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Sir,
We are very grateful to Drs Aryan and Rezaei (2013b) for

their interest in our manuscript; their letter is interesting as it reveals

the differences between a reductionist and a population viewpoint
with regard to the relationship between allergies and the develop-
ment of leukaemia in children with Down syndrome.
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Regarding the allergies as protective factors for the develop-
ment of cancer, Aryan and Rezaei (2013b) referred to research
carried out in adult populations with general cancer. Each cancer
has different manifestations and risk factors, and the hypotheses
that emerge are very heterogeneous. Additionally, the biological
mechanisms involved in adulthood cancer are very different from
those observed in childhood cancer; therefore, it is not possible to
extrapolate conclusions, particularly in children with acute
leukaemia (Ahlbom et al, 2001; Lightfoot and Roman, 2004;
Raab and Gartner, 2009; Morisot et al, 2010).

Our study is not the first to show that asthma may be a risk
factor for the development of acute leukaemia in children; in our
paper we cited the research conducted by Spector et al (2004)
and Chang et al (2012) who also reported a positive association
between asthma and the development of leukaemia in
children.

The question addressed by Aryan and Rezaei (2013b) ‘why was
asthma found as a risk factor of acute leukaemia development?’
and their comments can be summarised in four points:

1. The allergy diagnosis and definition of allergic conditions could
affect categorisation of patients that in turn influenced our
results.

2. Misclassification of asthma in children with Down syndrome.
3. Congenital heart defects would confound the association

between asthma and acute leukaemia.
4. Down syndrome may be a cause of asthma and acute

leukaemia.

Following are the answers to the above points:

1. Asthma is related to other allergic conditions such as
comorbidities, including rhinitis, skin allergy or food allergies,
as argued by Aryan and Rezaei (2013b). However, Aryan and
Rezaei (2013b) reported the prevalence of comorbidities
observed in studies (Aryan et al, 2013a; Bousquet et al, 2012)
carried out in general populations, whereas our study was
conducted in children with Down syndrome which is a
population characterised by immunological impairment.
Previous studies in Down syndrome children have suggested

that the mechanisms involved for the development of allergy of
a specific allergen and its clinical manifestations differ from
those observed in the general population (Muñoz-López, 2011).
Indeed, the number of studies reporting the prevalence of
allergic conditions in Down syndrome children is limited; thus,
the real prevalence of allergies in this population is contro-
versial. The frequencies in relation to asthma and other allergies
as comorbidities are displayed in Table 1a. In the logistic
regression analysis and correlation matrix analysis we observed
a high correlation (above 0.3) among the different type of
allergies; in this situation it has been suggested to choose one of
the following options: (1) to eliminate any correlated variable or
(2) to carry out a separate analysis (Kleinbaum and Klein, 2002).
Taking into account that the analysis that ignores the
correlations may lead to incorrect inferences, and in order to
avoid the homoscedasticity phenomenon we opted for the
second option, to carry out a separate analysis according to each
allergic condition (Kleinbaum and Klein, 2002). Concerning the
diagnosis of allergic diseases in Down syndrome children, there
is neither a ‘gold standard’ laboratory test nor specific criteria to
diagnose allergies, particularly in asthma where it is not possible
to confirm the diagnosis through pulmonary function test due
to generalised muscle hypotonia characteristic of Down
syndrome patients. Additionally, the pulmonary function test
requires patient’s collaboration that includes exhalations which
are not feasible in Down syndrome children (Weijerman et al,
2011). Therefore, the diagnosis of asthma is based on
heterogeneous signs and symptoms, radiologic studies and the
exclusion of other diseases that could manifest similarly to
asthma such as respiratory infections, cardiopathies, etc.
(Madan et al, 2006; Weijerman et al, 2011).

2. Aryan and Rezaei (2013b) do not understand our case–control
study (Down syndrome children with and without leukaemia).
If Down syndrome children’s parents confounded wheezing
with asthma this bias could be also expected in Down syndrome
children with acute leukaemia and without acute leukaemia.
Generating a non-differential misclassification bias would cause
an underestimation of odds ratios (ORs); thus, the association
between asthma and acute leukaemia would be higher than the
observed in this study.

3. As we showed in our article, the presence of cardiopathies in
Down syndrome children was inversely associated with the
risk of acute leukaemia (OR 0.35; CI 95%: 0.18–0.67).
In this reply letter, we show the stratified analysis by
cardiopathies (Table 1b) and the calculated differences between
the Mantel–Haenszel and the crude OR for both bronchial
asthma and skin allergy, which were minimal. These results do
not support the argument by Aryan and Rezaei (2013b) that
in our population the general practitioners confounded
cardiopathies with asthma.

4. Aryan and Rezaei (2013b) manifest a poor understanding of
epidemiological methodology because the cases and controls
recruited in our research have Down syndrome. As a matter of
fact, our question has been ‘why do some Down syndrome
children develop leukaemia and others do not?’ We have named

Table 1a. Frequencies in relation to asthma and other allergies as
comorbidities

Bronchial asthma Skin allergy

Allergic condition n % n %

Bronchial asthma — — 6 11.5

Skin allergy 6 37.5 — —

Rhinitis 3 20 8 15.7

Other allergies 2 12.5 14 26.9

Table 1b. Results of stratified analysis according to cardiopathies (yes/no) for the association between bronchial asthma or skin allergy and the
development of acute leukaemia in children with Down syndrome

Allergic condition
Cardiopathy (yes)

OR (95% CI)
Cardiopathy (no)

OR (95% CI) MHOR (95% CI)
Difference between

MHOR and COR and (%)

Bronchial asthma 6.00 (0.76–47.14) 4.00 (1.17–13.71) 4.35 (1.49–12.70) 4

Skin allergy 1.05 (0.20–5.49) 0.33 (0.14–0.79) 0.42 (0.19–0.89) 0.9

Abbreviations: CI¼ confidence interval; COR¼ crude odds ratio; MHOR¼Mantel–Haenszel odds ratio; OR¼odds ratio.

Letters to the Editor BRITISH JOURNAL OF CANCER

www.bjcancer.com | DOI:10.1038/bjc.2013.436 1389

http://www.bjcancer.com


this design ‘case–control study matched for susceptibility’
(Mejı́a-Aranguré, 2013). This design does not allow us to
think that Down syndrome produces asthma and acute
leukaemia. The conclusion is that children with Down
syndrome who developed leukaemia had higher frequency of
asthma than Down syndrome children who did not developed
leukaemia.

We are thankful to Aryan and Rezaei (2013b) because their
letter has nourished the explanation of why we included in our
studies cases and controls with a high susceptibility to developing
childhood acute leukaemia.
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Muñoz-López F (2011) Pediatrics, Down’s syndrome and allergic disease.
Rev Med Int Sindr Down 15: 8–13.

Raab CP, Gartner Jr JC (2009) Diagnosis of childhood cancer. Prim Care 36:
671–684.

Spector L, Groves F, DeStefano F, Liff J, Klein M, Mullooly J, Black S,
Shinefield H, Ward J, Marcy M (2004) Medically recorded allergies and
the risk of childhood acute lymphoblastic leukaemia. Eur J Cancer 40:
579–584.

Weijerman ME, Brand PLP, Van Furth Ma, Broers CJM, Gemke RJBJ (2011)
Recurrent wheeze in children with Down syndrome: is it asthma?
Acta Paediatr 100: e194–e197.

This work is licensed under the Creative Commons
Attribution-NonCommercial-Share Alike 3.0 Unported

License. To view a copy of this license, visit http://creativecommons.
org/licenses/by-nc-sa/3.0/

BRITISH JOURNAL OF CANCER Letters to the Editor

1390 www.bjcancer.com | DOI:10.1038/bjc.2013.436

http://www.bjcancer.com



