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Summary:
Amongst South African adolescents, the prevalence of asthma is high, with increasing rates of severe
asthma between 1995 and 2017. Smoking, poor living conditions and exposure to pets or air
pollution are environmental risk factors. Under diagnosis is a major concern.

Abstract
Background: South Africa has undergone major economic and health system changes impacting the
epidemiology of childhood asthma. This study aimed to investigate prevalence time-trends of
asthma in South African adolescents over 2 decades and to identify associated risk-factors.
Methods: A cross-sectional survey was conducted in 2017, in a randomized sample of 13-14 year-old
Cape Town adolescents, using the standardized Global Asthma Network written, video, and
environmental questionnaires. Using time-trend analysis, the prevalence and severity of asthma
were compared with data from the 2002 ISAAC phase III study. Environmental and social risk-factors
were analysed.
Results: 3979 adolescents were included. Prevalence of lifetime and current asthma were 34.5% and
21.3%, respectively, on the self-report written questionnaire, similar to 2002 results. The prevalence
of severe asthma in the last 12 months increased, measured by wheeze limiting speech (7.8% to
11.8%), >4 attacks of wheezing (5.0% to 5.8%) or >1 night/week waking from wheezing (5.0% to
6.9%). The video questionnaire revealed increases in lifetime (16.9% to 22.5%), current (11.2% to
18.7%), or severe asthma (12.1% to 14.8%). Multivariate analysis showed associations between
current asthma and smoking, female sex, pet exposure or higher socioeconomic status. Severe
asthma was associated with smoking, pet exposure, outdoor pollution exposure or informal
housing. 33% of those with severe or current asthma had been diagnosed.
Conclusion: The prevalence of asthma is high, with increasing rates of severe asthma in adolescents.
Underdiagnosis is a major concern and reduction in exposure to environmental factors, particularly
smoking, and improved socioeconomic development are needed.

Introduction
Asthma is the most common chronic disease in children, and a major contributor to childhood
morbidity[1-3], impacting on physical, psychological and social aspects of life.[4] Accumulating data
has shown a rising prevalence of childhood asthma in low-middle income countries (LMICs) in both
urban and rural areas.[2,5,6] In addition, disease severity has been found to be higher in children
living in LMICs than in high income populations.[7] Resource constraints, resulting in inadequate
diagnosis and follow up of childhood asthma, as well as lack of availability of essential asthma drugs
in the setting of rapid urbanisation, environmental changes, poverty and sub-standard living
conditions are challenges frequently faced by populations in LMICs, potentially contributing to this
burden of disease.[8]
The International Study of Asthma and Allergies in Childhood (ISAAC) provided the most
comprehensive data on the epidemiology of childhood asthma and changes over time.[9] Data from
Cape Town showed a substantial increase in asthma prevalence in adolescents as measured by selfreported current wheeze, from 16% in 1995 (ISAAC I) to 20.3% in 2002 (ISAAC III)[9], which was
higher than the global prevalence of 14.1%.[3] The proportion diagnosed with asthma during these
periods was 13.3% and 14.4% respectively. Underdiagnosis of childhood asthma was commonly
reported in ISAAC III in LMICs, with as many as 50% of cases of asthma being undiagnosed.[3]
Further, the prevalence of severe asthma was much higher in LMICs with up to 30% of children with
asthma reporting severe symptoms. Consistent with this, data from Cape Town showed that
amongst children with asthma symptoms, approximately half had symptoms of severe, uncontrolled
asthma.[9,10]
From 2002 onwards, South Africa experienced profound changes in society and policies with
strengthening of health care provision, rapid urbanisation and improved access to basic amenities
such as water, sanitation and electricity as well as basic education.[11,12] However, challenges such
as poverty, unemployment, socioeconomic inequity and sub-optimal health systems continued to
negatively impact on health.[11,13] The aim of this study was to investigate time trends in the
prevalence of asthma in South African adolescents from 2002 to 2017, and to identify risk factors
associated with asthma or asthma severity.
Methods
Study Design
A cross-sectional survey of 13 and 14 year old school going adolescents in Cape Town, South Africa
using the standardised written and video questionnaires developed by the Global Asthma Network
(GAN; a follow on study to ISAAC), and an environmental questionnaire, was conducted from 1 June
to 31 October 2017. These results were compared to those from the ISAAC phase III study (2002)
done in the same area of Cape Town over the same season, to identify changes in asthma
prevalence or severity and associated risk factors.
Population
Public and private schools with learners aged 13 and 14 years within the Cape Town metropolitan
area were randomized and consecutively selected until the required sample size was achieved.
Schools varied by language of instruction; English, isiXhosa, and Afrikaans. Inclusion criteria for

participants were: all pupils from selected schools who were age 13 to 14 years during the data
collection period with a signed assent form. Each school was visited two to three times to ensure
data from eligible children that could not be surveyed at the first visit was captured.
Methods
Questionnaires were self-administered in the language preference of each learner, according to a
standardised manual developed by GAN.[14] The questionnaires were translated from English into
isiXhosa and Afrikaans, and were validated through back translation. The environmental
questionnaire was adapted for local use; this environmental questionnaire was developed by the
ISAAC steering committee and previously used by our group in ISAAC 3. It included questions about
diet, height, weight, heating and cooking fuels, exercise, pets, family size, tobacco smoke and
pollution exposure and socioeconomic status (SES) including variables previously validated including
parental employment, home type, and number of household items.[6] As with ISAAC, the written
questionnaire was completed first, followed by the environmental questionnaire and then the video
questionnaire. The current questionnaires were administered during the same season (autumn and
winter) as ISAAC III to control for seasonality. Following completion of the questionnaires, the weight
and height of each child were measured by trained study staff using the Charder Medical Portable
Digital Scale (HEBEI, Charder Electronic Co, Inc., Taiwan) and the Charder Portable Stadiometer
(HM200P, Charder Electronic Co, Inc., Taiwan).
The study was approved by the Human Research Ethics Committee of the Faculty of Health Sciences,
University of Cape Town, South Africa. An opt-out method of consent was used for parents. Assent
was obtained from each participant. Approval was obtained from the Department of Education,
Western Cape, and from the principal of each participating school.
Statistical analysis
The study aimed to enrol 3500 participants, as this sample size was required to detect yearly
changes of at least 0.5% in the prevalence of asthma compared to ISAAC III with a power of 90% and
95 percent confidence.
As per GAN methodology,[14] each response was treated independently, and lifetime asthma was
defined as a positive response to ever having wheezing or whistling in the chest, whereas current
asthma was defined by having experienced wheezing in the past 12-months on the written
questionnaires.[14] On the video questionnaire, lifetime or current asthma (within last 12 months)
were defined as a positive response to experiencing symptoms depicted on any of the first four
video sequences.
Severe asthma, was defined according to GAN and ISAAC,[14] as a positive response to one of the
following in the past 12-months on the written questionnaire: 1) four or more attacks of wheezing;
2) woken by wheeze on one or more nights per week; 3) wheezing severe enough to limit speech to
only one or two words at a time, between breaths. Severe asthma on the video questionnaire was
defined as a positive response to a person at rest experiencing wheeze limiting speech (Scene Five)
as per GAN guidelines.[14]

Outdoor pollution was measured by responses to a frequency question related to trucks passing by
the respondent’s home. Responses of “frequently”, or “almost the whole day” were classified as
being exposed to outdoor pollution.[14]
Socioeconomic status (SES) was assessed using a list of 10 common household items, adapted from
an SES scoring system used in The South African Stress and Health study.[15] The median number of
assets reported by the surveyed population was 6 assets and a cut point was established. Lower SES
was defined as a household with 6 or fewer assets and higher SES defined as a household with 7 or
more.
Data were entered using REDCap (Research Electronic Data Capture) electronic data capture tools.
As part of the data quality control process, a random 10 percent sample was used for independent
double data entry. The original database containing all entries and the sample were compared using
STATA version 14.2 (College Station, Texas, USA). The process resulted in an error rate of 0.3%,
within standard allowance for acceptable error.
The data for this study was analysed using STATA version 13.0 (College Station, Texas, USA).
Differences in disease prevalence were investigated using logistic regression, odds ratios and 95%
confidence intervals. Risk factors were identified through univariate and multivariate logistic
regression. Results were compared to those from the ISAAC III study to reveal time trends over the
period.
Results
There were 4234 participants, of whom 3979 (94%) met the age eligibility criteria. Of these, 1731
(43.5%) were male (Table 1); the demographic profile of the sample was representative of the
current official population profile of Cape Town.[16] Environmental exposures that were highly
prevalent included outdoor pollution (33.5%), maternal smoking (24.7%), paternal smoking (35.2%),
and participant self-reported current smoking (8.8%). Exposure to pets was common occurring in
68.1% (Table 1). Measures of lower SES included living in an informal dwelling (10.5%) and having
fewer than 7 household assets (49.6%) (Table 1). Most participants (94.8%) attended public schools,
as occurs in South Africa; attendance at private schools are largely adolescents from higher SES
populations. On measurement of anthropometry, 18.8% of participants were obese as defined by a
body mass index (BMI) of > 25 (table 1).
Table 1. Participant characteristics

Category

Total
n=3979

Male
Ancestry

1731 (43.5)
Black African
Caucasian

1699 (42.7)

Mixed ancestry
Other

463 (11.6)
1683 (42.3)
134 (3.4)

Public

3711 (94.8)

School type

Private
Highest level of Maternal Education
Primary school
Secondary
Tertiary
Not reported
Previous TB Treatment
Outdoor Pollution
Self-reported smoking (current)
Maternal smoking
Paternal smoking
Wood used for heating or cooking
Exposure to pets
Mother or father employed
Home Type- informal home
Household Assets (< 7 items)
Body Mass Index (BMI)
Less than 18.5
18.5 to 24.99
Above 25
Not reported

208 (5.2)
298 (7.5)
2002 (50.3)
1597 (40.1)
82 (2.1)
279 (7.0)
1334 (33.5)
348 (8.8)
982 (24.7)
1402 (35.2)
288 (7.2)
2711 (68.1)
3523 (88.5)
417 (10.5)
1975 (49.6)
1105 (27.8)
2119 (53.2)
747 (18.8)
8 (0.2)

Prevalence of symptoms of asthma by self-reported questionnaire
The prevalence of self-reported lifetime (34.5%) or current asthma (21.3%) did not increase
significantly from ISAAC III (Table 2). However, the prevalence of severe asthma increased
significantly as measured by night waking due to wheezing from 5.0% to 6.9% (OR = 1.41 [1.181.68]), wheeze limiting speech increasing from 7.8% to 11.8% (OR = 1.57 [1.36-1.8]) and 4 or more
attacks of wheezing in the past year from 5% to 5.8% (or 1.15 [0.96-1.39]. The proportion of
adolescents diagnosed with asthma increased from 14.4% to 16.6% (OR = 1.18 [1.05-1.33]).
However, of those with current asthma, only 284 (33.5%) had been diagnosed with asthma, and of
those with severe asthma, only 223 (33.5%) had been diagnosed.
Table 2. Comparison of prevalence (n, %) of asthma symptoms by written questionnaire among
South African adolescents, 2002 (ISAAC III) and 2017 (GAN I).

Wheeze ever
Wheezing last 12 months
Four or more attacks of wheezing in the
last 12 months
Woken by wheezing one or more nights
per week in last 12 months
Severe wheeze limiting speech to one or
two words at a time in last 12 months
Exercise-induced wheeze in last 12
months
Night cough, last 12 months
Diagnosis of asthma ever

2002 (ISAAC III)
n=5037

2017 (GAN I)
n=3979

2002 to 2017
OR (95% CI)

1670 (33.1)
1025 (20.3)

1373 (34.5)
847 (21.3)

1.06 (0.97-1.16)
1.06 (0.96-1.17)

254 (5.0)

230 (5.8)

1.15 (0.96-1.39)

252 (5.0)

275 (6.9)

1.41 (1.18-1.68)

395(7.8)

468 (11.8)

1.57 (1.36 - 1.8)

1641 (32.5)

1431 (36.0)

1.16 (1.06 -1.27)

1846 (36.6)
725 (14.4)

1648 (41.4)
660 (16.6)

1.22 (1.12 -1.33)
1.18 (1.05 - 1.33)

Prevalence of symptoms of asthma by video questionnaire

The video questionnaire was completed by 3944 (99.1%). Results showed a consistent increase in
the prevalence of all measures of asthma and of severe asthma in each of the five video scenarios
(Table 3).
Table 3. Comparison of Prevalence (n, %) of asthma symptoms by video questionnaire, 2002 (ISAAC
III) and 2017 (GAN I).

Timeframe

2002 (ISAAC III)
n=5037 (%)

Ever
In the last 12 months
In the last month

840 (16.9)
559 (11.2)
351 (7.0)

Ever
In the last 12 months
In the last month

1070 (21.3)
692 (13.9)
466 (9.4)

Ever
In the last 12 months
In the last month

459 (9.2)
265 (5.3)
194 (3.9)

Ever
In the last 12 months
In the last month

1501 (30.1)
957 (19.2)
620 (12.5)

Ever
In the last 12 months
In the last month

603 (12.1)
347 (7.0)
216 (4.3)

2017 (GAN I)
n=3944 (%)

2002 to 2017
OR (95% CI)

Wheeze
887(22.5)
737 (18.7)
513 (13.0)
Exercise-Induced Wheeze
1480 (37.5)
1205 (30.6)
890 (22.6%)
Nocturnal Wheeze
517 (13.1)
376 (9.5)
275 (7.0)
Nocturnal Cough
1147 (29.1)
863 (21.9)
618 (15.7)
Severe Wheeze
583 (14.8)
403 (10.2)
296 (7.5)

1.45 (1.30-1.61)
1.84 (1.63-2.07)
1.92 (1.66-2.21)
2.23 (2.03-2.44)
2.76 (2.49-3.07)
2.86 (2.53-3.23)
1.50 (1.32-1.72)
1.90 (1.61-2.23)
1.87 (1.55-2.26)
0.97 (0.88-1.06)
1.19 (1.08-1.32)
1.32 (1.17-1.49)
1.28 (1.13-1.44)
1.47 (1.27-1.71)
1.81 (1.51-2.17)

Environmental Risk Factors
Several risk factors were associated with current or severe asthma outcomes on the written
questionnaire. On multivariate analysis, current asthma was associated with female sex, attending a
private school, self-reported current smoking, a parent employed or exposure to pets (Table 4).
Severe asthma (defined as any of the 3 measures on the written questionnaire) was associated with
self-reported smoking (OR = 2.29 [1.78-2.94]), living in an informal home (OR = 1.38 [1.05-1.81]),
exposure to outdoor pollution (OR = 1.26 [1.05-1.51]) or exposure to pets (OR = 1.32 [1.09 – 1.61].
(Table 5).
Table 4: Univariate and multivariate analysis of exposures and current self-reported asthma on the
written questionnaire
Risk Factor
Sex (Male)
Private school
Outdoor Pollution
Self-reported Smoking

Current
Wheeze
n=847 (%)
327
(38.6)
69
(8.2)
303
(35.8)
113

No Current
Wheeze
n=3132 (%)
1404
(44.8)
139
(4.4)
1031
(32.9)
235

Univariate Analysis
OR [95% CI]
0.77
[0.66-0.90]
1.9
[1.4-2.6]
1.1
[1.0-1.3]
1.90

p-value
0.001
<0.001

Multivariate Analysis
OR [95% CI]
0.79
[0.67-0.93]
1.66
[1.20-2.30]

p-value
0.006
0.002

0.115
<0.001

1.88

<0.001

(current)
Maternal Smoking
Paternal Smoking
Wood used for heating
or cooking
Exposure to Pets
Mother or father
employed
Home Type- informal
Household Assets
(< 7 items)
BMI Above 25

(13.3)
235
(27.7)
325
(38.4)
76
(9.0)
633
(74.7)
781
(92.2)
85
(10.0)
369
(43.6)
171
(20.2)

(7.5)
747
(23.9)
1077
(34.4)
212
(6.8)
2078
(66.4)
2742
(87.6)
332
(10.6)
1606
(51.3)
576
(18.4)

[1.49-2.41]
1.23
[1.03-1.46]
1.18
[1.01-1.39]
1.36
[1.03-1.79]
1.50
[1.26-1.78]
1.57
[1.18-2.08]
0.94
[0.73-1.21]
1.36
[1.17-1.59]
1.12
[0.93-1.36]

0.019
0.036
0.029
<0.001
0.002

[1.46-2.41]
1.07
[0.88-1.29]
1.13
[0.95-1.35]
1.18
[0.88-1.57]
1.40
[1.16-1.67]
1.48
[1.10-2.00]

0.520
0.168
0.271
<0.001
0.011

0.634

-

-

<0.001

0.86
[0.73-1.01]

0.078

0.240

-

-

Table 5: Univariate and multivariate analysis of exposures and severe asthma on the written
questionnaire
Risk Factor
Sex (Male)
Independent school
Outdoor Pollution
Self-reported Smoking
(current)
Maternal Smoking
Paternal Smoking
Wood used for
heating or cooking
Exposure to Pets
Mother or father
employed
Home Type – informal
Household Assets
(< 7 items)
BMI Above 25

Severe
Wheeze
n=669 (%)
287
(42.9)
29
(4.3)
260
(38.9)
103
(15.4)
146
(21.8)
240
(35.9)
49
(7.3)
483
(72.2)
590
(88.2)
90
(13.5)
363
(54.2)
130
(19.4)

No Severe
Wheeze
n=3310 (%)
1444
(43.6)
179
(5.4)
1074
(32.5)
245
(7.4)
836
(25.3)
1162
(35.1)
239
(7.2)
2228
(67.3)
2933
(88.6)
327
(9.9)
1612
(48.7)
617
(18.6)

Univariate Analysis
OR (95% CI)
0.97
[0.82-1.15]
0.79
[0.53-1.18]
1.33
[1.12-1.59]
2.28
[1.78-2.92]
0.84
[0.68-1.02]
1.01
[0.88-1.53]
1.02
[0.74-1.40]
1.26
[1.05-1.52]
0.89
[0.68-1.17]
1.42
[1.10-1.82]
1.25
[1.06-1.48]
1.05
[0.85-1.30]

p-value

Multivariate Analysis
OR (95% CI)

p-value

0.730
0.256
0.001
<0.001

1.26
[1.06-1.51]
2.29
[1.78-2.94]

0.010
<0.001

0.079

-

-

0.612

-

-

0.925

-

-

0.014

1.32
[1.09-1.61]

0.005

0.409

-

-

0.006
0.009

1.38
[1.05-1.81]
1.18
[0.99-1.42]

0.019
0.072

0.638

Discussion
This study is amongst the first globally to use the GAN methodology to investigate changes in asthma
prevalence in adolescents in a LMIC over an extended period. A key finding was the increasing
prevalence of severe asthma. While asthma prevalence did not change substantially over this period
on the written questionnaire, all measures of symptoms of severity increased on the written and
video questionnaires. The proportion of children diagnosed with asthma increased, but only a third

of those with current or severe symptoms had been diagnosed with asthma. Key environmental
exposures associated with asthma or with severe disease were outdoor pollution, participant
smoking, pets and poor housing.
The rising prevalence and severity of asthma from 1995 to 2002 has previously been reported
amongst adolescents from the same area.[9] These trends were consistent with ISAAC data from
other African countries, such as Kenya and Nigeria which showed an increasing prevalence of asthma
compared to a stabilising or decreasing trend in some higher income countries.[5] In addition,
bronchial hyper-responsiveness studies have shown comparable increases in asthma prevalence
amongst rural and urban South African children from 1979 and through to 2020.[17-21] The current
study extends these findings by showing a striking increase in disease severity across all measures.
Several factors may account for the greater severity of asthma. Poor living conditions was a key risk
factor, as was self reported smoking, pet ownership and outdoor pollution. Consistent with ISAAC III
data from Cape Town, children from higher SES backgrounds (as measured by parental employment
or private schooling) had a higher risk of current asthma, however, asthma severity was higher
amongst those from a lower SES.[22] In another South African study using self-reported
questionnaires amongst 6002 children from both rural and urban settings to investigate
socioeconomic risk factors for childhood asthma, asthma severity increased with socioeconomic
deprivation.[23] This association may be attributable to both the inequitable distribution of health
care, poor access to diagnosis and care and environmental factors, such as increased exposure to
indoor pollution and smoking.[22,23]
Self-reported smoking was an important risk factor with almost 9% of participants self-reporting
smoking at a relatively young age. While self-reported smoking is an imperfect measure, this
probably represents the lowest estimate of adolescents who are currently smoking in this
population. Exposure to tobacco smoke is a well-established risk factor for asthma.[10,24,25]
Amongst 6-7 year old children from a different part of South Africa, exposure to tobacco smoke
increased the likelihood of wheeze by 77%.[10] South Africa’s Tobacco Products Control Amendment
Act (2008) prohibits children younger than 18 years from smoking, regulates the advertisement of
cigarettes and cigarette tax, and makes designated smoking areas a legal requirement.[26] Our data
suggests the need for more effective enforcement of this legislature as well as improved educational
programmes aimed at children and adolescents, to prevent initiation of smoking and to strengthen
smoking cessation initiatives for school going children.
Outdoor pollution, as measured by frequency of trucks passing by the respondent’s home, was
associated with an increased risk of severe asthma. Outdoor pollution is a well established risk factor
for current and severe asthma.[27] However, data from Sub-Saharan Africa on the strength of the
association is limited, with only a few recent studies describing an association between air pollution
and wheeze in this region[27,28]. With increasing industrialisation, levels of pollution are expected
to continue to rise, particularly in urban areas.[27] Further research is therefore needed to
accurately describe this relationship in LMICs such as South Africa, and promote strategies to reduce
exposure.
Consistent with ISAAC and other global data, female sex was found to be a significant risk factor for
current wheeze amongst adolescents.[4,29,30] In pre-pubertal children the prevalence and severity
of asthma is higher amongst males. The switch in asthma prevalence at the onset of puberty may be

related to the effects of female sex hormones on airway inflammation and hyper-reactivity. Other
factors thought to contribute towards the gender differences in asthma prevalence include
differences in airway growth and function between sexes, a tendency for girls to over-report asthma
symptoms, as well as differences in environmental exposures, such as smoking.[29,30]

Lack of asthma diagnosis for adolescents with asthma or with severe disease was common, with
two-thirds of cases undiagnosed. This proportion has remained relatively unchanged over this
period; in ISAAC III, undiagnosed asthma was most common in African countries, with 40% of
children undiagnosed.[9,31] The results from our study suggest that ongoing underdiagnosis and
undertreatment of childhood asthma remains a key concern. This may be particularly challenging in
LMIC’s, where access to care may be limited, and illnesses such as lower respiratory infections are
more likely to be diagnosed.[8] Adolescents may also deny symptoms and underestimate the
severity of disease.[30] Improved access to primary health care for diagnosis and affordable
essential asthma medication, including inhaled corticosteroids or short acting beta agonists, can
reduce hospitalizations, mortality and costs.[32,33] Our data highlight the need for urgent public
health care interventions to address underdiagnosis in these settings.
A limitation of the study is the lack of generalisability to rural areas; however the study is relevant to
peri-urban and urbanising landscapes of LMICs.[17,18] Further, the study was done in Cape Town,
an urban area of South Africa, the same area in which ISAAC phase I and III were done. However,
South Africa has experienced profound social and economic changes over this period with increased
urbanisation and increased numbers of people living in informal homes.[34-36] An estimated 53% of
the population resided in urban or peri-urban areas in 1994 compared to 78% in 2013.[37,38] A
further limitation is reliance on self-reported symptoms as a proxy for disease, rather than a
confirmed diagnosis or lung function testing. Self-report may over- or underdiagnose asthma
symptoms.[39] However, the ISAAC self-report methodology has been widely used globally and
validated against physician assessments.[14,40] Furthermore, the use of identical methodology at all
three time points makes a valid comparison over time possible.[9]
Although questionnaires have been translated and the study was conducted in the language
appropriate for each individual, the translations may be limited in their ability to capture the scope
of disease as the interpretation of terms such as “wheezing” and “asthma” may not be specific
enough in each language. However, the video questionnaire was used to obviate any language
issues. Both the video and the written questionnaires confirmed an increase in severe asthma while
the prevalence of asthma, as measured by wheeze in the last 12 months, was remarkably consistent
between the two (21.3% on the written and 18.7% on the video questionnaire). Further, these
adolescents are all school going with a relatively high level of literacy. Lastly the same
questionnaires were used in ISAAC and in GAN, making comparison of responses valid.
The study highlights the emerging undiagnosed and increasing burden of asthma, including severe
asthma, which is the commonest non-communicable disease in adolescents in LMICs. Key
environmental factors associated with disease and disease severity including smoking, poor housing
and poverty are amenable to public health interventions. Further study of the determinants of
disease and long term impact is needed in LMIC settings. Strategies to improve asthma diagnosis and
management in these settings must be strengthened.
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