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Self‑rated health, socioeconomic 
status and all‑cause mortality 
in Chinese middle‑aged and elderly 
adults
Yayun Fan & Dingliu He*

Our study aims to investigate the association between SRH and all‑cause mortality, and to 
investigate whether the SRH‑mortality association varies across different socioeconomic status 
(SES) groups among middle‑aged and older Chinese adults. We used data from China Health and 
Retirement Longitudinal Study (CHARLS), including 11,762 participants for the final analysis. Cox 
proportional hazards regression was conducted to investigate the association between SRH status 
and subsequent mortality. There were 724 death events occurred. The results were shown that fair/
poor SRH participants tend to die than better SRH peers (HR 1.46, 95% CI 1.12–1.91). The association 
only occurred in those with rural residency (HR 1.46, 95% CI 1.05–2.04), those who were literate (HR 
1.65, 95% CI 1.17–2.33), those with above‑average household income (HR 1.95, 95% CI 1.15–3.29) and 
those working in agriculture and below (HR 1.38, 95% CI 1.02–1.88). In conclusion, worse SRH may be 
a predictor of all‑cause mortality among middle‑aged and elderly Chinese, especially in people with 
rural residency, literacy, above‑average household income and working in agriculture and below.

The world is experiencing the continuous aging due to an increasing life expectancy and low fertility  rate1. It was 
estimated that the people aged 65 and older would account for one-sixth of the total world population by 2050, 
arising from one-eleventh in  20192. In China, the number of senior citizens is also climbing so quickly because 
China’s “baby boomers” born in the 1950s and 1960s are stepping into old  age3. In 2010, 111 million elderly aged 
over 65 lived in China and the number is predicted to rise to 400 million in 2050, which accounts for 26.9% of 
the national  population4. Unfortunately, this substantial demographic transition contributes to the surge in the 
morbidity and mortality of middle-aged and elderly-related diseases, such as ischaemic heart disease, stroke, 
chronic obstructive pulmonary disease, lung and liver  cancer5. Therefore, more mortality indicators should be 
discovered for people aged 45 and older. Although several hematology biomarkers have been reported to predict 
all-cause  mortality6,7, they are difficult to be applied in health survey because of high costs in detection and dif-
ficulties in extracting blood samples. Identifying non-invasive and convenient measures to discover individuals 
at high-risk of mortality in the general population is warranted.

Self-rated health (SRH), a personal perception of individuals’ health status, has been widely recommended 
to be used in the health survey by World Health Organization (WHO)8. Although it is easily measured, SRH 
has been suggested as a strong predictor of vascular  events9,10, mental  disorders11 and functional  ability12. In 
recent years, the association between SRH and all-cause mortality has been reported in different  cohorts13,14, but 
inconsistent results were also shown, which could be reflected by the presence of such significant associations 
in populations with different demographic  characteristics15–18. Thus, this association should be further verified 
among the Chinese population.

In addition, as a subjective evaluation of health, SRH can be influenced by the socioeconomic status (SES) 
factors, which were consisted of urban/rural residency, income level and education  status19,20. Indeed, SES-related 
differences have been shown to modify the association between SRH and all-cause  mortality21,22. However, most 
studies mentioned above were conducted in developed countries where the study populations had relatively 
high socioeconomic classes. Moreover, conflicting results were also observed in the sub-groups of different SES 
status. For example, the education-related difference in SRH may further modify the association between SRH 
and death events. Specifically, previous works of literature have shown that a stronger association between SRH 
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and all-cause mortality exists in higher rather than lower educated  individuals23,24. By contrast, another two 
studies argued that the aforementioned relationship for education was  similar25,26. Unfortunately, few studies 
have evaluated the predictive value of SRH for overall mortality in the low-to-middle income  countries16, and 
the role that SES plays in the association between SRH and all-cause mortality is still unclear.

To fill this gap, we used data from China Health and Retirement Longitudinal Study (CHARLS) to investi-
gate the association between SRH and all-cause mortality in middle-aged and older Chinese, and to investigate 
whether the SRH-mortality association varies across different SES groups.

Materials and methods
Study population. In the current study, we used 4-year follow-up data from CHARLS, a population-based 
longitudinal cohort study of middle-aged and elderly adults conducted in China. Details of the CHARLS study 
design and respondents were described  elsewhere27. In the baseline survey (wave 1), conducted between June 
2011 and March 2012, 17,708 participants from 10,257 households were recruited. After the baseline interview, 
subsequent three follow-ups were conducted in 2013–2014 (wave 2), 2014–2015 (wave 3) and 2015–2016 (wave 
4), respectively. CHARLS was approved by the Institutional Review Board of Peking University and all methods 
were performed in accordance with the relevant guidelines and regulations. All respondents provided written 
informed consent. If the respondent was illiterate, he/she would press the fingerprint after the interviewer dic-
tated the content of the informed consent.

According to the analytical purposes, we excluded participants with the following criteria: (1) individuals 
under 45 years (n = 484), (2) individuals without information of SRH at baseline (n = 4908), (3) individuals who 
were lost to follow-up (n = 554). Finally, 11,762 subjects were included in the analysis (Fig. 1).

Assessment of self‑rated health. Self-rated health status was acquired by the question: “Currently, how 
would you evaluate your current health condition?”, with response options ranging from “Excellent”, “Very 
good”, “Good”, “Fair” to “Poor”. In our study, we defined SRH by dichotomizing answers into “excellent to good” 
versus “fair to poor” for subsequent  analysis28.

Assessment of mortality. Mortality was determined by the interview status (alive or dead) of participants 
in waves 2, 3 and 4. The information of the interview date could be obtained from all three follow-ups, but the 
exact death time was only available in wave 2. If participants had survived during the observation period, the 
survival time was calculated as the interval between two surveys. If death events occurred, the survival time was 
the interval from the date of wave 1 to the date of participants’ death or the median time from the date of the first 
interview to the wave with death record.

Covariates. We used data from the baseline survey to define covariates. In the current study, age, sex, SES, 
smoking status, drinking status, body mass index (BMI) and self-reported history of chronic diseases were 

Figure 1.  Flowchart of subject selection.
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included. SES was indicated by living place, education status, income level and occupation status. The living 
place was categorized as urban and rural. Education status was dichotomized as illiterate versus literate. Income 
level was classified into above-median household income or below-median household income. Occupation sta-
tus was categorized as agriculture work and below (including agriculture work, unemployed, never work and 
retired without pension) and non-agriculture work (including non-agricultural work for wages, non-agricultural 
self-employed work, non-agricultural work without pay for a family business and retired with pension). Smok-
ing status was dichotomized as ever versus never, and drinking status as ever versus never. BMI was calculated 
through weight (kg) divided by height squared  (m2). Chronic diseases were all dichotomized as yes versus no, 
which included hypertension, high blood sugar/diabetes, cancer, chronic lung disease, stroke, heart problems, 
arthritis, dyslipidemia, liver disease, kidney disease, digestive disease, asthma, memory-related disease and emo-
tional, nervous or psychiatric disorders.

Statistical analysis. Continuous variables were expressed as mean ± standard deviation (SD) or median 
(25th-75th percentile) and categorical variables were presented as count (percentage). The differences in baseline 
characteristics across SRH levels were compared by t test or Kruskal–Wallis test for continuous variables and by 
the Pearson chi-square test for categorical variables. Kaplan–Meier curve was used to show the incident rates of 
mortality by SRH levels. The association between SRH and all-cause mortality was evaluated by hazard ratios 
(HRs) and 95% confidence intervals (CIs) using Cox proportional hazards regression models. In the Cox model, 
the endpoint event was death and the censored event was designated to survive. And the specific calculation of 
survival time could be found in the section of the assessment of mortality. We also evaluated the moderating 
effects of SES factors on this association through repeated stratified analyses by living place, education status and 
income level. Furthermore, considering the death cause profile between middle-aged and elderly adults is dif-
ferent, as well the gender difference is also very crucial for SES and mortality because of the ’men-women health 
paradox’, so we additionally conducted the subgroup analyses on the association of baseline SRH with mortality 
for age and gender. All statistical analyses were conducted with SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and 
a two-sided P value < 0.05 was deemed as statistical significance.

Results
Of 11,762 participants, 3209 (27.28%) individuals rated their health status as excellent, very good or good, and 
8553 (72.72%) subjects responded SRH as fair or poor. Participants with worse SRH status were more likely to 
be women. Worse SRH was more prevalent in the elderly, rural residents, participants working in agriculture 
and below, non-smokers and non-drinkers. In addition, individuals with fair or poor SRH status had higher 
prevalence rates of all chronic diseases (Table 1).

During the 4-year follow-up, 724 death events were reported, with a mortality rate of 6.16%. Subjects with 
fair-poor SRH status possessed a higher mortality rate than those with excellent-good SRH status (Fig. 2). Rela-
tive to individuals with better SRH status, fair-poor SRH status was associated with an increased risk of total 
mortality in the unadjusted model (HR 2.11, 95% CI 1.73–2.59). After fully adjusted for a series of covariates 
(Model 5), the HR (95% CI) was attenuated to 1.44 (1.10–1.88) (Table 2).

In stratified analyses by SES factors, the positive association between fair-poor SRH and all-cause mortality 
risk was only detected in those with rural residency (HR 1.45, 95% CI 1.04–2.02), those who were literate (HR 
1.60, 95% CI 1.13–2.26), those with above-average household income (HR 1.60, 95% CI 1.03–2.49) and those 
working in agriculture and below (HR 1.38, 95% CI 1.02–1.88; Fig. 3). Besides, we additionally performed strati-
fied analyses by age and gender, and the results showed that the impact of fair-poor SRH on all-cause mortality 
only occurred in those who were under 60 years old (HR 1.97, 95% CI 1.07–3.64) and men (HR 1.52, 95% CI 
1.10–2.09; Supplemental Figure S1).

Discussion
Based on 11,762 middle-aged and elderly adults in China, our study found that fair-poor SRH status was asso-
ciated with an elevated risk of all-cause mortality, especially among people with literacy, rural residency and 
above-average household income.

The relationship between SRH and overall mortality had been evaluated in previous  studies13,14. However, 
the contradictory results were also reported in a limited number of  studies17,18. McCallum et al. found that 
poor SRH status was not associated with mortality among 1050 elderly people, particularly in the fully adjusted 
 model17. Likewise, a prospective cohort of 645 people aged 60 and over also indicated that SRH was not a risk 
marker of mortality in the multivariate survival  model18. Nevertheless, it is worth noting that the sample sizes 
of these two studies were relatively small and were all conducted in Western countries. In the West, the leading 
cause of death is cardiovascular disease, but in China, it is  cancer29. Besides, the dimensions in scales they used 
to evaluate SRH were also different from ours.

Overall, our nationwide and large-scale study proved that this association still existed among middle-aged 
and elderly Chinese adults. In stratified analyses by SES factors, our study demonstrated the positive associations 
between fair-poor SRH and overall mortality only in participants with rural residency, literacy and above-average 
household income. Actually, high education attainment and income as the conventional indicators of well SES, 
have also been found to strengthen the association among the US  population23. One possible explanation is that 
people with higher levels of education and income are more likely to have health-related knowledge and access 
to health services, which helps them to perceive their health status more  accurately23. On the contrary, older 
residents with low SES status are more superstitious and have poor health literacy so that they always misinter-
pret their body  feelings30,31. For example, those people always reported their health state as fair even in the cases 
of serious diseases because they argued that a negative evaluation would bring misfortune and bad  health32,33. 
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Furthermore, it should be noted that the huge gaps in economic development level, environmental quality and 
medical resources between urban and rural areas still exist in  China34. Thus, we additionally used urban–rural 
residency as an indicator of SES in the current study, and we demonstrated that worse SRH was associated with 
an elevated risk of death from all-cause only in rural residents. It has been reported that there is an uneven 
distribution of the health workforce in  China35. Worse quality and quantity of health workers in the country 
prevents the rural residents from receiving timely and effective cures when suffering from accidental injury. In 
addition, compared with urban areas, the prevalence, awareness, treatment and control of chronic diseases, such 
as stroke, diabetes and cardiovascular disease, in rural places are obviously worse, which extremely aggravates 
the mortality risk of rural  residents36.

The potential mechanisms linking SRH and all-cause mortality could be attributed to several reasons, which 
include the characteristic of SRH, genetic factors, psychological distress and unhealthy  behaviors37. Firstly, SRH 
is a personal subjective assessment based on their objective health status, and poor health could affect both 
the reporting of SRH and the risk of death. Secondly, a recent genome-wide association study (GWAS) found 
that some genes were associated with both SRH and longevity. Specifically, the gene scores for several diseases 
which increase the new-onset risk of death (e.g., ischemic heart disease, macrovascular stroke and type 2 diabe-
tes) were also associated with  SRH38. Thirdly, worse SRH, as a sensitive indicator of health, could synthetically 
reflect their poor physical status and social support, which may limit the contact with health services and induce 
mental  stress39. Stress is known to be associated with low-grade chronic inflammation and elevated level of pro-
inflammatory  cytokines40. While deregulation of inflammation would further contribute to the occurrence of 
cardiovascular  disease41 and  cancer42, which in turn increase the risk of mortality. In UK Biobank, scientists also 

Table 1.  Characteristics of the study population. MRD, memory-related disease; ENP, emotional, nervous, or 
psychiatric problems. Values were presented as mean ± SD, n (%) or median (25th–75th percentile).

Variables (%) All participants

Self-rated health

P valueExcellent to good Fair to poor

N (%) 11,762 3209 (27.28) 8553 (72.72)

Age (years) 59.22 ± 9.82 57.83 ± 9.66 59.73 ± 9.82  < 0.0001

Sex, N (%)

Male 6704 (57.00) 2056 (64.07) 4648 (54.34)  < 0.0001

Female 5058 (43.00) 1153 (35.93) 3905 (45.66)

Living place, N (%)

Urban 4602 (39.13) 1421 (44.28) 3181 (37.19)  < 0.0001

Rural 7160 (60.87) 1788 (55.72) 5372 (62.81)

Education, N (%)

Illiterate 2983 (25.36) 660 (20.57) 2323 (27.16)  < 0.0001

Literate 8779 (74.64) 2549 (79.43) 6230 (72.84)

Income, N (%)

Below-median 4510 (47.61) 993 (38.55) 3517 (51.00)  < 0.0001

Above-median 4962 (52.39) 1583 (61.45) 3379 (49.00)

Occupation, N (%)

Agricultural work and below 7955 (68.20) 1850 (58.23) 6105 (71.93)  < 0.0001

Non-agricultural work 3709 (31.80) 1327 (41.77) 2382 (28.07)

BMI, kg/m2 23.0 (20.7–25.6) 23.2 (21.2–25.6) 22.8 (20.6–25.5)  < 0.0001

Smoking, N (%) 5541 (47.16) 1605 (50.03) 3936 (46.08) 0.0001

Drinking, N (%) 6440 (54.87) 1947 (60.71) 4493 (52.68)  < 0.0001

Diabetes, N (%) 731 (6.27) 104 (3.26) 627 (7.41)  < 0.0001

Cancer, N (%) 130 (1.11) 24 (0.75) 106 (1.25) 0.0223

Lung disease, N (%) 1307 (11.16) 195 (6.08) 1112 (13.08)  < 0.0001

Heart disease, N (%) 1455 (12.45) 174 (5.43) 1281 (15.10)  < 0.0001

MRD, N (%) 270 (2.31) 27 (0.84) 243 (2.85)  < 0.0001

Arthritis, N (%) 4026 (34.33) 650 (20.29) 3376 (39.61)  < 0.0001

Dyslipidemia, N (%) 1135 (9.85) 181 (5.72) 954 (11.42)  < 0.0001

Liver disease, N (%) 460 (3.94) 56 (1.75) 404 (4.77)  < 0.0001

Kidney disease, N (%) 704 (6.03) 80 (2.50) 624 (7.37)  < 0.0001

Digestive disease, N (%) 2595 (22.15) 391 (12.20) 2204 (25.89)  < 0.0001

Asthma, N (%) 584 (4.99) 64 (2.00) 520 (6.11)  < 0.0001

Hypertension, N (%) 3161 (27.05) 577 (18.04) 2584 (30.45)  < 0.0001

ENP, N (%) 181 (1.55) 17 (0.53) 164 (1.93)  < 0.0001

Stroke, N (%) 336 (2.87) 33 (1.03) 303 (3.56)  < 0.0001
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found that neuroticism and stress (e.g., depression and anxiety) were weakly/moderately associated with all-cause 
 mortality43. As well, the fair or poor SRH status has been considered as the consequence of physical  inactivity44. 
Moreover, physical inactivity is well known as the risk factor of obesity and chronic non-communicable diseases 
(CNCDs)45, all of which were recognized as the leading causes of mortality.

Limitations of the present study should be considered. Firstly, the duration of our study is relatively short so 
that a small number of death events were observed, which may underestimate the association between worse SRH 
and all-cause mortality. The association should be further validated with a long-term follow-up. Secondly, the data 
of SRH were only recorded at baseline, while SRH would change with age. Future studies should investigate the 
association between SRH change and the risk of mortality. Thirdly, although we have adjusted for many potential 
covariates, several confounding residuals, such as the effect derived from endogeneity between lifestyle (smok-
ing or drinking) and SRH, cannot be completely rolled out, which may prevent us from discovering stronger 
associations. Lastly, the information on specific-cause mortality was unavailable in CHARLS so that we were 
not able to investigate the predictive value of SRH on specific-cause of death. Such variables should be added to 
subsequent follow-ups, which may help researchers to expand current results among the Chinese population.

Figure 2.  Kaplan–Meier curves for the cumulative risk of mortality by SRH levels.

Table 2.  Association of SRH with all-cause mortality risk. Values were presented as hazard ratios (95% 
confidence interval). SRH, self-rated health a Model 1: adjusted for age, sex, smoking status, drinking status, 
BMI, hypertension, Emotional, nervous, or psychiatric problems (ENP), dyslipidemia, diabetes, heart 
problems, cancer, chronic lung disease, memory-related disease, kidney disease, liver disease, arthritis, 
digestive disease and asthma, bModel 2: Model 1 + living place, cModel 3: Model 2 + education status, dModel 4: 
Model 3 + income level, eModel 5: Model 4 + Occupation.

All-cause mortality

SRH scale

Excellent—Good Fair—Poor

Events, n (%) 110 (3.43) 614 (7.18)

Unadjusted 1.00 (ref) 2.11 (1.73, 2.59)

Model 1 a 1.00 (ref) 1.47 (1.16,1.87)

Model 2 b 1.00 (ref) 1.47 (1.16,1.87)

Model 3 c 1.00 (ref) 1.47 (1.16,1.87)

Model 4 d 1.00 (ref) 1.45 (1.11, 1.89)

Model 5 e 1.00 (ref) 1.44 (1.10, 1.88)
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Conclusions
In summary, our study provides the evidence that SRH could serve as a predictor of all-cause mortality among 
the middle-aged and elderly Chinese population. Considering the practical application, a cost-effective and non-
invasive tool, such as SRH, could be used to monitor high-risk individuals of mortality, particularly in people with 
rural residency, literacy and above-average household income. Meanwhile, more targeted and intensive health 
care should be taken to decrease the probability of death in the high-risk population. Furthermore, our finding 
emphasizes the importance of the cultivation of rural medical staff and recollection of medical resources to reduce 
the urban–rural disparity, which may change the health outcomes faced by rural residents and effectively help 
to achieve the government aim of a Healthy China by 2030.

Data availability
The datasets analysed during the current study are available in the CHARLS repository, www. g2agi ng. org.

Received: 21 February 2022; Accepted: 25 May 2022

References
 1. Lutz, W., Sanderson, W. & Scherbov, S. The coming acceleration of global population ageing. Nature 451(7179), 716–719 (2008).
 2. United Nations DoEaSA, Population Division. World Population Prospects 2019: Ten Key Findings. 2019. https:// popul ation. un. 

org/ wpp/.
 3. Zeng, Y. Towards deeper research and better policy for healthy aging—Using the unique data of Chinese Longitudinal Healthy 

Longevity Survey. China Econ. J. 5(2–3), 131–149 (2012).
 4. Fang, E. F. et al. A research agenda for aging in China in the 21st century. Ageing Res. Rev. 24(Pt B), 197–205 (2015).
 5. Zhou, M. et al. Mortality, morbidity, and risk factors in China and its provinces, 1990–2017: A systematic analysis for the Global 

Burden of Disease Study 2017. Lancet 394(10204), 1145–1158 (2019).
 6. Kaptoge, S. et al. C-reactive protein concentration and risk of coronary heart disease, stroke, and mortality: An individual partici-

pant meta-analysis. Lancet 375(9709), 132–140 (2010).
 7. Shinkai, S. et al. Beta2-microglobulin for risk stratification of total mortality in the elderly population: Comparison with cystatin 

C and C-reactive protein. Arch. Intern. Med. 168(2), 200–206 (2008).
 8. Bruin AD, Picavet HSJ, Nossikov A. Health Interview Surveys: Towards international harmonization of methods and instruments. 

WHO Regional Publications European 1996; 58(9): i-xiii, 1–161.
 9. Rumsfeld, J. S. et al. Cardiovascular health: The importance of measuring patient-reported health status: A scientific statement 

from the American Heart Association. Circulation 127(22), 2233–2249 (2013).
 10. Dong, W. et al. Self-rated health status and risk of incident stroke in 0.5 million Chinese adults: The China Kadoorie Biobank 

Study. J. Stroke 20(2), 247–257 (2018).
 11. Chang-Quan, H. et al. Health status and risk for depression among the elderly: A meta-analysis of published literature. Age Ageing 

39(1), 23–30 (2010).
 12. Idler, E. L. & Kasl, S. V. Self-ratings of health: Do they also predict change in functional ability?. J. Gerontol. B Psychol. Sci. Soc. Sci. 

50(6), S344–S353 (1995).
 13. Barger, S. D., Cribbet, M. R. & Muldoon, M. F. Participant-reported health status predicts cardiovascular and all-cause mortality 

independent of established and nontraditional biomarkers: Evidence from a representative US sample. J. Am. Heart Assoc. 5(9), 
e003741 (2016).

 14. Singh-Manoux, A. et al. Self-rated health and mortality: Short- and long-term associations in the Whitehall II study. Psychosom. 
Med. 69(2), 138–143 (2007).

 15. Uzunel, E., Lundin, H., Wändell, P. & Salminen, H. Association between self-rated health and the risk of hip fracture and mortality 
in a cohort of older women during a 10-year follow-up. PLoS ONE 16(3), e0247924 (2021).

 16. Inuzuka, S. et al. Self-rated health status and illiteracy as death predictors in a Brazilian cohort. PLoS ONE 13(7), e0200501 (2018).
 17. McCallum, J., Shadbolt, B. & Wang, D. Self-rated health and survival: A 7-year follow-up study of Australian elderly. Am. J. Public 

Health 84(7), 1100–1105 (1994).

Figure 3.  Stratified analyses of SES factors in the association of SRH with all-cause mortality. Notes Model was 
adjusted for age, sex, smoking status, drinking status, BMI, hypertension, Emotional, nervous, or psychiatric 
problems (ENP), dyslipidemia, diabetes, heart problems, cancer, chronic lung disease, memory-related disease, 
kidney disease, liver disease, arthritis, digestive disease and asthma, living place, education status and income 
level.

http://www.g2aging.org
https://population.un.org/wpp/
https://population.un.org/wpp/


7

Vol.:(0123456789)

Scientific Reports |         (2022) 12:9309  | https://doi.org/10.1038/s41598-022-13502-9

www.nature.com/scientificreports/

 18. Grand, A., Grosclaude, P., Bocquet, H., Pous, J. & Albarede, J. L. Disability, psychosocial factors and mortality among the elderly 
in a rural French population. J. Clin. Epidemiol. 43(8), 773–782 (1990).

 19. Rodrigues, D. E., César, C. C., Xavier, C. C., Caiaffa, W. T. & Proietti, F. A. Exploring neighborhood socioeconomic disparity in 
self-rated health: A multiple mediation analysis. Prev. Med. 145, 106443 (2021).

 20. Jin, Y., Luo, Y. & He, P. Hypertension, socioeconomic status and depressive symptoms in Chinese middle-aged and older adults: 
Findings from the China health and retirement longitudinal study. J. Affect. Disord. 252, 237–244 (2019).

 21. Burstrom, B. & Fredlund, P. Self rated health: Is it as good a predictor of subsequent mortality among adults in lower as well as in 
higher social classes?. J. Epidemiol. Community Health 55(11), 836–840 (2001).

 22. Franks, P., Gold, M. R. & Fiscella, K. Sociodemographics, self-rated health, and mortality in the US. Soc. Sci. Med. (1982) 56(12), 
2505–2514 (2003).

 23. Dowd, J. B. & Zajacova, A. Does the predictive power of self-rated health for subsequent mortality risk vary by socioeconomic 
status in the US?. Int. J. Epidemiol. 36(6), 1214–1221 (2007).

 24. Huisman, M., van Lenthe, F. & Mackenbach, J. The predictive ability of self-assessed health for mortality in different educational 
groups. Int. J. Epidemiol. 36(6), 1207–1213 (2007).

 25. Singh-Manoux, A. et al. The association between self-rated health and mortality in different socioeconomic groups in the GAZEL 
cohort study. Int. J. Epidemiol. 36(6), 1222–1228 (2007).

 26. Nishi, A. et al. Sex/gender and socioeconomic differences in the predictive ability of self-rated health for mortality. PLoS ONE 
7(1), e30179 (2012).

 27. Zhao, Y., Hu, Y., Smith, J. P., Strauss, J. & Yang, G. Cohort profile: The China Health and Retirement Longitudinal Study (CHARLS). 
Int J Epidemiol 43(1), 61–68 (2014).

 28. Robinson-Cohen, C. et al. Self-rated health and adverse events in CKD. Clin. J. Am. Soc. Nephrol. 9(12), 2044–2051 (2014).
 29. Lozano, R. et al. Global and regional mortality from 235 causes of death for 20 age groups in 1990 and 2010: A systematic analysis 

for the Global Burden of Disease Study 2010. Lancet 380(9859), 2095–2128 (2012).
 30. Spuling, S. M., Huxhold, O. & Wurm, S. Predictors of self-rated health: Does education play a role above and beyond age?. J. 

Gerontol. B Psychol. Sci. Soc. Sci. 72(3), 415–424 (2017).
 31. Li, X. Reasons for the aged to be superstitious. China J. Health Psychol. 9, 1148–1152 (2011).
 32. Yun, W. & Qingle, L. Cultural origins and contemporary features of superstitious behavior. J. Shandong Teach. Univ. (Human. Soc. 

Sci.) 52(4), 100–103 (2007).
 33. Li, X. Reasons for the aged to be superstitious. China J. Health Psychol. 19(9), 1148–1152 (2011).
 34. Gong, P. et al. Urbanisation and health in China. Lancet 379(9818), 843–852 (2012).
 35. Anand, S. et al. China’s human resources for health: Quantity, quality, and distribution. Lancet 372(9651), 1774–1781 (2008).
 36. Shengshou, H. et al. Summary of the 2018 report on cardiovascular diseases in China. Chin. Circ. J. 24(3), 209–220 (2019).
 37. Jylha, M. What is self-rated health and why does it predict mortality? Towards a unified conceptual model. Soc. Sci. Med. (1982) 

69(3), 307–316 (2009).
 38. Harris, S. E. et al. Molecular genetic contributions to self-rated health. Int. J. Epidemiol. 46(3), 994–1009 (2017).
 39. Tu, R., Pan, K. Y., Cai, G., Yamamoto, T. & Wang, H. X. The role of education in the association between self-rated health and levels 

of C-reactive protein: A cross-sectional study in rural areas of China. BMJ Open 9(11), e027659 (2019).
 40. Brumpton, B. M. et al. The joint association of anxiety, depression and obesity with incident asthma in adults: The HUNT study. 

Int. J. Epidemiol. 42(5), 1455–1463 (2013).
 41. Danesh, J. et al. C-reactive protein and other circulating markers of inflammation in the prediction of coronary heart disease. N. 

Engl. J. Med. 350(14), 1387–1397 (2004).
 42. Allin, K. H., Bojesen, S. E. & Nordestgaard, B. G. Baseline C-reactive protein is associated with incident cancer and survival in 

patients with cancer. J. Clin. Oncol. 27(13), 2217–2224 (2009).
 43. Batty, G. D., McIntosh, A. M., Russ, T. C., Deary, I. J. & Gale, C. R. Psychological distress, neuroticism, and cause-specific mortality: 

Early prospective evidence from UK Biobank. J. Epidemiol. Community Health 70(11), 1136–1139 (2016).
 44. Molarius, A. et al. Socioeconomic conditions, lifestyle factors, and self-rated health among men and women in Sweden. Eur. J. 

Public Health 17(2), 125–133 (2007).
 45. Cunningham, C., O’Sullivan, R., Caserotti, P. & Tully, M. A. Consequences of physical inactivity in older adults: A systematic 

review of reviews and meta-analyses. Scand. J. Med. Sci. Sports 30, 816–827 (2020).

Acknowledgements
This analysis uses data or information from the Harmonized CHARLS dataset and Codebook, Version C as of 
April 2018 developed by the Gateway to Global Aging Data. The development of the Harmonized CHARLS was 
funded by the National Institute on Aging (R01 AG030153, RC2 AG036619, R03 AG043052).

Author contributions
Y.F. and D.H. designed the research and analyzed the data; Y.F. wrote the manuscript; D.H. revised the manu-
script. All the authors have approved the final version of this manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 13502-9.

Correspondence and requests for materials should be addressed to D.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1038/s41598-022-13502-9
https://doi.org/10.1038/s41598-022-13502-9
www.nature.com/reprints


8

Vol:.(1234567890)

Scientific Reports |         (2022) 12:9309  | https://doi.org/10.1038/s41598-022-13502-9

www.nature.com/scientificreports/

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

http://creativecommons.org/licenses/by/4.0/

	Self-rated health, socioeconomic status and all-cause mortality in Chinese middle-aged and elderly adults
	Materials and methods
	Study population. 
	Assessment of self-rated health. 
	Assessment of mortality. 
	Covariates. 
	Statistical analysis. 

	Results
	Discussion
	Conclusions
	References
	Acknowledgements


