, but only 5 predictors were
signi�cantly related to incident CI, including age, education, marriage, ADLs and baseline MMSE. (see
table S1)

Nomogram predicting the incident CI among individuals age 60 and older

According to the result of the binary logistic regression, we used 5 variables, including age, education,
marriage, ADLs and baseline MMSE as predictors to develop a nomogram model.
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Nomogram (Figure 2) was used: 1) to observe the distribution of the participants in different variables.
Precisely, for category variables, box size represented the proportion of the sample. For instance, as to
ADLs, most of the participants were being ‘not impairment’ group as the box size was obviously bigger
than ‘impairment’ group. For continuous variables, density exhibited the distribution of the sample. For
example, as to baseline MMSE, most of individuals were scored over 25; 2) to rank predictors in terms of
6-year risk of incident CI. One hundred points were assigned to the most dangerous predictor (age > 90 in
this study), and the other predictors were given corresponding points based on weight. and 3) to estimate
the cumulative effect of �ve predictors as follows. For instance, a sum of the points (red mark in Figure 2)
for a subject of baseline MMSE score of 25, ADLs of not impairment, marriage of not partnered,
education of illiterate and age of 81-90 equals a total of score of 124 and  probability of incident CI was
33.2%.

Subgroup analysis based on age groups

As age was the most important predictor of incident, so we then explored the predictors in different age
groups. Firstly, in four age groups, univariate analysis was used and variables with a p value less than
0.05 was entered in binary logistic regression analysis, respectively. Then, statistically signi�cant
predictors of logistic regression analysis were utilized to make nomogram.

Nomogram predicting the incident CI among individuals aged 60-70

The results of univariate and binary regression analysis of 60-70 age group were shown in table S 2&3.
Figure 3 showed that, among 60-70 age group, DBP ranged from about 50 to 110 and the most was 80,
and most participants were not diagnosed as stroke or CVD. These two predictors were signi�cantly
associated with CI. Participants with a DBP of 80 and no stroke/CVD had a probability of 4.6% having
incident CI. see Figure S3  

Nomogram predicting the incident CI among individuals aged 71-80

The results of univariate and binary regression analysis of 71-80 age group were shown in table S4&5.
Figure 4 showed that, among 71-80 age group, most individuals had baseline MMSE points of over 24,
and number of participants in education category were evenly distributed. These two predictors were
signi�cantly associated with CI in 71 to 80 age group. Participants with a baseline MMSE of 24 and
education of illiterate had a probability of 15.0% having incident CI. (see Figure S4) 

Nomogram predicting the incident CI among individuals aged 81-90

The results of univariate and binary regression analysis of 81-90 age group were shown in table S6&7.
Figure 5 showed that, among 81-90 age group, baseline MMSE were mostly over 24, the SBP ranged from
100 to 200, and number of participants in marriage category were evenly distributed. These three
predictors were signi�cantly associated with CI in 81 to 90 age group. Participants with a baseline MMSE
of 24, SBP of 130 and marriage of not partnered had a probability of 34.5% having incident CI. (see
Figure S5) 
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Nomogram predicting the incident CI among individuals age 91 and over

The results of univariate and binary regression analysis of 90- age group were shown in table 8&9. Figure
6 showed that, among 91- age group, baseline MMSE points and sex were evenly distributed, and most
participants in education category were illiterate. These three predictors were signi�cantly associated
with CI in 91- age group. Participants with a baseline MMSE of 24, education of illiterate and female had
a probability of 61.1% having incident CI. (see Figure S6) 

Validation of the Nomogram Model

C-indexes were calculated for each of the adjusted models to illustrate the predictive ability of the
independent variables. The C-index is a value that indicates the concordance level between observed and
expected ordering of the data, and represents the percentage of concordance of all pairs of data with
different outcome values, with concordance de�ned as occurring within a pair when the observation with
the higher outcome value also has the higher predicted probability of the outcome. The C-index were
0.775, 0.653, 0.641, 0.617 and 0.661.

Discussion
Our Results showed that modi�able indicators (baseline cognitive function and ADLs), and non-
modi�able factors (age, education and marriage) were strong predictors forecasting CI. Recent meta-
analysis[9] of 61 cohort studies regarding the predictive model for risk of dementia summarized common
predictive factors used in included studies including demographic factors (age, education and sex),
cognitive function, health and lifestyles and genetics. In consistent with this study, we found modi�able
factor of cognitive function was valuable to predict dementia but our study was not able to include
genetics information. One recent study[10] using UK Biobank database involving almost 500,000 people
explored whether cognitive function could predict dementia and to which discriminative accuracy it could
contribute in terms of distinguishing dementia from non-dementia people. This study con�rmed that brief
cognitive testing could be a valuable addition to dementia prediction models. 

As for the predictable strengthen of functional ability for CI, a meta-analysis[11] of 36 cohort researches
demonstrated that physical function at baseline signi�cantly related to longitudinal changes in cognitive
function. Decreases in grip strength was sensitive to cognitive function decline and changes in walking
speed was strongly related �uid cognition like memory and executive function[11]. Consistently, gait
speed and strength were associated with cognitive function, especially the executive function[12] and
daily walking speed signi�cantly related to executive function[13]. Additionally, there was also study
suggested that cognitive and physical function in�uence each other’s development[14]. The underlying
why physical could forecast CI might be that physical function like walking speed requires motor
coordination and balance that are regulated by cerebellum[15]. Furthermore, the cerebellum connected to
cortical associative areas supporting higher mental function like the prefrontal cortex, which regulates
several aspects of �uid cognitive skills. Moreover, gait speed is correlated to brain white-matter integrity
that plays important role in the connecting brain systems[16, 17]. Biological mechanism could also
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explain the role of physical ability in cognitive function decline. Physical function upregulates brain-
derived neurotrophic factor, leading to stimulation of the dentate gyrus in the hippocampus that is the
important region of cognition of memory[18, 19]. 

Our study found higher DBP was signi�cantly associated with lower cognitive scores in younger elders
but lower SBP signi�cantly related to cognitive decline in older elders. The association between BP and
cognition is controversial. A systematic review demenstrated positive, negative and J- and U-shaped
associations between BP and cognition[20]. Our study was consistent with previous study involving
magnetic resonance imaging (MRI) detecting the relationship between BP and cognition, with reduced
hippocampal volume and higher white matter intensities (WMHs) indicating CI pathology. Result showed
that higher DBP predicted WMHs burden and smaller hippocampi whereas increased SBP predicted larger
hippocampi[21]. One possible mechanism underlying this �nding is that increased DBP is a risk factor or
marker of early cognitive impairment pathology in this ageing sample, whereas increased SBP protects
hippocampal volume from the deleterious effects of DBP through the maintenance of blood supply[22].
Overall, in our CI-free cohort, DBP is associated with 6-year CI or accelerate the development of pre-
existing pathologies. 

Limitations

Our study had several limitations. Firstly, cognitive impairment was measured by Chinese version MMSE
and this study did not adjust for education. This was due to cultural difference, as most of older people in
China were illiterate in 20th century. However, this scale has reported high sensitivity and speci�city to
detect cognitive impairment. Secondly, missing data due to lost and deats from participants with lower
cognitive ability and/or older age were likely to have reduced the sensitivity of the analysis due to
selective attrition, but the effect size of participants with lower cognition scores who were more likely to
lost (OR = 1.06) and died (OR =1.17) were small. Thirdly, our study did not include genetics information
that could add additional value to cognitive impairment prediction model. However, the baseline
characteristics promised to be a noninvasive, convenient means of indicating cognitive impairment, and
the baseline cognitive and ADL tests administered to participants were particularly brief. Therefore,
further study should further include genetic information of Chinese people and examine their additional
value to cognitive impairment prediction model. Fourthly, the measurement of functional ability was ADL,
and indicators that were more objective such as walking speed and grip strength might be more brief and
sensitive to cognitive impairment. Fifthly, we did not explore the effect of subdomains of MMSE such as
memory on cognitive impairment. Many studies have demonstrated that tests of speci�c cognitive
domains that were most predictive include episodic memory, executive function, verbal �uency, and
processing speed. So, future studies could further deeply explore the effect of subdomains of cognition
on future cognitive impairment among Chinese people and analyze the difference of results between
China and other nations.

Conclusions
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The overall prevalence of 6-year CI was high in 91- age groups (50.3%). The activities of daily living and
baseline cognition were valuable prognostic factors to predict CI across nearly all age groups. However,
among 60-70 old age group, cardiovascular diseases were valuable prognostic factors.

Abbreviations
CLHLS: Chinese Longitudinal Healthy Longevity Survey; CVD: cardiovascular disease; BMI: body mass
index; SBP: systolic blood pressure; DBP: diastolic blood pressure; ADLs: Katz activities of daily living;
MMSE: Mini-mental State Examination.
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study population by CI (60-70 age group). Table S3. Binary logistic regression analysis (60-70 age group).
Table S4. Baseline characteristics of the study population by CI (71-80 age group). Table S5. Binary
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analysis (90- age group). Figure S3. Nomogram predicting the incident CI among individuals aged 60-70.
Figure S4. Nomogram predicting the incident CI among individuals aged 71-80. Figure S5. Nomogram
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predicting the incident CI among individuals aged 81-90. Figure S6. Nomogram predicting the incident CI
among individuals aged over 90.

Figures

Figure 1

�ow-chart of participant selection.
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Figure 2

Nomogram ranking the predictors showing the cumulative effect of predictors. First, each variable is
marked on the appropriate scale, and the number of points for each is derived from the ‘Points’ scale at
the top of the nomogram. Then the points are totaled, and the total value is marked on the ‘Total Points’’
scale. Viewing down, one then derives the total score on the scale labeled ‘Pr’ meaning means the
probability of incident CI.
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