@° PLOS | ONE

Check for
updates

E OPENACCESS

Citation: Obel KB, Ntumba KJM, Kalambayi KP,
Zalagile AP, Kinkodi kabaD, Munogolo KZ (2017)
Prevalence and determinants of asthma in adults in
Kinshasa. PLoS ONE 12(5): e0176875. https:/doi.
org/10.1371/journal.pone.0176875

Editor: Heinz Fehrenbach, Forschungszentrum
Borstel Leibniz-Zentrum fur Medizin und
Biowissenschaften, GERMANY

Received: January 14, 2017
Accepted: April 18, 2017
Published: May 2, 2017

Copyright: © 2017 Obel et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information
files.

Funding: The author(s) received no specific
funding for this work.

Competing interests: The authors have declared
that no competing interests exist.

RESEARCH ARTICLE
Prevalence and determinants of asthma in
adults in Kinshasa

Kabengele Benoit Obel'*, Kayembe Jean Marie Ntumba', Kayembe Patrick Kalambayi?,
Akilimali Pierre Zalagile?, kaba Didine Kinkodi2, Kashongwe Zacharie Munogolo'

1 Department of Internal Medicine, University of Kinshasa, Kinshasa, Democratic Republic of Congo,
2 Kinshasa School of Public Health, University of Kinshasa, Kinshasa, Democratic Republic of Congo

* benobel@yahoo.fr

Abstract

Background

Epidemiological data on asthma among adults in sub-Saharan Africa are sparse.

Objective

To determine the prevalence of and factors associated with asthma among adults in
Kinshasa.

Methods

A previously validated asthma questionnaire was administered to an adult population aged
>18 years in urban and peri-urban suburbs of Kinshasa. A random stratified multi-stage
sampling plan was used to select the study participants. Logistic regression was used to
identify factors associated with asthma.

Results

The mean age of respondents was 36.7 (SD 15.36) years, 75% lived in an urban environ-
ment, and 57% were women. The prevalence of asthma-ever was 6.9% (95% Cl: 5.4-8.4).
Among asthmatic patients, intermittent asthma was estimated at 75.7% and severe asthma
at 9.3%. Family atopy (OR: 3.97; 95% CI: 2.42—6.50; p<0.001), and the presence of a cat in
the house (OR: 1.82; 95% ClI: 1.01-3.28; p = 0.045) were associated with self-reported
asthma.

Conclusion

Asthma is relatively frequent in adults in Kinshasa, a prevalence similar to those reported
elsewhere in Africa. Family atopy and the presence of a cat in the house could be the most
common determinants to be confirmed with national survey in order to design guidelines for
the control of asthma.
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Introduction

Asthma is a chronic inflammatory respiratory disease characterised by airway sensitivity to
environmental and biological factors such as dust, chemicals, smoke, allergens, and viruses [1-
4]. It is a major public health problem with a global prevalence of 300 million people and an
African prevalence of 50 million [5, 6]. According to the 2006 WHO report, the disease affects
about 5% of the global population and is related to 180,000 deaths annually [1]. Furthermore,
asthma affects patients’ quality of life and induces additional direct or indirect costs through
the increase of the rate of hospitalisations or, asthma medications use [7].

There are no signs of a declining trend in asthma prevalence according to previous reports,
and it seems to be increasing in many parts of the world [8, 9]. Increasing trend is also
expected by 2025, due to the rise in atopic sensitisation, allergic conditions, and the changing
pattern of environmental triggers linked to anarchic urbanization in many resource poor
countries [1, 10-12]. According to the World Health Survey (WHS) in 2002-2003, the global
prevalence of clinical asthma in adults, including self- reported or physician diagnosed asthma
and / or treatment for asthma, was 4.5%, varying by as much as 21 fold among 70 involved
countries [13]. These differences between countries emphasize the need for additional studies
based on more sound methodological approaches to allow relevant comparisons and tailored
interventions targeting specific changeable risk factors. Masoli and al. have reported higher
prevalence differences in resource-rich countries compared to poorer ones [12].

In the USA, for instance asthma prevalence increased from 7.3% in 2001 to 8.4% in 2010 in
the general population [14]. Among children aged 5-10 years, it increased by 51% from 1980-
1981 to 1995-1996 (4.9% to 7.4%). The increase among those aged 0-4 years was from 2.9% to
5.0% over the same period (a 72% increase) [15]. The overall prevalence of childhood asthma
increased at a slower rate from 2001 (8.7%) to 2009 (9.7%), and dipped in 2010 (93%). For the
period of 2008-2010, asthma prevalence was higher among children than adults, females and
those with family income below the poverty level, and among multiple race, black, and Ameri-
can Indian or Alaska Native persons than white persons [14, 15].

Prevalence of asthma (and atopic disease in general) has consistently increased in some
countries over the last 30 years possibly reflecting greater awareness of this condition and/or
changes in diagnostic practices [16,17], while levelling off and possibly declining in some oth-
ers due to improvements in quality of care [8].

In Africa, there are still many gaps in the report on asthma prevalence, reflecting the chal-
lenge in the diagnosis of asthma and the weak access to care facilities and asthma medications
in this continent. Many studies report prevalence rates based on single cross-sectional analyses
not accurate for evaluation of trends, and probably the real prevalence is underestimated [18].
Studies in South Africa, Nigeria, Tanzania and Cameroon have reported prevalences of 3.8%,
2%, 3.3% and 2.7%, respectively [19, 20].

In the Democratic Republic of Congo (DRC), the true prevalence of asthma is unknown.
First epidemiological data were gathered during phase III of the International Study of Asthma
and Allergies in Childhood (ISAAC) survey, a multi-centre study of children aged 13-14 con-
ducted between 2001 and 2003. ISAAC Phase III showed a 7.5% prevalence in individuals with
asthmatic symptoms in Kinshasa [6, 16-17]. A more recent study by Nyembue and al., among
individuals aged from five to 83 years old, reported a prevalence of declared respiratory symp-
toms of 15.4% in Kinshasa in 2012 [21].

The exact causes of the increased asthma prevalence are still poorly understood but several
hypotheses are described [21], many of which refer to changing environmental exposure [22-
25]. ISAAC Phase one illustrated different asthma symptoms prevalence varying between
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20-fold and 60-fold in populations with similar genetic or ethnic background, emphasizing the
role of environmental risk factors in the increasing prevalence of the disease worldwide [26].

Environmental factors such as exposure to various allergens, irritants, industrial pollutants,
and particulate matter (such as from road traffic) are implicated in developing countries. Fur-
thermore, poverty is proposed as an important indirect risk factor for asthma probably
through increased exposure to environmental and psychosocial risk factors [7, 27].

This study aims to determine the prevalence of asthma and its main social and environmen-
tal determinants in adults in the urban and peri-urban environments of Kinshasa with the goal
of providing data to inform prevention strategies.

Methods

This was a cross-sectional study carried out between February and April 2016 in 20 suburbs
selected by simple random sampling from the 350 making up the city of Kinshasa. In each sub-
urb, 20 households were randomly selected by systematic sampling. In each household, all
individuals of both genders aged 18 years and over were invited to take part in the study.
Adults who could not answer without help were excluded.

Interviews were conducted in Lingala (vernacular language in Kinshasa) or French by 20
trained interviewers working under two supervisors. If a member of a selected household was
absent, three attempts were made to meet him/her at a different time and different days. Data
were collected through an existing questionnaire used in previous international studies [27-
30] and pretested on 20 households that were not selected for this study (See SI and S2 Texts).

Socio-demographic characteristics, namely, gender, age, marital status, education, occupa-
tion, and socio-economic status were collected. Participants who had not completed secondary
school education level were considered as having a “low” education level, those who had com-
pleted secondary school education level or vocational training as “average”, and those who had
completed higher education or university level as “high” ». Socio-economic status was deter-
mined by the wealth index based on the Filmer and Prichett method [31], which creates an
index from a set of household items, housing conditions (roof, number of rooms, type of wall,
windows, water, availability and type of toilets), and the ownership of domestic animals. Par-
ticipants were classified according to wealth index divided into quintiles from the lowest (first
quintile) to the highest (fifth quintile), where higher quintiles indicated a higher socio-eco-
nomic status. The first and second quintiles were classified as “low”, the third as “middle” and
the fourth and fifth as “high”.

Environmental data were collected with respect to indoor pollution (type of roof, type of
floor, wall-to-wall carpeting/carpets, use of mattresses, air conditioning, cooking system, pres-
ence of bio-contaminants (i.e., the presence of a dog, cat, mice/rats, cockroaches), and tobacco
intoxication) and outdoor pollution (presence of flowers/trees on the plot, the proximity of
industries and factories, biomass exposure).

The evaluation criterion was the presence or absence of asthma in the population deter-
mined as three different variables: current asthma, past asthma, and asthma-ever. Current
asthma considered all active asthma cases over the 12 months preceding the study and was
defined as a positive answer to the questions: “Have you had an asthma attack over the last 12
months?” and/or “Do you currently take asthma medicines?” Past asthma was defined as a
positive answer to the question: “Have you had an asthma attack at any time in your life?” in
cases of a negative answer to current asthma. Asthma-ever represented any case of asthma at
any time in the life of the respondent and was measured by a positive answer to questions on
current asthma and/or a positive answer to the question on past asthma.
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The other clinical parameters of interest were symptoms (wheezing sound in the chest and
breathlessness) and asthma severity, the latter assessed according to the presence and fre-
quency of troublesome symptoms. Asthmatic patients were classified on the basis of the inten-
sity of clinical signs according to an international consensus set up by the Global Initiative for
Asthma (GINA) [5]. The definition of asthma was inspired by the standardised questionnaire
on respiratory health, the “International Study on Asthma and Allergies in Childhood and
European Community Respiratory Health Survey” [27, 28].

Data analysis

Data were entered into EpiData and, after quality control and coherence checking, it was ex-
ported into SPSS 21.0 (IBM Statistics, Chicago, IL) and Stata 13 (StatCorp, College Station, TX)
for analysis. Data were analysed within adjustment for clustering. Household was considered as
cluster in the analysis. Analysis was conducted to obtain descriptive statistics of all the variables
(averages and standard deviations (SD) were calculated for continuous variables and proportions
with their 95% confidence intervals (95% CI) were calculated for categorical variables). Univari-
ate analysis were performed using Chi-square tests or Fisher test (when applicable) for categorical
variables and the Student t-test was used to compare averages between group for continuous var-
iables. The z-test was used to compare proportion between two groups. Factors associated with
Presence of Asthma by bivariate analysis with P value <0.05, age and gender were entered into a
multivariate logistic regression model to obtain adjusted odds ratios (OR) and 95% confidence
intervals (CI). Alpha less than 0.05 was the significance level used for all tests.

Ethical considerations

The Kinshasa School of Public Health Ethics Committee approved the study (ESP/CE/006/
2016). Interviewers were trained on the importance of informed consent and confidentiality.
Emphasis was placed on securing the consent and voluntary participation of respondents. The
informed consent form was read aloud to each respondent and each participant was invited to
sign it to certify that he had agreed freely to answer the questions asked by the interviewers.
Data were collected and analysed anonymously. No participants’ personal identifier was noted
or indicated on the survey questionnaire. Respondents were informed that participation was
voluntary and that they were free to accept or refuse the interview with no consequence.

Results

Among the 400 selected households, 2304 people were identified, of whom 1306 were adults
aged 18 or older. In this group, 1088 (83.3%) freely accepted to be interviewed. Non-participa-
tion (16.7%) was due to either the person being absent from home after three visits at different
times (90%), physical disability (6%), or refusal (3%). The remaining 1% did not take part for
other reasons.

General population characteristics

The study population age ranged from 18 to 89 (mean 36.7, SD 15.36; 25.5% aged 18-24 years
and 7.5% aged 65 or older), 57% were female, and 46% were unmarried. Approximately one in
two (46%) had a low educational level (did not complete secondary education). Half of partici-
pants had a low socio-economic status. (Table 1).

Nearly all adults (95.8%) used a mattress for sleeping and, among them, 97% used either
foam or sponge mattresses. About half (49.4%) used a ceiling fan and 3% had air conditioner
in their house. One third (33.4%) of participants spent more than ten hours outside the house
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each day. Seventy-eight percent of participants had never smoked, 9.3% were former smokers,
and 13.1% were current smoker (See S1 Table).

With respect to outdoor factors, trees and flowers on the compound were reported in
55.9% and 32.8% of participants, respectively. Seventy-two percent of households were less
than five streets from a building site. With respect to indoor pollution sources, 80.5% admitted
the presence of cockroaches in the house, 85.4% admitted the presence of mice/rats in the
household, and 13.1% declared the presence of a cat in their house. (See S2 Table)

Prevalence of asthma

Symptoms suggestive of asthma. The prevalence of asthma symptoms (wheezing in the
chest and shortness of breath) are shown in Table 2. Seven percent (95% CI: 5.7-8.8) of adults

Table 1. Sociodemographic characteristics of the study population.

Characteristics of participants Total %
Gender
Male 469 43.1
Female 619 56.9
Age
<24 years 277 25.5
25-34 years 304 27.9
3544 years 213 19.6
45-54 years 146 13.4
55-64 years 65 6.0
65 years and over 83 7.6
Marital Status
Unmarried 489 44.9
Married monogamous 392 36.0
Married polygamous 5 0.5
Divorced / Separated / widow(er) 128 11.8
Common-law union 74 6.8
Education level*
Low 497 45.7
Average 339 31.2
High 252 23.1
Profession
Active not remunerated 551 50.6
Active remunerated 10 0.9
Pensioners 527 48.5
Socio-economic Status* *
Low 549 50.5
Middle 243 22.3
High 296 27.2
Total 1088 100

* Participants who had not completed secondary school education level were considered as having a “low”
education level, those who had completed secondary school education level or vocational training an
“average”, and those who had completed higher education or university level a “high”.

**Participants were classified according to wealth index divided into quintiles from the lowest (first quintile)
to the highest (fifth quintile), where higher quintiles indicated a higher socio-economic status. The first and
second quintiles were classified as “low”, the third as “middle” and the fourth and fifth as “high”.

https://doi.org/10.1371/journal.pone.0176875.t001
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Table 2. Symptoms suggestive of asthma according to gender.

Symptoms

Wheeze at some time

Wheeze without having a cold
Wheeze during or after an effort
SB, at rest, during the day
Woken up by SB

SB: shortness of breath
* compares the proportion between genders.

https://doi.org/10.1371/journal.pone.0176875.t1002

Total Gender, n (%)
n=1088 Male Female p*
n =469 n=619
79(7.3) 30 (6.4) 49 (7.9) 0.399
54(4.9) 21 (4.5) 33 (5.3) 0.521
42(3.9) 16 (3.4) 26 (4.2) 0.504
82(7.5) 22 (4.7) 60 (9.7) 0.002
74(6.8) 27 (5.8) 47 (7.6) 0.234

reported wheezing in the chest and 7.5% (95% CI: 5.9-9.1) felt shortness of breath when at rest
over the previous 12 months. The shortness of breath was more frequent in women than in
men (9.7% vs. 4.7%; p = 0.002).

Self-reported asthma. In total, 28/1083 (2.6%; 95% CI: 1.6-3.5) respondents reported
being currently asthmatic and 47/1083 (4.3%; 95% CI: 3.1-5.5) declared a past history of
asthma. Regarding cases confirmed by a medical doctor and/or a nurse, 55/1083 were defined
as asthmatic (5.1%; 95% CI: 3.8-6.4). In total, 75/1083 declared they were asthmatic, i.e., 6.9%
(95% CI: 5.4-8.4) (Table 3).

Severity of asthma. Of the 75 adults who declared having asthma, 45% had had asthma
attacks in the 12 months preceding the survey, 7% were taking medicine every day, and 51%
had not taken any medicine for over a year. About a quarter (23%) went to see a doctor or
were admitted to an emergency service, over the previous twelve months. Those who consulted
a doctor went an average of twice in the previous12 months, and13 participants missed at least
one day of work or college (for students) over the previous12 months. Seventy-Six percent of
asthmatic patients had intermittent asthma, 8.1% light persistent asthma, 5.4% moderate per-
sistent asthma, and 10.8% severe persistent asthma. The severity of asthma was not associated
with sex (77% intermittent asthma in men and 75% in women, p = 0.854).

Factors associated with asthma

Asthma and characteristics of respondents in univariate analysis. The distribution of
self-declared asthma was similar for various age groups and genders with a prevalence of 5.8%
in men and 7.8% in women (p = 0.201).

The prevalence of asthma was greater in adults in households who reported family atopy
compared to those who did not (13.7% vs 3.7%; p<<0.001). The prevalence of asthma was greater
in adults who reported the presence of a cat (12.0% vs 6.1%; p = 0.011). (See S3 and S4 Tables)

Multivariate analysis of the factors associated with asthma. Family atopy (OR: 3.97;
95% CI: 2.42-6.50; p<0.001), and the presence of a cat in the house (OR: 1.82; 95% CI: 1.01-
3.28; p = 0.045) were associated with the presence of asthma in the city of Kinshasa (Table 4).

Table 3. Distribution of asthma declared in the population of the city of Kinshasa, 2016.

Self-reported asthma (n = 1083) n % 95% CI
Current asthma 28 2.6 1.6-3.5
Past asthma 47 4.3 3.1-5.5
Asthma confirmed by a medical practitioner and/or a nurse 55 5.1 3.8-6.4
Asthma-ever 75 6.9 5.4-8.4

https://doi.org/10.1371/journal.pone.0176875.t003
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Table 4. Factors associated with the presence of asthma in Kinshasa.

Crude OR (95% ClI) P Adjusted OR (95% ClI) * p

Age 1.00 (0.99-1.02) 0.691 1.00 (0.99-1.02) 0.653
Gender

Male 1

Female 1.37 (0.84-2.24) 0.203 1.31(0.80-2.16) 0.287
Family Atopy

Yes 4.16 (2.55-6.79) <0.001 3.97 (2.42-6.50) <0.001

No 1
Presence of a cat

Yes 2.08 (1.17-3.69) 0.012 1.82(1.01-3.28) 0.045

No 1

* OR obtained after mutual adjusting of the variables introduced in the model.
Data were analysed within adjustment for clustering.

https://doi.org/10.1371/journal.pone.0176875.t1004

Discussion

This community based survey, using a validated questionnaire, aimed to determine the preva-
lence of asthma and associated social and environmental risk factors in adults aged 18 years
and older living in urban and peri-urban suburbs of Kinshasa. The use of an inclusive and
broader definition of asthma (physician and/or self -reported diagnosis, use of asthma medica-
tions and reported wheezes during the past 12 months) is a practical alternative to the gold
standard for asthma diagnosis by spirometric measures, and this may have increased the likeli-
hood of identifying more individuals with asthma, as shown in a recent paper [13]. Of the 400
visited households, 1088/1306 adults were interviewed, representing a participation rate of
83.3%.

The main findings are that: the study population is young (mean 36.7 years, SD 15.4), of
which more than half was female, living in a mainly urban environment, and with a reported
family history of atopy in a third of respondents. The prevalence of asthma-ever was 6.9%,
although 7.3% of adults admitted wheezing at some time in their lives. Family atopy, and the
presence of a cat in the house were associated with asthma in multivariate analysis but other
sources of indoor and outdoor pollution were not.

The general characteristics (age, gender, residence) of the respondents were almost similar
to those described by Pefura-Yone in Cameroon [19] and Obaseki in Nigeria [32]. The young
age may be explained by the early onset of asthma, which is the most common chronic disease
affecting children [33]. The low education and socio-economic levels in almost the half of
respondents (45.7% and 50.5%, respectively) suggest a link with poverty challenging the
asthma control in many parts of the world due to increased inaccessibility to health facilities
and asthma medications. Poverty could also enhance the exposure to environmental triggers
such as biomass derived from the use of woods and fuel for cooking in rural areas.

The environmental exposure was similar in both urban and peri-urban area in this survey,
consisting mainly of the presence of trees and flowers in the compound, proximity of indus-
tries or factories for outdoor and cockroaches, mice/rats, cats for indoor pollution as in previ-
ous studies [20] and even in that by Nyembue et al in 2012, in the same town [21]. The latter
identified mainly Dermatophagoides pteronyssinus and cockroach in the community, using
prick-tests. The extent of biomass or fuel exposure was not clearly explored in this survey, not
including the real rural environment.
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Global Asthma Network (GAN) in 2012, focused mainly on low/and middle-income coun-
tries, including childhood asthma and in adults addressed broader topics including asthma
severity, prevalence, diagnosis, use of medications and the identification of environmental fac-
tors requiring further investigations, to improve asthma control [34]. This study highlights the
need for local based investigations in underdeveloped countries worldwide, facing anarchic
urbanization.

Compared to other reports from Sub-Saharan Africa, the prevalence of wheezing during
the last 12 months was of 7.3% in this study, similar to the mean of 7.75% for the African
region and in the range of other previous data in the same continent (5.32-12.40%), the lowest
being in Burkina Faso and the highest in South Africa [13,19]. ISAAC Phase III involving 98
countries described an increasing rate of asthma symptoms in adolescents mainly in low and
middle-income countries such ours [35]. Disparities could be linked to the heterogeneity in
asthma and related symptoms definitions, the differences in age-groups included, or different
methods used. The prevalence of asthma and asthma symptoms (wheeze) vary according to
geography, highlighting the need for targeted measures to address specific identified risk fac-
tors for a better control of the disease [6,7,18,19,36].

In this study, self-reported current asthma was recorded in 2.6% of respondents not far
from the 2%, 2.7%, 3.3%, and 3.8% in Tanzania, Cameroon, Nigeria, and South Africa, respec-
tively [19]. A previous study in the Congo estimated clinical asthma prevalence (Self-reported
and treatment) at 4.1 vs 3.94% for doctor diagnosed asthma [13]. Data are not available in
other regions on the prevalence of self-reported asthma to allow comparison. Otherwise,
Sembajwe et al reported a link between wheezing symptoms and the doctor diagnosed asthma
with national incomes to explain inter countries observed differences [37]. Through a system-
atic revue of studies on Asthma prevalence between 1990 and 2013 in Africa, Adeloye et al.
reported an overall prevalence of 13.8% (95% CI: 6.2-21.4) in people aged between 15 and 45
years old [18].

According to asthma ever, the estimate was 6.9%, under the 10.3% in children aged 6-7
years and the 11.3% in those aged 13-14 years with self-reported ever asthma from 1992-1996
ISAAC Phase I [38]. Masoli et al reported differences ranging between 0.7% in Macau and
18.4% in Scotland in a population aged 13-14 and 20-44 years [12]. To et al describing the
global asthma prevalence in adults have found 4.3% for doctor diagnosed asthma, 4.5% for
clinical asthma, and 14.4% for symptoms of asthma [13], while Sembajwe et al described an
overall 6% in subjects aged 18-99 years with doctor diagnosed asthma [37]. Studies not includ-
ing children may underestimate the prevalence of asthma whose onset is mainly in childhood
and those including people over 45 years may have considered patients with COPD and over-
estimated the rate of prevalence. Observed differences between countries may also be influ-
enced by the challenge of asthma diagnosis in poor-resource countries where the diagnosis
gold standard is not always available. Different asthma definitions and epidemiological meth-
ods used may impact on the observations. In addition to being few in Africa, studies on asthma
prevalence indicate a trend toward increase of the burden. Many factors are considered such
as the effect of parasitic helminthic infections, more frequent in Africa, which affect immune
responses by eliciting Th2-type derived immune responses implicated in the pathobiology of
allergic diseases [10, 20]. Growing population size, anarchic urbanization and changing life-
styles in Africa contribute to the increasing of the prevalence of chronic diseases and the
changing pattern of environmental triggers [9, 39].

Disparities in asthma prevalence are also reported elsewhere. Higher rates are noted in
Northern Europe, Australia, and New Zealand (32% for declared respiratory wheezing, 13%
for asthma sufferers) but low in southern Europe (Italy and Spain; wheezing and asthma 4 to
13.9% and 2 to 6.6%, respectively [19, 28].
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The discrepancies in prevalence across studies might be attributed to very different envi-
ronmental exposures (climate, ecology, outdoor or indoor pollution) between regions and/or
the different genetic susceptibilities of individuals. The lack of standardised protocols and vali-
dated operational definitions are a serious barrier to implementing epidemiological studies in
sub-Saharan Africa and comparability in the same time [16].

The prevalence of asthma was not statistically different between urban and peri-urban envi-
ronments in this study (7.4% vs. 5.5%, p = 0.298), perhaps because the peri-urban ecology is
not very different from the urban environment but also due to the inclusion of a greater num-
ber of households in urban areas. Future studies should compare the urban environment with
true rural milieu in which lifestyles are traditional and less influenced by Western culture, as
reported in some previous works [19]. Several studies report an increased prevalence of asthma
in urban vs. rural environments throughout the world, supporting a role for the environment
and lifestyle changes in the patho-aetiology of asthma [17, 18, 32, 40-438].

Considering the control of asthma, the survey showed 11% of asthmatics with a poor con-
trol (severe asthma) vs almost 80% with intermittent asthma. The Phase three ISAAC reported
also higher severity of asthma in low- and middle-income countries in a study including 237
centres in 98 countries [16, 35]. In addition to poor access to asthma medications and lack of
relevant health policies, the low education level of the population may constitute a barrier to
understanding measures and strategies of prevention in these parts of the world. The impact of
preventive use of inhaled steroids on the decline of mortality because of asthma has been
shown by Schayck et al in the Netherlands [49] and Haahtela et al in Finlande [50]. In many
low- and middle income countries, asthma diagnosis is still a health issue, delaying the treat-
ment and onset of preventive measures. Limited access to medications is a great concern.

Main environmental risk factors identified in this survey are related to out or indoor pollu-
tion such as mites, domestic animals (e.g., cats, dogs), cockroaches, and moulds. These bio-
contaminants release allergens into the atmosphere and enhance the inflammatory and allergic
immune response with subsequent increase in the prevalence of allergic diseases as reported
by ECRHS [28] as well as Leaderer et al in the USA [51]. However, in the current study, asthma
was more prominent in adults who had cats in their houses (12% vs 6.1%, p = 0.011).

With respect to indoor pollution, the current study showed the relatively high use of embers
and wood to cook food, but no association with asthma as in studies carried out elsewhere in
sub-Saharan Africa [40] and India [52, 53]. The absence of a link, in our study, between asthma
and exposure to biomasses or combustion fuels may be due to selection bias linked to the
choice of studying a peri-urban and not pure rural environment.

The prevalence of asthma seems to increase with urbanisation in developing countries and
is closely associated with increases of sources of respiratory nuisances such as machines using
liquid or solid fuels and building cement buildings that even pollute indoor air [54]. Compared
to other studies [55], our study results did not show association between asthma and proximity
of large roads and sources of respiratory nuisances constituting indoor air contaminants and a
threat to respiratory health.

Overall, our multivariate analysis identified family atopy and the presence of a cat in the
house as associated with asthma, in agreement with several studies [56, 57].

Asthma is clinically and pathologically heterogeneous, governed by intricate genetic and
environmental factors [3, 58]. Genetic studies suggest that asthma is polygenic, making tar-
geted pharmaco-genetic interventions difficult. The involvement of genetic factors in allergy
has been recognised for a long time. Patients with asthma often have other atopic pathologies,
especially allergic rhinitis—which is found in more than 80% of asthmatic patients—and
atopic dermatitis (eczema). In high-income countries, 40 to 50% of people are atopic but only
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some get asthma. This observation suggests that one or more other environmental or genetic
factors predispose atopic individuals to asthma [3].

Strengths and limitations

This study used a standardised questionnaire and random sampling to determine the preva-
lence of asthma in Kinshasa and, after multivariate analysis, specified the environmental deter-
minants linked to asthma. To our knowledge, this is the first study of this type in Kinshasa and
the results are valuable for further surveys and prevention planning.

However, our study has several limitations. The study was cross-sectional and therefore
prone to bias. Despite the use of a multivariate technique, there is one main confounder: addi-
tional factors may not have been taken into account because the data on these factors (e.g. obe-
sity, aspirin intake) were not collected. The absence of objective clinical measures of asthma
such as spirometry or objective measurement of pollution are limitations in the final assess-
ments of the observations, and also asthma diagnosis was self-reported. These aspects may
have introduced classification bias.

Conclusion

Bronchial asthma is relatively frequent in adults in Kinshasa. The calculated prevalence lies
within reported African trends. Family atopy and the presence of a cat in the house appear to
be major risk determinants. Prospective studies at the national level should be considered to
better adapt interventions to our specific environment to reduce morbidity and mortality.
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