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SUMMARY
Background—A proportion of children with sickle cell disease (SCD) demonstrate clinical
findings consistent with the diagnosis of asthma. These children are at increased risk of
complications including acute chest syndrome.

Objective—To assess lung function and symptoms of asthma in children with SCD in Blantyre,
Malawi.

Design—Twenty-five children aged seven to sixteen with electrophoretically confirmed SCD
were recruited to undergo spirometry and questionnaire screening of asthma symptoms. Forced
expiratory volume in 1 second (FEV1), forced vital capacity (FVC) and FEV1/FVC ratio, were
compared with local and international reference ranges. Symptoms were assessed using the
International Study of Asthma and Allergies in Childhood questionnaire.

Results—Mean spirometric indices represented as z-scores derived from international reference
ranges were low: FEV1 −1.64 (95% CI −2.04 to −1.23), FVC −1.49 (95% CI −1.90 to −1.09),
FEV1/FVC −0.39 (95% CI −0.76 to −0.03). Comparison with local reference ranges, represented
as percentage of predicted value, revealed similar impairments: FEV1 86.9 (95% CI 81.1 to 92.7),
FVC 89.0 (95% CI 83.5 to 94.4), FEV1/FVC ratio 97.7 (95% CI 95.4 to 99.9). The prevalence of
wheeze was 16.7%.

Conclusion—We present spirometric abnormalities suggestive of restrictive lung disease with
no evidence of obstructive defects or increased prevalence of wheeze.
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INTRODUCTION
A proportion of children with SCD exhibit clinical findings associated with the diagnosis of
asthma, including wheeze, lower airway obstruction and bronchial hyper-reactivity. These
clinical findings are more prevalent in children with SCD than in age and ethnically matched
controls.1, 2 It remains unclear whether these children are predisposed to develop asthma or
if they are demonstrating a distinct pulmonary condition caused by SCD itself.

Characterizing the relationship between SCD in children and the clinical features of asthma
is important. Lower airway obstruction3 and a physician diagnosis of asthma4 have been
independently associated with increased rates of acute chest syndrome and vaso-occlusive
crisis. Recurrent episodes of acute chest syndrome are the most important risk factor in the
development of sickle chronic lung disease.5 This complication usually becomes apparent in
early adulthood and is typified by restrictive pulmonary function, hypoxaemia6 and
pulmonary hypertension.7 Both acute chest syndrome and sickle chronic lung disease are
important causes of morbidity and mortality.8

The prevalence of SCD in Malawi is estimated at between one and three percent.9, 10 A
proportion of Malawian children with SCD are likely to have undiagnosed clinical findings
and symptoms consistent with asthma. These symptoms may be improved with the
prescription of bronchodilators, which are locally available, although their effect on long-
term outcomes such as rates of ACS has yet to be elucidated in randomized controlled trials.
This study describes the pulmonary function of Malawian children with SCD and the
prevalence of asthma symptoms within this cohort.

METHODS
Study Population

Children aged between seven and sixteen were recruited from the paediatric sickle cell clinic
at Queen Elizabeth Central Hospital, Blantyre, between June and August 2011.
Homozygous sickle cell disease (HbSS) was confirmed by haemoglobin electrophoresis
using a Beckman Paragon Electrophoresis System (Beckman Coulter Inc., California, USA).

Exclusion criteria were: clinic attendance within 1 month of a respiratory tract infection or
HIV infection. The latter was to prevent confounding due to the negative impact of HIV on
lung function.11 Screening for HIV infection was completed as per clinic protocol in all
participants using a rapid antibody test (Determine, Inverness Medical).

Pulmonary Function Testing
Participants’ height and weight were recorded on the day of spirometry using a wall fixed
stadiometer and a SECA 761 electronic scale (SECA, Birmingham, UK). Spirometric testing
followed ATS/ERS recommended practice12 using an EasyOne World spirometer (ndd AG,
Zurich, Switzerland). Two clinicians independently interpreted the results, and assessed the
quality and reproducibility of all trials. Traces not meeting quality and reproducibility
criteria were excluded. Disparity in interpretation was resolved by consensus.

We measured forced expiratory volume in 1 second (FEV1); forced vital capacity (FVC) and
FEV1/FVC ratio. A primary comparison of these spirometric indices was made with
reference values of Wang et al 13 and were reported as z-scores [z = (x − μ)/σ where ‘x’ is
the individual parameter and ‘μ’ and ‘σ’ are mean and standard deviations of the reference
range respectively]. The lower limit of normal (LLN) for FEV1, FVC and FEV1/FVC is
defined as z<−1.64 (below the 5th centile). A second comparison was made with locally
defined ranges from a recent cross-sectional survey in Blantyre, Malawi.14 In this case,
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where confidence intervals are not well defined, we report percentage of the predicted value,
using 80% as the LLN.

The protocol determined that participants with an obstructive defect (defined by an FEV1/
FVC less than the lower limit of normal according to Wang et al13) would be given 200
micrograms of salbutamol (GlaxoSmithKline, Middlesex, UK) delivered via a metered dose
inhaler and AeroChamber Plus spacer (Trudell Medical International, Ontario, Canada).
Response to bronchodilator would be assessed by repeat spirometry after fifteen minutes: an
increase of 12% in FEV1 would be considered evidence of reversible lower airway
obstruction. 15

Questionnaire
Symptoms of asthma were recorded in clinic using the International Study of Asthma and
Allergies in Childhood (ISAAC) self-reporting questionnaire. This tool has a sensitivity of
85% and specificity of 81% when compared with a respiratory physician’s diagnosis of
asthma. 16 Questions were translated into the national language (Chichewa) and, where
required, a nurse assisted participants who had difficulty reading the questions. The results
were compared with those of an ISAAC survey of Mozambican school children residing in
urban areas.17 This survey population represents a proximal and demographically similar
group that serves to give a useful estimate of symptoms of asthma in the Malawian
paediatric population which is yet to be studied.

Additional information was sought to define the number of times participants had been
admitted to hospital with chest pain and the prevalence of the use of solid fuel stoves for
cooking in the home.

Sample Size
We calculated that 30 volunteers would be required to estimate the mean and standard
deviation of FEV1 in our sample18, and allow comparison with the selected reference
ranges. For a sample of 30 subjects there is a 20% chance that the sample standard deviation
of FEV1 underestimates the population standard deviation by 22%. The proportions of
obstructive lung disease were unknown and inestimable a priori.

Statistical analysis was performed using Stata v11 (StataCorp, Texas, USA).

The Research and Ethics Committee of The University of Malawi College of Medicine
granted ethical approval.

RESULTS
Twenty-five children (16 boys and 9 girls, median age 11.5 years, IQR 8 to 13.5) were
recruited consecutively (Table 1). The target sample size was not attained due to the
unexpected non-attendance of potential participants previously identified on a clinic list. All
participants resided in urban areas within the district of Blantyre. The majority of
participants (n=20, 83%) were exposed to products of biomass combustion for domestic
cooking. Compared with World Health Organization growth charts19, participants were
short (mean height for age z-score −1.21±0.90), with five (20%) defined as stunted (height
for age z-score <−2). Participants were also below average weight (mean BMI for age z-
score −1.11±0.96) with four (16%) defined as underweight (BMI for age z-score <−2).
Seven participants (29%) reported a previous admission to hospital with chest pain and one
participant reported over five previous admissions with chest pain.
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No participants were excluded due to recent symptoms of respiratory tract infection or HIV
infection. One participant was excluded from the study because the spirometry traces
obtained were un-interpretable. All other participants recorded good quality and
reproducible traces. None of the traces recorded were consistent with an obstructive pattern
and no participants were eligible for administration of inhaled salbutamol.

Primary comparison of pulmonary function was made with international reference ranges
published by Wang et al13 (figure 1). The mean z-score for FEV1 was −1.64 (95% CI −2.04
to −1.23) and for FVC −1.49 (95% CI −1.90 to −1.09). Fifteen participants (62%) had
abnormally low FEV1, and fourteen participants (58%) abnormally low FVC. The mean
FEV1/FVC z-score was −0.39 (95% CI −0.76 to −0.03) and all values were within the
normal range.

A second comparison of pulmonary function was made with reference ranges determined in
a local cross-sectional survey14 (figure 2). Our cohort had a mean FEV1 of 86.9% of
predicted (95% CI 81.1 to 92.7) and mean FVC of 89.0% of predicted (95% CI 83.5 to
94.4). Nine participants (37%) had an abnormally low FEV1, while six (25%) had an
abnormally low FVC. The mean percentage of predicted FEV1/FVC value was 97.7 (95%
CI 95.4 to 99.9); no individual exhibited evidence of obstructive spirometry.

Predetermined explanatory variables predicted to be associated with FEV1 were entered into
linear regression models for univariate analysis: none of these (age, BMI z-score, or number
of admissions with chest pain) were significantly associated (p>0.1 for each).

Asthma symptoms recorded using an ISAAC questionnaire were compared with the results
of an ISAAC survey of Mozambican school children conducted in 200617 (Table 2). The
prevalence of wheeze among the participants was lower than that recorded in Mozambican
school children from urban areas. However the prevalence of nocturnal cough in the last 12
months was substantially higher among participants in this study (41.7% v 22.7%).

DISCUSSION
Main Findings

In this small study in an area with low levels of asthma diagnosis, and low prevalence of
wheeze, we have found no evidence to support the hypothesis of early acquisition of
obstructive lung function defects in children with SCD. We have demonstrated lung function
abnormalities suggestive of restrictive lung disease, and wheeze prevalence comparable to
that of a cohort without SCD.

Limitations
As a cross sectional survey of a small number of patients we are reticent to draw wide-
ranging conclusions. A larger patient population and cohort follow-up would allow more
accurate determination of lung function including changes with age. It is possible that
without testing for bronchial hyper-responsiveness we have missed both transient airway
obstruction, and mixed obstructive/restrictive defects. Provocation testing is not available
within our department, although questionnaire responses suggest low levels of asthma-type
symptoms. The ISAAC questionnaire that we utilized was a translation of a standard
questionnaire into the local language Chichewa. This was independent of the ISAAC study
protocol, and the Chichewa translation was not formally validated. Further questionnaire
analysis of risk factors for poor lung function might be illuminating, but our data was
limited in order to maximize responses given the available resources.
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Interpretation
Malawian children with SCD may be progressing to the late stage lung changes found in
SCLD more rapidly than previously studied paediatric populations who typically
demonstrate obstructive rather than restrictive defects.1,2 If this is the case it may be that
obstructive defects are present in younger children than those recruited in this study. The
chronic pro-inflammatory state of the lungs in SCD has been shown in animal models to
lead to increased sensitivity to hypoxic20, infectious21, and allergic22 insults. Repetition of
these insults is thought to result in progressive fibrosis of the lung parenchyma and
pulmonary vasculopathy; ultimately leading to the restrictive lung function and pulmonary
hypertension associated with SCLD.7 It appears plausible that this cohort of patients has
been exposed to a variety of location specific pulmonary insults, which may predispose to
increased pulmonary inflammation and accelerated disease progression when compared with
other groups. These insults may include; indoor air pollution from combustion of biomass
fuels23, high rates of pulmonary infection in the wider paediatric population24, inadequate
nutrition25, inefficient early identification of SCD affected individuals, and a lack of
resources to treat the disease and its complications.

Generalisability
Our study highlights that the progression of the pulmonary complications associated with
SCD may differ significantly between populations suggesting an important role of
environmental influences. Further research might usefully examine these, and the extent to
which the pattern of disease changes with the introduction of potential disease modifying
therapies.
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Figure 1.
Comparison of lung function with reference ranges published by Wang et al.13 Values of
participants are given as z-scores where −1.64 is defined as the lower limit of normal. Error
bars represent the 95% confidence interval around the mean.
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Figure 2.
Comparison of lung function with locally defined reference ranges published by Zverev et
al.14 Values of participants are given as a percentage of predicted value with 80% defined as
the lower limit of normal. Error bars represent the 95% confidence intervals around the
mean. FEV1/FVC ratios are also given as absolute values.
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Table 1

Characteristics of study subjects

Age, years 11.2±3.09

Female sex, n (%) 8 (33)

Height, cm 136.4±15.1

Height for Age, z-score −1.21±0.90

Weight, kg 30.1±9.48

BMI for Age, z-score −1.11±0.96

Admissions with chest pain, n (%) 7 (29)

Solid fuel stove, n (%) 20 (83)

FEV1, L/s 1.45±0.54

FVC, L 1.68±0.58

FEV1/FVC% 86±5.09

Plus–minus values are mean ±SD
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Table 2

ISAAC questionnaire results and comparison with results of a survey of Mozambican school children.18

Study
participants

n (%)

Mozambican
children18

%

Wheeze at any time in past 4 (16.7) 20.3

Wheeze in last 12 months 1 (4.2) 11.2

Wheeze after exercise in last 12 months 4 (16.7) 24.6

Cough at night in last 12 months 10 (41.7) 22.7
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