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Background:Headache burden is not adequately explored in Africa. Here, wemeasured weightedmigraine prev-
alence from community-based studies in Africa.
Methods: PubMed search was employed using terms ‘headache in Africa’ AND/OR ‘migraine in Africa’ for pub-
lished literature from 1970 until January 31, 2014. PRISMA was applied for systematic review. Forest-plot
meta-analysis, inter-study heterogeneity, and odds ratio were used to measure weighted prevalence, inter-
gender, and urban–rural differences. Disability adjusted life years (DALYs) formigraine and other neurologic dis-
orders in Africa were extracted from Global Burden of Diseases (GBD) 2000–2030.
Results: Among 21 community-based studies included (n = 137,277), pooled migraine prevalence was 5.61%
(95% CI 4.61, 6.70; random effects) among general population; while 14.89% (14.06, 15.74; fixed effects)
among student cohorts. Female students had weighted OR of 2.13 (1.34, 3.37; p = 0.0013). Prevalence of mi-
graine was higher among urban population compared to rural settings. Migraine burden is bound to increase
by more than 10% DALYs within the next decade.

Conclusion:Africa has a crude estimate of 56million people suffering frommigraine. By virtue ofmainly afflicting
the younger working-age group, migraine disability has wider socioeconomic implications. Improving early
headachemanagement access points at community-level, training and research at facility-level, and healthy life-
style modification among urban residents can help reduce this costly and disabling chronic progressive health
problem.
© 2014 Elsevier B.V. All rigths reserved.
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Fig. 1. PRISMA12
flowchart used for selection of studies reviewed. Search strategy: AMEDLINE/PubMed searchwas employedusing the following terms, both in keywords andMeSHhead-

ings: ‘headache in Africa’ AND/OR ‘migraine in Africa’. Additional papers were included through reference search relevant tomigraine headache in African countries. We limited to search
from1970 until January 31, 2013 inclusive. Relevant data onmigraine and neurological disorderswas extracted from theWHOGBDhealth statistics and health information systems for the
years 2000, 2002, 2004, 2008, 2015, and 2030 (projections for 2015 and 2030)14 to trace the trend line for migraine burden throughout the 43-year period.

2 Y.W. Woldeamanuel et al. / Journal of the Neurological Sciences 342 (2014) 1–15
1. Introduction

Primary headache disorders are disabling neurological disorders
characterized, beyond the head pain, by a number of sensory distur-
bances [1–3]. Headache disorders are among the most common neuro-
logical disorders worldwide [4]. The 2010 Global Burden of Disease
(GBD) Study revealed that global years lived with disability (YLD)
for migraine and tension types of headache have increased by 40%
since 1990, making primary headache disorders the leading causes of
sequelae1 of up to 35.5% prevalence in both sexes (10.7% in males,
18.8% in females for migraine; 18.9% in males, 22.7% in females for ten-
sion type headache) [4].

In Africa, migraine ranked as the 13th leading cause of YLDs in 2010
[4]. In 2004, migraine on its own accounted for 15% of the continent’s
DALYs2 (Disability Adjusted Life Years) due to neurological disorders [5].
African healthmetrics are largely constructed from facility-based reports;
only a handful of community-based studies are available [6,7]. In 2011, so-
cietal impact of headache information existed only in 6% of African coun-
tries, while economic burden has not been effectively measured to date
[8]. Headaches in Africa are mostly self-treated [8] due to limited avail-
ability of primary care, neurologic consultations, imaging facilities, and re-
lated investigative modalities [8]. The burden of medication overuse
headache (MOH) in Africa has yet to be determined. Health professionals
do not get adequate training to manage headache disorders effectively,
while headache specialists are extremely rare [8]. Besides common pri-
mary headaches like migraine, African headache epidemiology is heavy-
laden with secondary-type headaches, mostly due to tropical
neuroinfections. Sociodemographic characteristics of African settings
comprise of rapidly growing, younger working-age population. By 2040,
Africa will contribute nearly half a billion young people to the global
labor force; this will make the continent to have the highest number of
productive age-group toppling that of China and India [9]. Rapid popula-
tion growth coupledwithunfavorable lifestyle changes and rise of chronic
progressive disorders, in particular primary headaches, can lead to signif-
icant reduction of regional productivity due to accrued disability, and
1 GBD 2010 has a list of 291 diseases and injuries, of which 289 cause disability. 1160
sequelae of these diseases and injuries have been identified. For example, diabetic neurop-
athy is one sequela of diabetes mellitus.

2 DALYs: Disability Adjusted Life Years – a health biometric adopted by the World
HealthOrganization (WHO) tomeasure the burden of a disease by adding the sumof years
of potential life lost due to prematuremortality and the years of productive life lost due to
disability.

Fig. 2. A: Disability-adjusted life years (DALYs) caused by migraine in the WHO African Re-
gion. Data includes migraine burden and projected estimates beginning from the year 2000
up to 2030. Data extracted employed standard DALYs (3% discounting, age weights, and
baseline scenario)14. B: Migraine burden increase rate is higher than that of population
growth rate. Note that urban population growth rate i.e. urbanization is higher than that of
rural16.



Table 1
Description of community-based studies of migraine prevalence in African settings - included in this systematic review and meta-analysis.

Study [First authors and year] Country of origin Sample size Total number
of participants
with migraine

Male to female
ratio of total
participants

Prevalence and 95%
CI of migraine among
Females (%age)

Prevalence and 95%
CI of migraine
among Males (%age)

Overall prevalence
and 95% CI of Migraine
(%age, in both sexes)

eights% (fixed,
andom)

Study setting Time period
of prevalence
study

Method of
headache
diagnosis

1 Osuntokun BO, 1982 [17] Nigeria 903 62 0.91 8.89 (6.32, 11.46) 4.64 (2.65, 6.63) 6.86 (5.30, 8.71) .95, 6.29 Rural Lifetime AHC
2 Levy LM, 1983 [18] Zimbabwe 5028 210 2.63 5.99 (4.74, 7.24) 3.51 (2.91,4.11) 4.18 (3.64, 4.77) .26, 7.03 Rural 1-year AHC
3 Ogunyemi A, 1984 [19] Nigeria 1756 294 2.92 19.87(16.18, 23.56) 15.67 (13.7, 17.64) 16.74 (15.02, 18.57) 5.54, 14.62 University

Students
Lifetime AHC

4 Longe AC, 1989 [20] Nigeria 2925 185 0.99 N/A N/A 6.32 (5.47, 7.27) .06, 6.90 Rural N/A AHC
5 Osuntokun, 1992 [7] Nigeria 18594 985 0.99 5.64 (5.18, 6.10) 5.03 (4.59, 5.47) 5.29 (4.98, 5.63) 8.16, 4.73 Rural Lifetime AHC
6 i Attia Romdhane, 1993 [21] Tunisia 25139 626 N/A N/A N/A 2.49 (2.30, 2.69) 6.31, 7.18 Urban N/A AHC
6 ii Attia Romdhane, 1993 [21] Tunisia 9735 398 N/A N/A N/A 4.08 (3.70, 4.50) 0.19, 7.12 Rural N/A AHC
6 iii Attia Romdhane, 1993 [21] Tunisia 34874 1024 1.06 3.85 (3.56, 4.14) 2.08 (1.87, 2.29) 2.94 (2.77, 3.12) /A 72% Urban N/A AHC
7 Tekle Haimanot, 1995 [6] Ethiopia 15500 465 0.875 4.16 (3.72, 4.6) 1.73 (1.42, 2.04) 3 (2.74, 3.28) 5.14, 4.73 Rural 1-year ICHD-I
8 Matuja, 1995 [22] Tanzania 1540 113 3.74 11.69 (8.2, 15.18) 5.93 (4.60, 7.26) 7.34 (6.09, 8.76) .61, 6.64 Urban 2-year AHC
9 Amayo, 1996 [23] Kenya 711 240 1:1.3 Male:

Female
ratio of
migraine

N/A N/A 33.75 (30.28, 37.36) 0.35, 14.33 Medical
School

6-month ICHD-I

10 Jelsma, 2002 [24] Zimbabwe 805 96 N/A N/A N/A 11.93 (9.76, 14.37) .84, 6.19 Urban N/A AHC
11 Dent, 2004 [25] Tanzania 3351 168 0.78 6.93 (5.78, 8.08) 2.51 (1.71, 3.31) 5.01 (4.29, 5.81) .51, 6.94 Rural 1-year ICHD-I
12 Takele, 2008 [26] Ethiopia 1105 68 1.61 10.21 (7.94, 12.48) 3.67 (1.88, 5.46) 6.15 (4.81, 7.74) .16, 6.44 Urban 1-year ICHD-II
13 Adoukouonu, 2009 [27] Benin 336 38 1.56 18.32 (13.02, 23.62) 6.83 (2.51, 11.15) 11.31 (8.13, 15.19) .89, 13.80 University Lifetime ICHD-II
14 Wahab 2009 [28] Nigeria 1513 145 0.99 10.29 (8.13, 12.45) 8.87 (6.84, 10.9) 9.58 (8.15, 11.18) 2.01, 14.59 University Lifetime ICHD-II
15 Ojini, 2009 [29] Nigeria 376 24 1.41 27.56 (20.55, 34.57) 5.90 (2.79, 9.01) 6.38 (4.13, 9.35) .48, 13.90 Medical

Students
1-year ICHD-II

16 Houinato, 2010 [30] Benin 1113 37 0.57 3.97 (2.53, 5.41) 2.21 (0.78, 3.64) 3.32 (2.35, 4.55) .16, 6.44 Rural Lifetime ICHD-I
17 Winkler, 2010 [31] Tanzania 7412 316 0.98 6.32 (5.54, 7.10) 2.17 (1.70, 2.64) 4.26 (3.81, 4.75) .76, 7.09 Rural 1-year ICHD-I
18 Ofovwe, 2010 [32] Nigeria 1679 226 1.07 18.17 (15.51, 20.83) 9.19 (7.27, 11.11) 13.46 (11.83, 15.09) 4.42, 14.61 Secondary

School
1-year ICHD-II

19 Ezeala-Adikaibe AB 2012 [33] Nigeria 500 90 N/A N/A N/A 18 (14.63, 21.37) .28, 14.12 Medical
Students

1-year ICHD-II

20 Gelaye, 2013 [34] Ethiopia 2151 212 1.52 14.29 (11.94, 16.64) 6.94 (5.56, 8.32) 9.86 (8.60, 11.12) .25, 6.79 Urban Lifetime ICHD-II
21 Mengistu, 2013 [35] Ethiopia 231 23 1.06 10.71 (4.98, 16.44) 9.24 (4.04, 14.44) 9.96 (6.10, 13.82) .24, 4.57 Urban 1-year ICHD-II

Extracted data presented in this table include first authors, year of study, country of origin, total number of participants, total number of participants with migraine, male-to-female atio of total sample, prevalence and 95% CI of migraine among
females, among males, and in both sexes, weighted-effect (fixed, random), study setting, period of prevalence, andmethod of headache diagnosis. Light blue shades represent the stude t cohort studies included inmeta-analysis. Light red shades rep-
resent rural studies included in meta-analysis. White shades represent urban studies included in meta-analysis. The study by Attia Romdhane et al. [21], reported data from both urba and rural populations and these are reported separately in the
current meta-analysis study. AHC: Ad-Hoc Criteria. ICHD: International Classification of Headache Disorders. NA: not available.
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Fig. 3. Proportion and uncertainty intervals of DALYs caused bymigraine among neurological disorders in Africa. Regional data extracted includemigraine and neurological disorders bur-
den and projected estimates beginning from the year 2008 up to 203014. Data extracted employed standardDALYs (3% discounting, ageweights, and baseline scenario)14. Random-effects
(DerSimonian-Laird13) meta-analysis forest plot for proportion of migraine as of neurological disorders in the African setting.
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higher levels of absenteeism and presenteeism in the workplace and/or
school. Clinical and societal burden of migraine is worsened by high
healthcare costs alike [10,11].
2. Methods

In this study, the authors conducted a systematic review of
community-based studies from January 1, 1970 to January 31, 2014 in-
clusive, followed by meta-analysis to give accurate overview of pooled
prevalence of migraine in the African setting. A stratified analysis was
performed to study potential confounders and effect modification for
reduction of multicausality within the outcome of our primary interest
i.e. migraine prevalence; this allowed data comparison along gender-
stratification, rural versus urban study setting, student cohort versus
general population, and lifetime versus one-year prevalence strata.
This study has given more focus to migraine due to paucity of studies
on other types of headaches. The authors also made careful measure-
ment of the weight of headache disorders on neurological burden in
Africa. Available data from this region included DALYs and YLDs of mi-
graineheadache fromGBD2000, 2002, 2004, 2008, 2015, and 2030. Fea-
sible intervention plans for lifting the increasing burden of headache in
the African setting are further discussed. Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [12] guidelines
were followed (Fig. 1).
3. Inclusion and exclusion criteria

Community-based studies which reported overall prevalence rates
of migraine were included within the meta-analysis, so that prevalence
and 95% confidence intervals [CI] can be computed. Studies that report-
edmigraine burden among specific cohorts of high school and universi-
ty students were further included and separately analyzed to study the
weighted prevalence ofmigraine among these students. Studies that re-
ported migraine prevalence from countries outside Africa were exclud-
ed. Twenty-one studies were included for meta-analysis – seven of
which were from student cohorts [Fig. 1]. Studies on non-migrainous
headaches were excluded from systematic analysis.
4. Data extraction

Relevant data extracted from each selected paper were compiled as
shown in Table 1. Detailed extracted information includes the follow-
ing: first author, year of publication, country of origin, sample size,
total number of participants with migraine, male to female ratio of
total participants, prevalence of migraine among females, prevalence
of migraine among males, overall prevalence of migraine in both
sexes, study setting, study period, study design, total number of partic-
ipants in the study, overall prevalence of migraine, overall prevalence of
other types of headache, and method of headache diagnosis.

5. Statistical analysis

StatsDirect v2.7.9 was used to analyze the results, develop pooled
prevalence rates and prepare forest plots, in an effort to provide
population-based burden-of-migraine results. Combined pooled preva-
lence rates and 95% CIs were generated using both fixed- (inverse
variance weighting) and random-effects (DerSimonian-Laird [13])
meta-analysis models. Heterogeneity comparisons were made among
rural–urban, intra-urban, and intra-rural study settings.

DALYswere used to extract population-based burdenmeasure formi-
graine and other neurologic disorders. Regional WHO African data and
projected estimations of standard DALYs (3% discounting, age weights,
and baseline scenario) from GBD 2000, 2002, 2004, 2008, 2015, and
2030 [14] were extracted from the WHO dataset. Available data for
DALYs of all neurological disorders included those caused by migraine
and the following seven neurological disorders – namely epilepsy,
Alzheimer and other dementias, Parkinson disease,multiple sclerosis, pri-
mary insomnia, mental retardation, and cerebrovascular disease. Propor-
tion and 95% CI (uncertainty interval) of DALYs being caused bymigraine
in each year was computed as: [(DALYs of migraine) ÷ (DALYs of non-
migraine neurological disorders + DALYs of migraine)]. Proportion and
CIs were selected as they offer burden measurement with precision
level metric to study the results from the different study time-points;
overall pooled proportion and 95% CIs were similarly developed using
both fixed- (inverse variance weighting [15]) and random-effects
(DerSimonian-Laird [13]) meta-analysis model. Inter-year homogeneity
was computed to study for consistency of measurement during the

image of Fig.�3


Fig. 4.Migraine prevalence in general population (excluding students). A. Random-effects forest plot meta-analysis (DerSimonian-Laird13) revealed general migraine prevalence to be 5.61%
(95% CI 4.61, 6.70). The dark squares on all forest plots indicate precision of the specific study prevalence; larger dark squares showing higher precision with less uncertainty (narrower confi-
dence) intervals (shownby thehorizontal bar lines). B. Fixed-effect forest plotmeta-analysis (inverse-varianceweighted15) revealed generalmigraineprevalence of 4.01% (95%CI 3.89, 4.13). The
study by Attia Romdhane et al., 199322, reported data from both urban and rural populations and these are reported separately in the current meta-analysis study.
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different time points throughout the forty-three year period. Resultswere
analyzed employing statistical software StatsDirect v2.7.9.

6. Results

Table 1 gives detailed description of extracted data that is relevant
from the 21 community-basedmigraine prevalence studies i.e. present-
ed as first author, year of study, country of origin, total number of
participants, total number of participants withmigraine, male to female
ratio of total participants, migraine prevalence and 95% CI amongmales,
females, and in both sexes, weighted effect-size (fixed-, random-
effects), study setting, method of headache diagnosis, and study period
for prevalence.

Migraine burden is progressively increasing in Africa (Fig. 2A); the
highest rise is projected to happen within the next decade to come;
this is supported by the 15–29% increase rate in migraine DALYs from

image of Fig.�4
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2008–2030. The weight of migraine burden on neurological DALYs is
similarly projected to increase from 4.87% in 2008 to 5.20% in 2030
(Fig. 3). Pooled migraine burden as of neurological disorders was
found to be 5.08% (95% CI 4.86%, 5.31%) using both random effects
(DerSimonian-Laird [13]) and fixed effects (inverse-variance [15])
meta-analysismodels (Fig. 3). In Africa, population-basedmigraine bur-
den increase rate is projected to be higher than the trend in regional
population growth rate. Urban population growth rate, i.e. urbanization,
is expected to happen at faster rate than that of rural population growth
rate [16] (Fig. 2B).

Among14 rural and urban community-based studies included (n=
130,406), random-effect meta-analysis revealed pooled migraine crude
prevalence in the general population to be 5.61% (95% CI 4.61, 6.70)
(Fig. 4). Migraine was more prevalent in females than in males within
both the general population and student cohorts combined, with a
weighted odds ratio of 2.06 (95% CI 1.69, 2.50; p b 0.0001; random-
effects forest plot meta-analysis (Der-Simonian Laird [13]) (Fig. 9). Be-
tween the rural and urban studies, the urban population of both sexes
had higher prevalence [7.60 (3.91, 12.37)] (Fig. 5) compared to that of
the rural [4.75 (3.95, 5.61)] (Fig. 5). Females of both urban and rural res-
idency had a higher prevalence for migraine compared to males of both
urban and rural residency (Figs. 5 and 6), however migraine was more
prevalent in urban females (Fig. 7) compared to rural females (Fig. 6).
Comparison of prevalence between lifetime versus one-year time peri-
od (Fig. 10A–G) revealed closely comparable prevalence.

Community-based studieswhichwere conducted in urban and rural
environment revealed lower migraine prevalence compared to studies
performed in the student population; hence, the latter (n = 6871)
were analyzed separately. Among student cohorts, pooled migraine
prevalence employing random-effect meta-analysis (Der-Simonian
Laird [13]) was found to be 14.95% (95% CI 9.99, 20.67) (Fig. 8). Female
students showed the highest migraine burden with weighted preva-
lence (random-effects, Der-Simonian Laird [13]) of 18.29% (95% CI
13.13, 24.11) (Fig. 5a). Similarly, female-to-male random-effects
weighted OR showed that female students carried highest risk of having
migraine [2.13 (1.34, 3.37; p = 0.0013)].

Table 2 summarizes important results displayed on the forest plots
from Figs. 3–8. Migraine burden sequentially increased in the following
manner:

- rural males [3.03 (1.95, 4.35); Fig. 6A]
- rural population of both sexes [4.75 (3.95, 5.61); Fig. 5A and B]
- urban males [5.14 (2.62, 8.44); Fig. 7A]
- all males of rural, urban, and student cohorts [5.15 (3.81, 6.67);
Fig. 9a and b]

- rural females [5.81 (4.87, 6.83); Fig. 6B]
- urban population of both sexes [7.60 (3.91, 12.37); Fig. 5C and D]
- male students [9.40 (6.24, 13.13); Fig. 8C]
- urban females [9.83 (4.56, 16.82); Fig. 7B]
- all females of rural, urban, and student cohorts [9.83 (8.00, 11.82);
Fig. 9c and d]

- students of both sexes [14.95 (10.00, 20.69); Fig. 8A and B]
- female students [18.29 (13.13, 24.11); Fig. 8D]

7. Discussion

The current study demonstrated for the first time, thatmigraine bur-
den in Africa is projected to increase by more than 10% within the next
decade, with persistent weight on neurological burden. By virtue of its
chronification, increased morbidity and accrued disability, migraine re-
sults in higher amount of YLDs and DALYs. In 2010, migraine alone
Fig. 5.Migraine prevalence in urban and rural population. A. Random-effects forest plot meta-
both sexes to be 4.74% (95% CI 3.95, 5.61). B. Fixed-effects forest plot meta-analysis (inverse-v
to be 4.34% (95% CI 4.19, 4.50). C. Random-effects forest plot meta-analysis (Der-Simonian La
(95% CI 3.91, 12.37).
ranked as 8thmost common cause of YLDs [4]. Considering Africa’s cur-
rent rapidly growing total population to be over 1 billion [16], a crude
pooled migraine prevalence of 5.61% can roughly estimate 56 million
active migraine sufferers in the region; this needs to be stratum-
adjusted to known demographic predictors of specific age-groups, gen-
der, study setting, and variability of diagnostic method – as elucidated
by the modest combinability among the different studies. During the
last 50 years, urbanization rate in Africa has nearly tripled, from 14.4%
in 1950 to 39.2% in 2010 [16]; this coupled with the region’s higher ad-
olescent and youth demographics makes migraine an important public
health problem. Among the studies included within this meta-analysis,
urban–rural heterogeneity manifestedmore evidently than intra-urban
and intra-rural heterogeneity – reflected by higher burden among
urban inhabitants. However, it remains difficult to rule out the possibil-
ity of lower self-report recall rates, differing cultural pain presentation,
lower headache awareness, and other more pressing public health
problems than headache which make headache burden measurement
more difficult.

Some community-based studies in North America have shown
higher migraine prevalence among Caucasians as compared to
African- and Asian-Americans [36,37]; similar to ethnicity prevalence
differences in England, UK [38]. Gender-specific prevalence follows
what has been previously reported by various studies – reminding
that females are at increased risk. Of all comparisons made within this
meta-analysis, the highest risk for migraine prevalence was found
among high school and university female students. This variance is like-
ly to reflect hormonal changes that occur in adolescent females and dif-
ferent level of coping with stress e.g. to academic performance – since
stress is a known migraine trigger. Female brains have lower threshold
for cortical spreading depression (CSD) which accompanies migraine
attacks [39]. Migraine prevalence has been found to be consistently
high among female students in other studies from non-African regions
[40–42]. Unhealthy lifestyle changes [43,44], inadequate sleep hygiene
[45,46], physical inactivity [47], and circadian fluctuations [45] are
known predictors. Putative causalities for such gender-difference have
been suggested to be multifactorial, ranging from genetic to hormonal
and environmental factors. Upon juxtaposition of cohorts in the current
epidemiological community-basedmeta-analysis, urban residence, stu-
dentship (particularly female students), recent urban community-
based studies, and female-gender are found to be to be important deter-
minants in our study. The two ends of migraine prevalence in Africa re-
vealed rural males to have the lowest burden on one end, while on the
other end female students had the highest burden. Addressingmigraine
among students can help improve academic performance. Recent stud-
ies frommigraine-burdened settings inwestern countries report similar
gender-differences; results from the AmericanMigraine Prevalence and
Prevention Studies showed migraine to be present in 17.3% of females
and 5.7% of males [48]. Lack of exercise, being overweight, and smoking
were found to be independently associated with recurrent headache
among adolescent females [49]. Meta-ethnographic analysis of longitu-
dinal cohort studies among female adolescent students can provide
qualitative descriptions specific to unfavorable behavioral and lifestyle
changes. Based on the trend of the included studies within this meta-
analysis, migraine prevalence among African urban residents has been
progressively rising over the past decade; this needs to be followed
closely and befitting interventions planned accordingly e.g. urban
well-being programs and healthy lifestyle modifications.

By 2030, Africa will have a projected 10% increase in migraine bur-
den; this indicates the urgent need for better clinicalmeasurements, un-
derstanding, improved education, and management of migraine in
Africa. Peculiarities of the African socio-demography setting include a
analysis (Der-Simonian Laird13) revealed migraine prevalence among rural inhabitants of
ariance weighted15) revealed migraine prevalence among rural inhabitants of both sexes
ird13) revealed migraine prevalence among urban inhabitants of both sexes to be 7.60%
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rapidly growing population – mainly among the younger working age
group. In 2010, 34% of Africans were aged between 25 and 59. By
2050, this number is expected to reach 892 million people –
representing 45% of African population [9]. This will create a dramatic
shift within the global workforce, with Africa likely to replace China
and India as principal contributor to global labor market. Disabling



Fig. 6.Migraineprevalence inmale and female rural population. A. Random-effects forest plotmeta-analysis (Der-Simonian Laird13) revealedmigraine prevalence among ruralmales to be
3.03% (95% CI 1.95, 4.35). B. Random-effects forest plot meta-analysis (Der-Simonian Laird13) revealed migraine prevalence among rural females to be 5.81% (95% CI 4.87, 6.83). C. Random-
effects forest plotmeta-analysis (Der-Simonian Laird13) revealedOR formigraine prevalence among rural females to be 2.06 (95% CI 1.41, 3.01; p b 0.0002) as compared to ruralmales. D. Fixed-
effects forest plot meta-analysis (inverse-variance weighted15) revealed migraine prevalence among rural females to have OR of 1.69 (95% CI 1.55, 1.85; p b 0.0001) compared to rural males.
E. L'Abbe´ plot. Event rate (%) ofmigraineprevalence among rural females (y-axis) plotted against that amongall ruralmales (x-axis) tohelp explore heterogeneity of effect estimates. Each circle
represents an individual studywith bigger circles representing larger sample sizes. Solid diagonal line indicates that the prevalence of migraine in rural females is identical to that inmales. The
dotted line can be referred to as ‘the overall pooled OR line’. Female gender represented a higher risk for migraine, i.e., dotted line shifting above the solid line.
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chronic disorders such asmigrainewhichmainly afflict the younger age
group andpeople at their peakproductive years need to be given due at-
tention so as to couple this population growth with parallel economic
productivity. In the US, migraine alone has been estimated to cost
American employers about $13 billion annually because of missed
workdays and impaired work function [50]. Migraine, by virtue of
attacking and disabling the younger, working, and productive popula-
tion, tends to cause significant public health burden with far-reaching
economic consequences. Two recent studies among Ethiopian urban
dwellers showed higher migraine prevalence of 10% [34,35]; one
study further revealed increased risk of migraine in people with stress
and unipolar psychiatric symptoms [34]. Another study has shown
that depression and anxiety disorders were found to bemore associated
to the frequency of both migrainous and non-migrainous headaches
than exclusively to the presence of migraine or other types of headache
[51]. It is important to note that the migraine burden weight meta-
analyzed in this study represents computation for migraine alone, as
there is paucity of community-based studies conducted on the
prevalence of other headache disorders in Africa. If other forms of pri-
mary and secondary headaches were included, it would have resulted
in a greater magnitude. Common secondary headaches seen in African
clinics include neuroinfections of malaria and meningitis, where early
and accurate diagnosis is lifesaving.

Fixed-effects model assumes resemblance of factors that can influ-
ence proportions among the different studies and timepoints; this allows
generalizability of the pooled results. Random-effects permits factoring
of timepoint setting covariates from one study to another. Although
both approaches were used in our study, we reported results from the
latter to allow factoring of study variationswithin themeta-analysis. De-
spite the fact that the selected studies operated independently at differ-
ent periods, similarity of African study settings which is characterized by
ongoing limited health access, inadequate public awareness, poor basic
infrastructures, and related facilities can generate comparable factors
affecting central measures of migraine prevalence burden employed
within this in-depth meta-analysis. Regional representativeness is
found to be adequate within the included community-based studies.
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image of Fig.�7


Fig. 8. Migraine prevalence among student population: A. Random-effects forest plot meta-analysis (Der-Simonian Laird13) revealed migraine prevalence among students of both sexes
(high school, undergraduates, and medical school) to be 14.95% (95% CI 10.00, 20.67). B. Fixed-effects forest plot meta-analysis (inverse-variance weighted15) revealed migraine preva-
lence among students of both sexes (high school, undergraduates, and medical school) to be 14.89% (95% CI 14.06, 15.74). C. Random-effects forest plot meta-analysis (Der-Simonian
Laird13) revealed migraine prevalence among male students to be 9.40 (95% CI 6.24, 13.13). D. Random-effects forest plot meta-analysis (Der-Simonian Laird13) revealed migraine prev-
alence among female students to be 18.30 (95% CI 13.13, 24.11). E. Random-effects forest plot meta-analysis (Der-Simonian Laird13) revealed OR for migraine prevalence among female
students to be 2.13 (95% CI 1.34, 3.37; p b 0.0013), higher than Fig. 7b (all females), and Fig. 10c (urban females), Fig. 9a–c (rural females). F. L'Abbe´ plot. Event rate (%) of migraine prev-
alence among female students (y-axis) plotted against that amongmale students (x-axis) to help explore heterogeneity of effect estimates. Each circle represents an individual studywith
bigger circles representing larger sample sizes. Solid diagonal line indicates that the prevalence ofmigraine in female students is identical to that inmales. The dotted line can be referred to
as ‘the overall pooled OR line’. Female gender represented a higher risk for migraine, i.e., dotted line shifting above the solid line.
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Interpretations of results from chronic pain studies (e.g. headache
disorders) need to be made within the context of inter-cultural varia-
tions in tolerability of pain perception in Africa compared with regions
in the Western hemisphere. In a continent where diseases are largely
perceived in a religious-animistic insight, and where local traditional
healers play important and early catchment role, burdenmeasurements
of headache disorders need careful understanding. Primary headache
disorders are characterized by chronification, further worsening YLDs
and lowering economic productivity owing to lost work and school
hours; hence, headache problems need to be properly addressed
Fig. 7.Migraine prevalence inmale and female urban population: A. Random-effects forest plotm
be 5.14% (95% CI 2.62, 8.44). B. Random-effects forest plot meta-analysis (Der-Simonian Laird1

Random-effects forest plot meta-analysis (Der-Simonian Laird13) revealed OR for migraine pr
urban males.
because such measures can lead to enormous long-term cost-benefit
and progressive development.

Although most studies followed the diagnostic criteria suggested by
the International Headache Society [52,53], it is important to consider
some inconsistency of diagnostic tools used among the community-
based studies in relation to systematic inter-study heterogeneity be-
tween the prevalence values. All studies includedwithin this systematic
review arise from door-to-door non-clinical population, employing
‘cold-calling’ recruitment methods at randomly selected households
and participants; this provides a sentinel for estimating true
eta-analysis (Der-Simonian Laird13) revealedmigraine prevalence among urbanmales to
3) revealed migraine prevalence among urban females to be 9.83% (95% CI 4.56, 16.82). C.
evalence among urban females to be 2.03 (95% CI 1.73, 2.38; p b 0.0001) as compared to

image of Fig.�8


Fig. 9.A. Random-effects forest plotmeta-analysis (Der-Simonian Laird13) revealedmigraine prevalence among allmale cohorts (urban, rural, and students) to be 5.15% (95%CI 3.81, 6.67).
B. Fixed-effects forest plot meta-analysis (inverse-variance weighted15) revealed migraine prevalence among all males (rural, urban, and students) to be 3.29% (95% CI 3.13, 3.44). C.
Random-effects forest plot meta-analysis (Der-Simonian Laird13) revealed migraine prevalence among all females (rural, urban, and students) to be 9.83 (95% CI 8.00, 11.82). D. Fixed-
effects forest plot meta-analysis (inverse-variance weighted15) revealed migraine prevalence among all females (rural, urban, and students) to be 5.40% (95% CI 5.20, 5.60). E.
Random-effects forest plot meta-analysis (Der-Simonian Laird13) showed weighted OR for females (urban, rural, and students) with migraine to be 2.06 (95% CI 1.69, 2.50; p b 0.0001,
i.e., tests OR differs from ‘1’), as compared to males. F. L'Abbe´ plot. Event rate (%) of migraine prevalence among all females (y-axis) plotted against that among all males (rural, urban,
and students), to help explore heterogeneity of effect estimates. Each circle represents an individual studywith bigger circles representing larger sample sizes. Solid diagonal line indicates
that the prevalence of migraine in females is identical to that inmales. The dotted line can be referred to as ‘the overall pooled OR line’. Female gender represented a higher risk formigraine,
i.e., dotted line shifting above the solid line.
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population-basedmigraine prevalence. Recently, it has been shown that
migraine carries similar stigma to that of epilepsy [54]. Long-term
follow-up studies have revealed increased risk of comorbidity of meta-
bolic syndrome amongmigraineurs [55]. Keepingwith previous studies,
identification of migraine causation remains multi-factorial and contin-
ued critical appraisal of community-based studies can help reveal fur-
ther understanding. There is no single magic bullet for migraine
prevention, however combination of different lifestyle factors are rele-
vant in addressing and reducing its burden.

Africa is home to the earliest civilizationwhere specificmigraine ref-
erences have been made by physicians such as Imhotep from Kemet
(Ancient Egypt); the continent needs to have accurate migraine burden
measurement and evidence-driven recommendations for beneficial
change in care and education delivery. Addressing this emerging public
health problem within the subtext of rapid urbanization and non-
communicable diseases [56] will undoubtedly reassure Africa to profit
from its demographic shift endowment - where favorable outcomes of
sustained economic growth can be harnessed. Equally so do measures
to address migraine and its accrued disability, in countries laden with
tropical diseases and burgeoning western diseases.

8. Conclusion

In Africa, migraine is a common disorder among the youth, urban
residents, and female students. Recent studies further indicate a
rapid increase in migraine prevalence within the coming decades.

image of Fig.�9


13Y.W. Woldeamanuel et al. / Journal of the Neurological Sciences 342 (2014) 1–15
This calls for improvement of ongoing low awareness, low information
on societal impact, and low quality of care delivery at primary health
units and facilities where lengthy referrals culminate. Promoting access
points for early headachemanagement at community-level, developing
health infra-structure, and training and research at facility-level can
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help reduce this multi-faceted problem. Urban wellness and healthy
lifestyle modification to address such non-communicable causes of
emerging disease burden in Africa should receive due attention. Reduc-
ing causes of chronic disability will undoubtedly sustain economic
productivity.
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Fig. 10 (continued).

Table 2
Pooled migraine prevalence and pooled odds ratio female-to-male burden comparison among different population cohorts.

Population Random-effects weighted prevalence and 95% CI Females-to-Males pooled odds ratio
(OR) (random-effects weighted and 95% CI)

Urban and rural cohort General population
(Rural + Urban); Both sexes

5.61 (4.61, 6.70)

Students cohort Both sexes 14.95 (10.00, 20.69)
Rural population Both sexes 4.75 (3.95, 5.61)
Urban population Both sexes 7.60 (3.91, 12.37)
Rural + urban + students Males 5.15 (3.81, 6.67)
Rural + urban + students Females 9.83 (8.00, 11.82) 2.06 (1.69, 2.50; p b 0.0001; Fig. 7a and b]
Rural Males 3.03 (1.95, 4.35)
Rural Females 5.81 (4.87, 6.83) 2.06 (1.41, 3.01; p = 0.0002;
Urban Males 5.14 (2.62, 8.44)
Urban Females 9.83 (4.56, 16.82) 2.03 (1.73, 2.38; p = 0.0001;
Students Males 9.40 (6.24, 13.13)
Students Females 18.29 (13.13, 24.11) 2.13 (1.34, 3.37; p = 0.0013;

Highmigraine burdenwas foundamong female students and female urban inhabitants. Urban–rural differenceswere notable, particularly among female cohorts. Similarly,when studying
both sexes, students and urban inhabitants were found to have higher burden.
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9. Clinical relevance summaries

- With an estimated 5.61% prevalence among general population, mi-
graine afflicts nearly 56 million people in Africa. Higher prevalence
was found among recent urban studies and female student cohorts;
this indicates the need to improve lifestyle modification among
urban residents, and school- and college-goers to maintain urban
economic productivity and academic performance, respectively.

- That African population is primarily within the working-age youn-
ger demographics indicates thatmigraine not only causes highmed-
ical disability but also greater socioeconomic consequences.
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