
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Kok-Min Seow,
Shin Kong Wu Ho-Su Memorial
Hospital, Taiwan

REVIEWED BY

Chin-Jung Wang,
Linkou Chang Gung Memorial
Hospital, Taiwan
Ning Sun,
Ningbo College of Health Sciences,
China
Hong Peng Sun,
Soochow University, China

*CORRESPONDENCE

Yan Wang
howmily85@163.com

†These authors have contributed
equally to this work and share
first authorship

SPECIALTY SECTION

This article was submitted to
Systems Endocrinology,
a section of the journal
Frontiers in Endocrinology

RECEIVED 04 May 2022
ACCEPTED 25 July 2022

PUBLISHED 16 August 2022

CITATION

Wang Y, Wang X, Liao K, Luo B and
Luo J (2022) The burden of
endometriosis in China
from 1990 to 2019.
Front. Endocrinol. 13:935931.
doi: 10.3389/fendo.2022.935931

COPYRIGHT

© 2022 Wang, Wang, Liao, Luo and Luo.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

TYPE Original Research
PUBLISHED 16 August 2022

DOI 10.3389/fendo.2022.935931
The burden of endometriosis
in China from 1990 to 2019

Yan Wang*†, Xiaoyan Wang †, Kaijun Liao, Baoqin Luo
and Jiashou Luo

Department of Gynaecology and Obstetrics, Nanping First Hospital Affiliated to Fujian Medical
University, Fujian, China
Background: The trends in deaths from and disability-adjusted life years (DALY)

of endometriosis in China remain largely unknown. This study revealed these

trends and the effects of age, period, and cohort on the death from and DALY of

endometriosis in China from 1990 to 2019.

Methods: Data on endometriosis death and DALY in China between 1990 and

2019 were obtained from the Global Burden of Disease Study 2019 (GBD 2019).

The annual percentage change and average annual percent change (AAPC)

were analyzed by joinpoint regression. The effects of age, period, and birth

cohort on death and DALYs were estimated using an age–period–cohort

analysis.

Results: The age-standardized death rate (ASDR) and age-standardized DALY

rate for endometriosis significantly decreased in China, with AAPC values of

−4.7 (95% confidence interval [CI]: −5.10, −4.30) and −1.2 (95% CI: −1.20, −1.10),

respectively. The joinpoint regression analysis showed that the ASDR and age-

standardized DALY rate decreased across all age groups. Moreover, the effect

of age on endometriosis death and DALY decreased with advancing age. Both

the period and cohort effects on endometriosis death and DALY showed

decreasing trends, with the effects on death decreasing faster than the

effects on DALY.

Conclusions: The endometriosis ASDR and age-standardized DALY rate

decreased from 1990 to 2019. The effects of the period and birth cohort on

endometriosis death and DALY showed a declining trend across all age groups.

The effect of age on endometriosis deaths and DALYs decreased with

advancing age.

KEYWORDS

Endometriosis, death, disability-adjusted life years, joinpoint regression analysis, age–
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1 Introduction

Endometriosis is an estrogen-dependent chronic

gynecological disorder in which tissue resembling the

endometrium develops outside the uterus, typically in the

pelvic area (1). Globally, approximately 190 million women

suffer from endometriosis, accounting for 10%–15% of women

of reproductive age (2). Almost half of the women with

endometriosis experience painful intercourse, which disrupts

normal sexual function (3). Additionally, endometriosis is

commonly concomitant with depression and anxiety (4).

Endometriosis is one of the most common and difficult

clinical diseases in gynecology. It mostly occurs among women

of childbearing age. The incidence rate has increased

significantly recently (5). The disease is one of the main causes

of pelvic pain and infertility in women of childbearing age,

which seriously affects the women’s quality of life (2). Although

endometriosis is a benign disease, it has malignant behaviors

such as invasion, implantation, recurrence, etc., also known as

“good cancer” (6). Therefore, the prevention of this disease is far

more important than the treatment. Recently, due to the

popularization of laparoscopy, the incidence of endometriosis,

especially in mild patients, has increased significantly in

China (7).

Traditionally, epidemiological studies have focused on the

incidence and prevalence of endometriosis, and few studies have

focused on death and disability-adjusted life years (DALY) (8–

10). The DALY is a widely-used gap measure representing the

sum of years of life lost (YLL) due to years lived with disability

(YLD) and premature mortality, and is an essential indicator of

the burden of disease. The Global Burden of Diseases, Injuries,

and Risk Factors Study (GBD) annually updates its data, often

changing the methods to make the data more comprehensive

and appropriate. Therefore, the latest data on endometriosis can

be obtained from the GBD 2019 (11). To the best of our

knowledge, this is the first study on endometriosis death and

DALY that is based on data from the GDB 2019.

In this study, joinpoint and age–period–cohort analyses

were used to estimate the trends in death and DALY and to

explore the effects of age, period, and birth cohort on

endometriosis in China from 1990 to 2019, based on data

obtained from the GBD 2019. Our findings are expected to

provide useful information for further investigation of

this disease.
2 Materials and methods

2.1 Data sources

Endometriosis death and DALY were obtained from the

GBD 2019, which provides a comprehensive assessment of the
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burden of 369 diseases (e.g., incidence, mortality, and DALY)

with 87 risk factors and from 204 countries and territories

(http://ghdx.healthdata.org/gbd-results-tool) between 1990 and

2019 (11, 12). Endometriosis deaths and DALYs were age-

standardized based on the GBD 2019 global age-standard

population. To estimate the effects of age, period, and birth

cohort, the age-standardized death rate (ASDR) and age-

standardized DALY rate were recorded into consecutive 5-year

age groups (15–19, 20–24, …, 45–49, 50–54), continuous 5-year

periods from 1990–1994 to 2015–2019, and corresponding

successive 5-year birth cohorts from 1938–1942 to 1998–2002.

This study was approved by the Nanping First Hospital Affiliated

to Fujian Medical University.
2.2 Statistical analysis

2.2.1 Joinpoint regression analysis
A joinpoint regression analysis was performed to describe

the trends in death and DALY. The results were expressed as the

annual percentage change (APC), average annual percent

change (AAPC), and 95% confidence intervals (CIs) for each

age, period, and cohort group. Analysis was performed using the

Joinpoint Regression Program v4.6.0.0 (April 2018), developed

by the Surveillance Research Program of the U.S. National

Cancer Institute.

2.2.2 Age–period–cohort analysis
An age–period–cohort analysis was conducted to reflect the

different effects of age, period, and cohort on the incidence and

mortality trends of various diseases (13–15). However, this

analysis failed to estimate the specific effects of age, period,

and cohort because of the collinear relationships between these

three variables (i.e., cohort = period − age). A feasible intrinsic

estimator (IE) method was developed by Yang and Fu in 2008 to

distinguish these three effects (16). In this study, an age–period–

cohort analysis using the IE method was conducted to estimate

the effects of age, period, and cohort on the death from and

DALY of endometriosis. Groups encompassing individuals aged

<15 years or >55 years were excluded. The APC model is based

on a log-linear model and can be written as follows (17):

Y = log(M) = µ + a(age)i + b(period)j + g(cohort)k + ϵ
where M denotes the incidence of endometriosis, µ and ϵ are

the intercept and random error, and a(age)i, b(period)j, and
g(cohort)k denote the effects of age group a, time period b, and
birth cohort k, respectively. The goodness of fit for each model

was estimated using the likelihood ratio test and Akaike

information criterion. P-value <0.05 was considered to indicate

statistical significance. Standard error coefficients and risk ratios

(RRs) were also calculated. The relative risk was set as the

exponential value of the coefficient. The age–period–cohort

analysis was performed using Stata software (v15.0; Stata

Corp, College Station, TX, USA).
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Joinpoint Regression analysis, also known as the piecewise

regression model, is a statistical method to analyze the trend of

disease over time (18). The basic idea of joinpoint regressionmodel

analysis is to divide a long-term trend line into several statistically

significant trend segments through model fitting, and each

segment is described by a continuous linear line. The connection

points between different trend segments are called turning points.

The number of turning points and statistical significance tests was

judged using the Monte Carlo permutation method (18).
3 Results

3.1 Descriptive analysis of endometriosis
death and DALY rates in China

The trends of death and DALY for endometriosis across all

ages from 1990 to 2019 are presented in Table 1. Generally, the

ASDR and age-standardized DALY rate decreased from 1990 to

2019, with AAPC values of −4.7 (95% CI: −5.1, −4.3) and −1.2

(95% CI: −1.2, −1.1), respectively. The ASDR sharply declined

from 1990 to 1996, and then slightly increased from 1996 to 2004.

However, it dramatically decreased again from 2004 to 2019 with

an APC of −8.2 (95% CI: −8.5, −7.9). The age-standardized DALY

rate showed a declining trend, barring the period from 2010 to

2017, with a mild upward trend (APC = 0.4, 95% CI: 0.3, 0.5). The

age-standardized DALY rate declined the most between 2005 and

2010, with an APC of −4.3 (95% CI: −4.4, −4.1).
3.2 Joinpoint regression analysis

The AAPCs and APCs in the death and DALY of

endometriosis in China from 1990 to 2019 are shown in
Frontiers in Endocrinology 03
Table 2. The age-specific rates showed decreasing trends in

death and DALY. In comparison, the ASDR significantly

decreased, with AAPC values fluctuating between −6.4 and

−3.7 for all age groups, while the age-standardized DALY rate

showed a relatively slight decline, with AAPC values of −1.3 to

−0.9. Overall, deaths and DALYs of endometriosis decreased for

all age groups in China from 1990 to 2019.
3.3 Age–period–cohort effects

The age–period–cohort model was used to estimate the

effects of age, period, and cohort on death and DALY of

endometriosis. The coefficients and estimated RRs of age,

period, and cohort are displayed in Figure 1; Tables 2, 3.

3.3.1 Effect of age
The RRs and coefficients of the effect of age on endometriosis

death and DALY in China are shown in Figure 1A; Tables 3, 4.

After controlling for the effects of period and cohort, the effect of

age on death and DALY decreased with advancing age. For

death, the RR decreased by 82.5% from 15–19 years to 50–54

years. For DALY, compared with 15–19 years, the RR of 50–54

years decreased by 33.6%. In summary, the effects of age on

death and DALY of endometriosis displayed a trend of

decreasing with advancing age.
3.3.2 Effect of period
The effects of the period showed decreasing trends for death

and DALY (Figure 1B; Tables 3, 4). The RR of death decreased

significantly, but that of DALY decreased only mildly. From

1992 to 2017, the RR of death decreased by 72.3% and that of

DALY decreased by 23.8%. The RR of death decreased relatively

faster after 2002, whereas the RR of DALY was relatively more

stable. Overall, the effects of the period on death and DALY

revealed that the RRs of death and DALY of endometriosis

decreased with time.
TABLE 1 Trends in endometriosis death and DALY rates in China,
1990–2019.

Segments Year APC * (95% CI)
ASDR

trend1 1990–1996 −4.1* (−5.50, −2.70)

trend2 1996–2004 1.9* (0.70, 3.00)

trend3 2004–2019 −8.2* (−8.50, −7.90)

AAPC* 1990–2019 −4.7* (−5.10, −4.30)

Age-standardized DALY rate

trend1 1990–1994 −1.6* (−1.80, −1.40)

trend2 1994–2005 −0.2* (−0.30, −0.20)

trend3 2005–2010 −4.3* (−4.40, −4.10)

trend4 2010–2017 0.4* (0.30, 0.50)

trend5 2017–2019 −2.8* (−3.30, −2.20)

AAPC* 1990–2019 −1.2* (−1.20, −1.10)
APC, annual percentage change; AAPC, average annual percent change; CI, confidence
interval; ASDR, age−standardized death rate; DALY, disability-adjusted life years;
*Indicates statistical significance <0.05.
TABLE 2 The average annual percent changes (AAPCs) in death and
DALY of endometriosis in China, 1990–2019.

Age Group Death (AAPC) DALY(AAPC)

Age-standardized rate −4.7* (−5.10, −4.30) −1.2* (−1.20, −1.10)

15–19 −6.4* (−6.8, −6.0) −0.9* (−1.0, −0.8)

20–24 −5.7* (−6.3, −5.1) −1.0* (−1.1, −0.9)

25–29 −5.6* (−6.7, −4.5) −1.1* (−1.2, −1.1)

30–34 −5.8* (−6.7, −4.8) −1.2* (−1.3, −1.2)

35–39 −5.2* (−5.8, −4.7) −1.3* (−1.3, −1.2)

40–44 −4.9* (−5.4, −4.4) −1.2* (−1.2, −1.1)

45–49 −4.7* (−5.3, −4.0) −1.1* (−1.1, −1.0)

50–54 −3.7* (−4.3, −3.2) −1.0* (−1.1, −1.0)
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3.3.3 Effect of period cohort
The effect of the cohort displayed downward trends for both

death and DALY (Figure 1C; Table 2). Overall, the RR of death

decreased faster than that of DALY. From the birth cohorts of

1938–1942 to 1998–2002, the RRs of death and DALY decreased

significantly, by 94.1% and 48.2%, respectively.
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4 Discussion

This study investigated the long-term trends in the risk of

death and DALY for endometriosis among women in China

from 1990 to 2019. It was one of the first investigations of the

effects of age, period, and cohort on endometriosis death and

DALY in China to use the IE method of age–period–cohort

analysis. Findings from this study will provide a factual basis for

preventing endometriosis in the future.

Overall, both the ASDR and age-standardized DALY rate

decreased between 1990 and 2019 in China. However, the

DALY rate decreased at a slower rate than the ASDR. The

ASDR showed an upward trend during 1996–2004, with an

APC value of 1.9 (95% CI: 0.70, 3.00). The DALY also showed a

slight upward trend in 2010–2017, with an APC value of 0.4

(95% CI: 0.30, 0.50). The ASDR and DALY showed the same
A

B

C

FIGURE 1

Death and disability-adjusted life years (DALY) relative risks of
endometriosis due to (A) age, (B) period, and (C) cohort effects.
TABLE 3 Age−period−cohort model analysis results of endometriosis
death and DALY and relative risks (RR) in China.

Factor Death (RR, 95% CI) DALY (RR, 95% CI)

Age

15–19 1.94 (0.37, 10.16) 1.13 (1.12, 1.15)

20–24 1.52 (0.36, 6.38) 1.07 (1.06, 1.08)

25–29 1.18 (0.34, 4.13) 1.01 (1, 1.02)

30-34 0.92 (0.31, 2.8) 0.95 (0.94, 0.96)

35–39 0.72 (0.26, 2.03) 0.9 (0.89, 0.91)

40–44 0.56 (0.2, 1.59) 0.85 (0.84, 0.86)

45–49 0.44 (0.14, 1.35) 0.8 (0.79, 0.81)

50–54 0.34 (0.1, 1.22) 0.75 (0.74, 0.76)

Period

1990–1994 1.19 (0.38, 3.74) 1.05 (1.03, 1.06)

1995–1999 0.99 (0.37, 2.68) 1.01 (1.00, 1.02)

2000–2004 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

2005–2009 0.80 (0.30, 2.09) 0.91 (0.90, 0.92)

2010–2014 0.49 (0.16, 1.54) 0.81 (0.80, 0.82)

2015–2019 0.33 (0.09, 1.23) 0.80 (0.80, 0.81)

Cohort

1938–1942 3.07 (0.31, 30.72) 1.41 (1.35, 1.48)

1943–1947 2.48 (0.51, 12.20) 1.34 (1.31, 1.38)

1948–1952 2.23 (0.62, 8.07) 1.27 (1.25, 1.29)

1953–1957 1.87 (0.57, 6.09) 1.20 (1.19, 1.22)

1958–1962 1.52 (0.48, 4.77) 1.13 (1.12, 1.15)

1963–1967 1.31 (0.44, 3.87) 1.07 (1.06, 1.08)

1968–1972 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)

1973–1977 0.76 (0.18, 3.12) 0.93 (0.92, 0.94)

1978–1982 0.54 (0.08, 3.70) 0.87 (0.86, 0.88)

1983–1987 0.37 (0.03, 4.09) 0.83 (0.82, 0.84)

1988–1992 0.30 (0.01, 8.22) 0.80 (0.79, 0.81)

1993–1997 0.25 (0.00, 32.81) 0.76 (0.74, 0.79)

1998–2002 0.18 (0.00, 2,149.22) 0.73 (0.68, 0.79)
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downward trend for all age groups. Compared with the ASDR,

the DALY across all age groups changed in a less

drastic manner.

Endometriosis is a common and frequently occurring

disease in women of reproductive age. Age reflects the

influence of physiological factors on reproductive ability. The

risk of death decreased significantly from 15–19 years to 50–54

years, while that of DALY declined relatively mildly. The death

and DALY of endometriosis are mainly affected by its

prevalence, and the trend of age-specific prevalence of

endometriosis in China (unpublished data) is consistent with

the trend of death and DALY of endometriosis recorded in this

study, which overall decreased with advancing age. This

trend might be associated with increased urbanization,

improved medical technology, and increased health awareness

among women.
Frontiers in Endocrinology 05
The effects of periods often reflected the impacts of specific

time periods on diseases, death, and DALY across all age groups,

mainly mediated by social, economic, and medical factors. The

RR of the period on endometriosis death and DALY revealed

that the risk of developing endometriosis significantly decreased

from 1992 to 2017. In contrast, the RR of DALY decreased more

rapidly than that of death. Several previous studies have

demonstrated that while the death rate of endometriosis is

very low, patients almost always experience pain (19–21).

Unfortunately, the complete eradication of endometriosis-

associated pain can rarely be achieved. Therefore, although the

medical condition appeared to improve, the RR of DALY

decreased more slowly than that of death.

The birth cohort effects reflect the diverse risk factors that

affect different birth cohorts in early life, such as environmental,

behavioral, and socioeconomic factors. The effect of birth cohort

on DALY for endometriosis in China decreased slowly from the

1938–1942 cohort to the 1998–2002 cohort, whereas the effect

on death decreased more rapidly. This trend probably arose

because, compared with earlier birth cohorts, the more recent

birth cohorts had a stronger awareness of disease prevention and

received a better education. The reliable diagnosis of

endometriosis currently requires surgical visualization, which

is most commonly done via laparoscopy (22, 23). Over the past

few decades, both diagnosis and treatment have improved

because of improvements in laparoscopic techniques.

Additionally, the Healthy China 2030 program aims to

promote health care in China and potentially reduce the risk

of developing endometriosis (24).

Improvements in the medical environment and

technology are also potential reasons for the decline in

endometriosis mortality, and studies have shown that

increased medica l insurance coverage can reduce

endometriosis mortality (25). Recently, the health service

input indicators for China, such as the number of health

institutions, the number of health personnel, the total

building area, and financial subsidy income, have all

increased at different rates (26). The convenience and

fairness of access to health services allow our Chinese

residents to obtain more and better health services (27). The

improvement of the medical insurance system and the

increase in the coverage rate have resulted in more Chinese

residents receiving medical services, increasing the early

diagnosis and treatment of diseases such as endometriosis,

and thus reducing their disease burden to a certain extent (28).
4.1 Limitations

This study not only provided the most updated evaluation of

the trends in death and DALYs of endometriosis in China but

also elucidated the effects of age, cohort, and period by age–
TABLE 4 Age–period–cohort (APC) model analysis results of
endometriosis death and DALY rates in China.

Variable Death (Coef, 95% CI) DALY (Coef, 95% CI)

Age

15–19 0.66 (−0.99, 2.32) 0.13 (0.11, 0.14)

20–24 0.42 (−1.02, 1.85) 0.07 (0.06, 0.08)

25–29 0.17 (−1.08, 1.42) 0.01 (0, 0.02)

30–34 −0.08 (−1.19, 1.03) −0.05 (−0.06, −0.04)

35–39 −0.33 (−1.36, 0.71) −0.11 (−0.12, −0.1)

40–44 −0.57 (−1.61, 0.46) −0.17 (−0.18, −0.16)

45–49 −0.82 (−1.94, 0.3) −0.23 (−0.24, −0.21)

50–54 −1.07 (−2.34, 0.2) −0.28 (−0.3, −0.27)

Period

1990–1994 0.17 (−0.98, 1.32) 0.04 (0.03, 0.06)

1995–1999 −0.01 (−1, 0.99) 0.01 (0, 0.02)

2000–2004 0 (0, 0) 0 (0, 0)

2005–2009 −0.22 (−1.19, 0.74) −0.09 (−0.1, −0.08)

2010–2014 −0.71 (−1.85, 0.43) −0.21 (−0.22, −0.2)

2015–2019 −1.1 (−2.41, 0.21) −0.22 (−0.23, −0.21)

Cohort

1938–1942 1.12 (−1.18, 3.42) 0.35 (0.3, 0.39)

1943–1947 0.91 (−0.68, 2.5) 0.29 (0.27, 0.32)

1948–1952 0.8 (−0.48, 2.09) 0.24 (0.22, 0.26)

1953–1957 0.62 (−0.56, 1.81) 0.19 (0.17, 0.2)

1958–1962 0.42(−0.73, 1.56) 0.13 (0.11, 0.14)

1963–1967 0.27 (−0.82, 1.35) 0.07 (0.05, 0.08)

1968–1972 0 (0, 0) 0 (0, 0)

1973–1977 −0.28 (−1.69, 1.14) −0.07 (-0.08, −0.06)

1978–1982 −0.62 (−2.54, 1.31) −0.14 (-0.15, −0.12)

1983–1987 −0.98 (−3.37, 1.41) −0.18 (−0.2, −0.17)

1988–1992 −1.21 (−4.52, 2.11) −0.22 (−0.24, −0.21)

1993–1997 −1.41 (−6.32, 3.49) −0.27 (−0.3, −0.24)

1998–2002 −1.69 (−∞, 7.67) −0.31 (−0.38, −0.23)
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period–cohort analysis. Meanwhile, some limitations of our

work should also be identified. Firstly, age–period–cohort

analysis with the IE method was an ecological study, for which

we were unable to make casual inference. We can only make

some assumptions based on the present data and the literature.

Therefore, further research on the contributing factors should be

conducted. Second, owing to a lack of relevant data, differences

in the trends of death and DALY of endometriosis between

urban and rural China could not be determined. Thus, the

changes in trends between urban and rural China remain to

be investigated in further studies. Despite its limitations, this

study is nationally significant and was the first of its kind to use

age–period–cohort modeling to explore trends in the death and

DALY of endometriosis in China.
5 Conclusions

The ASDR and age-standardized DALY rates of

endometriosis showed a decreasing trend from 1990 to 2019.

Age was the most significant factor in risk determination. The

effect of age on death and DALY displayed a downward trend

with advancing age. Both the effects of period and cohort on

death and DALY exhibited downward trends.
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