
O R I G I N A L  R E S E A R C H

Secular Trends in the Incidence of Migraine in 
China from 1990 to 2019: A Joinpoint and 
Age–Period–Cohort Analysis

Yufeng Wang 1,2,* 
Xueying Huang1,* 
Suru Yue1 

Jie Liu1 

Shasha Li1 

Huan Ma1 

Liren Hu1 

Jiayuan Wu1,2

1Clinical Research Service Center, 
Affiliated Hospital of Guangdong Medical 
University, Zhanjiang, Guangdong, 
524001, People’s Republic of China; 
2Collaborative Innovation Engineering 
Technology Research Center of Clinical 
Medical Big Data Cloud Service in 
Medical Consortium of West Guangdong 
Province, Affiliated Hospital of 
Guangdong Medical University, Zhanjiang, 
Guangdong, 524001, People’s Republic of 
China  

*These authors contributed equally to 
this work  

Background: Migraine is a common disorder of the nervous system in China, imposing 
heavy burdens on individual and societies. Optimal healthcare planning requires understand
ing the magnitude and changing the trend of migraine incidence in China. However, the 
secular trend of migraine incidence in China remains unclear.
Methods: Data were collected from the Global Burden of Disease Study 2019 in China from 
1990 to 2019 to investigate changes in the incidence rate of migraine. The average 
annual percent change and the relative risk were calculated using the joinpoint regression 
model and the age–period–cohort model, respectively.
Results: From 1990 to 2019, the age-standardized incidence rates of migraine in China 
increased by 0.26% (95% CI: 0.22 to 0.31) and 0.23% (95% CI: 0.19 to 0.28) per year in 
males and females, respectively. Age effects exerted the most significant impact on migraine 
incidence. Period effects showed a slightly decreasing trend in the incidence of migraine. In 
terms of cohort effects, people born after the 1960s presented a higher risk of migraine as 
compared with the total cohort, with the incidence risk of migraine increasing with birth 
cohorts.
Conclusion: Migraine incidence shows an overall increasing trend in China, with 
a significant gender difference. A comprehensive understanding of the risk characteristics 
and disease pattern of migraine could allow the early detection of persons with a high risk of 
developing migraine and promote the development of timely intervention measures to relieve 
this burden effectively.
Keywords: migraine, incidence, secular trend, joinpoint regression analysis, age–period– 
cohort model

Introduction
Migraine is the second cause of years lived with disability in 2016 in the world, and 
people living with migraine are greatly influenced by this burden.1 Using a large 
population-based nationwide sample, a previous study in Turkey reported an above 
2.4% incidence rate of migraine.2 In China, migraine is also a concern of public 
health. With a population of over 1.3 billion, 20% of the total in the planet, China 
has the largest migraine population worldwide.3 Improving the epidemiological 
understanding of migraine is the basic requirement to promote the diagnosis and 
treatment of migraine and the rational allocation of healthcare resources. Thus, the 
incidence of migraine and its possible changes could afford assistance to illustrate 
the risk factors of developing the disease.
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Present studies on migraine included small sample size, 
limited localities, and high rates of under-diagnosis and 
misdiagnosis.4 Moreover, the disease burden of migraine 
is easily overlooked because this disease is nonfatal. In 
addition, the long-term changes in migraine incidence are 
difficult to determine because migraine is multifaceted and 
fragmented. The Global Burden of Disease Study 2019 
(GBD 2019) assessed the disease burden of migraine by 
age, sex, year, and location by using a normative approach. 
GBD data can produce abundant information and up-to- 
date estimates of migraine burden at the global, regional, 
and national levels.5,6

Migraine incidence may be affected by obesity, meta
bolic syndrome, educational level, and socioeconomic sta
tus, and these risk factors vary with chronological age, 
time period, and birth cohort.7 However, descriptive ana
lysis with traditional methods cannot eliminate the con
founding effects of age, period, and cohort, and the results 
may have some limitations.8 Meanwhile, age–period– 
cohort models have an excellent advantage in evaluating 
the age, period, and cohort effects on the disease burden. 
Age effects exhibit a various risk of the outcome asso
ciated with different age brackets. Period effects express 
impacts of an intricate combination of historical events 
and environmental factors. Moreover, birth cohort effects 
represent the influence of physical and social exposure that 
appear earlier in life process and accumulate as time 
progresses.9 Thus, age–period–cohort models might have 
an advantage in quantifying the disease burden and pro
vide researchers with significant information to evaluate 
the pathogenesis of migraine. In this paper, we sought to 
analyze the secular trend of migraine incidence from 1990 
to 2019 in China.

Methods
Data Source
The GBD 2019 integrated literature research, monitoring 
and investigation information, inpatient and outpatient 
data, medical insurance situation, and other information 
to evaluate the incidence, prevalence, mortality, and dis
ability adjusted life years of 369 diseases, injuries, and 87 
risk factors in 204 countries from 1990 to 2019. Details of 
the GBD 2019 data, statistical modeling, and metrics have 
been reported in previous studies.10–12 Our study focused 
on the secular trend in the incidence of migraine in China 
based on the GBD 2019 data. In GBD 2019, migraine was 
defined in accordance with the International Classification 

of Headache Disorders. Migraine is a primary headache 
disorder, typically characterized by recurrent moderate or 
severe unilateral pulsatile headache disorders. The GBD 
2019 do not distinguish between migraine with and with
out aura as most epidemiological studies report on overall 
migraine only. Ethical approval was waived for this study 
because the GBD data are anonymous and publicly 
available.

Joinpoint Regression Analysis
Analysis of the long-term trend is crucial to the compre
hension of disease incidence. Joinpoint Regression 
Program 4.5.0.1 was used for joinpoint analysis. The 
regression model was established to calculate the regres
sion coefficient, annual percent change (APC), average 
annual percent change (AAPC), and the corresponding 
95% confidence intervals (CIs).13,14 The basic idea of 
joinpoint analysis is described to divide a secular trend 
line into some statistically significant trend sections by 
model fitting, and each section is described by continuous 
linear expression.

Age–Period–Cohort Analysis
Age–period–cohort model is commonly used to analyze 
and estimate the net age, period (year of survey), and 
cohort (year of birth) effects on incidence trends.15,16 

This model is developed based on Poisson distribution 
and requires an equal time interval in age, period, and 
cohort. Otherwise, information in the adjacent queues 
will overlap. The age–period–cohort model can be 
expressed as follows:

Yj ¼ μþ α agej þ β periodj þ γ cohortj þ εi 

where Yj denotes the response variable of the net effect on 
migraine incidence for group j, α, β, and γ denote the 
coefficients of age, period, and birth cohort of the age– 
period–cohort model, respectively. µ denotes the intercept 
of the model. εi is expressed as the residual of the age– 
period–cohort model. In the GBD 2019 database, the inci
dence of migraine was not recorded for persons aged 
under 5 years. Moreover, the population over 95 years of 
age was summarized as one group. The occurrence of 
migraine in this age group is rare, and its age grouping 
does not satisfy the data format of the age–period–cohort 
model. Thus, this age group was excluded in this study. 
Data for migraine were organized by 5-year periods from 
1990 to 2019, 5-year age groups from 5 to 95, and 

https://doi.org/10.2147/JPR.S337216                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2022:15 138

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


correspondingly consecutive 5-year birth cohort groups 
starting from 1900–1904 to 2015–2019 in this study.

The independent effects of age, period, and cohort are 
difficult to assess because of the well-known non- 
identifiability problem (cohort = period–age). The age– 
period–cohort framework with the intrinsic estimator 
method can solve this problem. The method provided 
estimated coefficients for the age, period, and cohort 
effects. These coefficients were transformed into the expo
nential value [exp (coef.) = ecoef.], which denotes the 
incidence relative risk (RR) of age, period, or birth cohort 
relative to the average level of all ages, periods, or birth 
cohorts combined. Therefore, we used the RR representa
tion to estimate the aggregate effects of age, period, and 
birth cohort.17–19 All analyses and graphics were carried 
out using STATA 15.0 software (StataCorp, College 
Station, TX, USA).

Results
Descriptive Analysis
Our study indicated that the sex-specific age-standardized 
incidence rates of migraine maintained an increment from 
1990 to 2019. For migraine, the annual age-standardized 

incidence rates in males were significantly lower than 
those in females. The incidence rates of migraine due to 
age group in China in 2019 are shown in Table 1 and 
Figure 1. In 2019, the age-standardized incidence rates of 
migraine in China were 697.27 (95% UI: 608.73 to 
787.11) per 100,000 persons in males and 1247.58 (95% 
UI: 1100.46 to 1400.14) per 100,000 persons in females. 
The top incidence rates of migraine were surveyed in the 
10–14 age group, followed by the 22–44 age group in both 
sexes. From 1990 to 2019, trends in the sex-specific age- 
standardized incidence rates of migraine in China are 
described in Table 1.

Joinpoint Regression Analysis
From 1990 to 2019, the AAPCs of age–sex-specific rates 
in migraine are shown in Table 1. The age-standardized 
incidence rates of migraine from 1990 to 2019 increased 
by 0.26% (95% CI: 0.22 to 0.31) in males and 0.23% 
(95% CI: 0.19 to 0.28) in females (Figure 2). Regardless 
of age groups, remarkable increments in sex-specific inci
dence rates were also shown in migraine. Joinpoint regres
sion analysis showed that the age-standardized incidence 
rates of migraine slightly decreased in males (APC = 

Table 1 The Sex-Age-Specific Rates of Migraine in China in 2019 and Their Percentage Changes from 1990 to 2019

Categories Males Females

Rates in 2019, 95% UI 
(per 100,000 Population)

AAPC, 95% CI 
(%, 1990 to 2019)

Rates in 2019, 95% UI 
(per 100,000 Population)

AAPC, 95% CI 
(%, 1990 to 2019)

ASR 697.27 (608.73 to 787.11) 0.26 (0.22 to 0.31)* 1247.58 (1100.46 to 1400.14) 0.23 (0.19 to 0.28)*
5–9 years 717.89 (441.75 to 1094.9) 0.48 (0.40 to 0.55)* 1332.56 (827.74 to 2033.11) 0.35 (0.27 to 0.43)*

10–14 years 1257.75 (880.00 to 1670.56) 0.34 (0.28 to 0.40)* 2193.52 (1547.22 to 2939.46) 0.27 (0.21 to 0.33)*

15–19 years 1012.72(671.66 to 1452.26) 0.13 (0.07 to 0.20)* 1678.92 (1119.40 to 2347.28) 0.14 (0.08 to 0.20)*
20–24 years 952.47 (604.25 to 1426.09) 0.12 (0.07 to 0.18)* 1610.47 (1012.15 to 2429.49) 0.12 (0.07 to 0.17)*

25–29 years 985.74 (611.65 to 1437.09) 0.16 (0.11 to 0.22)* 1767.49 (1101.81 to 2592.97) 0.15 (0.11 to 0.19)*

30–34 years 890.21(582.09 to 1269.34) 0.20 (0.15 to 0.25)* 1640.39 (1089.91 to 2377.83) 0.25 (0.16 to 0.33)*
35–39 years 885.58 (572.89 to 1251.09) 0.39 (0.32 to 0.45)* 1643.88 (1071.34 to 2351.12) 0.35 (0.28 to 0.42)*

40–44 years 799.77 (498.75 to 1151.46) 0.35 (0.28 to 0.43)* 1503.74 (935.31 to 2168.64) 0.34 (0.29 to 0.39)*

45–49 years 618.99 (394.59 to 879.47) 0.27 (0.21 to 0.33)* 1145.59 (748.29 to 1632.25) 0.30 (0.23 to 0.37)*
50–54 years 546.55 (342.82 to 800.42) 0.33 (0.26 to 0.39)* 1022.17 (625.80 to 1509.67) 0.30 (0.23 to 0.37)*

55–59 years 413.29 (263.54 to 600.48) 0.25 (0.19 to 0.30)* 776.67 (506.35 to 1109.47) 0.34 (0.28 to 0.39)*

60–64 years 280.61 (166.60 to 421.09) 0.20 (0.15 to 0.24)* 496.78 (299.69 to 743.97) 0.30 (0.24 to 0.35)*
65–69 years 207.67 (127.21 to 296.37) 0.16 (0.13 to 0.19)* 372.43 (221.19 to 549.48) 0.25 (0.20 to 0.31)*

70–74 years 185.16 (114.51 to 274.66) 0.16 (0.12 to 0.20)* 342.12 (214.49 to 499.09) 0.28 (0.22 to 0.34)*

75–79 years 199.91 (122.52 to 284.17) 0.14 (0.11 to 0.18)* 385.59 (235.87 to 551.49) 0.27 (0.20 to 0.34)*
80–84 years 198.52 (127.53 to 287.72) 0.06 (0.04 to 0.08)* 391.92 (255.85 to 572.60) 0.30 (0.24 to 0.36)*

85–89 years 150.81 (98.26 to 213.74) 0.02 (0.01 to 0.03)* 262.21 (164.98 to 375.93) 0.23 (0.20 to 0.26)*

90–94 years 83.21 (56.90 to 118.51) −0.02 (−0.03 to −0.01)* 115.60 (77.84 to 165.73) 0.05 (0.03 to 0.06)*

Note: *Indicated the AAPC was significant different from zero at the alpha = 0.05 level. 
Abbreviations: UI, uncertainty interval; ASR, age-standardized rates; AAPC, average annual percent change; CI, confidence interval;
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−0.12%, 95% CI: −0.16 to −0.08) and females (APC = 
−0.09%, 95% CI: −0.12 to −0.05) from 1990 to 2001. 
However, continuously increasing trends of sex-specific 
migraine incidences in China were observed from 2001 
to 2019. The joinpoint regression results of sex-specific 
rates for migraine are presented in Supplementary Table 1.

Age–Period–Cohort Analysis
Using age–period–cohort analysis, we calculated the RRs 
of migraine incidence about net age, period, and cohort 
effects (Table 2). With the period and cohort effects 
unchanged, the highest RRs of migraine incidence due to 
age effects were found in the 10–14 age group, with 1.99 
(95% CI: 1.93 to 2.05) in males and 1.98 (95% CI: 1.93 to 
2.03) in females (Figure 3A), followed by the 25–44 age 
group, and then decreased starting at the 45–50 age group 
in both sexes. The RRs of migraine incidence due to 
period effects showed a mild decrease from 1.08 (95% 
CI: 1.06 to 1.10) in 1994 to 0.93 (95% CI: 0.91 to 0.95) in 
2019 for males and from 1.08 (95% CI: 1.06 to 1.09) in 
1994 to 0.93 (95% CI: 0.92 to 0.95) in 2019 for females 
(Figure 3B). The RRs of migraine incidence for birth 
cohort effects continuously increased from 0.66 (95% CI: 
0.54 to 0.81) in the 1900–1904 cohort to 1.65 (95% CI: 
1.52 to 1.80) in the 2010–2014 cohort for males and from 
0.66 (95% CI: 0.55 to 0.78) in the 1900–1904 cohort to 
1.61 (95% CI: 1.51 to 1.71) in the 2010–2014 cohort for 
females (Figure 3C).

Discussion
This study is the first to explore the secular trends of 
migraine incidence in China from 1990 and 2019 by 
using the age–period–cohort model. Our study showed 
that the estimated rate of migraine incidence in China is 
higher in females than in males. Migraine attacks are more 
severe in females than in males, leading to greater dis
ability and a longer recovery period.20 Although the reason 
for this sex difference in the incidence of migraine is 
complicated and intricate, studies have shown that females 
have greater sensitivity to harmful stimuli, higher pain 
ratings, lower pain thresholds, and tolerance than males. 
In addition, females are more likely to report pain than 
males.21 Moreover, sex difference in migraine incidence 
may be partly attributable to a combination of psycholo
gical, physical, and lifestyle factors.22 In China, females 
are more likely to bear a higher psychological and physical 
burdens than males. For example, females have a higher 
lifetime risk of mental disorders (eg, depression and anxi
ety) than males. These mental disorders are remarkably 
correlated with an increasing risk of migraine.23 

Concerning the physiological factors, females face unique 
periods, such as puberty and menarche, menstruation, 
pregnancy, and menopause during their lifetime. The inci
dence of migraine could be affected by hormonal fluctua
tions during these women-specific biological periods.24–26 

Lifestyle factors also play a crucial role in migraine. For 
instance, dietary sodium intake is significantly associated 
with migraine incidence in females but not in males.27

Figure 1 Age-sex-specific rates of migraine in China in 2019. 
Abbreviation: ASR, age-standardized rates.
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The trends of migraine incidence were constant over time 
in Western countries. A large longitudinal study in Germany 
found no general increase in self-reported migraine incidence 
over a 15-year period.28 A case-control study from the UK 
showed that the migraine incidence rate was 3.69 (95% CI: 
3.66 to 3.73) per 1000 person-years and did not significantly 
change between 1994 and 2001.29 However, results of join
point regression indicated that the incidence rates of migraine 
increased from 1990 to 2019 in China, regardless of sex and 
age group. Migraine is associated with various chronic dis
eases, such as depression, anxiety, epilepsy, and post- 
traumatic stress disorder.30,31 Thus, the increasing trend of 
migraine burden should be paid attention. Although several 
epidemiological studies on migraine have been conducted in 
the past decade, most of them were cross-sectional epide
miological studies in a given population based on 
questionnaires.32–34 Therefore, further longitudinal study on 
the general population is warranted to understand the true 
burden of migraine in China.

The age–period–cohort analysis showed age effects as 
a crucial factor for migraine. Our study deemed that chil
dren and adolescents are a high-risk group of migraine. 
A meta-analysis confirmed the global high burden of 
migraine in children and adolescents with a prevalence 
rate of 7.7%,35 which may be related to the educational 
pattern in Asia. A questionnaire survey in Taiwan revealed 
that the prevalence of migraine is 6.8% in school 

adolescents aged 13–15 years and that students with 
migraine are more likely to manifest absenteeism than 
those with other types of headaches.36 A survey on pedia
tric headaches in Japan suggested that migraine is common 
in school children aged 6–15 years and that the disruption 
of daily activities caused by migraine is higher among 
junior high students than elementary school students.37 In 
China, a 9-year compulsory education is required for chil
dren under 15 years old, of which education model and 
student burden are similar to those in Taiwan and Japan. 
An epidemiological study in Shanghai reported that the 
proportion of migraine varies with age from 13% to 43% 
among children and adolescents and that the highest pro
portions are found at 14–15 years of age.38 Young persons 
in Chinese education programs must take the 11-plus exam 
and face the pressure of entering a higher school and peer 
competition, which may partly contribute to the increased 
incidence of migraine. Thus, parents, schools, and socie
ties should pay attention to children’s mental health and 
reduce their academic burden appropriately. Compared 
with that in the pediatric group, migraine in the 20–44 
age group manifests markedly different. A study indicated 
that alcohol consumption, smoking, and neck pain are the 
primary risk factors of migraine in adults.39 Thus, adults 
should adopt a healthy lifestyle. Moreover, the incidence 
rates in elder people are surprisingly much higher in China 
than in the United States.40 One probable reason is that 

Figure 2 Joinpoint regression analysis in sex-specific age-standardized incidence rates of migraine in China from 1990 to 2019. 
Note: *Indicated the annual percent change is statistically significantly different from zero at the α= 0.05 level. 
Abbreviation: APC, annual percent change.
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Table 2 Sex-Specific Relative Risks of Migraine in China Due to Age, Period, and Cohort Effects

Factor Males Females

RR (95% CI) P value RR (95% CI) P value

Age

5–9 1.08 (1.04 to 1.13) < 0.001 1.15 (1.12 to 1.19) < 0.001
10–14 1.99 (1.93 to 2.05) < 0.001 1.98 (1.93 to 2.03) < 0.001

15–19 1.69 (1.64 to 1.74) < 0.001 1.58 (1.55 to 1.62) < 0.001

20–24 1.68 (1.63 to 1.73) < 0.001 1.62 (1.59 to 1.66) < 0.001
25–29 1.83 (1.78 to 1.89) < 0.001 1.86 (1.82 to 1.91) < 0.001

30–34 1.74 (1.69 to 1.79) < 0.001 1.80 (1.76 to 1.84) < 0.001

35–39 1.79 (1.73 to 1.85) < 0.001 1.88 (1.83 to 1.92) < 0.001
40–44 1.71 (1.65 to 1.77) < 0.001 1.77 (1.73 to 1.82) < 0.001

45–49 1.39 (1.33 to 1.44) < 0.001 1.42 (1.38 to 1.46) < 0.001

50–54 1.28 (1.22 to 1.33) < 0.001 1.32 (1.28 to 1.36) < 0.001
55–59 1.03 (0.98 to 1.07) 0.285 1.04 (1.01 to 1.08) 0.011

60–64 0.72 (0.68 to 0.76) < 0.001 0.71 (0.68 to 0.74) < 0.001

65–69 0.56 (0.53 to 0.59) < 0.001 0.55 (0.52 to 0.57) < 0.001
70–74 0.52 (0.49 to 0.55) < 0.001 0.53 (0.50 to 0.55) < 0.001

75–79 0.58 (0.55 to 0.62) < 0.001 0.62 (0.60 to 0.65) < 0.001

80–84 0.60 (0.57 to 0.64) < 0.001 0.65 (0.62 to 0.68) < 0.001
85–89 0.47 (0.44 to 0.50) < 0.001 0.45 (0.43 to 0.47) < 0.001

90–94 0.27 (0.25 to 0.29) < 0.001 0.21 (0.20 to 0.23) < 0.001

Period
1994 1.08(1.06 to 1.10) <0.001 1.08(1.06 to 1.09) <0.001

1999 1.03(1.01 to 1.05) 0.006 1.02(1.01 to 1.04) 0.001

2004 1.03(1.01 to 1.05) 0.005 1.03(1.01 to 1.04) <0.001
2009 0.99 (0.98 to 1.01) 0.499 1.00 (0.98 to 1.01) 0.643

2014 0.95 (0.93 to 0.97) < 0.001 0.95 (0.94 to 0.97) < 0.001
2019 0.93 (0.91 to 0.95) < 0.001 0.93 (0.92 to 0.95) < 0.001

Cohort

1900–1904 0.66 (0.54 to 0.81) < 0.001 0.66 (0.55 to 0.78) < 0.001
1905–1909 0.69 (0.61 to 0.78) < 0.001 0.67 (0.61 to 0.74) < 0.001

1910–1914 0.71 (0.64 to 0.78) < 0.001 0.69 (0.64 to 0.74) < 0.001

1915–1919 0.72 (0.67 to 0.78) < 0.001 0.72 (0.67 to 0.76) < 0.001
1920–1924 0.74 (0.69 to 0.80) < 0.001 0.75 (0.71 to 0.79) < 0.001

1925–1929 0.77 (0.72 to 0.82) < 0.001 0.78 (0.74 to 0.82) < 0.001

1930–1934 0.80 (0.75 to 0.86) < 0.001 0.82 (0.78 to 0.85) < 0.001
1935–1939 0.83 (0.78 to 0.88) < 0.001 0.84 (0.81 to 0.88) < 0.001

1940–1944 0.86 (0.81 to 0.91) < 0.001 0.88 (0.84 to 0.91) < 0.001

1945–1949 0.90 (0.85 to 0.95) < 0.001 0.92 (0.88 to 0.95) <0.001
1950–1954 0.94 (0.89 to 0.99) 0.012 0.96 (0.92 to 0.99) 0.025

1955–1959 0.98 (0.94 to 1.02) 0.347 1.00 (0.97 to 1.03) 0.942

1960–1964 1.03 (0.99 to 1.07) 0.214 1.04 (1.01 to 1.08) 0.005
1965–1969 1.08 (1.04 to 1.12) < 0.001 1.09 (1.06 to 1.12) < 0.001

1970–1974 1.13 (1.09 to 1.17) < 0.001 1.14 (1.11 to 1.17) < 0.001

1975–1979 1.18 (1.14 to 1.21) < 0.001 1.18 (1.15 to 1.20) < 0.001
1980–1984 1.22 (1.18 to 1.25) < 0.001 1.21 (1.19 to 1.24) < 0.001

1985–1989 1.26 (1.23 to 1.30) < 0.001 1.26 (1.24 to 1.29) < 0.001

1990–1994 1.31 (1.28 to 1.36) < 0.001 1.31 (1.28 to 1.34) < 0.001
1995–1999 1.39 (1.34 to 1.44) < 0.001 1.36 (1.33 to 1.40) < 0.001

2000–2004 1.49 (1.43 to 1.55) < 0.001 1.46 (1.41 to 1.50) < 0.001

2005–2009 1.58 (1.50 to 1.66) < 0.001 1.54 (1.48 to 1.60) < 0.001

(Continued)
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only patients who consulted a doctor were considered as 
migraine cases in the studies from the United States, which 
might underestimate migraine burden because a significant 
portion of patients with migraine do not seek medical 
treatment.41

Concerning birth cohort effects, we revealed that the 
risk of migraine increased with the later birth cohort. 
Although the pathogenesis of migraine is unknown, risk 
factors such as obesity, metabolic syndrome, environmental 

pollution, stressful life events, and head and neck pain have 
been associated with the onset of migraine.42 The later 
people are born, the more susceptible they are to these 
risk factors in early life, leading to a higher incidence of 
migraine. Obesity and metabolic syndrome are long-known 
risk factors for migraine.43 With socioeconomic develop
ment and lifestyle change, the obesity rate and the incidence 
of metabolic syndrome among Chinese people have signifi
cantly increased for the past three decades.44 However, the 

Table 2 (Continued). 

Factor Males Females

RR (95% CI) P value RR (95% CI) P value

2010–2014 1.65 (1.52 to 1.80) < 0.001 1.61 (1.51 to 1.71) < 0.001

Deviance 4.63 6.04

AIC 8.76 9.36
BIC −295.02 −293.62

Notes: RR denotes the relative risk of migraine incidence in a particular age, period, or birth cohort relative to the average level of all age, period, or birth cohort combined. 
Abbreviations: RR, relative risk; CI, confidence interval; AIC, Akaike Information Criterions; BIC, Bayesian Information Criterions.

Figure 3 Relative risks of migraine in China from 1990 to 2019 due to age (A), period (B), and cohort (C) effects.
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mechanisms that link obesity and metabolic syndrome with 
an increased frequency of migraine are poorly understood. 
Moreover, although the Chinese economy has shown 
acquired conspicuous performance since the 1990s, envir
onmental pollution has become increasingly serious during 
this period.45 An association has been established between 
exposure to high levels of air pollution and an increment in 
the number of outpatient and inpatient visits due to 
migraine.46 Similarly, stressful life events such as divorce 
are among risk factors of migraine.47 The crude divorce rate 
in China measured by the number of divorces per 1000 
population has continuously increased from 0.33 in 1979 to 
3.4 in 2019.48 Due to the widespread use of electronic 
products, physical inactivity, and aging, head and neck 
pain is becoming increasingly common in Chinese popula
tion, which may increase the onset of migraine attacks.49 

Until now, most current evidence concerning the risk factors 
of migraine is based on single-center studies with small 
samples. Hence, further multicenter cohort studies with 
large samples are needed to verify the mechanisms of 
these risk factors.

Risks of migraine persistently decline for all popula
tions in period effects. Period effects are usually influ
enced by a complex set of historical events and 
environmental factors, such as public health 
interventions.50 The improvement of China’s medical 
insurance system has provided many people with easy 
access to healthcare, and effective health education and 
other intervention measures have encouraged people to 
voluntarily seek treatment for migraine.1 The importance 
of epidemiological methodologies in the study of the dis
ease burden of headache disorders is increasingly recog
nized. Renewing approaches can enhance our 
understanding of disease origins patterns, etiology, and 
risk factors, thereby improving opportunities for treatment 
and prevention.51 The Global Campaign against Headache 
aims to improve and standardize the methods used in 
cross-sectional studies, the most important of which is to 
develop guidelines for consensus-based methodology.52 

Some changes in migraine incidence may be due to the 
improvements in epidemiological methods used to mea
sure migraine incidence over the last decades. Moreover, 
the huge burden attributable to migraine has motivated 
epidemiological studies to determine the risk factors and 
causes of migraine, some of which may be preventable. 
Smoking is a modifiable risk factor for migraine.53 In 
China, four national tobacco surveys among adults in 
1984–2010 showed that tobacco smoking rates gradually 

decreased in the general population over the past two 
decades.54 The decrease in smoking prevalence could 
explain the decreasing incidence during this period. 
However, the association between environmental tobacco 
exposure and migraine incidence remains controversial. 
Although migraineurs worldwide report smoking as 
a cause of migraine, population-based diary data are extre
mely limited, and controlled trials establishing a causal 
relationship between smoking exposure and migraine 
remain lacking.

Despite GBD filled in the gap in the migraine burden 
of China, several limitations should be acknowledged. 
First, the estimates from GBD may be inconsistent with 
the actual data because of the lack of epidemiological 
survey data in China and the large heterogeneity among 
studies. Although GBD collected as much published and 
unpublished data as possible, the quantity and quality of 
data on migraine remain limited. For example, the occur
rence of migraine at zero before age 5 may produce 
inconsistent results concerning incidences and may impact 
the accuracy of the estimated burden. Second, even though 
the methods used in this study are characterized by 
unbiased, effective, asymptotic, and superior estimation, 
the theoretical basis is complex and the practical signifi
cance of parameter estimation cannot be explained. Third, 
the GBD 2019 database only provided the migraine inci
dence rate and lacked the risk factors that are closely 
related to migraine, such as lifestyle, living environment, 
and educational level. Finally, age–period–cohort analysis 
might lead to ecological fallacies. Hence, based on avail
able information and resource, a scientific hypothesis 
about the causal relationship of temporal trends has been 
supported.

Conclusion
Migraine incidence showed an overall increasing trend from 
1990 to 2019 in China. A significant gender difference was 
found in migraine incidence, which was higher in females 
than in males. Age is a crucial factor of migraine incidence, 
with a high risk among adolescents and youths. Period 
effects showed that the risk of migraine continued to 
decrease over time. In terms of cohort effects, people born 
after the 1960s presented a higher risk of migraine as com
pared with the whole cohort. The risk characteristics and 
disease patterns of migraine warrant further investigation to 
provide early diagnosis, timely interventions, and burden 
reduction for patients with migraine.
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