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Abstract

Introduction
In 2019, migraine affected an estimated 1.1 billion people worldwide. Despite its prevalence, 
epidemiological trends and demographic disparities in Brazil remain unclear, particularly regarding 
hospitalizations for migraine and other headache syndromes (MAOHS).
Objectives
To analyze temporal trends in hospitalization rates for MAOHS across different age groups and sexes 
in Brazil from 2010 to 2023.
Methods
This ecological time-series study (2010-2023) utilized data from the Hospital Information System (ICD-
10: G43 and G44) and the Brazilian Institute of Geography and Statistics (IBGE). Hospitalization rates 
were calculated per 100,000 inhabitants and analyzed across five age groups and by sex. Python was 
used for statistical analysis.
Results
During the study period, 120,306 hospitalizations due to MAOHS were recorded. A significant 
increasing trend was found in total hospitalizations (APC=5%; CI: 2.9–7.2). All age groups showed 
rising trends (p<0.01), notably the advanced elderly (APC=7.4%; CI: 5.2–9.7). All groups satisfied the 
normality assumption. ANOVA indicated differences among age groups (p<0.001); Tukey’s post-hoc 
showed children had significantly lower rates (p<0.001). Both sexes showed a similar APC (~5%) in 
hospitalization rates. Normality and homogeneity of variances was confirmed. The Student’s t-test 
revealed a significant difference between sexes (p<0.001; t=6.22), with females exhibiting a higher 
mean hospitalization rate than males (mean difference=2.45).
Conclusion
MAOHS hospitalizations are increasing in Brazil, especially among elderly and female populations, 
highlighting the need for targeted healthcare strategies.
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Introduction

Headaches are among the main reasons for seeking neurol-
ogists and one of the most frequently reported symptoms to 

primary care physicians, characterized by pain in the head re-
gion that varies in intensity, duration, and associated manifesta-
tions (1). They can be classified into two major groups: primary 
headaches, which do not have an identifiable structural cause, 
and secondary headaches, which are related to other underlying 
medical conditions (2,3). Among primary headaches, migraine, 
tension-type headache and cluster headache (2).

Migraine is a complex neurological disorder characterized by 
episodes of throbbing, recurrent, and disabling headache, usually 
unilateral, which can range from moderate to severe intensity, and 
is associated with various symptoms such as photophobia, pho-
nophobia, vomiting, and nausea (4). In 2009, Migraine, the most 
prevalent headache disorder in Brazil (5). In 2019, migraine affect-
ed more than one billion people worldwide, with an average an-
nual prevalence of 15.8% in the Brazilian population, being more 
common among women aged 35 to 40 years  (1,4). Furthermore, 
migraine was the second leading cause of years lived with disabili-
ty in 2016, surpassing other neurological conditions (6).

Despite its prevalence, epidemiological trends and demographic 
disparities related to hospitalizations for migraine and other head-
ache syndromes (MAOHS) in Brazil remain poorly explored. Un-
derstanding these trends and the patient profile is essential for 
the development of public health strategies aimed at prevention, 
early diagnosis, and management of these conditions, especially 
among more susceptible populations. Then, this study aims to ana-
lyze temporal trends in hospitalization rates for MAOHS in Brazil 
between 2010 and 2023.

Methods
Study Design

This ecological time-series study analyzed data from 2010 to 
2023. The temporal dimension was examined by year, with addi-
tional stratification by age groups and sex.

Data source and definitions

Data were obtained from the Hospital Information System of the 
Brazilian Unified Health System (SUS) for hospitalizations related 
to migraine (ICD-10: G43) and other headache syndromes (ICD-
10: G44), through the identifier: “Enxaqueca e outras síndromes 
de algias cefálicos” on TABNET. Population estimates were ac-
quired from the Brazilian Institute of Geography and Statistics 
(IBGE) to calculate hospitalization rates.

To estimate the Hospitalization rates related to MAOHS, 
we divided the number of hospitalizations by the resident 
population. The values are presented in terms of cases per 
100,000 people.

Analyses were conducted at three levels: a) national aggregate 
totals; b) rates stratified across five age groups: children (≤19 
years), young adults (20-39 years), middle-aged adults (40-
59 years), elderly (60-79 years), and advanced elderly (≥80 
years); and c) rates stratified by sex (male and female) without 
age grouping.

Statistical Analysis

We conducted multiple statistical analyses to comprehensively 
evaluate temporal trends and demographic patterns.

To analyze trends in hospitalization rates over the 14-year study 
period, were employed the calculus of Annual Percentage 
Change (APC) (7,8) with 95% confidence intervals, from the lin-
ear regression model, to quantify the magnitude and direction 
of trends for each age group and sex category. The APC ap-
proach was selected to enable equitable comparison of relative 
trends across strata with varying baseline rates. Unlike absolute 
measures from linear regression, APC employs a log-linear mod-
el where the exponential transformation of the slope coefficient 
yields the annual percentage change, providing a standardized 
metric particularly suitable for comparing trends across age 
groups with different hospitalization rates. Additionally, the over-
all percent change was calculated to quantify the total percent-
age variation over the entire 14-year period.

For demographic comparisons, we first verified data normal-
ity using the Shapiro-Wilk test (9) and assessed homogeneity 
of variances with Levene's (10) test before applying Student's 
t-test (11) to compare hospitalization rates between males and 
females. Age group analysis involved One-way Analysis of 
Variance (ANOVA) (12) with post-hoc Tukey's test to identify sig-
nificant differences in hospitalization rates among the five age 
groups, after confirming the assumption of normality. In addition, 
box plots were constructed to illustrate the distribution of results 
across different age groups and between sexes.

The Python version 3.12.3 was used for statistical analysis, with 
the libraries stats models (13), scipy (14), scikit-posthocs (15). All 
statistical tests were considered significant p<0.05.

Results
One hundred and twenty thousand three hundred and six hos-
pitalizations attributable to MAOHS in Brazil were documented 
between 2010 and 2023. As illustrated in Figure 1, age-stratified 
hospitalization rates exhibited distinct temporal trajectories, with 
increasing observed across all demographic cohorts.
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Rate per 100,00 APC results Change (%)

2010 2023 APC APC CI95% R2 p-value

Total 2.7 5.6 5.0 2.9 – 7.2 0.7 <0.001 107.9

Children 1.3 3.8 5.6 2.8 – 8.5 0.61 <0.001 193.9

Young adults 3.2 6.1 4.5 2.2 – 6.7 0.62 <0.001 94.3

Middle-aged 3.8 6.3 4.1 2.2 – 6.0 0.66 <0.001 67.7

Elderly 3.3 5.9 5.1 2.8 – 7.4 0.68 <0.001 80.2

Advanced elderly 2.7 7.3 7.4 5.2 – 9.7 0.82 <0.001 170.5

Nationally, the overall hospitalization rate demonstrated a 
significant upward trajectory, with an APC of 5.0% (95% CI: 
2.9–7.2%; p<0.001). Stratified analyses are shown in Table 1. 
What stands out in the table is the heterogeneous yet statistically 
significant increases in all age groups (p<0.01), with the most 

Figure 1. Temporal Evolution of Hospitalization rates related to MAOHS in Brazil, 2010–2023.

APC: Annual Percentage Change. CI: confidence interval

Table 1. Trend of Hospitalization Rates for MAOHS (2010–2023) in Brazil by age groups

pronounced escalation occurring among the advanced elderly 
population (APC=7.4%; CI: 5.2–9.7%). Younger age groups 
exhibited comparatively moderate growth, including children 
(APC=5.6%; CI: 2.8–8.5%) and young adults (APC=4.5%; CI: 
2.3–6.7%).
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Normality assumptions for parametric testing were validated 
across all cohorts (Shapiro-Wilk p>0.4), and homogeneity of 
variances was confirmed via Levene’s test (p>0.05). The distri-
bution of hospitalization rates across age groups is further visu-
alized in Figure 2, which presents a box plot of MAOHS rates, 

highlighting central tendencies and variability within each cohort. 
Subsequent one-way ANOVA identified significant disparities in 
hospitalization rates among age groups (p<0.001). Tukey post 
hoc showed Pediatric hospitalization rates were significantly low-
er than those of all adult cohorts (p<0.001).

Figure 2. Box Plot of MAOHS Hospitalization Rates by age groups.

Both sexes showed a similar APC (~5%) in hospitalization rates. 
Normality was confirmed for sex-based analysis (p>0.4). Lev-
ene’s test indicated homogeneity of variances (p=0.08). The 

Student’s t-test revealed a significant difference between sexes 
(p<0.001; t=6.22), with females exhibiting a higher mean hos-
pitalization rate than males (mean difference=2.45) (Figure 3).
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Discussion
Our study revealed a significant and sustained increase in hos-
pitalization rates due to MAOHS in Brazil from 2010 to 2023, 
with relevant disparities across age and sex. These findings re-
inforce the growing public health impact of MAOHS and align 
with global trends, while also exposing particularities within the 
Brazilian context.

These findings are consistent with global estimates indicating the 
increasing burden of headache disorders. According to the Glob-
al Burden of Disease (GBD) study 2021, headache disorders 
affected approximately 2.81 billion people globally in 2021, a 
57.2% increase from 1990, with both age-standardized preva-
lence and DALY rates showing gradual increases and remaining 
highly prevalent across all regions (16). Studies in high-income 
countries, such as the United States and United Kingdom, have 
also reported stable or increasing healthcare utilization due to 
headaches, particularly among women and middle-aged adults. 
In contrast, low- and middle-income countries often report un-
derutilization of healthcare services for headache, reflecting bar-
riers in access, diagnosis, and treatment (17,18). Within this global 
context, our results demonstrate that Brazil may be experiencing 
both rising prevalence and increased recognition of headache 
disorders, as evidenced by the sharp increase in hospitalizations 
for MAOHS, especially among vulnerable groups.

Comparative analyses indicate that the increase in hospitalization 
rates for MAOHS in Brazil may outpace trends observed in other 
countries. In the United States, for instance, data from the Nation-
wide Inpatient Sample suggest a relatively stable or modest rise in 
migraine-related admissions from the early 2000s to the 2010s, 
with outpatient management becoming more common (19). Sim-
ilarly, in Europe, studies from England and Germany have re-
ported gradual increases in healthcare utilization for headache, 
though not necessarily in hospitalizations (20). In contrast, Brazil 
showed a markedly sharper increase in hospitalizations between 
2010 and 2023, particularly among vulnerable groups, suggest-
ing either more severe clinical presentations or systemic differenc-
es in healthcare access and delivery. This pattern aligns with GBD 
2021 findings showing that middle-income regions, which would 
include Brazil as part of Tropical Latin America, experienced the 
fastest growth in headache disorder burden globally, significantly 
outpacing high-income regions like North America and suggest-
ing that the burden of headache disorders is shifting toward mid-
dle-income countries (16). These disparities may be influenced by 
differences in health infrastructure, diagnostic coding practices, 
and awareness levels across regions.

In line with previous international research, our study confirmed 
sex-based differences, with women showing significantly higher 
hospitalization rates. This aligns with findings from Lipton et al. 
(2001), who noted that migraine is 2–3 times more prevalent 
in females, possibly due to hormonal fluctuations, psychosocial 
stressors, and pain processing mechanisms (21).

Figure 3. Box Plot of MAOHS Hospitalization Rates by sex.
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One of the most striking findings in our study was the sharp increase 
in hospitalization rates among the advanced elderly (≥80 years) 
with a 170% growth from 2010 to 2023 and the highest annual 
percentage change (APC = 7.42%). This substantial increase is par-
ticularly noteworthy given that headache disorders are underdiag-
nosed and undertreated in older populations, where symptoms 
may be attributed to other comorbidities or dismissed by clinicians 
(22), suggesting that the true burden in this age group may be even 
greater than observed. Additionally, the higher rates in elderly 
populations may be driven by the increasing complexity of chronic 
conditions, polypharmacy, and reduced outpatient care, leading to 
more frequent hospitalizations (23).

While children exhibited the lowest absolute hospitalization rates, 
they also experienced a relative increase of 194%, the largest 
overall percent change among all groups. This may reflect a 
growing awareness of headache disorders among younger pop-
ulations among caregivers and clinicians, improved access to 
diagnostic services, or changes in the pattern of health service 
use. Global data indicate that headache disorders show distinct 
age patterns, with prevalence increasing markedly from adoles-
cence (16), suggesting that early recognition and intervention are 
crucial. However, the overall low rate suggests that many cases 
may still be managed in outpatient settings or underdiagnosed, 
underscoring the need for educational initiatives in primary care.

Our study presents some limitations that must be considered. First, 
the aggregated nature of our data on headache disorders (ICD-
10 G43-G44) prevented disaggregation of trends by specific 
subtypes. Consequently, we could not distinguish the individu-
al contribution of migraine (G43) from other syndromes, such 
as tension-type headache and medication-overuse headache 
(G44). Therefore, the observed trends reflect the composite bur-
den of multiple headache disorders rather than any specific sub-
type. Also, the absence of stratified analyses by Brazilian mac-
ro-regions and spatial distribution patterns limited our ability to 
inform geographically targeted public health strategies.

Furthermore, we used secondary administrative data from the 
Brazilian public health system, which, although valuable for 
large-scale analyses, may suffer from misclassification and un-
derreporting. Diagnoses are not always made by neurologists, 
which can lead to variability in diagnostic accuracy. Additionally, 
not all cases of MAOHS result in hospitalization. Many are treat-
ed in outpatient settings, especially among younger individuals, 
limiting the generalizability of hospitalization data as a proxy for 
disease prevalence.

The APC was estimated using linear regression, a method that as-
sumes a constant trend over time. This may not capture inflection 
points or nonlinear patterns. However, the statistical robustness 
of our results evidenced by significant p-values, normality, and 
homoscedasticity supports the validity of the findings.

Conclusion
MAOHS-related hospitalizations in Brazil have increased signifi-
cantly from 2010 to 2023, with notable disparities by age and 
sex. The sharpest rise was observed among the advanced elderly, 
while children also showed a substantial relative increase. Females 
consistently exhibited higher hospitalization rates than males, de-
spite both sexes showing similar annual percentage growth. These 
trends likely reflect a combination of biological, behavioral, and 
healthcare system factors, with interpretations requiring caution 
due to the inherent limitations of secondary data. Nonetheless, 
the findings underscore a growing public health concern and 
highlight the need for targeted strategies focused on vulnerable 
groups—particularly elderly and female populations—to manage 
and mitigate the burden of MAOHS in Brazil.
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