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Summary
Background Recent studies have shown significant associations between education and premature mortality. How-
ever, the relationship differs across countries. We aimed to present the latest evidence on the educational inequalities
in premature mortality in the Chinese population.

Methods We linked two databases, to establish a population-based, ten-year cohort spanning 2010 to 2020. Cox
proportional hazard regression analyses adjusting for age, sex and urbanicity were conducted for all-cause
mortality, and competing risk models were fitted for cause-specific mortality. We calculated population attributable
fraction (PAF) using the hazard ratios (HRs) obtained by regression analyses. Additionally, we fitted models
adjusting for risk factors and investigated the mediating effect of income, smoking, alcohol consumption and diets.

Findings Compared with individuals with upper secondary and above education, the HR for premature all-cause
mortality for those with less than primary education was 1.93 (95% CI: 1.72–2.19). The HRs were the highest for
deaths from respiratory diseases (HR = 3.09, 95% CI 1.82–5.27). The excess risk of premature mortality associated
with low education was higher among women and urban population. The association of education remained
significant after accounting for risk factors, and income was the main mediator, which accounted for 23.0% of
mediation in men and 11.1% in women.

Interpretation The study’s findings support the increased risk of premature mortality associated with low education,
particularly in women and urban populations. The considerable number of deaths attributed to educational inequality
underscores the necessity for more effective and targeted public health interventions.
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Introduction
Education is a key social determinant of health. Many
research have highlighted the salient relationship be-
tween education and health outcomes including life
expectancy, healthy aging, cardio-cerebrovascular health,
cancer as well as exposure to risk factors such as obesity,
substance abuse, and lifestyle factors.1–8 In recent years,
several large-scale cohort studies9–14 have demonstrated
the impact of education on all-cause and cause-specific
mortality at the population level. Although there is a
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consistent negative association between education and
all-cause, as well as cause-specific mortality, the
magnitude of this association varies across countries
depending on the epidemiological profiles and risk
factors trends. The cross-countries variations under-
score the fact that the relationship between education
and mortality is not uniform. Country-specific exami-
nation of the connection is valuable.

Education has historically been a policy priority in
China, acting as a key tool in social transformation and
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Research in context

Evidence before this study
A literature search was conducted in PubMed for studies
published between January 1, 2005 and November 3, 2023
using the following search string: ((“education” [Title] OR
“educational” [Title] OR “socioeconomic status” [Title] OR
“social determinants” [Title])) AND (mortality [MeSH]).
Studies related to health education or regional socioeconomic
factors were excluded.
The association between lower educational attainment and
increased mortality was observed in studies in Cuba, England,
Canada, Cyprus, and the US. While the strength of the
association between education and all-cause mortality were
comparable across countries, considerable variations were
observed in cause-specific mortalities. And there have been
few population-level longitudinal studies on the relationship
between education and premature all-cause and cause-specific
mortality in China.

Added value of this study
This study utilized national data from the China Chronic
Disease and Risk Factor Surveillance (CCDRFS) and the
National Mortality Surveillance System to establish a 10-year
cohort. In addition to understanding the impact of education
on premature all-cause mortality in the Chinese population,
the analyses of cause-specific mortality revealed the varying
risks of specific causes of death associated with low education

levels. We also calculated the population attributable fraction
(PAF) to quantify the impact of low educational attainment
on health and found that PAF could be as high as 57%
depending on the cause, which showed the considerable
educational inequality in premature mortality. By leveraging
the wealth of sociodemographic and risk factors details from
CCDRFS, our mediation analyses provided insights into the
roles other factors played in mediating the relationship
between education and premature mortality, and further
highlighted the unique influence exerted by education.

Implications of all the available evidence
Consistent with previous studies, the current findings
confirmed that education had a significant impact on all-
cause premature mortality in the Chinese population.
However, variations exist in cause-specific mortality. The risk
of deaths from respiratory diseases was most strongly
correlated with education level. Substantial sex differences
were observed with education having a stronger impact on
women. With nearly a quarter of the population still not
finishing lower secondary education in China, there were a
large number of deaths attributed to educational inequality.
There is a need to continue the effort to provide universal
education. Meanwhile, it is essential to expand public health
intervention to promote lifestyle modifications and mitigate
lifestyle-associated risks.
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modernization. Quality and access to education have
improved substantially in the past few decades.15 Ac-
cording to the Chinese Ministry of Education, the gross
enrolment rate of upper secondary schools in China
rose from 1.1% in 1949 to 88.8% in 2018. However,
substantial educational inequality persists. Data from
China’s 2020 census indicated that while 76.0% of the
population aged 30 to 69 completed lower secondary
school education, only 31.5% completed upper second-
ary school education. Moreover, there are considerable
sex, regional, and urban-rural gaps in education across
China.16

To date, there have been few comprehensive
population-level longitudinal studies that examined the
relationship between education and cause-specific pre-
mature mortality in China. A previous study explored
the correlation between education and mortality at the
national and regional levels.17 However, due to limita-
tions of census data, the study fell short at evaluating
cause-specific mortality and considering mediating ef-
fect of risk factors. A recent study based on the China-
HEART project researched the association between
education and all-cause as well as cardio-cerebrovascular
disease-specific mortality.18 Despite the large national
sample size, the median follow-up was only 3.5 years. In
another national study, educational effect on health
conditions was examined using a 7-year cohort.19
However, the outcome variables were based primarily
on self-rated health measures and failed to address
actual health outcomes and the occurrence of premature
mortality.

In this study, we examined the relationship between
education and premature all-cause and cause-specific
mortality using a 10-year, population-based and nation-
wide cohort, to provide robust quantification of educa-
tional inequalities in premature mortality specific to the
Chinese context.
Methods
Study design and participants
We used data from the China Chronic Disease and Risk
Factor Surveillance (CCDRFS) conducted in 2010 and
linked the individual death records to the National
Mortality Surveillance System (NMSS). The CCDRFS is
an ongoing national disease surveillance survey
conducted by the National Centre for Chronic and Non-
communicable Disease Control and Prevention. Details
of the surveillance have been described previously.20

Briefly, the CCDRFS 2010 was carried out at 162 dis-
ease surveillance points (DSP) covering all 31 provinces,
autonomous regions, and municipalities directly
governed by the central government of China. Evalua-
tion showed that the selected DSPs had good
www.thelancet.com Vol 47 June, 2024
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representativeness both in urban and rural areas.21 The
participants were selected using a multi-stage stratified
clustering random sampling method. In this survey,
trained personnel reported sampling information, con-
ducted face-to-face questionnaire interviews and phys-
ical measurements, collected blood and urine samples,
and performed on-site haemoglobin tests and site-
centralized blood glucose and lipids tests. The surveil-
lance follows strict implementation and quality control
protocol, providing information over time on risk factors
and disease prevalence. The CCDRFS study was
approved by the institutional review board of China
CDC (approval number 201010). All participants con-
sented in writing.

On the other hand, the NMSS is a comprehensive
registry capturing nationwide death reports. It consists
of over 605 Disease Surveillance Points (DSPs), located
in all 31 provinces, municipalities, and autonomous
regions, covering 323.8 million residents, approximately
24.3% of the total population of China. Additionally, the
NMSS also includes a system for collecting death re-
cords from other regions of China, allowing deaths of
most participants who migrate to other areas to be re-
ported. The DSPs where CCDRFS2010 was conducted
were consistent with NMSS, enabling the linkage of
death outcomes for more than 90% of participants.
Following the linkage, we confirmed and supplemented
the death outcomes by contacting local collaborators.
The registry records contain information such as death
status, date of death, and the underlying causes of death
encoded by ICD-10 codes. Details of NMSS can be
found elsewhere.22

In this study, we selected individuals aged 30 to 69
from the 2010 CCDRFS surveillance data and obtained
their baseline information in 2010, We excluded par-
ticipants younger than 30 years old because they were at
the stage of education, job searching and marriage,
during which socioeconomic factors like education,
marital status and income were unstable. Additionally,
mortality among this group was very low, particularly for
cause-specific mortality. We identified their premature
death records until 2020 from NMSS records, and
formed a 10-year population-based cohort. Individuals’
survival period concluded upon their death, and those
who reached 70 years of age or were still alive in 2020
were censored.

Education
Individual education attainment data was obtained from
the CCDRFS. In the CCDRFS questionnaire, re-
spondents were asked about their highest education
level achieved. Responses were classified into eight
categories from “no formal school education” to “post-
graduate and above.” There was no missingness for
education so we didn’t perform imputation. To ensure
sufficient sample sizes in each segment and improved
analytical robustness, we redefined these categories into
www.thelancet.com Vol 47 June, 2024
four segments: “less than primary school,” (failed to
finish primary school) “primary school,” (finish primary
school) “lower secondary school,” (finish middle school)
and “upper secondary and above” (finish high school).
Supplementary Table S1 compared our categories with
education systems of several countries. The “upper
secondary and above” category served as the reference
group for statistical comparisons.

Outcomes
The primary outcome of interest was premature mor-
tality, which was defined as deaths occurring between
the ages of 30 and 69 according to the World Health
Organization criteria.23 We set the upper age limit at 70
because comorbidity and misreporting tend to increase
in population over 70 years old, which could decrease
the reliability of death records. Causes of premature
deaths were divided into cardio-cerebrovascular diseases
(I21–I25, I60–I69), cancers (C00–C97), respiratory dis-
eases (J00–J06, J10–J18, J20–J22, J30–J98), and other
causes, based on ICD-10 codes (Supplementary
Table S2). Death records from 2010 to 2020 were
retrieved from the NMSS and linked to the CCDRFS
database using personal details including unique ID
numbers, or names, sex, residential addresses and other
identifiers when ID numbers were incorrect.

Covariates
Covariates included age, sex, urban or rural residence,
marital status, income, smoking status, alcohol con-
sumption, body mass index (BMI), physical activity, diet,
blood pressure, blood lipids, and blood glucose levels.
No imputation was performed except for income
because the missingness of each covariate was less than
5% except for income. The missingness of income was
14% so we performed multiple imputation using fully
conditional specification method, forming 5 imputation
sets. Income was defined as total household income
divided by family size and was categorized into four
levels by quintile (<3000, <7000, <13,000 and ≥13,000
RMB per year). Smoking status was characterized as
“current smoking, everyday”, “current smoking, not
everyday”, “past smoking” and “never smoking”.
Alcohol consumption was characterized as no drinking,
light drinking (less than two days a week) and frequent
drinking (more than three days a week). BMI was clas-
sified into four levels according to the guidelines,24

which were underweight (<18.5 kg/m2), normal (18.5
to <24.0 kg/m2), overweight (24.0 to <28.0 kg/m2) and
obesity (≥28.0 kg/m2). The metabolic equivalent of
physical activities (METs.h/w)25 was calculated as the
sum of time spent in various physical activities per week
multiplied by corresponding metabolic equivalent, and
was then divided into three levels: low (<260 METs.h/
w), moderate (260 to <310 METs.h/w) and high
(≥310 METs.h/w). Five dietary components were
quantified with reference to the Dietary Guidelines for
3
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Chinese Residents.26 Red meat consumption over 100 g
per day, salt over 6 g per day or oil over 30 g per day was
regarded as excessive intake; vegetable consumption
below 300 g per day or fruit below 200 g per day was
regarded as insufficient intake. Blood pressure, blood
lipid, and blood glucose were categorized according to
conventional standards. Systolic blood pressure above
140 mmHg or diastolic blood pressure above 90 mmHg
was regarded as hypertension. Any abnormality of total
cholesterol (TC ≥ 6.22 mmol/L), high-density lipopro-
tein cholesterol (HDL ≤ 1.04 mmol/L), low-density li-
poprotein cholesterol (LDL ≥ 4.14 mmol/L), and
triglycerides (TG ≥ 2.26 mmol/L) was considered dys-
lipidemia. Based on fasting blood glucose (FBG) and
postchallenge blood glucose (PBG) values, pre-diabetes
was defined as 6.1 ≤ FBG < 7.0 mmol/L or 7.8 ≤ PBG
<11.1 mmol/L, and diabetes was defined as FBG ≥
7.0 mmol/L or PBG ≥ 11.1 mmol/L.

Statistical analyses
Descriptive analyses were conducted to understand the
general baseline characteristics of the cohort by level of
education. For continuous variables, the mean and
standard deviation were calculated. For categorical var-
iables, percentages were calculated. All estimates, except
for mean age, were age-standardized using the age
distribution of all participants.

To examine the association between education level
and premature all-cause and cause-specific mortality, we
plotted the cumulative incidence function (CIF) plot,
performed log-rank tests, and fitted Cox proportional
hazards regression models for all-cause mortality and
competing risk models for cause-specific mortality. An
initial model was fitted to estimate hazard ratios (HRs)
and 95% confidence interval (CI) by sex, adjusting for
age and urbanicity. An alternative model was also fitted
to examine HRs by urbanicity adjusting for age and sex.
In order to test the statistical significance of the differ-
ences between sex and urbanicity, we introduced the
interact terms in models. Using the HRs derived from
the initial model, we calculated the population attribut-
able fraction (PAF) of education. PAF represented the
expected percentage reduction in premature mortality if
the entire population experienced the mortality rates of
the group with the highest level of education. PAF was
calculated by sex using the formula below27:

PAF= ∑n
i=1Pi(HRi−1)

∑n
i=1Pi(HRi−1)+1

where Pi was the proportion of the population with ed-
ucation level i, obtained from the sixth national popu-
lation census in China, 2020. HRi was the hazard ratio
of the population with education level i compared to
those with upper secondary and above education level.
To estimate the number of premature deaths attribut-
able to education inequality and avoid the effect of
COVID-19, we applied the PAF to all deaths between the
ages of 30 and 69 years in China for the year 2019.

To study the association between education and
mortality independent of risk factors, we fitted a series
of models adjusting for marital status, income, BMI,
smoking, alcohol consumption, diet, daily physical ac-
tivities, blood pressure, blood lipids and blood glucose.
We explored mediating effects of income, smoking,
alcohol consumption and diets, which showed signifi-
cant mediating effects between education and mortality.
We conducted mediation analyses using the %
MEDIATE SAS macro (https://ysph.yale.edu/cmips/
research/software/mediate).

We performed a series of sensitivity analyses. Firstly,
considering the fact that many individuals had major
chronic diseases at baseline, which might have resulted
in changes in their lifestyle and increased mortality risk.
We performed analyses excluding individuals with pre-
existing myocardial infarction, stroke, COPD, asthma
and cancers. Secondly, we fitted models using the death
data from 2010 to 2019 to avoid the effect of COVID-19.
Third, we included individuals aged 20 to 70 and rean-
alyzed the data. We followed STROBE checklist to
display our study. All statistical analyses were performed
using SAS (version 9.4). Graphical displays were created
using R software (version 4.1.2). Significance tests were
carried out with a significance level set at 0.05.

Role of the funding source
The funder of the study had no role in study design, data
collection, data analyses, data interpretation, or writing
of the report. The corresponding author had full access
to all data in the study and had final responsibility for
the decision to submit for publication.
Results
Baseline statistic
There were 98,658 participants in CCDRFS2010. A total
of 77,789 participants between 30 and 69 years old were
included in this study. The average age of the study
population was 48.52 (±10.43), among which 34,945
(44.92%) were men and 42,844 (55.08%) were women.
There were 19,349 (24.87%) individuals with less than
primary education, 16,430 (21.12%) with primary edu-
cation, 24,786 (31.86%) with lower secondary education
and 17,224 (22.14%) with upper secondary and above
education. As shown in Table 1, among individuals with
less than primary education, 70.3% was women. The
mean age of individuals with upper secondary and
above education was the lowest. And younger partici-
pants had greater proportion of upper secondary and
above education (Supplementary Fig. S1). The propor-
tion of individuals in the highest income quintiles
increased steadily by educational attainment level.
49.2% of respondents in the upper secondary and above
education level were in highest-income category
www.thelancet.com Vol 47 June, 2024
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Baseline Less than primary Primary Lower secondary Upper secondary and above

Number of participants (n) 19,349 16,430 24,786 17,224

Proportion in total population (%) 24.87 21.12 31.86 22.14

Years of follow-up (person-year) 162,662 146,193 232,425 163,895

Men (n, %) 5748 (29.7) 7438 (45.3) 12,825 (51.7) 8934 (51.9)

Age (mean,s) 53.2 (10.2) 49.4 (10.6) 46.3 (9.8) 45.7 (9.4)

Urban (%) 23.8 31.2 49.8 76.8

Marital (%)

Unmarried 3.1 1.7 1.4 2.0

Married 88.9 92.4 92.8 91.7

Divorced 0.9 1.1 1.8 3.0

Widowed 7.0 4.5 3.8 3.0

Others 0.2 0.20 0.3 0.4

Income per year (%)

<3000 RMB 38.1 27.1 16.5 6.0

3000 to <7000 RMB 33.0 33.6 29.6 15.5

7000 to <13,000 RMB 18.7 23.9 28.4 27.9

≥13,000 RMB 10.2 15.4 25.5 50.7

Smoking status (%)

Current smoking, everyday 18.0 25.7 29.0 24.7

Current smoking, not everyday 1.8 2.3 2.9 3.5

Past smoking 4.2 5.9 6.5 6.6

Never smoking 75.9 66.1 61.7 65.2

Alcohol consumption (%)

Frequent drinking 11.6 14.5 16.0 15.1

Light drinking 15.7 16.5 21.3 30.9

No drinking 72.7 69.0 62.7 54.1

Physical activity (%)

Low 16.3 19.9 25.3 41.1

Medium 41.3 41.9 44.4 43.4

High 42.4 38.2 30.3 15.5

BMI (%)

Low weight 4.1 3.1 2.2 1.8

Normal 54.3 50.2 46.3 43.1

Overweight 24.3 26.9 29.6 31.8

Obesity 17.3 19.8 21.9 23.3

Diets

Excessive intake of red meat (%) 22.2 23.2 25.1 31.3

Insufficient intake of vegetable (%) 48.6 43.1 40.9 39.2

Insufficient intake of fruit (%) 93.3 90.7 86.8 80.9

Excessive intake of salt (%) 81.9 78.4 73.4 65.4

Excessive intake of oil (%) 72.1 72.1 71.8 68.9

Chronic conditions

Hypertension (%) 36.6 36.2 37.4 32.9

Dyslipidemia (%) 40.6 44.9 48.2 51.9

Pre-diabetes (%) 16.7 18.4 18.6 18.6

Diabetes (%) 7.8 9.1 10.8 11.4

All characteristics were adjusted by age except number of participants and age.

Table 1: Baseline characteristics of participants of four education levels.
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compared to only 10.0% in the less than primary level
(Supplementary Fig. S2).

The prevalence of smoking was slightly lower among
individuals with higher levels of education attainment
www.thelancet.com Vol 47 June, 2024
(Table 1). The proportion of individuals with high levels
of physical activity was 42.4% in individuals with less
than primary education, compared to 15.5% in in-
dividuals with upper secondary and above education.
5
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The proportion of overweight and obesity was 41.6% in
individuals with less than primary education, and 55.1%
in individuals with upper secondary and above educa-
tion. Same trends were also shown in both men and
women (Supplementary Fig. S3 and Table S3). Further
analyses showed similar baseline trends in urban and
rural population, (Supplementary Table S4).

Main analysis results
A total of 3082 premature deaths was observed within
the 705,175 person-years of follow-up. The average
follow-up duration was 9.07 years. The age-standardised
all-cause premature mortality was negatively associated
with education level, with higher mortality rate among
those with lower level of education attainment (Fig. 1,
Supplementary Table S5).

The CIF plot showed a significant negative associa-
tion between education and mortality (Supplementary
Fig. S4). The p value of log-rank test was less than
0.001. According to the similar increasing trends of
different education levels, the proportional hazards
assumption wasn’t violated. The HR for premature all-
cause mortality for individuals with less than primary
education compared to those with upper secondary and
above education was 1.93 (95% CI: 1.72–2.19). For
cause-specific mortality, the HRs were 1.60 (1.28–2.01)
for cardio-cerebrovascular diseases, 1.53 (1.24–1.90) for
cancer, 3.09 (1.82–5.27) for respiratory and 2.76
(2.15–3.54) for all other causes (Fig. 2).

Variabilities were observed between men and
women (Figs. 2 and 3). The all-cause mortality rate of
men with less than primary education was 1.78 (95% CI:
1.52–2.09) times higher than those with upper second-
ary and above education, while 2.15 (95% CI: 1.74–2.67)
for women. The p value of the interaction between ed-
ucation and sex was 0.030, which showed statistical
significance of difference between men and women.

HRs for cause-specific mortality were similar. The
largest differences were observed in respiratory-related
mortality. Comparing individuals with less than pri-
mary education to those with upper secondary and
above education, the HRs were 2.65 (1.44–4.88) among
men and 5.26 (1.63–17.02) among women.

The effect of education on premature mortality also
varied between urban and rural settings, with a more
positive impact observed in urban areas (Fig. 2). While
significant associations were found between education
and each cause-specific mortality in urban areas, sig-
nificant associations were only detected for respiratory
and other causes-related mortalities in rural settings.
The p value of the interaction between education and
urban-rural was 0.018, which showed statistical signifi-
cance of difference between urban and rural population.

Education-attributable deaths
Fig. 4 showed the PAF in percentage and the equivalent
number of deaths in 2019. The PAF of low education on
all-cause premature mortality was 20.8% among men
and 28.5% among women. It was equivalent to 457,979
premature deaths in men and 282,267 in women across
the country which could have reduced if all people
experienced the same mortality as those completing
upper secondary education. With respect to cause-
specific mortality, the PAF was relatively similar across
causes among men, with the highest PAF observed in
association with other causes (28.7%). Among women,
PAF differed across causes, with the highest PAF
observed in association with respiratory deaths (56.9%).

Effect of risk factors
After adjusting for income and marital status, for all-
cause mortality, the HR of individuals with less than
primary education was 1.70 (95% CI 1.49–1.94), slightly
lower than unadjusted results. After adjusting for
behaviour and metabolic factors, the HR increased to
1.71 (95% CI 1.49–1.95) (Fig. 5). Together, income,
smoking, alcohol consumption and intake of vegetables
and fruits accounted for 28.0% of the association be-
tween education and premature mortality in men, and
14.7% of the association in women. Income stood out as
one of the most critical factors accounting for 23.0% of
the relationship in men and 11.1% in women
(Supplementary Table S6).

Sensitivity analysis results
All the sensitivity analyses showed similar trends with
the main analyses after excluding individuals with pre-
existing conditions (Supplementary Table S7),
including individuals aged 20–70 (Supplementary
Table S8), or using death data from 2010 to 2019
(Supplementary Table S9). All the results showed
increased premature mortality risk associated with low
education. The HRs were higher for deaths caused by
respiratory diseases and other causes.
Discussion
In this retrospective cohort study, we utilized linked data
from CCDRFS and NMSS, following 77,789 participants
for a decade to examine the relationship between edu-
cation attainment and premature mortality. Our results
showed a strong inverse connection between education
and all-cause premature mortality. For those with the
lowest education, the hazard ratios were estimated to be
1.78 among men and 2.15 among women compared
with individuals with the highest education, and 20.8%
of premature all-cause deaths among men and 28.5%
among women could be attributed to low education.

Our results were similar to previous studies in
Cuba,10 US28 and Italy.29 Stephanie Ross et al.10 also
found that the death risk of population with the lowest
education level was 1.79 times that of those with the
highest education, and the effect among women was
more pronounced. Gianfranco28 et al. found that
www.thelancet.com Vol 47 June, 2024
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Fig. 1: Age-standardised all-cause and cause-specific mortality rates per 100,000 person-year across educational levels, by sex (A) and by urban-
rural setting (B). ASMR: age-standardised mortality rates. The number represents the age-standardised mortality rates of all-cause death.
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compared with individuals not completing primary
school, the cancer mortality of those complete university
had a HR of 0.57 among men and 0.84 among women.
Najah29 et al. showed compared to population with col-
lege and above education, the HR of those who didn’t
finish high school was 2.03. Our results were same or
slightly higher than those reported in these studies.

The current study is unique in several aspects.
Firstly, it provides the most up-to-date insights into the
relationship between education and premature all-cause
and cause-specific mortality within the Chinese context.
The findings demonstrate the significant role education
www.thelancet.com Vol 47 June, 2024
plays in shaping China’s current epidemiological land-
scape. Secondly, by merging information from two large
national database, we conducted comprehensive,
multivariate, and nationwide analyses. Thirdly, using
the baseline characteristics data, we conducted specific
sub-segment analyses to evaluate disparities between
sexes and between urban-rural settings. The results
expose the differential impact of education on prema-
ture mortality based on sex and location. Fourthly, the
use of NMSS allowed us to gather granular data to
assess cause-specific mortality, which has not been
examined in prior studies in China. Finally, the large
7
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Fig. 2: Hazard ratio (HRs) and 95% CI for the risk of all-cause and cause-specific premature mortality by educational levels across sex and
urbanicity. HR was calculated by Cox models for all-cause specific mortality and by competing risk models for cause-specific. Models was
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population sample curated from the databases enabled
us to compute population attributable fraction to quan-
tify the burden of premature deaths associated with low
education.
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country. In other countries,9–11 such as Cuba, education
was found to exert a more substantial impact on vascular
mortality in women and cancer mortality in men. In
Mexico, education demonstrated a larger influence on
www.thelancet.com Vol 47 June, 2024
renal/acute diabetes mortality in both sexes. In England,
COPD and liver disease were the top mortality causes
which had stronger associations with education. The
disease burden associated with respiratory conditions is
9
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Fig. 5: Hazard ratio (HRs) and 95% CI for the risk of all-cause and cause-specific premature mortality by educational levels. HR was calculated by
Cox models for all-cause specific mortality and by competing risk models for cause-specific. Model 1 was adjusted by sex, age at baseline,
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high in China. Upper and lower respiratory infections,
for example, had resulted in 5 million DALYs in 2019.30

Chronic respiratory diseases such as COPD was among
the top three causes of death and resulted in 19.92
million DALYs in the same year.31,32 The strongest as-
sociation with respiratory diseases might be explained
by the exposure to tobacco and pollutants. A research
found that people of low socioeconomic status had
higher smoking rates, which was also found in our
study, and were more likely to be exposed to occupa-
tional particulates and household and outdoor
pollutants.33

Although the mortality of men was higher than that
of women, the excess risk of premature mortality asso-
ciated with low education was higher among women
than men, especially for respiratory-related mortality.
The differences in sexes likely stem from varied expo-
sures to risk factors. Despite higher education levels
being associated with reduced risk behaviours,34,35 the
overall prevalence of certain factors, especially smoking,
remained high among men across all education levels.
The prevalence of obesity, hypertension, and diabetes
increased with increased education in men but not in
women. Additionally, the differences in knowledge,
material conditions and other factors between men and
women might also lead to this difference.36,37 For cause-
specific mortality, there was a marked difference in the
association between education and respiratory-related
mortality between sexes. One hypothesis is that the
women with lower education level are more likely to be
limited to housework including cooking, and cooking
with unclean energy source can lead to more risky res-
piratory outcomes. One study showed that lung cancer
and COPD in women were associated with indoor
biomass smoke.38

Income, smoking, alcohol consumption, and intake
of vegetables and fruits had different proportions of
mediation between men and women. The difference in
mediation of risk factors between men and women was
mainly due to income, which produced a mediation
effect of 23.0% in men and 11.1% in women. A previous
study39 found that the association between income and
www.thelancet.com Vol 47 June, 2024

http://www.thelancet.com


Articles
mortality was stronger among men, and men were more
vulnerable to income loss.

We found a stronger impact of education among
urban population. One hypothesis to explain these
urban-rural discrepancies is the differences in access to
health services. Recent policies have substantially
improved rural medical infrastructures.40–42 Such ad-
vancements might have equalized medical access across
educational strata in rural settings. According to the
health statistics yearbook, in 2019, the number of
medical institutions in rural areas reached 795,534,
while 212,045 in urban areas. However, 96.56% of rural
medical institutions were primary medical institutions.
Highly educated people in urban areas had better access
to high-quality medical care. Another hypothesis is the
geographical difference in the relationship between ed-
ucation and specific risk factors. For instance, while
education appears to have minimal influence over
smoking behaviours in rural areas, an inverse relation-
ship between education and smoking was observed in
urban areas.43 Lastly, individuals with higher level of
education tend to reside in urban areas. In our dataset,
70–80% of upper secondary school graduates resided in
cities. Previous study has indicated that the concentra-
tion of highly educated individuals may foster a
communal effect, creating a conducive environment
which promotes awareness for better health.44

Educational inequality accounted for about 20% of
premature deaths of men and 30% of women, which
referred to the proportion of deaths that could have been
reduced if all people experienced the same mortality as
those completing upper secondary education. The PAF
of education in women was higher than that in men,
especially for premature deaths caused by respiratory
diseases. And the educational inequality accounted for
457,979 premature deaths in men and 282,276 in
women, which indicated that reducing education
inequality could bring considerable health benefits, both
in men and women. Previous studies have shown that
increasing the years of education and promoting
educational equality in the population could decrease
mortality. A Korean study45 found that a consistent and
sharp increase in educational attainment contributed to
the decrease in PAFs of low education for mortality. And
an empirical study46 found that each additional year of
education was observationally associated with a 14%
lower mortality.

The negative association between education and
premature mortality can be achieved in many ways.
Firstly, education attainment is strongly related to so-
cioeconomic factors such as career, economic condition,
living environment, and others.47 As our research
showed, income contributes to the main mediation
(23.0% in men and 11.1% in women). These socioeco-
nomic factors can affect the access to public and medical
services, exposure opportunities for risk factors and
psychosocial indicators. Secondly, education can
www.thelancet.com Vol 47 June, 2024
influence behavioural factors. Highly educated in-
dividuals are more likely to adopt healthy lifestyles. In
our results, smoking, alcohol consumption and intake of
vegetables and fruits had significant mediating effects.
However, there was a considerable proportion of
mediation that could not be explained, indicating an
effect of underlying factors. The heightened concern
about one’s health condition among highly educated
people and the stress and feelings of worthlessness
associated with low socioeconomic position11 might be
underlying mechanisms.

The Chinese government has been taking effort to
improve the educational situation of population over the
past few decades. However, due to regional and de-
mographic differences in economic development, there
is still a considerable inequality in education, which
according to our results, caused an inequality in health.
Therefore, we advocate for the following measures to
reduce the mortality attributed to educational inequality.
Firstly, policies should be continuously implemented to
increase the number of years of education. This can
include promoting the allocation of educational re-
sources to underdeveloped areas, and improving the
scale and quality of high school and above education.
Secondly, more attention should be paid to the health
problems of individuals with low education, particularly
focusing on women and urban population. This can
involve organizing health examinations and disease
screenings, as well as increasing the proportion of
medical insurance coverage. Thirdly, health education
for individuals with low education should be strength-
ened to mitigate adverse behaviours, such as smoking,
alcohol consumption and diets.

Our research had several limitations. Firstly, educa-
tion was measured by self-reporting. The quality of ed-
ucation and actual learning were not captured. It has
been documented that the quality of education varies
across provinces and urban and rural settings.48 The lack
of robust capture of learning quality could lead to an
underestimation of the actual effect of education. Sec-
ondly, the baseline characteristics of individuals were
based on data from the 2010 CCDRFS. Certain risk
factors might have changed. Thirdly, the death out-
comes were obtained from NMSS. Because of under-
reporting, some deaths might not have been obtained,
but almost all deaths could be linked. The lost follow up
could potentially lead to an underestimation of the as-
sociation, but in our results, a strong association be-
tween education and mortality was observed.
Additionally, underreporting was primarily attributed to
the quality of the local reporting system.49 Therefore, the
impact of personal characteristics on underreporting
was limited, especially among people aged 30 to 70, and
we had confirmed and implemented the deaths after
linkage to NMSS. Hence, we could assume the missing
was random across levels of education and the effects on
results were limited. Forthly, income was the sole
11
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measure of individuals’ socioeconomic status, and the
income of original family might affect individuals’ ed-
ucation. However, given that the main purpose of this
study was not to assess the relative impact of mediating
factors on the education-mortality relationship, income
adequately served as a proxy of individuals’ socioeco-
nomic well-being. Moreover, since most individuals
aged 30 to 70 had already left their original families,
their current income better reflected the material con-
ditions they had gained through education. Finally, our
study period was limited to 10 years. Although there
were 705,175 person-years, the total number of prema-
ture deaths recorded was 3082. The sample size for
certain conditions, such as respiratory diseases was
relatively low, which yielded relatively large confidence
intervals reflecting higher uncertainty in those results.

In conclusion, we found increased premature mor-
tality risk associated with low education, especially in
women, and a considerable number of deaths attributed
to educational inequality. As China continues to expand
and enhance education equity and quality, efforts are
necessary to strengthen public health interventions to
improve education of the population, avoid adverse
health outcomes among those with low education
attainment and mitigate the negative impacts of risk
factors such as smoking, alcohol consumption and diets.
Similarity, the differences observed in urban and rural
settings revealed the existence of a socioeconomic
divide, which modifies the impact of education on mo-
rality between the populations. Further studies are
needed to examine the various hypotheses that might
explain the underlying differences.
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