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Introduction
Health-Adjusted Life Expectancy (HALE), also known as Healthy Life Expectancy (HLE), is an 

comprehensively index to evaluate the complete health of population, was calculated by adding the 
prevalence of disease and injury to the life table [1-2]. Prevalence is usually affected by some factors, 
and prevention and control of health-related factors leading to disease and injury are currently 
effective means to prevent health loss and improve the quality of life. According to the Global 
Burden of Disease (GBD), about 48.3% of global loss of life in 2017 was attributed to the exposure 
relationship of 476 diseases and injuries risk [3]. A study of the burden of disease in China shows 
that individual behaviors including smoking, alcohol consumption, lack of physical activity, etc 
is steadily rising [4]. In addition, the results show that the proportion of the gradually urbanized 
Chinese population exposed to risk factors such as obesity, lack of exercise, and occupational 
health is increasing [5]. The existing evidence also suggests that the interaction between health-
related factors increases the risk of disease and causes loss of life [6,7]. However, the association 
between Healthy Years of Life Lost (HYLL) and health-related factors and the susceptibility to such 
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Abstract
Aims: To analyze the association with health-related factors and the disease risk and Healthy Years 
of Life Lost (HYLL).

Methods: The missing data was inserted using multiple interpolation methods. The self-reported 
healthy life expectancy was estimated using Sullivan method, and HYLL is the difference between 
life expectancy and health-adjusted life expectancy. Logistic regression model was used to judge the 
association between health-related factors and disease risk.

Results: The HYLL at 10 years old is 11.36 years old, and the HYLL is higher in female than male 
since 55 years old. In the total population, lower years of education (OR=1.526, 95% CI [1.263-
1.845]), no tooth brushing (1.847, 1.514-2.253), and overweight or obesity (1.280, 1.101-1.487) are 
more likely to occur sick. Risk association of health-related factors with disease varies between sexes 
and areas.

Conclusion: Social factors, lifestyle factors and metabolic factors are exposed to disease risk and 
HYLL. Health education in rural areas and female groups should be strengthened, and additional 
attention should be paid to the additional HYLL caused by occupational health and oral health.
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effects across genders and areas is unclear, and these potential health 
decisions are expected to be further explored. Therefore, identifying 
the risk factors associated with the disease helps to promote decline 
the healthy years of life lost and improve the management of early 
prevention, which is particularly important for promoting health for 
everyone and implementing a healthy China strategy.

To explore the association between health-related factors and 
healthy years of life lost, this study based on the Sixth Health Service 
Survey in Shaanxi province in western China, estimated HALE-
SR and then calculated the HYLL, and focused on the relationship 
between health-related factors and disease risk.

Methods
Study design

The data of population and death of this study are from the Full 
Population Database (FPD) of Shaanxi Province. And we used the 
Shaanxi Statistical Yearbook 2018, a systematic and comprehensive 
annual journal to adjust the age-specific birth rate. Prevalence and 
impact factor data came from the 2018 Sixth National Health Services 
Survey of Shaanxi Province (SHSS2018), the largest health services 
survey in Shaanxi Province. Located in the inland hinterland of 
inland China, Shaanxi Province is one of the important birthplaces 
of the Chinese nation and Chinese culture, which has jurisdiction 
over twelve prefecture-level cities and has a population of 39.52 
million in 2020 [8]. In this study, 6,912 residents over 10-year-old 
were finally included according to the multistage stratified cluster 
random sampling method. A detailed description of the SHSS2018 
was published previously [9-11]. We defined the people who were 
hospitalized due to illness, injury and poisoning within the year 
before the respondent self-reported as the sick group, and calculated 
the prevalence of the age-specific.

Definition of the variables and health-related factors
In this study, urban areas refer to municipal districts with 

administrative divisions as prefecture-level cities or above, and 
rural areas refer to areas with administrative divisions of counties 
(including county-level cities). Marital status including having spouse 
(married) and no spouse (unmarried, widowed, divorced and others). 
This study defined three categories of eight health-related factors as 
social factors (including years of education and occupation type), 
lifestyle factors (including smoking, alcohol consumption, physical 
exercise, health checkup, and tooth brushing), and metabolic factors 
(including overweight or obesity).

In social factors, we divided the level of education into 9 years 
and below (including never went to school, primary school and 
junior high school) and over 9 years including high school (junior 
college, specialized secondary schools, skilled workers schools), 
undergraduate and postgraduate. The type of self-reported 
occupation as workers, farmers, active servicemen, freelancers, self-
employed and others is defined as the first occupation (No.1), and the 
occupation such as administrative personnel (national civil servants, 
staff, enterprise managers) and technical workers (professional and 
technical personnel) as the second occupation (No.2).

Among lifestyle factors, people who have self-reported current 
smoking or have quit were defined as having smoking experience, 
and those who never smoked as those with no smoking experience. 
People who had reported having drinking within 30 or 30 days of the 
past 12 months were defined as drinking, otherwise as no drinking. 
The behavior of self-reported average weekly conscious physical 

exercise (including morning exercise, recess exercise, PE classes, 
extracurricular sports classes, workshop exercises, square dancing, 
walking exercise, walking, running, etc.) over the past 30 days was 
defined as performing physical exercise, otherwise defined as no 
physical exercise. The behavior of having received a health checkup 
within nearly 12 months (excluding the checkup for illness) was 
defined as having health checkup and others as not having health 
checkup. The definition of tooth brushing is having one or more daily 
brushing, and the average of less than one or no daily brushing is 
defined as no tooth brushing.For metabolic factors, the Body Mass 
Index (BMI) was calculated by the ratio of the square of self-reported 
height (m2) and weight (kg). We define overweight or obesity as their 
BMI over 24.0 (m2/kg), otherwise, was not overweight or obesity.

Statistical analysis
The characteristics of participants were summarized as means 

with SDs for continuous variables. Chi-square test and Fisher's exact 
test were used to evaluate the statistical significance of the differences 
in participants.

This study adjusted the population number and deaths in FPD 
according to the China Statistical Yearbook. Missing data entries 
were filled using Multiple Imputation Method (MI) according to 
the integrated Shaanxi deaths in 2018. People over 10 years old were 
divided into 16 age groups (for example, the 10-year-old group was 
10 to 14 years old, the 15-year-old group was 15 to 19 years old, and 
so on). Age-specific mortality was the ratio of age-specific population 
and age-specific deaths, and finally the mortality rate of the elderly 
from 70 to 80 was corrected using the Kannisto extrapolation model. 
In this study, Myer's Index and fit test were used to evaluate the 
data quality of the sampling survey. Both Myer's Index (The Myer's 
Index of the sample survey data of this study was 5.97) and fit test 
indicating that there is no statistically significant difference between 
the distribution of the age structure indicators of the data in this study 
and the overall population, and the sample is very representative. An 
additional Table S1 shows this in more detail Table S1. Prevalence of 
specific age groups was calculated using the number of age-specific 
population and the number of hospitalizations for disease or injury 
poisoning in health service surveys. The mortality rate and prevalence 
were simultaneously brought into the life table by Sullivan method 
to obtain HALE-SR. The Healthy Years of Life Lost (HYLL) was 
calculated by the difference of life expectancy and health-adjusted 
life expectancy with self-report. The estimation process is shown in 
Figure 1.

Logistic regression model analyzed the risk association between 
health-related factors and disease. The model was adjusted for 
sex, areas and prefecture-level cities. Multicollinearity diagnostics 
indicated an absence of collinearity between individual health-related 
factors. An additional Table S2 shows this in more detail Table S2. 
We calculated Odds Ratios (ORs) and 95% Confidence Interval 
(CI) by Maximum Likelihood Estimate (MLE) to explain probable 
associations between disease and health-related factors by Wald test, 
and we also analyzed this potential association between health-related 
factors and disease in sexes and regions, and a two-sided p value less 
than 0.05 was considered significant.

The level of health-related factors that including education over 
9 years, occupation type of No.2, no smoking exercise, no alcohol 
consumption, physical exercise, health checkup, tooth brushing and 
not overweight or obesity was defined as getting one score. Social 
factor score 0 to 2, lifestyle factor score 0 to 5 and metabolic factor 
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score 0 to 1. The higher score for each type of factors indicate lower 
risk. Logistic regression model were also used to judge the association 
between health-related factor scores and disease risk, and P<0.05 was 
considered statistically significant.

All statistical analyses involved using the software R.4.0.4, SAS9.4, 
Stata15.

Results
Population characteristics

General characteristics of the study population are detailed in 
Table 1. A total of 6,921 individuals with 864 suffering from disease 
were included in the analysis. The average ages of the sick people 
and not sick people were 60.57 ± 14.34 and 47.71 ± 17.89 years. The 
prevalence of disease was 12.27% and 12.72% for male and female, 
and 12.41% and 12.65% in urban and rural areas, respectively. In 
marital conditions, people with a spouse are more likely to get 
sick. The prevalence was highest among people with 9 years or less 
education, no alcohol consumption, no physical health checkup, no 
tooth brushing and overweight or obesity individuals (P<0.05) (Table 
1).

Healthy years of life lost
In 2018, life expectancy at 10 years old was 69.84 years, female 

(70.52 years) is higher than male (69.23 years), and urban areas 
(70.17 years) is higher than rural areas (69.37 years). The HALE-SR 
in Shaanxi Province at 10 years old was 61.91 years, female (62.52 
years) was higher than male (61.91 years), and rural areas (61.94) was 
higher than urban areas (61.84 years). Figure 2 shows the distribution 
of the healthy years of life lost and the rate of HYLL in age groups. 
The healthy years of life lost are gradually reduced with the increase 
of age, but the loss rate is getting larger and larger. The rate of HYLL 
in urban areas is greater than that in rural areas, and the rate of HYLL 
in male begins to be greater than that of female since the age of 55 

years old (Figure 2).

Association of health-related factor score and disease 
risk

Figure 3 shows the association between health-related factor 
scores and disease risk. The risk of diseases associated with each 
1-point increment in social factor decreased among all participants 
(OR=0.828, 95% CI [0.741-0.925]), especially in female (0.765, 
0.647-0.904) and in rural areas (0.512, 0.359-0.730), and it has the 
same phenomenon in metabolic factor in all participants (0.810, 
0.699-0.940), female (0.712, 0.578-0.876) and rural areas (0.736, 
0.576-0.941). By contrast, the risk of disease per 1-point increment 
in lifestyle factor score decreased slightly in all participants (1.076, 
1.012-1.145) and male (1.119, 1.028-1.218) (Figure 3).

Association of health-related factors with disease risk
The association of health-related factors with disease risk shows in 

Figure 4. It was more likely to cause disease among them who received 
education of 9 years and less (OR=1.526, 95% CI [1.263-1.845]), no 
tooth brushing (1.847, 1.514-2.253) and overweight or obesity (1.280, 
1.101-1.487). The occupation of NO.1 (0.738, 0.583-0.936), alcohol 
consumption (0.756, 0.615-0.931), no physical exercise (0.854, 0.734-
0.994) and no health checkup (0.773, 0.668-0.896) can reduce the risk 
of disease in Shaanxi (Figure 4).

Education of 9 years and less (1.468, 1.126-1.914) and no tooth 
brushing (1.595, 1.214-2.096) can increase the risk of illness among 
male, and the first type of occupation (0.653, 0.476-0.895), alcohol 
consumption (0.756, 0.615-0.931), no physical exercise (0.854, 0.734-
0.994), no health checkup (0.773, 0.668-0.896) will reduce the disease 
risk. Among female, a lower degree of education (1.550, 1.179-2.038), 
no tooth brushing (2.170, 1.618-2.909) and overweight or obesity 
(1.488, 1.205-1.836) were associated with increasing the prevalence 
of diseases, while there was no related association between health 
checkup and disease risk (0.718, 0.586-0.879).

Figure 1: The estimation process of healthy years of life lost.
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Lower years of education among urban residents (1.508, 1.21-
1.845), having smoking experiences (1.394, 1.095-1.774), and no 
tooth brushing (1.648, 1.246-2.181) showed a strong association with 
disease, whereas the first type of occupation (0.679, 0.525-0.879), 

alcohol consumption (0.612, 0.470-0.797), no physical exercise 
(0.725, 0.589-0.892) reduce the risk of illness. In rural areas, 9 years 
of education and below (1.830, 1.170-2.860) and no tooth brushing 
(2.022, 1.520-2.690) result in increased resident prevalence, whereas 
having smoking experiences (0.608, 0.437-0.846) and no health 
checkup (0.657, 0.517-0.834) decrease the disease risk.

Discussion
This study using self-reported health data provides new insights 

into healthy years of life lost and differences in disease risk with 
health-related factors in people over 10 in Shaanxi Province in 
western China. Starting from the age of 55 years, the healthy years of 
life lost of female was higher than men, and the increased scores of 
social factors and metabolic factors are significantly associated with 
lower risk of disease and lower HYLL. Lower education, no tooth 
brushing and overweight or obesity is the main risk factors leading to 
the lower quality of people’s life in Shaanxi province.

Several results of previous studies confirmed that female have a 
longer lifespan than male, but the quality of life was lower, and the 
difference of lifespan in gender is gradually narrowing [12-15]. The 
results of this study show that HALE-SR for female at 10-year-old in 
Shaanxi Province was higher than male about 1.2 years, the HYLL 
of female have gradually surpassed male since the age of 55 years 
old, and the gap of HALE-SR between men and women gradually 
decreased with increasing age. In addition to the weak effects of body 
structure, health differences in gender are gradually attributed to the 
gap of incidence of health-related factors such as smoking, alcohol 
consumption, physical exercise are decreasing [12,16]. Between 
urban area and rural area, this study showed higher healthy life 
expectancy in rural populations than urban, which was different from 
other studies [5,17]. With the development of urbanization in China, 
urbanization affects the health of the population in many aspects. Air 
pollution, types of occupation, and changes in dietary and activity 
habits can all pose challenges to the health of urban residents [18]. 
The cognition of self-health is becoming more and more important in 
primary care, the findings of this study found an additional increased 

Sick (n=864) Not sick (n=6048) P value

Age (years) 60.57 ± 14.34 47.71 ± 17.89 <0.001

Sex 0.573

Male 408 (12.27) 2918 (87.73)

Female 456 (12.72) 3130 (87.28)

Areas 0.765

Urban area 528 (12.41) 3728 (87.59)

Rural area 336 (12.65) 2320 (87.35)

Marriage status <0.001

No spouse 127 (9.07) 1273 (90.93)

Have spouse 737 (13.37) 4775 (86.63)

Prefecture-level city 0.016

Xi'an city 191 (12.98) 1281 (87.02)

Xianyang city 156 (10.41) 1343 (89.59)

Baoji city 343 (12.55) 2391 (87.45)

Ankang city 174 (14.42) 1033 (85.58)

Education <0.001

Over 9 years 214 (9.79) 1973 (90.21)

9 years and less 650 (13.76) 4075 (86.24)

Occupationa 0.751

NO.2 121 (12.82) 823 (87.18)

NO.1 743 (12.45) 5225 (87.55)

Smoking 0.385

No experience 640 (12.71) 4395 (87.29)

Having experiences 224 (11.93) 1653 (88.07)

Drinking 0.004

No 691 (13.15) 4565 (86.85)

Yes 173 (10.45) 1483 (89.55)

Physical exercise 0.17

Yes 521 (12.96) 3498 (87.04)

No 343 (11.86) 2550 (88.14)

Health checkup <0.001

Yes 471 (14.03) 2885 (85.97)

No 393 (11.05) 3163 (88.95)

Tooth brushing <0.001

Yes 704 (11.54) 5397 (88.46)

No 160 (19.73) 651 (80.27)

Overweight or obesity 0.012

No 542 (11.79) 4056 (88.21)

Yes 322 (13.92) 1992 (86.08)

Table 1: Population characteristics of the Sixth Health Service Survey in Shaanxi 
Province, western China (N=6912). 

Mean ± standard deviation, frequency (percentage)
a Occupation as workers, farmers, active servicemen, freelancers, self-employed 
and others is defined as the first occupation (No.1), and the occupation such 
as administrative personnel (national civil servants, staff, enterprise managers) 
and technical workers (professional and technical personnel) as the second 
occupation (No.2).

Age group 
(Year)

Overall 
(years)

Male 
(years)

Female 
(years)

Urban 
(years)

Rural 
(years)

10-14 61.91 61.32 62.52 61.84 61.94

15-19 57.1 56.53 57.7 57.05 57.13

20-24 52.33 51.82 52.85 52.26 52.39

25-29 47.5 46.98 48.02 47.44 47.56

30-34 42.88 42.45 43.32 42.78 43

35-39 38.11 37.6 38.62 37.95 38.36

40-44 33.56 33.13 33.99 33.39 33.83

45-49 29.01 28.64 29.38 28.82 29.33

50-54 24.67 24.37 24.95 24.46 24.99

55-59 20.57 20.24 20.86 20.38 20.86

60-64 16.69 16.39 16.95 16.49 17

65-69 13.34 13.06 13.58 13.1 13.7

70-74 10.32 10.08 10.5 9.99 10.81

75-79 7.58 7.17 7.93 7.22 8.13

80-84 4.94 4.73 5.1 4.57 5.53

85+ 2.85 2.66 2.99 2.61 3.28

Table 2: The distribution of health-adjusted life expectancy with self-reported in 
age groups.
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risk for residents undergoing health checkup. This may be attributable 
to the poor awareness of self-health for people in rural area, which 
lead to unknowingly sickness. And the self-reported health is higher 
in urban areas. Therefore, the government should strengthen the 
health publicity and education for rural areas, popularize health 
knowledge, improve the health literacy of residents, and implement 
the three early preventions of early detection and then early diagnosis 
and early treatment.

We have observed that in the overall health-related factor score, 
in addition to lifestyle factors, social factors and metabolic factors 
increase by one point, the population's risk of disease will decrease, 
and the HYLL will also decrease. Therefore, a more active healthy style 
approach is promoted to improve health. For specific health factors, 
overweight or obesity has been shown to increase the risk of multiple 
diseases such as cardiovascular disease, diabetes, musculoskeletal, 
etc., [19-21]. The prevalence of overweight or obesity is getting worse 

Figure 2: Healthy years of life lost and the rate of healthy years of life lost in specific age group.

Figure 3: Odds ratios of incident diseases associated with each 1-point increment in health-related factor scores by sexes and areas.
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in China, from 0.06% since 1980 to 5.30% in 2015 in China, and then 
to over 50% for Chinese adults with overweight or obesity in 2020, 
and 60% for the children under the age of 6 years old [22,23]. The 
rates of overweight or obesity varies between the sexes and areas. 
The results of this study show that overweight or obesity in Shaanxi 
Province of western China increases disease risk in women and rural 
area. Changes in dietary structure, physical exercise have significant 
associations with the occurrence of overweight or obesity, and a series 
of related health problems will pose great challenges to population 
health if the prevalence of overweight or obesity continues to 
increase, and the effective measures must be taken to intervene in 
the occurrence and prevalence of overweight or obesity as soon as 
possible.

Oral disease is an increasingly serious public health problem 
which have a significant adverse impact on quality of life [24,25]. In 
this study, the incidence of tooth brushing events was significantly 
associated with a reduced HYLL and declined disease risk of 
population prevalence. Previous studies have also shown that no 
tooth brushing is significantly associated with the risk of chronic 
non-communicable diseases such as cardiovascular disease, diabetes, 
and cancer compared to tooth brushing [26-29]. At the same time, 
studies have shown that excessive sugar intake and smoking can 
mutually affect dental health and lead to disease [30]. In this study, 
on the contrary, physical exercise increases the risk of disease and 
loses more healthy lifespans. This may due to the physical exercise 
still cannot offset the adverse health effects of smoking, the second 
type occupation and overweight or obesity, particularly prominent in 
male and urban populations, and there may be interactions between 
health-related factors and numerous studies have explored the impact 
of factors other than genes on the evolution of the disease, noting 
that interactions between lifestyle factors and environmental factors 
can affect the disease risk of the population [7]. Similarly, the results 
show that having regular health checkup will increase the risk of 
illness. This is also a low level of education leads to defects in people’s 
perception of physical health. In women and rural area, education 
level affects the population's cognition of health, thus making the 
health checkup results generally positive, and increasing the risk of 
disease. The health risks of high smoking rate and sedentary people 
have gradually deepened [31-35], the government plans to consider 

Figure 4: The association of health-related factors with disease risk.

tobacco control [36], and more attention is needed to occupational 
health and oral health.

To the best of our knowledge, this is the first study to discuss 
health-related factors associated with disease risk and healthy year's 
life lost between different genders and regions by population self-
reported database in China. Key strengths of our study include 
providing a reference for accurately seeking factors influencing 
population disease and improving population quality of life. But 
there are still some limitations. Firstly, the results of this study are 
based on a short-term self-reported health survey where subjective 
health cognition indirectly biased prevalence result in the lower 
estimation of HALE-SR. Secondly, genetic factors, dietary patterns, 
and environmental factors are also health-related factors affecting the 
disease [37,38], and may have interactions with social factors, lifestyle 
factors, and metabolic factors.

Conclusion
This study estimated healthy years of life lost for people in Shaanxi 

Province, western China, and analyzed the association of eight health-
related factors with disease risk. Our results suggest people living with 
more healthy style, and it should strengthen the health education of 
rural and female groups to enhance the awareness of self-health. 
While promoting tobacco control actions and encouraging physical 
exercise, additional attention needs to be paid to the new health crises 
caused by occupational health and oral health.

Author Contributions
XL M, QW, JC, WM, LR, YC and ZY W analyzed and interpreted 

the data regarding the disease and the health-related factors. XH G, 
XZ and QM coordinated the subject. XL M was a major contributor 
in writing the manuscript, and QM edited the manuscript. All authors 
read and approved the final manuscript.

Funding
This study was funded by National Key R&D Program of China, 

Precision Medicine Research (Grant number: 2016YFC0901705). 
This project was funded by the funding body had no role in the design 
of the study and collection, analysis, and interpretation of data and in 
writing the manuscript.



Xinlei Miao, et al.,

7

Clinics in Surgery - General Surgery

Remedy Publications LLC., | http://clinicsinsurgery.com/ 2022 | Volume 7 | Article 3457

References
1. Mathers CD, Sadana R, Salomon JA, Murray CJL, Lopez AD. Healthy life 

expectancy in 191 countries, 1999. Lancet. 2001;357(9269):1685-91.

2. Hay SI, Abajobir AA, Abate KH, Abbafati C, Abbas KM, Abd-Allah F, et 
al. Global, regional, and national Disability-Adjusted Life-Years (DALYs) 
for 333 diseases and injuries and Healthy Life Expectancy (HALE) for 195 
countries and territories, 1990-2016: A systematic analysis for the Global 
Burden of Disease Study 2016. Lancet. 2017;390(10100):1260-344.

3. Stanaway JD, Afshin A, Gakidou E, Lim SS, Abate D, Abate KH, et al. Global, 
regional, and national comparative risk assessment of 84 behavioural, 
environmental and occupational, and metabolic risks or clusters of risks 
for 195 countries and territories, 1990–2017: A systematic analysis for the 
Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1923-94.

4. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid health 
transition in China, 1990–2010: Findings from the Global Burden of 
Disease Study 2010. Lancet. 2013;381(9882):1987-2015.

5. Gong P, Liang S, Carlton EJ, Jiang Q, Wu J, Wang L, et al. Urbanization 
and health in China. Lancet. 2012;379(9818):843-52.

6. Olsson T, Barcellos LF, Alfredsson L. Interactions between genetic, 
lifestyle and environmental risk factors for multiple sclerosis. Nat Rev 
Neurol. 2017;13(1):25-36.

7. Lin YX, Chen JJ, Shen BR. Interactions between genetics, lifestyle, and 
environmental factors for healthcare. Adv Exp Med Biol. 2017;1005:167-
91.

8. Statistics NBo. Communiqué of the Seventh National Census (No.3) 2020.

9. Province HCoS. Notice of the office of the Shaanxi provincial health and 
family planning commission on preparing for the sixth National Health 
Service survey 2017.

10. NHC. Notice on Issuing the Sixth National Health Service Statistical 
Investigation System. 2018.

11. NHC. Data Download 2018.

12. Wang H, Abbas KM, Abbasifard M, Abbasi-Kangevari M, Abbastabar 
H, Abd-Allah F, et al. Global age-sex-specific fertility, mortality, Healthy 
Life Expectancy (HALE), and population estimates in 204 countries and 
territories, 1950–2019: A comprehensive demographic analysis for the 
Global Burden of Disease Study 2019. Lancet. 2020;396(10258):1160-203.

13. Hoogendijk EO, van der Noordt M, Onwuteaka-Philipsen BD, Deeg DJH, 
Huisman M, Enroth L, et al. Sex differences in healthy life expectancy 
among nonagenarians: A multistate survival model using data from the 
Vitality 90+ study. Exp Gerontol. 2019;116:80-5.

14. Collaborators GBDM. Global, regional, and national age-sex-specific 
mortality and life expectancy, 1950-2017: A systematic analysis for the 
Global Burden of Disease Study 2017. Lancet. 2018;392(10159):1684-735.

15. Engelaer FM, van Bodegom D, Westendorp RGJ. Sex differences in 
healthy life expectancy in the Netherlands. Ann Rev Gerontol Geriatr. 
2013;33:361-XIV.

16. Liu T. The gender differences in health from the social gender norms. 
2019-05-28.

17. Laranjeira E, Szrek H. Going beyond life expectancy in assessments of 
health systems’ performance: Life expectancy adjusted by perceived health 
status. Int J Health Econ Manag. 2016;16(2):133-61.

18. Leon DA. Cities, urbanization and health. Int J Epidemiol. 2008;37(1):4-8.

19. Lv J, Yu CQ, Guo Y, Bian Z, Yang L, Chen YP, et al. Adherence to a healthy 

lifestyle and the risk of type 2 diabetes in Chinese adults. Int J Epidemiol. 
2017;46(5):1410-20.

20. Fock KM, Khoo J. Diet and exercise in management of obesity and 
overweight. J Gastroenterol Hepatol. 2013;28:59-63.

21. Calleja M, Feitoza NC, Falk B, Klentrou P, Ward WE, Sullivan PJ, et al. 
Increased dairy product consumption as part of a diet and exercise weight 
management program improves body composition in adolescent females 
with overweight and obesity-A randomized controlled trial. Pediatric 
Obesity. 2020;15(12):e12690.

22. Chooi YC, Ding C, Magkos F. The epidemiology of obesity. Metabolism. 
2019;92:6-10.

23. People.cn. 2020 report on nutrition and chronic disease status of Chinese 
residents released 2021.

24. The Lancet. Oral health at a tipping point. Lancet. 2019;394(10194):188.

25. Bawaskar HS, Bawaskar PH. Oral diseases: A global public health challenge. 
Lancet. 2020;395(10219):185-6.

26. Kobayashi D, Takahashi O, Shimbo T. Frequency of daily tooth 
brushing and development of any type of malignancy. Anticancer Res. 
2019;39(8):4415-21.

27. Kobayashi D, Mizuno A, Mitsui R, Shimbo T. Frequency of daily tooth 
brushing and subsequent cardiovascular events. Coron Artery Dis. 
2020;31(6):545-9.

28. Chapple ILC, Van der Weijden F, Doerfer C, Herrera D, Shapira L, Polak 
D, et al. Primary prevention of periodontitis: Managing gingivitis. J Clin 
Periodontol. 2015;42(S16):S71-S6.

29. de Oliveira C, Watt R, Hamer M. Tooth brushing, inflammation, and 
risk of cardiovascular disease: Results from Scottish Health Survey. BMJ. 
2010;340:c2451.

30. Williams DM, Mossey PA, Mathur MR. Leadership in global oral health. 
J Dent. 2019;87:49-54.

31. Biddle SJH, Bengoechea García E, Pedisic Z, Bennie J, Vergeer I, Wiesner 
G. Screen time, other sedentary behaviors, and obesity risk in adults: A 
review of reviews. Curr Obes Rep. 2017;6(2):134-47.

32. Biddle SJH, Bennie JA, Bauman AE, Chau JY, Dunstan D, Owen N, et 
al. Too much sitting and all-cause mortality: is there a causal link? BMC 
Public Health. 2016;16:635.

33. Falck RS, Davis JC, Liu-Ambrose T. What is the association between 
sedentary behaviour and cognitive function? A systematic review. Br J 
Sports Med. 2017;51(10):800-11.

34. Salvi S. Tobacco smoking and environmental risk factors for chronic 
obstructive pulmonary disease. Clin Chest Med. 2014;35(1):17-27.

35. Stenholm S, Head J, Kivimaki M, Kawachi I, Aalto V, Zins M, et al. 
Smoking, physical inactivity and obesity as predictors of healthy and 
disease-free life expectancy between ages 50 and 75: A multicohort study. 
Int J Epidemiol. 2016;45(4):1260-70.

36. Xue YC. Smoking cessation programmes in China. Lancet. 
2020;395(10223):e28.

37. Govindaraju D, Atzmon G, Barzilai N. Genetics, lifestyle and longevity: 
Lessons from centenarians. Appl Transl Genom. 2015;4:23-32.

38. Paoli A, Tinsley G, Bianco A, Moro T. The influence of meal frequency 
and timing on health in humans: The role of fasting. Nutrients. 
2019;11(4):719. 

https://pubmed.ncbi.nlm.nih.gov/11425392/
https://pubmed.ncbi.nlm.nih.gov/11425392/
https://pubmed.ncbi.nlm.nih.gov/28919118/
https://pubmed.ncbi.nlm.nih.gov/28919118/
https://pubmed.ncbi.nlm.nih.gov/28919118/
https://pubmed.ncbi.nlm.nih.gov/28919118/
https://pubmed.ncbi.nlm.nih.gov/28919118/
https://pubmed.ncbi.nlm.nih.gov/30496105/
https://pubmed.ncbi.nlm.nih.gov/30496105/
https://pubmed.ncbi.nlm.nih.gov/30496105/
https://pubmed.ncbi.nlm.nih.gov/30496105/
https://pubmed.ncbi.nlm.nih.gov/30496105/
https://pubmed.ncbi.nlm.nih.gov/23746901/
https://pubmed.ncbi.nlm.nih.gov/23746901/
https://pubmed.ncbi.nlm.nih.gov/23746901/
https://pubmed.ncbi.nlm.nih.gov/22386037/
https://pubmed.ncbi.nlm.nih.gov/22386037/
https://pubmed.ncbi.nlm.nih.gov/27934854/
https://pubmed.ncbi.nlm.nih.gov/27934854/
https://pubmed.ncbi.nlm.nih.gov/27934854/
https://pubmed.ncbi.nlm.nih.gov/28916933/
https://pubmed.ncbi.nlm.nih.gov/28916933/
https://pubmed.ncbi.nlm.nih.gov/28916933/
http://www.stats.gov.cn/tjsj/zxfb/202105/t20210510_1817179.html
http://sxwjw.shaanxi.gov.cn/sy/tzgg/201710/t20171027_1826424.html
http://sxwjw.shaanxi.gov.cn/sy/tzgg/201710/t20171027_1826424.html
http://sxwjw.shaanxi.gov.cn/sy/tzgg/201710/t20171027_1826424.html
http://www.nhc.gov.cn/mohwsbwstjxxzx/dczlxz/new_list.shtml
https://pubmed.ncbi.nlm.nih.gov/33069325/
https://pubmed.ncbi.nlm.nih.gov/33069325/
https://pubmed.ncbi.nlm.nih.gov/33069325/
https://pubmed.ncbi.nlm.nih.gov/33069325/
https://pubmed.ncbi.nlm.nih.gov/33069325/
https://pubmed.ncbi.nlm.nih.gov/30590122/
https://pubmed.ncbi.nlm.nih.gov/30590122/
https://pubmed.ncbi.nlm.nih.gov/30590122/
https://pubmed.ncbi.nlm.nih.gov/30590122/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)31891-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)31891-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(18)31891-9/fulltext
https://www.researchgate.net/publication/272209926_Sex_Differences_in_Healthy_Life_Expectancy_in_the_Netherlands
https://www.researchgate.net/publication/272209926_Sex_Differences_in_Healthy_Life_Expectancy_in_the_Netherlands
https://www.researchgate.net/publication/272209926_Sex_Differences_in_Healthy_Life_Expectancy_in_the_Netherlands
https://pubmed.ncbi.nlm.nih.gov/27878714/
https://pubmed.ncbi.nlm.nih.gov/27878714/
https://pubmed.ncbi.nlm.nih.gov/27878714/
https://pubmed.ncbi.nlm.nih.gov/18187525/
https://pubmed.ncbi.nlm.nih.gov/28582543/
https://pubmed.ncbi.nlm.nih.gov/28582543/
https://pubmed.ncbi.nlm.nih.gov/28582543/
https://pubmed.ncbi.nlm.nih.gov/24251706/
https://pubmed.ncbi.nlm.nih.gov/24251706/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijpo.12690
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijpo.12690
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijpo.12690
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijpo.12690
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijpo.12690
https://pubmed.ncbi.nlm.nih.gov/30253139/
https://pubmed.ncbi.nlm.nih.gov/30253139/
http://sc.people.com.cn/n2/2020/1224/c345459-34491982.html
http://sc.people.com.cn/n2/2020/1224/c345459-34491982.html
https://pubmed.ncbi.nlm.nih.gov/31327351/
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)33016-8/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(19)33016-8/fulltext
https://pubmed.ncbi.nlm.nih.gov/31366539/
https://pubmed.ncbi.nlm.nih.gov/31366539/
https://pubmed.ncbi.nlm.nih.gov/31366539/
https://pubmed.ncbi.nlm.nih.gov/32310852/
https://pubmed.ncbi.nlm.nih.gov/32310852/
https://pubmed.ncbi.nlm.nih.gov/32310852/
https://pubmed.ncbi.nlm.nih.gov/25639826/
https://pubmed.ncbi.nlm.nih.gov/25639826/
https://pubmed.ncbi.nlm.nih.gov/25639826/
https://pubmed.ncbi.nlm.nih.gov/20508025/
https://pubmed.ncbi.nlm.nih.gov/20508025/
https://pubmed.ncbi.nlm.nih.gov/20508025/
https://pubmed.ncbi.nlm.nih.gov/31075367/
https://pubmed.ncbi.nlm.nih.gov/31075367/
https://pubmed.ncbi.nlm.nih.gov/28421472/
https://pubmed.ncbi.nlm.nih.gov/28421472/
https://pubmed.ncbi.nlm.nih.gov/28421472/
https://pubmed.ncbi.nlm.nih.gov/27456959/
https://pubmed.ncbi.nlm.nih.gov/27456959/
https://pubmed.ncbi.nlm.nih.gov/27456959/
https://pubmed.ncbi.nlm.nih.gov/27153869/
https://pubmed.ncbi.nlm.nih.gov/27153869/
https://pubmed.ncbi.nlm.nih.gov/27153869/
https://pubmed.ncbi.nlm.nih.gov/24507834/
https://pubmed.ncbi.nlm.nih.gov/24507834/
https://pubmed.ncbi.nlm.nih.gov/27488415/
https://pubmed.ncbi.nlm.nih.gov/27488415/
https://pubmed.ncbi.nlm.nih.gov/27488415/
https://pubmed.ncbi.nlm.nih.gov/27488415/
https://pubmed.ncbi.nlm.nih.gov/32061299/
https://pubmed.ncbi.nlm.nih.gov/32061299/
https://pubmed.ncbi.nlm.nih.gov/26937346/
https://pubmed.ncbi.nlm.nih.gov/26937346/
https://pubmed.ncbi.nlm.nih.gov/30925707/
https://pubmed.ncbi.nlm.nih.gov/30925707/
https://pubmed.ncbi.nlm.nih.gov/30925707/

	Title
	Abstract
	Introduction
	Methods
	Study design
	Definition of the variables and health-related factors
	Statistical analysis

	Results
	Population characteristics 
	Healthy years of life lost
	Association of health-related factor score and disease risk
	Association of health-related factors with disease risk

	Discussion
	Conclusion
	Author Contributions
	Funding
	References
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4

