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Introduction. Studies about bronchial asthma in Africa are impeded by the dearth of reliable data for the vast majority of countries on the continent.
This study was conducted to establish the first epidemiological data concerning bronchial asthma in urban Malagasy schoolchildren. Methods.
From three public and five private schools 1236 students aged 7-14 years were recruited and examined using a modified International Study of
Asthma and Allergies in Childhood (ISAAC) questionnaire. In a subgroup of 111 schoolchildren from two schools, lung function tests were
conducted together with bronchodilator response (BDR) to establish reversible obstruction (change in FEV1 > 12%). Results. The overall
prevalence of wheezing in schoolchildren was 25.2%, with strikingly more wheezing in children attending private schools than public schools (p =
.0012). The risk was diminished in students with older siblings (p < .03), but was not affected by other variables like smoking habits at home, body
mass index, or cooking fuel. In the schools where BDR was performed, we found a point prevalence for reversible bronchial obstruction of 9%
through lung function tests. Conclusion. Bronchial asthma is of great relevance for schoolchildren living in urban Madagascar. Socioeconomic
factors and air pollution seem to have a major impact in addition to the number of older siblings.
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INTRODUCTION

Bronchial asthma is a chronic inflammatory disorder of the
lower airways affecting over 300 million people world-
wide (1). As such, it is one of today’s most significant
diseases causing disability-adjusted life years (DALY) for
people affected (2). While awareness of bronchial asthma
has grown in industrial countries over the past decades,
research investigating its prevalence in African children in
particular is scarce and the condition remains greatly
underrecognized (3-5).

Although limited, data on asthma and allergy prevalence
rates for some African countries have been reported since
the early 1990s and were established by the International
Study of Asthma and Allergies in Childhood (ISAAC) (4—
6). In its third iteration, ISAAC found asthma prevalences in
African children to range between 2.6% in Ethiopia and
21.5% in Reunion Island (6, 7). While these levels are
substantially lower in comparison to most industrialized
countries, it is notable that prevalence on the African con-
tinent increased by 0.16% annually during the 10 years
following the first ISAAC assessment in 1994.

Recent research moreover suggests that reported preva-
lence rates may be less accurate than assumed because
children suffering from bronchial asthma are often misdiag-
nosed as suffering from pneumonia or not diagnosed at all—
in developing as well as in industrialized countries (8—14).
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Both clinical conditions often present with similar and over-
lapping symptoms, making a correct diagnosis difficult,
especially in children and under tenuous health conditions.

Specifically, due to the high mortality rate associated
with pneumonia, research focuses mainly on triggers such
as bacteria, while bronchial asthma has received inade-
quate attention as a potential risk factor or contributor to
the former (2, 15-21).

This study concentrates on Madagascar. It presents a
particularly interesting country for investigating the pos-
sible significance of bronchial asthma because the effects
of the human immunodeficiency virus (HIV) in exacer-
bating mortality rates associated with pneumonia are
negligible (16, 22, 23). Despite the low prevalence of
HIV, however, pneumonia as one complication of bron-
chial asthma remains the leading cause of death for
Malagasy children (24).

Even though some relevant data are available (25), the
impact of bronchial asthma on the health of African chil-
dren is still not known to the full extent. Furthermore, it is
unclear whether this disease affects children not only by
causing breathing abnormalities but also by facilitating the
onset of pneumonia and thereby increasing morbidity
substantially.

In order to investigate whether bronchial asthma is a
possible contributor to the high mortality rate in children, it
is crucial to establish its prevalence in African children
(18). This study focuses on Malagasy children who grew
up in an urban environment and, Madagascar being one of
the least developed countries in the world, have a relatively
low socioeconomic status (SES). The urban environment,
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low SES, and associated challenges such as air pollution
and diet are identified as risk factors increasing the like-
lihood of developing asthma or other respiratory condi-
tions (25, 26).

Therefore, this study also focuses on risk factors and
their correlation with asthma prevalence in urban
Malagasy children by comparing children with wheezing
to those without wheezing ever. Since these children are
exposed to many risk factors, it is expected that they
exhibit a greater prevalence than their African
counterparts.

METHODS

Participants

Eight schools from central Antananarivo with high expo-
sure to traffic air pollution were included in this study.
From three public and five private schools in
Antananarivo, 1236 children, aged 7-14 years, partici-
pated in this study. They were on average 10.31 years
old (SD 1.55), 134.9 cm tall (SD 11.9), and weighed 29.4
kg (SD 9.7) with 51% being female. From the study group,
59% attended public and 41% private schools. This ratio
was chosen to reflect the relative share of children attend-
ing public and private schools in Madagascar. Around
30% of the Malagasy population is living in the capital
Antananarivo (22). The vast majority belong to the Merina
tribe, which is predominant in the central region of
Madagascar and of mainly Polynesian heritage, and settled
in Madagascar long before people from the African con-
tinent came to this island (27). The city of Antananarivo is
about 1300 m above sea level.

All participating children had no known underlying
medical illness as determined by one of three physicians.
Of these children, a total of 1093 had a valid lung function.
In two of the eight schools participating, we did broncho-
dilator response (BDR) in all of the children (n = 111).

Written parental consent and ethical approval from the
Ethical Committee of the Ministry for Public Health
were obtained prior to starting this study. The cross-
sectional study was conducted in the period from April
to November 2009.

Anthropometric Data

Standing height was measured without shoes, with the
child standing with the back to a wall in the classroom.
It was recorded to the nearest millimeter. Weight was
taken with light clothes and without shoes (Seca™ 254,
Hamburg, Germany).

Lung Function

Spirometry was performed with KokoLegend Spirometer
(Koko™ Legend, nSpire Health Inc., Longmont, CO,
USA) according to the ATS/ERS criteria with the children
in an upright position (28).

BDR was performed in every child presenting a
pathologic spirometry with salbutamol (two puffs of 100
pg salbutamol) in two of the schools (school 1: Baby

Bercail, Cité Perrier; school 2: Mme. de Sevigne,
Ambohijatovo), both situated in Metro-Antananarivo
with 111 students in total. A positive BDR was defined
as a change in FEV1 > 12%.

Questionnaire

The ISAAC questionnaire was completed in French using
only the questions related to respiratory symptoms and
environmental questions. In addition we asked further
questions relating the regional environmental factors
important for children in Madagascar with respiratory dis-
eases. The interview was conducted by one study nurse.
Most children and parents required translation of the ques-
tionnaire into Malagasy, the predominant language spoken
in the highland of Madagascar, as many of them are not
fluent in French.

Statistical Analysis

All statistical analyses were performed in a descriptive
manner after extensive data plausibility checks. Due to
the study design, individual data queries were not possible.
Thus, all individual patient data records with grossly
implausible data, especially obviously invalid lung func-
tion measurements, were treated as missing for the pur-
poses of this analysis.

Continuous variables were analyzed by means of the
usual statistical characteristics mean, standard deviation,
median, minimum, and maximum, whereas categorical
variables were analyzed in terms of absolute values and
proportions.

A multivariate regression analysis was performed to
assess the influence of respective demographic and social
variables on the existence of bronchial asthma for taking
into account possible confounding.

Separate simple linear regression functions were fitted
to obtain equations for normal lung function values (FEV1
and FVC). Regression coefficients for each lung function
parameter were estimated in two separate simple linear
regression models, one for each sex, after log-
transformation (natural logarithm) of body height and the
respective lung function parameter. These coefficients
were subsequently transformed back to their original
scale for a more straightforward interpretation and use of
the resulting normal equations. The simple linear log-
transformed regression functions were chosen in order to
allow for a straightforward comparison with published
models and the concerned populations (29).

Statistical calculations were performed using SAS®,
version 9.1 (SAS Institute Inc., Cary, NC, USA), and
figures were created using Microsoft Office Excel® 2007.

RESULTS

As expected in light of growing poverty in Madagascar we
found body mass indices (BMIs) to be generally low, with
amean of 15.9 kg/m2 (SD 2.95). None of the children ever
had an inhalation therapy.
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TABLE 1.—Demographic characteristics.

Patients
Total 1236 100%
Female 639 51.6%
Male 597 48.4%
School
Public 735 59.4%
Private 501 40.6%
Wheezing
Ever 311 25.2%
Last 12 months 112 9.1%
Cooking fuels®
Charcoal 1051 85.0%
Gas 345 27.9%
Electricity 93 7.5%
Smokers at home 691 55.9%

“More than one answer possible.

Questionnaires from all 1236 children could be
obtained for the study. Of these 1236 children, 311
(25.2%) children reported ever wheezing and 112 (9.1%)
respondents recalled a wheezing episode in the last 12
months (Table 1).

Of 1093 healthy children from all eight schools present-
ing an analyzable lung function, only 58 (5.3%) lived in a
single-child family, whereas, on average, they had 2.4
siblings (1.3 older and 1.1 younger siblings) with a max-
imum of 12 siblings. We compared those children who
reported ever wheezing in the questionnaire (n = 311) with
others without an indication of bronchial asthma (n = 782)
in a multivariate analysis (Table 2). A high position in
sibship was associated with a lower risk for bronchial
asthma (OR 0.70, 95% CI 0.51-0.98; p = .038). All
other variables included in this analysis showed no statis-
tically significant influence on asthma. In particular, no
positive connections could be confirmed between the sus-
picion of asthma (“wheezing”) and smoking in the family,
attending a private versus a public school, or using char-
coal in an open fire as the means of cooking (90% of the
households) versus gas and electricity (5%). Even a higher
BMI was not correlated to asthma prevalence.

In the two schools, where all children (n = 111) were
tested with spirometry and BDR in case of a conspicuous
lung function or questionnaire information, 10 children
showed a positive BDR on the day of examination (9%
point prevalence). None of these were aware of their bron-
chial obstruction, nor had they ever experienced any lung
function testing.

B Public school

Private school

% Children ever wheezing

6-7 8 9 10 11 12 13-15
Age (years)

FIGURE 1.—Percentage of wheezing ever.

Percentage of children in public (red columns) and private (green columns)
schools reporting “ever wheezing” according to the ISAAC questionnaire (in
black: 95% CI), p-value = .0012 (Chi-Quadrat-Test).

Comparing the results from private and public schools,
we established highly significant differences for the BMI
being (with age taken into account) much lower in public
than in private schools (p < .001). The same difference
could be shown for the two school types concerning the
frequency of “wheezing ever” (p = .0012) with great
variances for different age groups (Figure 1).

DISCUSSION

The purpose of this study was to gain more insight into the
prevalence of bronchial asthma in Malagasy children and
detect possible factors contributing to this condition.
Prevalence rates were found to be higher than initially
expected based on the existing literature on African
children.

Since the standardized ISAAC questionnaire was used
in the study, the prevalence of wheezing in Malagasy
children is comparable to rates established in ISAAC
Phase III (7). Malagasy children showed a higher rate of
wheezing (25.2%) in relation to other African countries,
directly followed by La Reunion with 21.5% (with a study
population aged 13—14 years (6)). It is interesting that both
islands in the Indian Ocean have comparable prevalence
rates even though lifestyles and living conditions differ
greatly and perhaps even more so than between any other
two countries in Africa.

TABLE 2.—Likelihood and odds ratios for bronchial asthma in relation to environmental factors (n = 1093).

Parameter OR Low 95% conf. limit High 95% conf. limit P-value
BMI 0.990 0.893 1.098 .849
School type: private versus public 1.602 0.857 2.994 .140
Fuel: electricity versus charcoal/gas 0.417 0.056 3.136 .396
Number of siblings 1.149 0.882 1.497 304
Number of older siblings 0.704 0.505 0.980 .038*
Smokers 0.926 0.670 1.279 .641

“Significant.
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A similarly high rate of bronchial asthma was also
demonstrated with lung function tests and BDR in two
private schools. Asthma point prevalence was more than
twice as high as found in European children (30, 31),
which suggests that bronchial asthma is significantly
impairing children’s health.

This apparently high number of children exhibiting
symptoms of asthma raises the question of causation. The
only environmental factor diminishing the risk for asthma
in urban Malagasy children was a higher number of older
siblings, supporting the “hygiene hypothesis” (32). By
contrast, a small study with Ghanaian children found a
reduced risk for asthma with lower sibship position (5).
Most European studies concerning bronchial asthma, how-
ever, did not find a correlation between the two.

Other risk factors such as the type of school children
attended likewise did not reveal any correlation. This was
to be expected, since public schools as well as private
schools are unaffordable for a quarter of Malagasy chil-
dren, who live in extreme poverty and were therefore not
reached by this study (1, 33). It is probably for this reason
that we were unable to establish a correlation between
poverty and prevalence of bronchial asthma.

Similarly, BMI as well as household cooking fuels did
not prove to be a significant risk factor likely because the
study group as a whole was quite homogeneous, with the
vast majority of children having an equally low BMI and
almost all households using solid fuels. In addition, cigar-
ette smoking is too expensive for most, which is probably
why at a smoker’s rate of 17.6% the long-term exposure is
low (34).

Even though most of the risk factors investigated have
not been proven to be significant, asthma prevalence in
Malagasy children is high. Prevalence levels are also high
compared to major African cities like Cape Town in South
Africa and Ibadan in Nigeria (7). This discrepancy may be
explained by differences in lifestyle.

First, all children tested in our study belong to the
Merina, a tribe of Polynesian heritage, which came to
Madagascar approximately 1200 years ago (27). Black
Africans from the continent settled centuries later with
only a moderate influence in the Malagasy highlands.
Therefore, the high prevalence of asthma is not strongly
related to the African heritage as it is with African
Americans. It is possible that the Asian heritage, which
also exists on the neighboring Island of La Reunion, con-
tributes to the higher asthma prevalence. Compared to
Madagascar, La Reunion remained unsettled until the
seventeenth century, when slaves from Madagascar and
East Africa were imported by the French settlers. Now
they exhibit a similar high rate of wheezing as Malagasy
children, notably the highest rate demonstrated in ISAAC
Phase III for Africa (7).

Second, it seems that the location of the city of
Antananarivo at a high altitude of 1300 m presents a
unique geographic factor which amplifies the grade of
pollution through a photochemical smog phenomenon
(35, 36). Traffic-related air pollution is a phenomenon
particularly pronounced on weekdays with levels for PM

2.5-10 exceeding the WHO guideline by almost six times
(37, 38). Also, at the time of investigation, political turmoil
in Madagascar’s capital was at its peak. Air pollution in
urban Antananarivo was increased for more than 3 months
due to the use of teargas by the authorities.

Third, as shown in Table 1, the vast majority of house-
holds used carbon as their energy fuel, thus increasing the
toxic burden of their children, especially as cooking is
mostly done indoors. The monthly mean lower tempera-
tures in Antananarivo never rise over 16°C during the
entire year, so cooking is typically used to raise the indoor
temperature. As biomass fuels are in use in nearly every
household, the effect of other energy sources is not
demonstrable.

Fourth, malnutrition was presumably worse in
Madagascar than in most other African countries during
the time of investigation because of the growing poverty
accompanying the political crisis starting in 2009 (39). As
indicated by the BMI, there were highly significant differ-
ences between public and private schools. In our study,
wheezing was much more prevalent in children attending
private schools than public schools (Figure 1). The reason
for this remains unclear, but a relatively better lifestyle
could cause more asthma as it is the case in Western
countries. Data reflecting SES like parent income, social
violence, or general burden of chronic diseases in families
have not been established so far (40).

CONCLUSIONS

With this study, we established the first epidemiological
data in schoolchildren living in an urban environment at a
high altitude in Madagascar revealing a substantially high
prevalence of bronchial asthma. The question why the
two islands off the coast of Africa, La Reunion and
Madagascar, are showing such high wheezing prevalences
remains unanswered. It could be speculated that, as was the
case in Germany, a sharp change in urban lifestyle over the
past years, prompting significantly higher air pollution
without substantial changes in living conditions, is a causal
factor (41). We are planning a follow-up study to further
investigate the causes for asthma in Malagasy children
under these conditions.
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