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Abstract
Background: In view of the fact that there is no effective treatment for dementia, the number of years that
dementia patients have to live with dementia will gradually increase for the rest of their lives, and the
disability loss caused by dementia will increase. It is urgent to study the in�uence of risk factors on
dementia by making use of the potential of prevention. The purpose of this study is to quantify the
burden of dementia disability attributable to risk factors by assessing the population attributable
fractions (PAFs) in Jiangxi Province, which is one of the regions of moderate aging process of China.

Methods: The prevalence data of nine risk factors were obtained through the Sixth National Health
Service Survey in 2018, which covered 2713 older people. Levin’s formula was used to calculate the PAF
for each risk factor for dementia. We adjusted the PAF for communality between risk factors, and used
these values to calculate overall weighted PAFs and the years lived with disability (YLDs), which were
attributable to nine risk factors.

Results: The number of dementia cases and their proportions that can theoretically be prevented by nine
identi�ed risk factors were 111636 (99595-120877) and 66.8% (59.6-72.3), respectively. The total YLDs of
dementia were estimated to be 61136 (46463-78369) (males: 36434 [24100-49330], females: 23956
[14716-34589]). Physical inactivity (11639 [8845-14920]), low social contact (9324 [7086-11952]), and
hearing loss (5668 [4307-7265] were the top three contributors to dementia.

Conclusions: The moderate aging areas represented by Jiangxi Province have great potential in the
prevention of dementia. Targeted interventions and management of risk factors can effectively reduce
the disability burden of dementia.

Introduction
According to the Global Burden of Disease (GBD) Study 2016 (1) , the global number of individuals who
lived with dementia was 43.8 million in 2016, more females than males had dementia, and the number of
prevalent cases of dementia more than doubled from 1990 to 2016. It is estimated that there are 249.49
million people over the age of 60 in China, of whom 15.07 million have dementia (2). With the ageing of
Chinese society, the prevalence of dementia is showing an upward trend (1). Despite improved access to
treatment and health services, inadequate diagnosis and management of dementia are still common (3).

As the country with the most dementia patients in the world, China has a heavy burden on its public and
medical system (3). In view of the fact that there is no effective treatment for dementia, the number of
patients with dementia will gradually increase (4). Dementia is the main cause of disability for older
people (5, 6). The disability losses caused by dementia are undoubtedly huge. These losses may increase
with the progression of the ageing process (1). In 2015, a multicentre survey of 3,098 dementia patients
in China reported that the total cost of care was $19144 per person per year, and the annual total costs
associated with dementia will be $507.49 billion in 2030, $1.00 trillion in 2040, and $1.89 trillion in 2050
in China (7). There is growing evidence that strengthening the management and monitoring of risk
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factors for dementia is effective (8-10). If lifestyle and other interventions are implemented effectively,
they may help delay the onset of dementia and reduce the number of dementia patients in the future (9).
A predictive model estimates that by 2050, delaying the onset of Alzheimer’s disease by one year will
reduce the total number of cases of Alzheimer’s patients over 60 years old worldwide by 11% (11).

The prevention potential of dementia is huge, especially for China, which has a large older population.
The key to preventing dementia is a reliable analysis of risk factors. At present, Liu et al. (12) reported
population attributable fractions (PAFs) of seven main risk factors and their effect on dementia for the
�rst time in China. The PAF is de�ned as the percentage of a disease that will be eliminated if a certain
risk factor is eliminated. The value of the PAF depends on the prevalence of the risk factor and the
relative risk of the risk factor and the disease. The advantage of the single risk factor approach is that it
highlights the potential of a single risk factor. However, some risk factors may be intertwined. For
example, lack of physical activity can easily cause obesity, and these are all related to education.
Therefore, the reported combined PAF is likely to be overestimated (8). The �rst adjusted PAF estimate for
dementia related to China was calculated by the 10/66 Dementia Research Group study conducted in
2004–2006, but the use of relative risk (RR) comes from systematic reviews and meta-analyses from
predominantly Western countries (13). A recent study conducted by the China Multicentre Dementia
Survey (CMDS) evaluated the PAFs of eight potentially modi�able risk factors for dementia in China and
revealed that China had a unique risk pro�le owing to its rural–urban disparity (14). In these studies, the
participants were mainly from Beijing municipality (13), Hubei Province (14), Hebei Province (14), and
Tianjin municipality (14), with a relatively older population, while the share of people aged 60 and over in
many regions (including Jiangxi Province) was lower than the national average (15). Health problems
and access to health care providers and services remain heterogeneous between the provinces in
mainland China (16). Close examination of population health metrics at the province level will be crucial
to developing evidence-based policies and achieving the Healthy China 2030 goals. To the best of our
knowledge, there is currently very limited evidence to support dementia prevention strategies in regions
with moderate ageing population in China.

In this study, we estimated the PAFs of nine potentially modi�able risk factors for dementia in Jiangxi
Province, a region with moderate aging population in China, and years lived with disability (YLDs) were
used as an indicator to quantify the burden of dementia disability attributable to the risk factors by
assessing the PAF.

Methods
Data

The study was an analysis of cross-sectional data obtained from the Sixth National Health Service
Survey in 2018 conducted by the National Health Commission of the People’s Republic of China
comprehensive one-phase prevalence surveys, given that this survey reported data on the nine identi�ed
potentially 3modi�able risk factors for dementia. The details of this survey have been described
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previously (17). Donghu, Zhanggong, Yuanzhou, Shanggao, Gaoan, and Poyang were selected as sample
counties (cities, districts) representing the overall situation in Jiangxi Province by multistage strati�ed
cluster random sampling. The investigators asked all participants of the survey household one by one the
questionnaire items after being uniformly trained by the Statistics Information Center of the Health and
Family Planning Commission. In this questionnaire, the identi�cation of dementia was described in the
question of whether the participant had been diagnosed with dementia by doctors. There were two
options for participants to choose from. If they answered “yes”, they were considered to have dementia,
and if they answered “no”, they were not considered to have dementia. Additional assistance was given to
those who were unable to understand an overview of dementia by trained investigators. Before the
participants chose the answers based on their dementia experience, the investigators read the questions
and provided the participants or their �rst-degree relatives or primary caregivers with appropriate
explanations in accordance with the International Classi�cation of Diseases 10th revision (ICD-10)
diagnostic criteria for dementia. Overall, those who answered “yes” were patients who had been
diagnosed with dementia at the hospital. Since the survey method was to �ll out the questionnaire face to
face, the number of subjects lost due to rejection or noncooperation was reduced, and the response rate
was improved. 

PAF

A Lancet Commission Report (9) suggested that modi�able risk factors including hearing loss, education,
smoking, depression, physical inactivity, social isolation, hypertension, diabetes, and obesity could
account for as much as 35% of the dementia burden. In this study, all the risk factors reported were
selected except depression. However, we have considered depression as a risk factor. In the questionnaire,
participants’ depression status was investigated through the question of whether they were anxious or
depressed (Table 1). Since the prevalence of depression and anxiety were combined in the original data,
the prevalence of depression could not be obtained separately. Depression and anxiety show great
similarities, but differences regarding somatic disorder comorbidities have been observed (18). We
assumed that the calculated prevalence of depression or anxiety was regarded as the prevalence of
depression, and then re-estimated the ten risk factors. The results showed that depression had a low PAF
(4.2%) for dementia and ranked seventh among the ten risk factors, even if this result was likely to be
overestimated. Therefore, we did not consider the risk factor for depression in this study. The de�nition
and odds ratio (OR) of each risk factor are presented in the appendix. 

The OR value for individual risk factors according to the de�nition of each risk factor comes from
previously published studies in the Chinese population (2, 14, 19, 20). Except for obesity, which was
measured by body mass index (BMI), the other factors were all reported by participants or their �rst-
degree relatives or primary caregivers. The questionnaire items and their possible responses are
described in Table 1. Since there were no missing data for all variables in the sample, the prevalence of
each risk factor can be directly estimated. 

Table 1. Questionnaires and answer options for variables
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Variable name Answer

educational level 1=Not receiving more than
primary education  
 2= Primary education or
above

Marital status 1=Unmarried 
 2=Married 
 3=Widowed 
 4=Divorced

Current smoking status 1=Yes 
 2=Quit smoking 
 3=No

How many times per week have you
consciously exercised in the last 30 days?

1=Once a week or more 
 2=Less than once a week

Do you have any diagnosed hypertension? 1=Yes 
 2=No

Do you have diagnosed diabetes? 1=Yes 
 2=No

Have you ever been involved in any social
activities?

1=Yes 
 2=No

which of the following conditions did you
have in terms of hearing in the last 6
months?

1=I can clearly hear what
others say 
 2=I can’t hear clearly and
need someone to raise the
volume

Do you usually feel depressed or anxious? 1=Yes 
 2=No

The PAF for each risk factor was calculated using Levin’s formula:

 

where P represents the population prevalence of each factor and OR represents the corresponding odds
ratio. 

However, people may have multiple risk factors at the same time. Therefore, it was very important to
consider the communality and calculate the weighted PAF. The communality was calculated as the sum
of the square of all factor loadings via principal components analysis of the inter-risk-factor correlation
matrix (8, 9, 13). Each individual risk factor’s PAF was weighted according to its communality using the
formula:
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Weighting was included in the calculation of overall the PAF using the formula (13):

YLD

We mainly referred to the general methods of the GBD study (1) to calculate the YLD of dementia in
Jiangxi Province. First, the prevalence of dementia was divided into three severity categories based on the
health status lay description and disability weight of dementia for the GBD Study 2019 (21). Second, we
multiplied the prevalence at each severity level by the corresponding disability weight and summed them.
Third, we corrected for comorbidity, assigning the PAF to each risk factor for sex. The health state lay
description in the GBD study (21) of the severity of dementia referred to memory loss, cognitive
impairment and the need for help in daily activities. Whether dementia patients needed help in their daily
activities was correlated with a series of variables related to daily activities reported by their �rst-degree
relatives or primary caregivers in the original data. These variables were referred to two dimensions (self-
care and usual activities) of the EuroQol-5-dimensions-5 levels (EQ-5D-5L), which included the eight basic
activities of eating, dressing, bathing, getting in and out of bed, going to the toilet, controlling defecation,
doing housework, and managing money and property in the individual’s daily life. Those who could not
complete one or more items were classi�ed as patients with severe dementia, and those who could
complete all items without di�culty were classi�ed as patients with mild dementia. Others were classi�ed
as moderate dementia.

The calculation formula of YLD was as follows:

where W represents the disability weight of the severity of dementia, P' represents the estimated value of
the prevalence of dementia, and N represents the population of Jiangxi Province in 2018.

Then the YLD for each risk factor was calculated:

 

We also reported the estimated YLDs of each risk factor with the 95% uncertainty interval (UI) in this
study. The 95% UI was obtained by repeatedly sampling the sample 1000 times, whose upper and lower
bounds were derived based on the 2.5th and 97.5th percentiles of the uncertainty distribution.

Results
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We obtained a total of 2713 valid responses from 10,123 participants (aged 60 and above: 2784). The
response rate for the dementia survey among people in their 60s was approximately 97%. The reason for
the high response rate of the survey was that the survey was only based on the answers to the
questionnaire without physical and mental examinations, so that few people were lost to follow-up or
rejected. In this survey, a total of 66 older people had dementia, and the prevalence of dementia in Jiangxi
Province in 2018 was 2.4% (Table 2). Epidemic features of dementia are presented in Table 3. A total of
38 males and 28 females were diagnosed with dementia. More cases of dementia were found in urban
areas (53.0%). The majority of dementia cases occurred in older people aged 70 years and older, who
accounted for 78.8% (70-79: 39.4%, ≥80: 39.4%). The lowest proportion was in the 60-69 years age
group, who accounted for 21.2%.

Table 2. Prevalence of dementia in Jiangxi Province in 2018

Counties (cities, districts) participants The number of dementias Prevalence (%)

Donghu 547 8 1.5 

Gaoan 423 14 3.3 

Poyang 336 9 2.7 

Shanggao 462 8 1.7 

Yuanzhou 522 10 1.9 

Zhanggong 423 17 4.0 

Total 2713 66 2.4 

Table 3. Epidemic features of dementia in Jiangxi Province in 2018
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Epidemic features Mild dementia
(%)

Moderate dementia
(%)

Severe dementia
(%)

Total (%)

No. of dementia 12 (18.2) 13 (19.7) 41 (62.1) 66 (100)

Gender

males 6 (9.1) 6 (9.1) 26 (39.4) 38 (57.6)

Females 6 (9.1) 7 (10.6) 15 (22.7) 28 (42.4)

Address

Urban 6 (9.1) 4 (6.1) 25 (37.9) 35 (53.0)

Rural 6 (9.1) 9 (13.6) 16 (24.2) 31 (47.0)

Age ranges
(years)

60-69 2 (3.0) 4 (6.1) 8 (12.1) 14 (21.2)

70-79 7 (10.6) 7 (10.6) 12 (18.2) 26 (39.4)

≥80 3 (4.6) 2 (3.0) 21 (31.8) 26 (39.4)

The number of exposures and prevalence, communality, weighted PAFs and number of attributable cases
of nine risk factors associated with dementia for Jiangxi Province in China in 2018 are presented in Table
4. Low social contact, physical inactivity, hypertension and hearing loss were the top four contributing
factors, at 77.6, 54.2, 34.4 and 33.8%, respectively. Obesity had the lowest contribution (1.6%). In Jiangxi,
the number of dementia cases and their proportions that can theoretically be prevented by 9 identi�ed
risk factors were 111636 (99595-120877) and 66.8% (59.6-72.3), respectively. Physical inactivity (19.0%
[18.8-19.1]) and low social contact (15.3% [14.2-15.8]) were the top two fraction contributors to dementia,
followed by hearing loss (9.3% [8.2-10.0]), hypertension (7.2% [6.3-7.3]), low education (6.8% [5.7-7.7])
and smoking (5.2% [4.5-5.3]). Having no spouse (2.5% [1.4-4.3]), diabetes (0.8% [0.3-1.2]) and obesity
(0.8% [0.3-1.6]) showed relatively small effects on dementia. 

Table 4. Estimates for population attributable fractions (PAFs) and the number of attributable cases in
Jiangxi Province in 2018
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Risk factors Number of
exposures (Prevalence)
(%)

Communality
(%)

Weighted PAF
(95% CI) (%)

Number of attributable
cases (95% CI) *

Low
education

714 (26.3) 64 6.8 (5.7-7.7) 11391 (9450-12837)

No spouse 601 (22.2) 61 2.5 (1.4-4.3) 4140 (2311-7194)

Smoking 617 (22.7) 56 5.2 (4.5-5.3) 8612 (7454-8825)

Physical
inactivity

1471 (54.2) 57 19.0 (18.8-
19.1)

31824 (31427-31928)

Obesity 43 (1.6) 34 0.8 (0.3-1.6) 1344 (431-2666)

Low social
contact

2104 (77.6) 60 15.3 (14.2-
15.8)

25493 (23754-26421)

Hearing loss  916 (33.8) 40 9.3 (8.2-10.0) 15497 (13733-16742)

Hypertension 933 (34.4) 47 7.2 (6.3-7.3) 12001 (10550-12209)

Diabetes 243 (9.0) 59 0.8 (0.3-1.2) 1335 (485-2054)

Overall
weighted
PAF 

66.8 (59.6-
72.3)

111636 (99595-
120877)

*Number of attributable cases of dementia in Jiangxi in 2018 = 167164.

Figure 1 shows the estimates of YLDs of nine risk factors leading to dementia in Jiangxi in 2018. The
total YLDs of dementia in Jiangxi Province in 2018 was estimated to be 61136 (46463-78369) (males:
36434 [24100-49330], females: 23956 [14716-34589]), of which the YLDs of the nine risk factors leading
to dementia was 40828 (31029-52337). The top three risk factors were physical inactivity (11639 [8845-
14920]), low social contact (9324 [7086-11952]), hearing loss (5668 [4307-7265].

Discussion
The �ndings of this study indicated that after adjusting for the nonindependence of risk factors more
than 60% of dementia cases in Jiangxi Province in China in 2018 were associated with the nine
potentially modi�able risk factors assessed here. Among the nine factors, the PAFs of the �ve classical
risk factors (low education, physical inactivity, low social contact, hearing loss, and diabetes) for
dementia were incorporated in previous studies but were higher in our study (51.2%) than CMDS
estimates in China (42.8%); the PAFs of the eight classical risk factors (hearing loss, low education,
smoking, physical inactivity, low social contact, hypertension, diabetes, and obesity) for dementia were
higher in our study (64.3%) than 10/66 estimates in China (39.0%), indicating the especially higher
potential for dementia prevention in moderate aging regions of China. The burden of disability due to
dementia in Jiangxi Province in 2018 was heavy, of which physical inactivity, low social contact, and
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hearing loss were the three most important factors. As a quantitative study to estimate the burden of
dementia caused by risk factors, we evaluated the burden of dementia caused by nine risk factors using
YLDs as an index. It may provide an opportunity for the general public and dementia patients to consider
better management and prevention strategies with a targeted understanding, thereby reducing the risk
burden. There was a higher total number of YLDs attributable to the 9 risk factors in males than in
females. Males were the dominant group with dementia disability burden caused by the main risk factors.
This was because females were more interested in health issues in daily life; therefore. males should pay
more attention to the prevention of risk factors (22).

The PAF of low education level (lower than primary school) was 6.8%, which was lower than previous
studies on the Chinese population (12-14). Studies have shown that the prevalence and incidence of
dementia in older people in China are on the rise, and the sharp increase in the number of patients with
dementia is most likely to occur in people with low education level (23). Attaining a higher level of
education during one’s life may prevent a large number of symptoms of dementia, which may reduce the
incidence and prevalence of dementia. Historically, around the 1970s in China, Jiangxi Province
experienced a unique period in which many young people did not have the opportunity to receive
adequate education. However, with the popularization and improvement of education, the prevalence of
this factor in the population may be greatly reduced. Now and in the future, dementia disability due to low
levels of education may not cause as much loss of life as in the past. Physical inactivity was the largest
PAF (19.0%) contributor to dementia, resulting in the greatest number of years of disability and life lost
caused by dementia among nine risk factors, which was higher than CMDS estimates (13.2%) and 10/66
estimates (5.8%) (13, 14). The results of a meta-analysis showed that physical activity, especially high
levels of physical activity, had a signi�cant protective effect on cognitive decline (24). The bene�ts of
physical activity may accumulate throughout a person's life, improving mood and physical function.
Physical inactivity was a major risk factor for dementia, and it was also related to risk factors such as
diabetes, high blood pressure and obesity, which in turn were associated with an increased risk of
dementia (25). Physical inactivity was very common in Jiangxi Province, possibly due to a lack of
consensus on health and cultural promotion for older people, which hinders the promotion of health
plans and appropriate physical activity programs. It should be noted that there are some bidirectional
associations between the status of physical activity and dementia. It is possible that dementia could
cause physical inactivity to occur, which suggests that the estimates of PAF for physical activity may be
overestimated in our study. It was calculated by our model that low social contact was the second major
reason for the heavy burden of dementia, which was caused by the higher prevalence and higher OR.
Social conditions in China have changed signi�cantly over the past two decades, and nearly 80% of the
older people lack social contact in Jiangxi Province, which is higher than the overall prevalence in
China (14). Social contact indicates a social connection with friends, not relatives. Frequent social
contact may be independent of social and lifestyle factors. Compared with relatives, keeping in touch
with friends can bring more happiness and less pressure, because friends re�ect personal
choices (26). Social contact has a protective effect on dementia, and more frequent contact will bring
higher cognitive reserves (27). Studies have shown that building cognitive reserve capabilities allows
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individuals to establish and maintain social relationships, while higher cognitive capabilities can prevent
dementia that may occur later (27). However, because social dysfunction is a part of dementia, as the
severity of dementia increases, the time spent with others decreases, and these changes have been
described in the prodromal phase (28). Therefore, similar to physical inactivity, low social contact may be
a consequence rather than a cause of dementia (27).

The recognition of hearing loss as a risk factor for dementia was relatively new, although some
studies (9, 13, 14) have previously reported on the calculation of its PAF. The estimated PAF for hearing
loss in our research (9.3%) was between the CMDS estimates (11.9%) and 10/66 estimates (3.9%), which
was mainly based on data from developed countries and regions. Early implementation of hearing
protection will help to reduce the burden of this potential risk factor for dementia. Preliminary evidence
suggests that the use of hearing aids can reduce the risk of dementia due to hearing loss (13). However,
in real life, the use of intervention was often very complex because only a small number of people with
hearing loss were diagnosed or treated; for example, many people were not used to or did not often use
hearing aids. Compared with the 10/66 estimation for China, hypertension had a greater contribution to
dementia in this study, and the burden of disease due to hypertension was also larger. In this study, the
prevalence of hypertension was estimated to include older patients with hypertension who were
diagnosed by doctors but not those who were not diagnosed or reported, suggesting that our results may
underestimate the impact of hypertension on dementia. The OR of hypertension used in the present study
was higher than that for other countries (8, 29). Nearly half of Chinese adults between the ages of 35 and
75 had high blood pressure, fewer than one-third were being treated, and fewer than one in twelve were in
control of their blood pressure (30). The awareness and treatment rate of Chinese hypertension patients
did not increase (12). On the one hand, hypertension is one of the most common chronic diseases, and
aging is the main contributor to its development (31). On the other hand, with the rapid development of
the economy, unhealthy lifestyle choices, especially excessive dietary sodium intake, are also related to
the high prevalence of hypertension in China (32). It is worth noting that the PAF of smoking for dementia
based on the OR in the CMDS was higher than the 10/66 estimates in China, and most of the burden of
dementia caused by smoking may come from males in Jiangxi Province. Even in old age, the prevalence
of smoking among males was still as high as 43.3% (females: 3.6%). The most likely mechanism of the
association between smoking and dementia is cardiovascular disease (33). Atherosclerosis and
cerebrovascular diseases caused by smoking in turn increase the risk of dementia (34). Cigarettes also
contain neurotoxins, which also increase the risk of dementia (35). China is one of the largest tobacco
consumers in the world, although interventions to reduce smoking are already being implemented
throughout China (including Jiangxi Province). The public's awareness of smoking bans and tobacco
control is increasing, but this has not effectively reduced the smoking rate. There are now more smokers
of all ages. Having no spouse, diabetes and obesity bear relatively little burden on dementia. Compared
with people living with spouses, widowed, divorced or unmarried people had a particularly increased risk
of dementia (19, 36), which was similar to CMDS estimates in China. Living with a partner may imply
cognitive and social challenges that can protect against cognitive impairment in later life (36). In
addition, having no spouse might result in loneliness and less communication or mutual assistance (37).
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Adipose tissue produces several substances that are important in metabolism (adipokines) and
in�ammation (cytokines) and are correlated with insulin resistance and hyperinsulinemia (38). Similarly,
due to unhealthy eating habits and lack of awareness of diabetes prevention, China has witnessed one of
the fastest rising prevalence rates of diabetes in the world (39, 40). There were still quite a few diabetic
patients who were not diagnosed in this study, which was similar to the prevalence of hypertension. More
work should be done in the diagnosis and treatment of diabetes to further reduce the risk of dementia
development and reduce the burden of dementia caused by diabetes. Compared with the 10/66
estimation for China (13), obesity was less prevalent in our survey, but the change to a Western diet
together with physical inactivity may likely increase the prevalence of obesity in the future.

Our study has some limitations. First, the dementia status of the participants was self-reported in this
study, although those with dementia were diagnosed by doctors. However, it must be acknowledged that
the prevalence of dementia we estimated may be underestimated by ignoring individuals who may have
dementia but were not diagnosed in hospitals. Some information about the risk factors was also self-
reported, which may lead to some information being misclassi�ed due to lack of standardization.
Second, this study did not include cohort studies on the risks associated with the assessed factors. The
estimate of the OR relied on secondary data, which was determined by published studies involving
Chinese populations. Third, we used a questionnaire about the status of daily living ability rather than
direct measures to classify the degree of disability in dementia patients, which may affect our results
through measurement bias. In future research, the measurement of dementia needs to be improved by
measuring care needs or instrumental activities of daily living.

Conclusions
With the increase in life expectancy, the process of ageing is accelerating, and dementia will become one
of the biggest public health challenges in the world. Over 60% of dementia cases may be attributed to the
nine potentially modi�able risk factors included in our study. Harnessing the potential of prevention is an
urgent priority. Addressing physical inactivity, low social contact, hearing loss, and hypertension may be
initial goals for policy-makers to develop dementia prevention strategies. The government and policy-
makers may undertake appropriate costs to delay or prevent dementia cases to reduce the burden of
dementia. Even for a small group of people, delaying dementia by a few years would be a huge
achievement. Throughout the course of life, early public health measures can be taken not only to prevent
premature death but also to promote a healthier life for older people.
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Figure 1

Estimates for years lived with disability (YLDs) in Jiangxi Province in 2018


