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The long-term changing patterns of suicide 2
mortality in China from 1987 to 2020:
continuing urban-rural disparity
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Abstract

Background Over the past three decades, China has experienced significant changes in urban-rural, gender, and
age-specific suicide mortality patterns. This study aimed to investigate the long-term trends in suicide mortality in
China from 1987 to 2020.

Methods Suicide mortality data were obtained from China’s National Health Commission. Joinpoint regression
analysis was used to examine changes in trends and age-period-cohort modeling to estimate age, period, and cohort
effects on suicide mortality from 1987 to 2020. Net drift, local drift, longitudinal age curves, and period relative risks
were also calculated.

Results Crude and age-standardized suicide mortality in China showed continuing downward trends from 1987 to
2020, with a more pronounced decrease in rural areas (net drift = -7.07%, p<0.01) compared to urban areas (net drift
=-341%, p<0.01). The decline curve of urban areas could be divided into three substages. Period and cohort effects
were more prominent in rural areas. Suicide risk was highest among individuals aged 20-24 and gradually increased
after age 60. Females, particularly those of childbearing age, had higher suicide risk than males, with a reversal
observed after age 50. This gender reversal showed distinct patterns in urban and rural areas, with a widening gap in
urban areas and a relatively stable gap in rural areas.

Conclusions Suicide mortality in China has consistently declined over the past three decades. However, disparities in
age, gender, and urban-rural settings persist, with new patterns emerging. Targeted suicide prevention programs are
urgently needed for high-risk groups, including females of childbearing age and the elderly, and to address the slower
decrease and reversing urban-rural gender trends.
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Introduction

Suicide is one of the leading causes of death worldwide,
impacting all ages, genders, and regions worldwide [1].
According to the World Health Organization, more than
700,000 people worldwide die by suicide yearly [2]. From
a global perspective, suicide mortality has been rising in
recent years [1], which requires urgent attention and tar-
geted prevention.

China used to be one of the nations with relatively high
suicide mortality in the world, and there were significant
urban-rural, gender, and age disparities in prior suicide
mortality in China [3, 4]. Studies by Phillips et al. approx-
imated the suicide mortality rate in China between 1995
and 1999 to be 23 per 100,000 [4]. The suicide mortality
rate in rural regions was three times that of urban areas,
while the mortality rate was found to be 25% higher in
females than males [4]. Considering the scarcity of sui-
cide research at that time, the alarmingly high suicide
mortality and the unique pattern drew substantial atten-
tion. In the subsequent decades, China has undergone
profound social changes, including economic growth,
increased urbanization, an aging populace, and improved
management of lethal substances [5]. Prior studies have
documented a considerable reduction in overall suicide
mortality rates in China over recent decades [6-10].
Shifts in suicide mortality patterns in relation to urban-
rural, gender, and age demographics have also been
decidedly dramatic [11]. For example, based on joinpoint
regression analyses, Jiang et al. revealed a significant
decrease in suicide mortality rates in China from 2002
to 2015, and uncovered a reversal in suicide mortality
trends for males and females post-2006 [6]. By examin-
ing suicide mortality data encompassing 33 Chinese
provinces, Zhang et al. found a 65% reduction in suicide
mortality in China from 1990 to 2017. Also, the male-
to-female suicide ratio shifted from 0.88 to 1.56 during
this period [12]. Drawing on data from the China Health
Statistics Yearbook, Liu et al. determined that urban resi-
dents and women experienced greater reductions in sui-
cide mortality compared with rural inhabitants and men,
respectively [10].

Previous studies have provided a reference for data
on suicide research in China. However, an expansive,
thorough examination of lifespan suicide risk variation,
period and cohort suicide risk, and potential underly-
ing causes has yet to be conducted. Additionally, previ-
ous suicide mortality trend investigations have been
restricted to relatively short intervals, with a lack of
assessments spanning periods longer than 30 years. It is
unclear whether suicide mortality and the epidemiologi-
cal distribution of suicide mortality rates in China have
changed. Therefore, this study will employ Joinpoint
regression analysis and an age-period-cohort model to
evaluate long-term suicide mortality patterns from 1987
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to 2020, using data sourced from the National Health
Commission’s death registration system in China. The
findings would provide certain reference for understand-
ing suicide epidemiology in China and proposing suicide
prevention strategies.

Methods

Data source

Data regarding age-specific suicide mortality from 1987
to 2020 was primarily obtained from the death registra-
tion system of the National Health Commission in China.
The mortality records from four administrative organi-
zations were integrated after the quality control of IDs
and duplication removal. Administrative organizations
mainly include: (1) the Department of Health, providing
both the death medical certificate information and total
population data; (2) the Department of Public Security,
contributing the registered permanent residence cancel-
lation data; (3) the Department of Civil Affairs, offering
the cremation records; and (4) the Department of Social
Security, supplying the social security termination infor-
mation. Suicide was coded according to the International
Classification of Diseases (ICD), the 9th Revision (ICD-
9) operated before 2002, and ICD-10 thereafter (ICD-
9: E950-E959, ICD-10: X60-X84). Due to the potential
stigma associated with suicide, this dataset encounters
similar underreporting issues as the majority of suicide
mortality reporting data [4, 10, 13, 14]. Based on this
data, previous studies have explored mortality patterns
of various diseases such as mental disorders and respira-
tory diseases, as well as urban-rural life expectancy dif-
ferences [13, 15, 16].

Statistical analysis

Due to the exceedingly low incidence of suicide mortality
in children under 10 years of age, this demographic was
excluded from the scope of this study. Age-standardized
mortality rates per 100,000 males and females by resi-
dence were calculated using the direct method based
on the World Standard Population [17]. We utilized the
National Cancer Institute’s Surveillance Research Pro-
gram’s Joinpoint Regression Software, Version 4.9.1.0,
to perform Joinpoint regression analysis, allowing us to
evaluate how annual mortality rates alter and to pinpoint
significant breakpoints [18, 19].

An age-period-cohort model was used to address
the issue that the age effects, period effects and cohort
effects were entirely correlated and develop indepen-
dent effect estimates of age, period, and birth cohort on
suicide mortality in China [20, 21]. In the age-period-
cohort model, net drift represents the log-linear trend
by period and cohort for the whole population, and local
drift represents the log-linear trend by period and cohort
for each age group [20, 22]. The model results showed a
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longitudinal age curve, period-relative, and cohort-rela-
tive risks. The longitudinal age curve is the rate curve of
specific age groups in the reference cohort after adjusting
for period effects. To avoid too many lines while reading
a graph, we calculated the mortality and population data
into consecutive 5-year periods from 1987 to 2020. The
longitudinal age curve used successive 5-year age inter-
vals from age 0—4 to age 85 or above among both urban
and rural Chinese residents. The period-relative risks are
the ratio of age-standardized rates in each period in the
reference cohort, with the 2001-2005 survey year as the
reference period group. The cohort-relative risks refer to
the ratio of age-standardized and period-standardized
mortality in 21 consecutive cohorts, including individu-
als born from 1906-1910 to 2006—2010, with the birth
cohort of 1961-1965 as the reference group. We obtained
estimated parameters from the United States National
Cancer Institute’s age-period-cohort web-based tool [23].
The Wald x* test was used, and all statistical tests were
two-sided for testing the significance of the estimable
parameters and functions.

To maximize mitigation of the inherent limitations of
the data used in this study and validate the robustness of
the obtained results, we conducted the following sensitiv-
ity analyses: Firstly, using Global burden of disease (GBD)
data, we performed similar analyses to compare patterns
in suicide mortality rates under two different databases
[24-26]. Secondly, to address the issues of disease coding
changes in 2002 and urban-rural definition changes in
2005, we replaced the original data with the averages of
mortality data from two years before and after 2002 and
2005, respectively [27], and conducted the same analysis
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to compare the patterns of suicide mortality rates before
and after imputation. Thirdly, to adjust for the poten-
tial impact of underreporting of suicide deaths on our
results, we employed the suicide underreporting rate
adjustment method proposed by Li and Yip [14], which is
also based on data from the National Health Commission
in China. Due to the absence of undetermined deaths
in the data from the National Health Commission in
China, this method used accidental death rates (includ-
ing drowning deaths, fall deaths, poisoning deaths, and
other accidental deaths) to assess the underreporting of
suicide by place (urban/rural), gender, and age in China
[14]. It innovatively addressed the misclassification issue
surrounding suicide deaths [14]. Based on the adjusted
underreporting rates obtained, we conducted analyses
similar to those in this study.

Results

Long-term trends in suicide mortality over the period
1987-2020

Figures 1 and 2 shows the long-term trends of crude
and age-standardized suicide mortality rates in China
from 1987 to 2020. During the study period, both crude
and age-standardized suicide mortality rates exhibited
a similar downward trend. The urban age-standardized
suicide mortality rate dropped roughly 66%, while the
rural equivalent decreased by nearly 81%. In rural areas,
male and female suicide mortalities were downward from
1987 to 2020. Females had higher mortality than males
before 2005. Post-2005, this gender mortality gap subtly
reversed and has been gradually widening. In contrast,
urban suicide mortality rates have been decreasing at
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Fig. 1 Trends in crude suicide mortality in urban and rural China by sex: 1987-2020
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Fig. 2 Trends in age-standardized suicide mortality in urban and rural China by sex: 1987-2020. Note: The data were standardized by World Standard

Population

a slower pace, with two notable periods of fluctuation
between 2001-2004 and 2004-2006. A same gender
reversal in urban suicide mortality rates occurred around
1996.

Phase change in suicide mortality based on Joinpoint
regression analysis

The findings concerning Joinpoint analysis are shown
in Table 1; Fig. 3. Age-standardized suicide mortal-
ity in urban areas decreased consistently from 1987 to
2020 (average annual percent change (AAPC) = -3.2%,
p<0.05). The age-standardized suicide mortality rates
for urban males and females followed similar down-
trends, with females” AAPC of -4.2% and males’” AAPC
of -2.3%. In contrast, the age-standardized suicide mor-
tality in rural areas declined at a sharper rate (AAPC =
-5.2%, p<0.05), but this decline was not linear. Instead,
it fell into three distinct stages: 1987-2001, 2001-2005,
and 2005-2020, transitioning from a steady decrease to
an accelerated drop, before settling into a steady down-
trend again. In addition, the decline in the age-standard-
ized suicide mortality was roughly synchronized for rural
males and females.

Net drift and local drift in suicide mortality from 1987 to
2020

The net drift and local drift values represented the annual
percentage changes in the expected age-standardized and
age-specific suicide mortality rates, respectively (Fig. 4,
Table S1). During the study period, there was a general
annual net drift of -3.41% (95% confidence interval (CI),

-3.77% to -3.05%, p<0.01) in urban areas and —7.07%
(95% CI, -7.38% to -6.75%, p<0.01) in rural areas. Both
of these represent significant changes, as they did not fall
within —1% to 1% per year. Gender-based differences in
the yearly trends of age-standardized suicide mortality
rates were also pronounced. The decline was quicker for
women than for men in both urban (-4.37% versus —2.6%)
and rural (-7.86% versus —5.83%) settings. Furthermore,
local drift charts indicated that nearly all age groups in
both urban and rural settings had local drift values below
zero. Urban and rural local drift trends display a sus-
tained U-shape, with the lowest point of the curve at the
20-29 age group, indicative of the steepest decline rate.
The decline rate in age-specific suicide mortality lessened
consistently with age in the 30-59 and 75-89 age groups
and leveled off for the 60—-74 age group. Notably, all local
drift values in rural areas were mostly lower than those in
urban areas.

Age-period-cohort effects on suicide mortality

Figure 5 shows estimates of age, period, and cohort
effects on suicide. In terms of age effects, both rural and
urban locations observe a peak in suicide age-specific
mortality within the 20-24 age group of the same birth
cohort. Notably, suicide age-specific mortality rates are
higher for females than males before the age of 45 but the
trend reverses afterwards. There is considerable variation
in the age effect between rural and urban areas. Primarily,
rural residents aged 10—44, specifically those within the
15-34 age group, indicate a considerably elevated suicide
risk compared to their urban counterparts. The risk is the
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Table 1 Joinpoint analysis of age-standardized suicide mortality in urban and rural areas

Segment 3

Segment 2

Segment 1

Entire Range b

Mortality Rate ?
(per 100,000)

Residence

95% Cl

Period APC (%)

95% Cl

APC (%)

95% CI Period

APC (%)

AAPC (%) 95% Cl Period

2020
352

1987
10.31
7.51

(2024) 24:1269

(-58-3.0)
(-39-24)

(-6.2-4.1)

NA

NA

NA
average annual percent change;

NA
NA
NA
-4.4%
-3.0*
5.0

2005-2020
2004-2020
2006-2020

NA
NA
NA

(-20.1,-11.2)
annual percent change; AAPC

NA
NA
NA
(-31.7,-33)
(-36.1,-3.6)

NA
NA
NA
-18.7%
-21.5
-15.7%

2001-2005
2001-2004
2000-2006

N
NA

-3.2%
-2.3%
-4.2%
-1.8%
-1.3*
-1.9%

987-2020
987-2020
987-2020
987-2001
987-2000

32
23
4.2
5.2
4.2
-5.9¢

420
284
564
6.89
444

12.89

29.65

27.03
33.96
Note. (a) Standardized by the World Standard Population from the World Health Organization; (b) The period from 1987 to 2020; Abbreviations: APC

Total
Male
Female
Total
Male
Female

Urban
Rural

Significantly difference from zero (p<0.05).

* =

Not Applicable, referring to no join-points identified;

NA=
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highest in rural females aged 20-29. Conversely, urban
and rural groups aged over 50 exhibit distinct behavioral
patterns. Urbanites show an increasing suicide risk with
age, with the gender gap progressively broadening. None-
theless, this widening gender disparity is not evident and
remains largely stable in rural areas. In terms of period
effects, the period rate ratios were found to have similar
monotonic decreasing patterns for both genders in rural
areas during the whole period. However, for urban areas,
although the suicide risk also showed a downward trend
over the whole period, there were marked fluctuations
between period 1996—2000 and period 2001-2005. The
drop in period effects is more distinct in rural regions
as compared to urban ones. Additionally, both genders
across urban and rural environments display a mono-
tonic decline in cohort rate ratios. The reduction pace in
rural and female groups surpassed that of their opposite
counterparts in all the successive cohorts.

Sensitivity analysis

The sensitivity analysis using GBD data revealed that both
crude and age-standardized suicide mortalities exhibited
a declining trend in both genders, which were initially
higher in females but later surpassed by males (Figure S1-
S2). It aligns with our results. In the age-period-cohort
analysis (Figure S3-S4), the local drift curves, and the
trends observed in age and cohort effects of suicide mor-
tality were consistent with our curve trends. Regarding
period effects, the results from GBD were closely mir-
rored the rural pattern in our study, but differed lightly
from the urban period effects pattern, which shows an
initial upward trend followed by a subsequent decline.
Overall, the results obtained using GBD data are almost
consistent with our main findings.

The sensitivity analysis results, where the mortality
rates of specific years were replaced with the means, are
shown in Figure S5-S6. The suicide mortality trends for
rural males and females remained consistent with the
original results, while the abnormal increase in suicide
mortality rates among urban males and females in 2005
disappeared. However, there still existed a noticeable
elevated phase post-2002, consistent with the original
findings.

Additionally, the sensitivity analysis results for adjust-
ing suicide underreporting are shown in Figure S7-S10.
The overall trends of suicide mortality crude rates and
standardized rates remain almost consistent with the
original findings, except for a slight advancement in the
years of early cross-over between male and female mor-
tality rates. The age-period-cohort model results indi-
cate that, compared to the unadjusted data, the trend of
increasing suicide mortality rates with age among urban
elderly population becomes more pronounced, while
others show no significant changes. Overall, the core
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suicide mortality across the study period; this figure considered 16 5-year age groups (from 10-14 years group to 85+ years group)

outcomes remain almost consistent before and after cor-
recting suicide underreporting.

Discussion

Based on the Joinpoint regression and age-period-cohort
framework, this study provided the first comprehen-
sive overview of long-term patterns in suicide mortality
in China from 1987 to 2020, highlighting the disparities
between urban and rural regions. From a holistic per-
spective, both crude and age-standardized suicide mor-
tality rates in China experienced a persistent decline
during these years, including in urban and rural areas,
with the suicide risk of rural groups declining faster. The
downward trend in the suicide rate may reflect the effect
of economic improvement, urbanization, and the conse-
quent much more limited household access to pesticides
in China. However, the recent slower decrease in suicide
mortality also reminded us to guard against a possible
suicide backlash. In terms of specific demographic cate-
gories, suicide mortality rates continued to diverge based
on factors such as age, gender, and rural-urban disparity,
albeit in new patterns. For one, youngsters aged 20-29
and the elderly were at higher suicide risk in the whole
population, especially individuals aged 20-24. Moreover,
females had a higher suicide risk than males, but there
existed a trend reversal between genders in groups above
45. Remarkably, rural populations aged 10-45, espe-
cially females of reproductive age, carried a substantially
higher suicide risk than their urban counterparts. Both
period and cohort effects regarding suicide rates expe-
rienced steeper declines in rural regions as compared to
urban areas. Lastly, a notable difference in suicide risk
trends was observed among urban and rural populations

over the age of 50 — while the gap in suicide risk between
males and females widened with age in urban areas, this
was not the case in rural regions. These findings could
provide certain reference for future suicide prevention
efforts in China.

Our study’s findings, demonstrating a reduction in
China’s overall suicide mortality, aligns with previous
research [6, 7, 9, 10]. In contrast to countries such as
America, Japan, and South Korea [28, 29], China’s sui-
cide mortality rate has been on the decline for over
thirty years. Earlier research implies that this reduc-
tion could be attributed to several socioeconomic fac-
tors including economic growth, rapid urbanization,
improved medical emergency systems and transpor-
tation, enhanced healthcare accessibility, and reduced
availability of lethal pesticides in rural areas [30-33].
Since 1987, China’s urbanization has significantly
increased, reaching a rate of 45.4% according to Chi-
na’s seventh national census [34]. With the lower sui-
cide mortality in urban areas, the urbanization process
seems to have positively contributed to declines in sui-
cide mortality by providing better emergency medical
systems and healthcare accessibility. Moreover, since
2000, China has witnessed a gradual decline in the
unemployment rate among its labor force, which might
have contributed positively to the overall reduction in
the country’s suicide rate on a macroscopic scale [35].
Previous studies have shown that rising unemployment
rates may lead to health detriments, consequently
heightening the risk of suicide [36—38]. However, the
downward trend in suicide mortality in rural commu-
nities has been slower since 2006. This could be pri-
marily attributable to the escalating aging population
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[39], increased workforce migration [40], the issue of
left-behind children and the elderly in rural areas [39,
41] and the global economic recession [42, 43]. These
challenges could impede the rapid decrease in suicide
mortality in China. Given that China’s suicide mortal-
ity rate is already relatively low globally, it is plausible
that the current trend may persist.

Age stands as a substantial demographic factor influ-
encing suicide rates. The varying risk associated with
different age groups necessitates tailored prevention
and intervention strategies. This study underscores
that both the youth (aged 20-24) and the elderly are
two significant high-risk groups for suicide within
China. Past research conducted in South America
[44], Europe [45, 46], and Asia [47, 48], has consis-
tently shown that those over 50 years of age possess
the greatest risk. Factors such as chronic illness, family
discord, financial difficulty, and mental disorders may
contribute significantly to the suicide rates among the
elderly in China [49, 50]. One study also proposes that
the decrease in suicide rates among the elderly may
be attributable to enhanced healthcare systems and a
reduction in poverty rates [51]. Moreover, it’s critical
to note that age-period-cohort studies, predominantly
outside China, have not identified young adults aged
20-24 as the highest suicide risk group. This discrep-
ancy suggests a unique circumstance within China.
The causes for increased risk in this age group remain
uncertain. In China’s unique exam-oriented context,
significant physiological and psychological changes
occur between the ages of 20 and 24. If not adequately
addressed, the sudden increase in life and work stress
would likely contribute to substantial psychological
problems. The reason may partly explain the high sui-
cide mortality in this age group. In the future, we need
to pay extra attention to high-risk age groups above,
and adopt targeted suicide prevention and interven-
tion strategies.

The urban-rural disparity in suicide mortality in
China was continuing marked but showed new chang-
ing patterns. The primary shift is seen among rural
females of childbearing age, who historically had
higher suicide risk levels and decline rates compared
to their urban counterparts. Prior elevated suicide risk
in this demographic was likely attributed to their unfa-
vorable economic conditions, low social status, depen-
dency on family and males, high occupational stress,
and lack of adequate medical emergency services for
impulsive suicide attempts [10, 52, 53]. However,
increased socio-economic status, improved living con-
ditions, and better access to healthcare have greatly
reduced the suicide risk among rural women [10].
Further contributing to this decline are restrictions
on pesticides and a significant rural-urban migration
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of women [53, 54]. Second, there were gender trend
reversals in suicide risks among urban and rural pop-
ulation aged 50 years and older. Specifically, after age
50, male suicide rates surpass female rates, a finding
consistent with previous research [55]. The gender
gap in suicide risk widens with age in urban males and
females, but remains relatively stable within their rural
counterparts. It’s hypothesized that this trend could be
attributed to the faster urban life pace, a heightened
sense of self-loss, and diminished family connections
among urban retirees, underscoring the need for men-
tal health attention in the wake of increasing urbaniza-
tion. Finally, while both the period and cohort effects
on suicide rates have decreased more in rural areas
than urban ones, the patterns of urban and rural sui-
cide rates are converging. This probably stems mainly
from China’s urban-rural integration and increased
attention to suicide issues over the past 30 years.
There is a need for further research to inform targeted
suicide intervention strategies, taking evolving urban-
rural disparities into account.

This study also has several limitations that require
much attention. First, the change of death category
coding in 2002 and the alteration of urban-rural defi-
nitions in 2005 may introduce bias to the suicide
mortality data. Despite obtaining consistent results
through mean imputation, we cannot fully eliminate
the impact of this issue. The related findings need to
be interpreted cautiously. Second, the mortality data
in the early years only covered approximately 10% of
China’s population, with survey samples mainly from
regions with well-established reporting mechanisms,
such as eastern and central cities [4]. The geographical
imbalance in the sources of mortality data, inconsis-
tent standards in data quality control, and underre-
porting of suicide deaths may affect the authenticity
of suicide data and introduce bias in temporal analy-
sis [4, 14]. Although we cannot completely eliminate
the inherent limitations of these early data sources,
we conducted sensitivity analyses using GBD data
from different sources and the adjusted data consider-
ing underreporting effects, and obtained conclusions
similar to those of this study. Within the currently
rather limited framework of accessible suicide data,
these analyses could provide a diversified perspective.
Third, the huge rural-urban migration population and
the method of attributing deaths based on residence
registration booklets and the location of death may
confound urban and rural mortality rates, requiring
careful consideration of their impact on the conclu-
sions of this study. Lastly, like other age-period-cohort
analyses, this study is susceptible to potential ecologi-
cal fallacies. The results derived at the population level
could not accurately reflect individual scenarios. Thus,
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insights gleaned from the age-period-cohort analysis
in this study require further validation in future indi-
vidual-based studies.

Conclusion

Suicide mortality rates in China continued to decline
from 1987 to 2020. Despite this, significant disparities
persist along the lines of age, gender, and urban-rural

location and new patterns are emerging. Females of

childbearing age and the elderly are at high risk for sui-
cide. The slower decrease, high-risk groups, and the
reversing urban-rural gender trends urgently require
close attention and more targeted suicide prevention
programs.
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