
Fan et al. The Journal of Headache and Pain          (2023) 24:158  
https://doi.org/10.1186/s10194-023-01692-0

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

The Journal of Headache
                           and Pain

Trends in migraine incidence among women 
of childbearing age from 1990 to 2019 
and the prediction for 2030: an analysis 
of national data in China
Zhuanzhuan Fan1†, Jian Kang2†, Wenting Li1, Zhiyong Wang1, Huifen Qiao3* and Fei Xu1,4* 

Abstract 

Background Migraine is a primary headache, which has been producing heavy disease burden globally. There 
is no data on the incidence of migraine among women of childbearing age worldwide, including China. This study 
aimed to investigate the time trend in incidence rate of migraine among women of childbearing age in China 
from 1999 to 2019, and to make a prediction for 2030.

Methods Data on migraine incidence and population among women of childbearing age in China were derived 
from the Global Burden of Diseases Study 2019. Crude and age-standardized incidence rates of migraine (CIR, ASIR) 
were presented. The trend in migraine during 1990–2019 was examined using annual percent change and average 
annual percent change based on Joinpoint regression models. Age-period-cohort model was introduced to estimate 
the independent effect of age, period and cohort on migraine incidence rate among participants over the three dec-
ades. Bayesian age-period-cohort analysis was conducted to predict migraine incidence rate for 2030 among women 
of childbearing age in China.

Results For women of childbearing age in China, the case number, CIR and ASIR of migraine kept rising, 
with a cumulative percentage increase of 10.87%, 2.01% and 5.65%, respectively, from 1990 to 2019. An annual 
percent increase of 0.18% in the ASIR was observed over the three decades. As for the age, period and cohort effects, 
the adjusted cohort-specific relative risks constantly increased from 0.91 (95% CI: 0.90, 0.93) in the 1940–1949 cohort 
to 1.04 (95% CI: 1.03, 1.05) in the 1995–2004 cohort, while the period-specific relative risks initially declined from 1.00 
(95% CI: 0.99, 1.00) in 1990–1994 cohort to 0.99 (95% CI: 0.98, 0.99) in 1995–1999 cohort, and then increased to 1.04 
(95% CI: 1.03, 1.04) in 2015–2019 cohort. Moreover, the age-specific relative risks of migraine followed a bimodal pat-
tern with peaks at the age-group of 25–29 years (CIR = 1718.27/100000) and 35–39 years (CIR = 1635.18/100000). Pro-
jection modeling showed that the CIR and ASIR of migraine will continue to significantly increase from 2020 to 2030.

Conclusion Migraine incidence remained an increasing trend from 1990 to 2019 and is projected to continually 
increase till 2030 among women of childbearing age in China. This study has important public health implication 
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for population-level migraine prevention in China. Precision intervention strategies and approaches shall be consid-
ered in campaigns initiated for migraine prevention among Chinese women of childbearing age.

Keywords Migraine, Incidence, Women, Childbearing age, Chinese

Background
Migraine is a primary headache, typically character-
ized by recurrent moderate or severe unilateral pulsa-
tile headaches [1]. It has been well documented that 
migraine had a detrimental impact on individual’s phys-
ical and emotional well-beings, including the elevated 
risk of stroke, cardiovascular diseases, anxiety, and 
other mental problems [2–5]. Moreover, migraine may 
also cause economic and social issues such as financial 
costs, reduced educational attainment, impaired aca-
demic performance, and diminished economic produc-
tivity [6, 7].

Migraine has been causing heavy disease burden 
worldwide. About 15% of world population may expe-
rience migraine per year and migraine also ranked the 
second leading cause of disability globally [8, 9]. China 
is one of the most populous countries in the world, with 
an average migraine prevalence of 7.9%—14.3% in adult 
population [10, 11], implying that there were approxi-
mately 0.11 to 0.20 billion adults affected by migraine. 
Due to having the largest population of migraine suf-
ferers, China now bears the most significant health, 
economic and social burden caused by migraine in the 
world [9].

Women, especially those of childbearing age (15–
49  years), than men not only were more vulnerable to 
suffering from migraine but also would need longer 
time to recover from an attack [12, 13]. Furthermore, 
due to extra physiological and psychological demands, 
women of childbearing age tend to experience migraine 
[8, 12] and were more easily to be affected by migraine 
on their career development even compared to those 
women aged 49 + years [14]. Additionally, migraine is 
the leading cause of Disability Adjusted of Life Years 
(DALYs) in women of childbearing age [8], and more-
over menstrual migraine and chronic migraine may 
affect their pregnancy plans [15]. Therefore, it deserves 
to assess the burden caused by migraine among women 
of childbearing age for initiating precision intervention 
campaigns in China.

Previous studies in China documented the preva-
lence of migraine in overall population or medical col-
lege students based on cross-sectional surveys [16–18]. 
However, there is no study reporting migraine preva-
lence, particularly incidence, among Chinese women 
of childbearing age so far. Thus, this study aimed to 
address knowledge gaps by investigating the time trend 

of nationwide migraine incidence rate for the period 
between 1990 and 2019, examining effects of age, 
period and cohort on migraine incidence during the 
study period, and further predicting migraine incidence 
for 2030.

Materails and methods
Data sources
Data on migraine and population analyzed in the pre-
sent study were from The Global Burden of Diseases, 
Injuries, and Risk Factors study 2019 (GBD 2019 study) 
[1, 19, 20], which were freely available from the Global 
Health Data Exchange (https:// ghdx. healt hdata. org/ 
gbd- resul tstool)  (Data Source: Institute for Health Met-
rics and Evaluation. Used with permission. All rights 
reserved.). Details on methodology, statistical approaches 
and metrics of the GBD 2019 study have been reported 
in details elsewhere [1, 19, 20]. In GBD 2019 study, data 
on migraine in China were estimated based on published 
population-based incidence studies [1]. Specific data 
were derived from the GBD database using strategies of 
assigning "China" as the location, "Migraine" as the cause, 
and "Incidence" as the measure [21]. Due to that all infor-
mation had been de-identified and publicly available, eth-
ical approval was exempted for our study.

Participants and variables
Migraine was identified according to the International 
Classification of Headache Disorders,  3rd Edition (ICHD-
3) in the GBD 2019 study. An individual was defined 
as a migraine patient, if she met all the five criteria of 
ICHD-3 classification: 1) at least five attacks that meet-
ing criteria 2–5; 2) each headache attack lasting for 
4–72 h (untreated or treated unsuccessful); 3) headache 
being with at least two of the following four features (a. 
unilateral localization, b. pulsating quality, c. moderate 
or severe pain intensity, and d. aggravation by or caus-
ing avoidance of routine physical activity); 4) during each 
headache attack, at least one of the following symptoms 
experienced (a. nausea and/or vomiting, b. photophobia 
and phonophobia); and 5) not better accounted for by 
another ICHD-3 diagnosis[1]. In this study, migraine was 
coded as G43-G43.919 in the International Classifica-
tion of Diseases, the tenth Revision (ICD-10). Addition-
ally, to ensure comparability to existing studies, aura was 
not considered in this study, as it was usually not assessed 

https://ghdx.healthdata.org/gbd-resultstool
https://ghdx.healthdata.org/gbd-resultstool
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in previous epidemiological investigations regarding 
migraine [1].

For this study, eligible participants were those Chi-
nese women of childbearing age and outcome event 
was migraine case recorded in the GBD dataset during 
the period between 1990 and 2019. Meanwhile, women 
of childbearing age were classified into age-specific cat-
egories with a five-year interval in the analysis: 15–19, 
20–24, 25–29, 30–34, 35–39, 40–44 and 45–49 years.

Outcome measures
Outcome measures were case number, crude incidence 
rate (CIR) and age-standardized incidence rate (ASIR) 
of migraine. And, then, annual percent change (APC) 
and average annual percent change (AAPC) were used 
to examine the temporal trends in the CIR and ASIR of 
migraine.

Statistical analysis
Firstly, descriptive analysis was performed to present 
epidemiological distribution of migraine incidence 
among participants by selected personal character-
istics, using the statistical program R (version 4.1.3) 
with the packages "tidyverse" and "ggplot2". Then, APC 
and AAPC were calculated using Joinpoint Regression 
Program software (version 4.9.0.1, Statistical Research 
and Applications Branch, National Cancer Institute, 
USA) to investigate the temporal trend of migraine 

incidence over the three decades. The hypothesis test 
was implemented to determine whether the AAPC/
APC significantly deviated from zero. APC/AAPC > 0 
means an increasing trend, while APC/AAPC < 0 means 
a decreasing trend during the segment [22].

Next, age-period-cohort model was introduced to 
compute relative risks (RRs) for assessing the effects of 
age, period and cohort on incidence of migraine. The 
model was based on a log-linear model for estimat-
ing the rate with additive effects of age, calendar time 
period and birth cohort, as shown in the following for-
mula [23]:

In this model, µ refers to the intercept term, αi refers 
to the age effects, βj refers to the period effects, and γki 
refers to the cohort.

Finally, Bayesian age-period-cohort model, utilizing 
the R packages "BAPC", was employed to predict the 
case number, CIR, and ASIR of migraine from 2020 to 
2030. In this model, the estimated population of China 
from 2020 to 2030 was also obtained from Global 
Health Data Exchange website (https:// ghdx. healt 

Log�ij = µ+ αi + βj+ γ ki = 1, 2, ..., I

j = 1, 2, ..., J

k = j− i + I

Table 1 Cases and incidence rates of migraine among women of childbearing age in China 1990–2019

a Cases: the number of migraine cases (×  104)
a CIR Crude incidence rate (/100,000)
c ASIR Age-standardized incidence rate (/100,000)

Year Measures Women of childbearing age

Overall 15–19 years 20–24 years 25–29 years 30–34 years 35–39 years 40–44 years 45–49 years

Casesa 493.31 96.33 99.95 90.58 66.58 68.9 44.69 26.28

1990 CIRb 1527.16 1560.67 1544.63 1688.59 1571.88 1559.2 1397.34 1076.09

ASIRc 1505.25 N/A N/A N/A N/A N/A N/A N/A

Casesa 533.77 76.94 75.02 101.65 100.36 77.52 59.11 61.22

1999 CIRb 1491.62 1522.3 1506.57 1677.8 1559.31 1547.97 1400.69 1519.55

ASIRc 1487.64 N/A N/A N/A N/A N/A N/A N/A

Casesa 604.52 78.43 102.79 90.09 79.59 97.97 94.6 61.04

2010 CIRb 1539.59 1580.14 1567.52 1732.72 1614.68 1643.55 1498.47 1142.91

ASIRc 1556.77 N/A N/A N/A N/A N/A N/A N/A

Casesa 546.94 58.83 62.97 96.08 104.66 81.37 74.83 68.2

2019 CIRb 1557.81 1678.92 1610.47 1767.49 1640.39 1643.88 1503.74 1145.59

ASIRc 1590.29 N/A N/A N/A N/A N/A N/A N/A

Change in cases (%) 10.87 -38.93 -37 6.07 57.19 18.1 67.44 159.51

1990–2019 Change in CIR (%) 2.01 7.58 4.26 4.67 4.36 5.43 7.61 6.46

Change in ASIR (%) 5.65 N/A N/A N/A N/A N/A N/A N/A

https://ghdx.healthdata.org/record/ihme-data/global-population-forecasts-2017-2100
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hdata. org/ record/ ihme- data/ global- popul ation- forec 
asts- 2017- 2100, accessed on: April 20, 2023).

Results
Migraine case and incidence between 1990 and 2019
Table  1 presented the case number and incidence rate 
of migraine among women of childbearing age in China 
during 1990 and 2019. Overall, there were 493.31 ×  104 
and 546.94 ×  104 migraine cases in the year of 1990 
and 2019, separately, among women of childbearing 
age in China. Meanwhile, CIR and ASIR were, sepa-
rately, 1527.16/100000 and 1505.25/100000 in 1990, and 
1557.81/100000 and 1590.29/100000 in 2019. Over the 
three decades, a cumulative increase in CIR and ASIR 
were 2.01% and 5.65%, respectively, among the study 
women. Interestingly, the highest crude incidence rate 
of migraine was observed in women aged 25–29  years 
across the three decades, although the change in CIR 
of migraine was not the highest for women within this 
age-group.

The temporal trend in migraine incidence over the three 
decades
Table 2 showed the temporal trend in migraine incidence 
among women of childbearing age in China 1990–2019. 
Among the overall participants, five time periods were 
identified and the APC of ASIR was significant for each 
time period, while, on average, the ASIR of migraine 
increased by 0.18% (95%CI: 0.17%, 0.20%) per year dur-
ing the three decades. Additionally, four patterns were 
examined regarding the temporal trend of migraine ASIR 
over the 30  years. The first, a declining trend of ASIR 
was observed in period 1 (1990–1996) with an APC of 
-0.02 (95% CI: -0.05, -0.00), and period 2 (1996–2000) 
with an APC of -0.35 (95% CI: -0.42, -0.29). The sec-
ond, a sharply escalating trend in ASIR was examined 
in period 3 (2000–2005) with an APC of 1.03% (95% 
CI: 0.99, 1.07). The third, a slight decrease in ASIR was 
identified in period 4 (2005–2017) with an APC of -0.03 
(95%CI: -0.04, -0.02). Then, ASIR rose again in period 
5 (2017–2019) with an APC of 1.06 (95%CI: 0.93, 1.20). 
With regard to AAPC of CIR across different age-groups 
of subjects, similar patterns were observed over the three 
decades (Table 3).

The age, period and cohort effects on migraine incidence
Figure 1 displayed the age, period and cohort effects on 
migraine incidence among women of childbearing age 
in China between 1990 and 2019. The net drift was esti-
mated as 0.21% (95% CI: 0.19%, 0.23%) per year among 
overall subjects, while the lowest value for local drift 
(0.12%; 95% CI: 0.09%, 0.15%) was observed significant 

in the group aged 20–24  years (Fig.  1a). With period 
and cohort considered, the age-specific relative risks of 
migraine followed a bimodal pattern with peaks at the 
age-group of 25–29  years (CIR = 1718.27/100000; 95% 
CI: 1709.95/100000, 1726.63/100000) and 35–39  years 
(CIR = 1635.18/100000; 95% CI: 1626.83/100000, 
1643.57/100000) (Fig.  1b). After control for age and 
cohort, the period-specific relative risks initially 
decreased from 1.00 (95% CI: 0.99, 1.00) in the 1990–
1994 cohort to 0.99 (95% CI: 0.98, 0.99) in the 1995–1999 
cohort, and then increased to 1.04 (95% CI: 1.03, 1.04) in 
the 2015–2019 cohort (Fig. 1c). With adjustment for age 
and period, the cohort-specific relative risks of migraine 
increased constantly from 0.91 (95% CI: 0.90, 0.93) in 
the 1940–1949 cohort to 1.04 (95% CI: 1.03, 1.05) in the 
1995–2004 cohort (Fig. 1d).

Migraine incidence projected for 2030
Table  4 demonstrated the cases, CIR and ASIR of 
migraine predicted for 2030 among women of childbear-
ing age in China. It was estimated that CIR and ASIR 
of migraine would rise markedly from 1557.81/100,000 
and 1590.29/100,000 in 2019 to 1719.27/100,000 and 
1790.20/100,000 in 2030, respectively, among overall 
women of childbearing age in China, although the num-
ber of migraine cases would decline from 546.94 ×  104 in 
2019 to 522.05 ×  104 in 2030 (Fig. 2). A rising trend is pro-
jected in participants aged 35–39 years and 40–44 years, 
but a declining trend in other age-groups (Fig. 3). Nota-
bly, by 2030, the greatest increase (35.36%) in the num-
ber of migraine cases would be observed in women aged 
40–44  years. Similarly, the CIR of migraine would rap-
idly increase across all age-groups from 2019 to 2030. In 
2030, the highest CIR of migraine would boost to 2011.84 
per 100,000 persons for women aged 15 to 19 years, fol-
lowed by those aged 25 to 29  years with 1994.11 per 
100,000 persons (Fig. 4).

Discussion
This study using the entire national data aimed to inves-
tigate migraine incidence and its trend among women of 
childbearing age over three decades from 1990 to 2019, 
and to make a prediction of migraine incidence to the 
next decade in China. It was observed that, from 1990 
to 2019, there was an increasing trend in all migraine 
cases, CIR and ASIR among overall study population. 
Moreover, although the number of migraine cases is pre-
dicted to decrease from 2020 to 2030, the CIR and ASIR 
of migraine will remain rapidly rising among women of 
childbearing age in China. Additionally, the predicted 
CIR of migraine will be higher among women aged 
15–29  years than that for their counterparts of other 

https://ghdx.healthdata.org/record/ihme-data/global-population-forecasts-2017-2100
https://ghdx.healthdata.org/record/ihme-data/global-population-forecasts-2017-2100
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Table 2 Temporal trends in migraine incidence rate among women of childbearing age in China 1990–2019a

Measures Age groups of 
participants

Time periods identified Temporal trend

APCb AAPCd

% 95%CIc P value % 95% CI P value

ASIR Overall Period1 1990–1996 -0.02 (-0.05, -0.00) 0.05

Period2 1996–2000 -0.35 (-0.42, -0.29)  < 0.001

Period3 2000–2005 1.03 (0.99, 1.07)  < 0.001 0.18 (0.17, 0.20)  < 0.001

Period4 2005–2017 -0.03 (-0.04, -0.02)  < 0.001

Period5 2017–2019 1.06 (0.93, 1.20)  < 0.001

CIR Period1 1990–1995 -0.13 (-0.17, -0.08)  < 0.001

Period2 1995–2000 -0.47 (-0.52, -0.41)  < 0.001

Overall Period3 2000–2005 1.04 (0.98, 1.09)  < 0.001

Period4 2005–2012 -0.27 (-0.30, -0.24)  < 0.001 0.06 (0.04, 0.08)  < 0.001

Period5 2012–2017 -0.01 (-0.07, 0.05) 0.71

Period6 2017–2019 0.79 (0.62, 0.97)  < 0.001

Period1 1990–1996 -0.04 (-0.11, 0.03) 0.25

Period2 1996–2000 -0.77 (-0.97, -0.56)  < 0.001

15–19 years Period3 2000–2004 1.25 (1.05, 1.46)  < 0.001 0.24 (0.19, 0.28)  < 0.001

Period4 2004–2017 -0.05 (-0.08, -0.03)  < 0.001

Period5 2017–2019 2.98 (2.56, 3.40)  < 0.001

Period1 1990–1996 -0.05 (-0.08, -0.02) 0.01

Period2 1996–2000 -0.73 (-0.82, -0.65)  < 0.001

20–24 years Period3 2000–2005 0.88 (0.83, 0.94)  < 0.001 0.13 (0.12, 0.15)  < 0.001

Period4 2005–2017 0.02 (0.004, 0.03) 0.01

Period5 2017–2019 1.25 (1.08, 1.44)  < 0.001

Period1 1990–1996 -0.02 (-0.03, -0.004) 0.02

Period2 1996–2000 -0.19 (-0.23, -0.15)  < 0.001

25–29 years Period3 2000–2005 0.92 (0.89, 0.94)  < 0.001

Period4 2005–2009 -0.26 (-0.30, -0.22)  < 0.001 0.15 (0.14, 0.16)  < 0.001

Period5 2009–2017 -0.02 (-0.03, -0.01) 0.001

Period6 2017–2019 0.97 (0.89, 1.05)  < 0.001

Period1 1900–1996 -0.02 (-0.04, -0.01) 0.01

Period2 1996–2000 -0.25 (-0.29, -0.20)  < 0.001

30–34 years Period3 2000–2005 1.08 (1.05, 1.11)  < 0.001

Period4 2005–2009 -0.37 (-0.42, -0.33)  < 0.001 0.14 (0.13, 0.15)  < 0.001

Period5 2009–2017 -0.02 (-0.03, -0.01) 0.01

Period6 2017–2019 0.77 (0.67, 0.87)  < 0.001

Period1 1990–1996 0.001 (-0.01, 0.02) 0.94

Period2 1996–2000 -0.27 (-0.31, -0.23)  < 0.001

35–39 years Period3 2000–2005 1.04 (1.01, 1.06)  < 0.001 0.18 (0.17, 0.19)  < 0.001

Period4 2005–2009 0.29 (0.25, 0.33)  < 0.001

Period5 2009–2019 0.01 (-0.001, 0.01) 0.1

Period1 1990–1998 0.01 (-0.02, 0.03) 0.58

Period2 1998–2001 0.26 (0.07, 0.45) 0.01

40–44 years Period3 2001–2004 1.43 (1.24, 1.62)  < 0.001 0.25 (0.22, 0.28)  < 0.001

Period4 2004–2008 0.44 (0.35, 0.54)  < 0.001

Period5 2008–2019 0.03 (0.02, 0.04)  < 0.001

Period1 1990–2001 -0.01 (-0.04, 0.02) 0.34

45–49 years Period2 2001–2004 2.2 (1.74, 2.66)  < 0.001 0.21 (0.16, 0.25)  < 0.001

Period3 2004–2019 -0.03 (-0.05, -0.01) 0.01

a Temporal trends of migraine incidence were analyzed using joinpoint regression models
b APC Annual percent change
c CI Confidence interval
# AAPC Average annual percent change
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ages, with the highest among women aged 15–19 years in 
the year of 2030.

The trend in migraine cases and ASIR examined in our 
study was in line with that observed among not only the 
general Chinese population [16] but also the global popu-
lation [24]. Migraine is a physiological and psychologi-
cal problem associated with some environmental, social, 
behavioral, physical and psychological factors, including 
air pollution [25], unexpected body weight status [26], 
frequent use of electronic products [27], physical inactiv-
ity [28], anxiety/stress[29] and sleep disorders [30]. These 
influencing factors of migraine were shared by people 
worldwide, which might, at least partially, explain the 
consistent findings regarding migraine cases and ASIR 
between our study and the previous investigations. How-
ever, the trend of migraine CIR in this study was inconsist-
ent with that observed in the general population in China 

[16]. This may be due to that the proportion of women 
of childbearing age within the total population of China 
decreased from 26.79% in 1990 to 22.86% in 2020 [31].

The values of CIR and ASIR in women of childbear-
ing age in our study were higher than those in either 
the general population or the overall women in China. 
Such an inconsistency might be attributed to biologi-
cal, emotional state or/and lifestyle factors. From a bio-
logical point of view, it was assumed that sex hormones, 
especially fluctuations in estrogen and progesterone, 
might play a key role in the pathogenesis of migraine 
[12]. Since the pain threshold was lower for women than 
men, women might be more vulnerable to migraine [32]. 
Additionally, stress, lifestyle and behavioral patterns were 
also well-known triggers for migraine [33], and women 
tended to be physically inactive and to experience stress 
due to the complicated pressure from work and family 
life [34].

Another interesting finding in our study was that the 
risk of migraine varied for participants within different 
age-groups from 1990 to 2019. Based on the age-period-
cohort analysis, the highest risk of experiencing migraine 
due to age effect was identified in the group aged 
25–29 years, followed by those aged 35–39 years over the 
past three decades. For females aged 25–29  years, they 
are at the stage of transition from school to work and 
face complex work and social relationships, economic 
pressures, stress and anxiety [35]. Similarly, women aged 
35–39 years may be experiencing the midlife crises, and 
have to play dual roles of working and caring for family 
and children [36]. Under such a situation, they need to 
maintain highly energetic and positive emotional states 
all the time, which may have them to feel tired and/or 
anxious [36].

Moreover, the highest migraine CIR for 2030 is pre-
dicted in young women aged 15–19  years. This may be 
due to the highly competitive pressures faced by Chinese 
children/adolescents and traditional parenting style in 
China [36]. Participants aged 15–19  years have to face 
pressures of curricula study, physical and mental devel-
opment challenges, particularly, during the period of 
puberty and menarche. These individuals have to do their 
best to obtain excellent academic performance as possi-
ble under a highly competitive situation, and, meanwhile, 
to face hormonal fluctuations [37].

In this study, either the birth cohort or period was 
examined to be associated with incidence of migraine. 
The relative risk for cohort effect increased monotoni-
cally from the 1940–1949 birth cohorts to the 1995–2004 
cohorts. There are several factors that may contribute 
to the cohort effect on migraine incidence. It has been 
examined that environmental pollution, stress, physical 
inactivity, overuse of medications and electronic devices 

Table 3 Estimated age, period and cohort effects of migraine 
among women of childbearing age in China 1990–2019

a Net drift: the overall annual percent change
b Local drift: Age group-specific annual percent change (%)

Factors Net  drifta, % per year Local  driftb RR(95%CI)

Overall 0.21(0.19,0.23)

Age

 15 to 19 0.15(0.10,0.19) 0.90(0.90,0.91)

 20 to 24 0.12(0.09,0.15) 0.90(0.89,0.91)

 25 to 29 0.14(0.12,0.17) 1.00

 30 to 34 0.18(0.15,0.20) 0.94(0.94,0.94)

 35 to 39 0.24(0.21,0.27) 0.95(0.95,0.96)

 40 to 44 0.32(0.28,0.35) 0.88(0.87,0.88)

 45 to 49 0.34(0.29,0.39) 0.68(0.68,0.69)

Period

 1990 to 1994 1.00(0.99,1.00)

 1995 to 1999 0.99(0.98,0.99)

 2000 to 2004 1.00

 2005 to 2009 1.03(1.03,1.04)

 2010 to 2014 1.03(1.03,1.04)

 2015 to 2019 1.04(1.03,1.04)

Cohort

 1940 to 1949 0.91(0.90,0.93)

 1945 to 1954 0.92(0.91,0.93)

 1950 to 1959 0.94(0.94,0.95)

 1955 to 1964 0.96(0.960.97)

 1960 to 1969 0.98(0.97,0.98)

 1965 to 1974 0.99(0.98,0.99)

 1970 to 1979 1.00

 1975 to 1984 1.00(1.00,1.01)

 1980 to 1989 1.01(1.00,1.01)

 1985 to 1994 1.01(1.01,1.02)

 1990 to 1999 1.02(1.01,1.03)

 1995 to 2004 1.04(1.03,1.05)
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Fig. 1 Relative risks of the incidence of Migraine in China from 1990 to 2019 due to effects of age, period, and cohort. a Net drifts (horizontal lines) 
and local drifts (curves). b Longitudinal age curves of migraine incidence in China. c Period effects on Migraine, with period 2000–2004 (median 
2002) as reference period. d Cohort effects on Migraine, with cohort born in 1970–1979 (median 1975) as reference birth cohort

Table 4 Cases and incidence rate of migraine predicted for 2030 among women of childbearing age in China

a Cases: the number of migraine cases (×  104)
b CIR Crude incidence rate (/100,000)
c ASIR Age-standardized incidence rate (/100,000)

Year Measures Women of childbearing age

Overall 15–19 years 20–24 years 25–29 years 30–34 years 35–39 years 40–44 years 45–49 years

Casesa 522.05 68.34 61.5 67.21 68.15 90.76 101.29 67.92

2030 CIRb 1719.27 2011.84 1892.28 1994.11 1796.14 1799.97 1644.08 1269.69

ASIRc 1790.2 N/A N/A N/A N/A N/A N/A N/A

Change in number (%) -4.55 16.17 -2.33 -30.05 -34.88 11.54 35.36 -0.41

2020–2030 Change in CIR (%) 10.36 19.83 17.5 12.82 9.49 9.5 9.33 10.83

Change in ASIR (%) 12.57 N/A N/A N/A N/A N/A N/A N/A
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Fig. 2 Forecast of Migraine ASIR (per 100,000) from 2020–2030 through Age-Period-Cohort Analysis

Fig. 3 Trends in number of incidence migraine cases of migraine by age group from 1990 to 2030
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are all in negative relation to migraine [29, 32]. In recent 
years, due to rapid economic and social development, 
these risk factors of migraine have been becoming more 
prevalent in China [38, 39]. Thus, compared to earlier-
born participants, later-born subjects are more likely to 
be exposed to these risk factors. Consequently, coupled 
with the cumulative effect of time, people born later tend 
to suffer from migraine.

Moreover, the period-specific relative risk contin-
ued increasing over the 30  years except for the period 
of 1994–1999. This might be explained by the following 
two reasons. On the one hand, more risk factors associ-
ated with migraine emerged in the century in China, e.g., 
negative life events (SARS endemic, earthquakes, etc.), 
social competition, and unhealthy behaviors and/or life-
styles (staying up late, lack of exercise, addiction to elec-
tronic products, etc.) [16], which might increase the risk 
for residents to experience migraine. On the other hand, 

with the rapid development of medical technology and 
elevated health consciousness of participants, the identi-
fication rate of migraine might be consequently improved 
[40].

Additionally, a constantly increasing trend was pre-
dicted in CIR and ASIR of migraine in the next decade 
from 2020 to 2030, while the number of migraine cases 
was projected to decrease by 4.55% over the same period. 
This may be due to the changes in Chinese population 
structure in the next 10  years. China has been under a 
way to rapidly-aging society. It has been estimated that 
the proportion of residents aged 65 + years will increase 
from 12.06% in 2020 to 18.21% in 2030 [41]. Contra-
rily, the proportion of women of childbearing age will 
decrease in the next decade in China [42].

For women of childbearing age in China, the burden 
caused by migraine was very heavy during 1990 and 1999 
and such a situation would remain for 2030. Meanwhile, 

Fig. 4 Trends in crude incidence rates of migraine by age group from 1990 to 2030
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women within this age-group tends to experience 
migraine due to complicated biological (e.g., female sex 
hormone fluctuation), emotional (e.g., anxiety, depres-
sion), lifestyle factors (e.g., sleep) or/and social factors 
(e.g., career competitiveness, family and child care) [12, 
32–36]. Moreover, women of childbearing age also play 
critical and multiple roles not only in a society but also 
in each single family. The health state of each woman of 
childbearing age is really crucial for herself, her family 
and the society. Therefore, it is of particular importance 
and urgent necessity to initiate precision interventions 
on migraine among women of childbearing age in China.

Strengths and limitations
This is the first study to comprehensively assess the inci-
dence of and trend in migraine among women of child-
bearing age over a 30-year period using nationwide data 
in China. There were several strengths in this study. First, 
the definition and identification approach of migraine 
were adopted from those in GBD, which warranted the 
data regarding migraine were comparable across GBD-
related studies [22]. Second, participants were the vul-
nerable sub-population for this disease, nationwide 
women of childbearing age. Third, the trend in migraine 
incidence over the past three decades was examined and 
a prediction for the next 10 years was projected. The last, 
the effects of age, period, and cohort on migraine inci-
dence from a historical epidemiological perspective were 
estimated using the APC model among participants in 
the study.

However, limitations are also worthy of attention. 
Firstly, the definition and identification of migraine in 
our study were directly derived from GBD study, imply-
ing that the potential bias in GBD study also existed in 
our study [1, 19]. Secondly, very few influencing factors 
were included in GBD study, which did not allow us 
further identifying more factors in relation to the trend 
in migraine over the 30 years. Thirdly, data on migraine 
incidence were available only at national level, thus we 
had to just present the nationwide trend in migraine 
incidence. In future, well-designed population-level 
epidemiological surveys are encouraged to collect 
data on migraine, including its risk factors and partici-
pant’s personal characteristics, from a representative 
population.

Conclusions
In conclusion, an increasing trend in migraine inci-
dence has been observed from 1990 to 2019 and the 
migraine incidence will remain this elevating trend for 

2030 among women of childbearing age in China. Par-
ticipants’ age, period and birth cohort all contribute 
to the occurrence of migraine. This study has impor-
tant public health implications for population-level 
migraine prevention in China. Precision intervention 
strategies and approaches shall be considered in cam-
paigns initiated for migraine prevention among women 
of childbearing age.
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