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Abstract. A� ���������� ��������� �� ������������� �����-A� ���������� ��������� �� ������������� �����-
������� ��� b��� �b���v�� �� �������� ��� ��u��� w����w��� 
�v�� ��� ���� ��w �������. A����� �� � ������ ������� 
inflammatory disease. The ��� �� ��� present meta-analysis 
was to evaluate the potential association between a history of 
������ ��� ��� risk of acute lymphoblastic leukemia (ALL), 
acute myeloid leukemia (AML) ��� non-Hodgkin lymphoma 
(NHL). A literature search was performed ����u�� PubM�� 
and the Cochrane Database of Systematic Reviews ��� ��� 
Newcastle-Ottawa Scale was used to evaluate the quality 
�� ��� �������� studies. The I2 ����x w�� u��� �� �v��u��� 
heterogeneity ��� ��� �u����� w�� ����u��� �� ��� ���� ����� 
(OR) by the random-effects model. A total of 16 case-control 
studies were included. All the studies were of high quality. 
The OR for ALL was 0.90 [95% ���������� �����v�� 
(CI): 0.68-1.19; P=0.45; I2=79%]. The OR for AML was 0.85 
(95% CI: 0.67-1.08; P=0.19; I2=8%). The OR for NHL was 0.91 
(95% CI: 0.83-1.00; P=0.05; I2=0%). Asthma w�� ��u�� �� b� 
inversely associated with the risk of NHL. A negative trend of 
����������� �� ������ w��� ALL ��� AML w�� ���� �b���v��. 
H�w�v��, ���������� ����� p���p����v� ��u���� ��� ��qu���� �� 
confirm these findings.

Introduction

Acute leukemia and non-Hodgkin lymphoma (NHL) are the 
���� ������ ������������ �� �������� ��� ����������� (1,2), 
w��� �� ���������� ��������� �b���v�� �� �������� ��� ��u��� 
w����w��� �v�� ��� ���� ��w decades (3-5). Although ionizing 
���������, ������� ����������p�u��� ������, ������� ����������, 
a family history of ������� ��� ������� ������� ��������� ��v� 
b��� ��p����� �� b� ���������� w��� ������������� ��������-

cies, the etiology of acute leukemia and NHL ��� ��� b��� 
fully elucidated.

S�v��� �u�����u�� ����������, such as systemic lupus 
erythematosus and rheumatoid arthritis, have been found to 
b� ���������� w��� ��u�� ��uk���� ��� NHL; ��w�v��, ������ �� 
k��w� �� ��� ���� �� �ub��� ���u�� ��p�������� �� ��� ��v��-
�p���� �� ��������, �u�� �� ������. A����� �� �� �b������ 
������� ���u�� ���p���� �u� �� � ���k �� ���������� �u���� 
early childhood (6,7). The association �� ������ w��� ��u�� 
��uk���� ��� NHL may be based on two hypotheses: O�� �� 
the immune surveillance hypothesis, ��������� �� w���� ��� 
p����b�� mechanism underlying the ���u��� ��� ���k �� ������ 
p������� �� ��v���p ��u�� ��uk���� ��� NHL �� ���� ������ 
�������� the ability of the immune system to detect and 
destroy cancer cells (8). By contrast, ��� ��������� ����u������ 
hypothesis suggest� ���� ���u��-����u������ ���������� may 
p�����p��� �� ������, �u� �� �� ���������� �u�b�� �� ������ 
mutations in activated dividing immune cells (9-12). P��v��u� 
��u���� �u������� ���� ������ w�� p�������v� ������� ��uk���� 
and lymphoma (13-16), whereas other studies indicated asthma 
�� a risk factor (17-19), or ��p����� no association (20-23).

Given the conflicting results �� ��� ����������� �� ������ 
w��� ��� risk of leukemia and NHL, a meta-analysis w�� 
����u���� �� ��u������ ���� �����������. The objective of the 
present study was to evaluate the potential association between 
a history of asthma and the incidence of acute ��uk���� ��� 
NHL.

Materials and methods

Literature search. Two authors independently p�������� 
� �������u�� ������ ����u�� PubM�� ��� ��� C������� 
Database of Systematic Reviews through �� Ap��� 20, 2014. 
The term� u��� �� ��� ������ w��� ‘�sthma AND (leukemia 
or lymphoma)’. The title and abstract of every ������� w��� 
��v��w��. A�������� �� ��� ����u���� ��������, �u��-��x� �������� 
w��� ��������. T�� ��������� ����� �� ��� �u��-��x� �������� w��� 
���� �������� ��� ���������� ����v��� ��u����.

Inclusion and exclusion criteria. A� ������� w�� ���������� �� 
u���u� �� �� ��p����� �������� ���� �� ��� ����������� b��w��� 
asthma and the risk of acute lymphoblastic leukemia (ALL), 
acute myeloid leukemia (AML) or NHL from epidemiologic�� 
studies. Only ��u���� published in English were included. The 
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�������� ����u��� w��� ��qu���� �� p��v��� sufficient �����-
mation to calculate the odds ratio (OR). Any ������������� 
��������� inclusion or exclusion of a study w��� �����v�� by a 
joint review with other authors. Only the most recent articles 
w��� �������� when the same study produced several publica-
�����.

Data extraction. Two authors independently p�������� ��� 
data extraction. The extracted data included ���� �� ����� 
author, publication year, country, time of diagnosis of acute 
��uk���� �� NHL, ��� ����� �� �����, �u�b�� �� ���p��� 
(cases, controls, asthma���� ��� ���-����������), methods of 
assessment of asthma (medical records or interview question-
naires) and matching factors. Any disagreement� w��� �����v�� 
by a joint assessment of the original study with other authors.

Quality assessment. Two authors independently �v��u���� ��� 
quality of the �������� ��u���� u���� ��� N�w������-O���w� 
Scale (NOS). The NOS for case-control studies includes three 
p���������, namely selection, comparability ��� �xp��u�� 
����������. A�y individual ������� may ��� ��� ��x���� NOS 
score of 4 points for selection, 2 for comparability and 3 for 
exposure. A NOS score of 1-3 was considered as low-quality, 
a score of 4-6 as intermediate-quality ��� � ����� �� 7-9 �� 
high-quality. Any disagreement� on the NOS score of a study 
w��� resolved by a joint review of the original article.

Data synthesis and analysis. The primary result measured 
was OR with 95% confidence interval (CI) of developing 
ALL, AML �� NHL in patients with a history of asthma. The 
Mantel-Haenszel method and the random-effects model were 
applied to measure the outcomes (24,25). The I2 ����x w�� u��� 
to evaluate heterogeneity (26). I2 v��u�� �� 25, 50 ��� 75% w��� 
���������� to reflect mild, moderate and severe heterogeneity, 
respectively. Meta-analyses w��� p�������� ��� ALL, AML 
and NHL using the Review Manager 5.2 software (Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collaboration, 
2012). In the forest plots, OR values >1 suggest�� �� ��������� 
���k, w������ OR v��u�� <1 �u������� � ��������� ���k �� ����� 
����� ����v��u��� with a history of asthma.

Results

Search results. The results of ��� �������u�� ������ ��� �u���-
rized �� Fig. 1. A ����� �� 668 ������� w��� identified �u���� 
�u� ������� ������. Following a review of ��� ������ ��� �b�������, 
618 �������� ��� ��� p������ �� ��� ����������� b��w��� ������ 
��� ��� ���k �� ��u�� ��uk���� �� NHL ��� w��� �x��u���. 
The remaining 50 �������� w��� ������v�� ��� �u��-��x� ��v��w. 
Following � �������� ��v��w, � �u����� 34 �������� w��� �x��u��� 
(27 w��� ������v��� �� ��� ����������� b��w��� ������ ��� 
��� ��������� �� ��u�� ��uk���� �� NHL, 1 w�� � ���� ��p��� 
��� 6 w��� ��v��ws). N� ���������� �������� w��� identified 
����u�� ��������� ��� ��������� ����� �� ��� 50 ��������. Finally, 
16 case-control studies were included in our meta-analysis.

Characteristics of the studies. The main characteristics of 
the 16 studies included in our analysis are summarized in 
Table I. The ��u���� w��� pub������ b��w��� 1996 ��� 2012. 
A ����� �� 7 ��u���� ���������� ���� Eu��p�, 6 ���� N���� 

A������, 2 ���� Au������� ��� 1 from Asia. The ���� �� 
��������� �� ��� cases was between 1980 and 2008. The 
����� �� ��� ��u���� w��� �������� �� ����������� �� 9 ��u����, 
��u��� �� 6 ��u���� ��� b��� �� 1 study. A total of 5,738 ALL 
p�������, 4,362 AML p�������, 22,048 NHL p������� ��� 
168,397 controls were included in our analysis. A history of 
asthma was identified by interviewing with questionnaires in 
12 ��u����, ��v��w��� ������� ������� �� 3 ��u���� ��� u���� 
b��� ������� �� 1 study. In all ��� ��u����, ��� �������� w��� 
������� �� ��� p������� by ��� ��� ������ ��� 8 ��u���� w��� 
adjusted by ������ �� ���������. A� ������� quality assess-
����, ��� ��� ����u��� studies were of high quality (NOS 
����� ≥7).

Outcome results. A ����� �� 8 ��u���� ��p����� �u������ �� 
��� ����������� b��w��� ������ ��� ��� risk of ALL. The 
OR for ALL was 0.90 (95% CI: 0.68-1.19; P=0.45; I2=79%; 
Fig. 2). 

A ����� �� 5 ��u���� p��v���� ���� �� ��� ����������� 
b��w��� ������ ��� ��� risk of AML. The OR for AML was 
0.85 (95% CI: 0.67-1.08; P=0.19; I2=8%; Fig. 3).

A ����� �� 8 ��u���� ��p����� ���� �� ��� ����������� 
b��w��� ������ ��� ��� risk of NHL. The OR for NHL was 
0.91 (95% CI: 0.83-1.00; P=0.05; I2=0%; Fig. 4).

There was a significantly reduced risk of developing AML 
�� ��������� p�������. I� ��������, ����� w�� �� ��v���� �������-
���� b��w��� ������ ��� ��u�� ��uk����, bu� ���� ����������� 
w�� not statistically significant.

Discussion

In our meta-analysis, asthma was ��u�� �� b� ���������� w��� 
statistically significant reductions in ��� ���k �� NHL, w������ 
it was associated with non-statistically significant reductions 
�� ��� ���k �� ALL ��� AML.

A hypothesis has been proposed with regard to the 
��������� �� ��� ��v���� ����������� �� ������ w��� NHL. 
According to the cancer immune surveillance hypothesis, the 
immune system identifi�� ��� ���������� �b������ ����� �� ��� 
body, ��u� �v������ ��� ��v���p���� �� � �u�b�� �� p�������� 

Figure 1. Flow diagram of the study selection process.
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malignancies (34). The occurrence of asthma may be a surro-
���� ���k�� �� �� increased ability of ��� immune system 
�� recogniz� and destroy malignant cells (23). By contrast, 
��� antigenic stimulation hypothesis �u������ ���� ��� ������� 
inflammatory state in asthma��� patients may result in an 
inflammatory cytokine cascade and lead to tissue damage 
���, ultimately, lymphoid malignancies (35). Asthma was 
���������� w��� � ���u��� ���k �� NHL, w���� �upp���� ��� 
immune surveillance hypothesis.

Ou� ���u��� ��v����� � ���-significant odds ratio of 0.90 and 
0.85 for the association of a history �� ������ w��� ALL ��� 
AML, respectively,. The literature on asthma and acute leukemia 
�� �����������u�. I� ��� p������ analysis, a ~10% reduction in ��� 
���k ��� NHL �� p������� w��� a history of asthma was observed. 
A� I�E-�������� ���������� ���p���� �� ������ p������� may b� 
� p����b�� �xp�������� ��� ��� p�������v� ������ �� ������ ������� 
the development of NHL (22). In addition, histamine, an inflam-
matory mediator in asthma, was reported to have the ability 
to defend normal cells by suppressing oxygen radical-induced 
damage and activating protective lymphocytes (36).

A����� �� ���������� �� �� �v������v� ����� �� ��� ���u�� 
response, characterized by a shift towards a Th2-�������� 
immunity. The persistence of a Th2-domin��� ���u�� 
system in asthma��� patients is inversely associated with the 
���k �� NHL, �� w���� ��� ��������� has not been fully 
��u�������. O���� u�����u��� ������� ���������� w��� ������ 
may ������bu�� �� ��� ���u��� ���k �� NHL. E�u�������� ��� 
��������� �� ���� ������v� ����������� may provide valuable 
����������� �� ��� ������ �� ������ �� ��� ���u�� ���p���� 
��� ��� �ub��qu��� ���k �� ��v���p��� NHL. The true under-
lying mechanism w�� ��� ���������� in the present analysis; 
��w�v��, our results support the immune surveillance hypoth-
����. W� ���� hypothesize ���� ������� �� �xp��u�� ������� 
underlying the ��v���p���� �� asthma may also be protective 
������� NHL.

When analyzing ��� ����������� b��w��� ������ ��� 
ALL, a high degree of heterogeneity was observed among ��� 
��u����. A p����b�� �xp�������� ��� ���� severe heterogeneity 
may be ��� ����������� �� ��� ����u��� ��u���� ��������� ��� 
range, country, number of cases and controls, diagnosis time 

Figure 2. Estimates of the odds ratio of developing acute lymphoblastic leukemia in patients with a history of asthma.

Figure 3. Estimates of the odds ratio of developing acute myeloid leukemia in patients with a history of asthma.

Figure 4. Estimates of the odds ratio of developing non-Hodgkin lymphoma in patients with a history of asthma.
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and matching factors. Major differences in baseline character-
istics largely account for the heterogeneity. By ��������, only 
mild heterogeneity and no heterogeneity w��� �b���v�� �� ��� 
analysis of AML and NHL, respectively. Consequently, the 
���u��� �� ��� ��v���� ����������� b��w��� ������ ��� NHL 
may be considered as credible.

The results of the meta-analysis should be interpreted with 
��u���� �u� �� ������� limitations. First, in the majority of ��� 
studies, the history of asthma was obtained from interview 
by telephone or questionnaire ��� recall bias may exist in 
the self-reported data (37,38). Although the information bias 
�pp����� �� b� ���v���b��, ��� ��v���� ����������� �� ������ 
w��� ��u�� ��uk���� ��� NHL (significant in NHL ��� 
non-significant in ALL and AML) was notable, p��v���� ���� 
p������� ��� ���� likely to pay attention to disease history, 
������� �� ����������� b��� �� � �����-positive association (27). 
The positive association between asthma and the risk of 
��v���p��� ��u�� ��uk���� �� NHL w�� ��p����� �� p��v��u� 
studies (17,18). Shared etiologic�� factors may account for the 
���u���. H�w�v��, �� ��� ��������� ����, ������p������ w��� 
��� ���� �� ��������� in cancer patients, is not well-defined in 
��� ��������, � history of asthma may be �v��-reported (31). 
This may ���� �� � ������ ��������� �� ������ �� ��� ��������, 
from whom the data were obtained by interview. Previous 
studies reported only � �������� consistency b��w��� ��� 
medical reports and interview data (19). Second, there was no 
sufficient information on the morphologic��, ���u���������, 
�������, �����u��� �� p����������� subtypes of acute leukemia 
��� NHL �� p��v��u� ��u����; ���������, further analysis of the 
association between asthma and the subtypes of ����� �������� 
w�� ��� �����b��. Third, there was also a possible information 
b��� �� ��� ���� b���� �� ��� ������� �������, �� ���� ��v��� 
����� �� ������ may b� ��� ���u������ �� ������� �������. 
This misclassification may exist equally ����� ����� ��� 
controls, or more frequently in controls, ���u����� �� � p���-
��v� ����������� ����� �� ������ w��� ��u�� ��uk���� ��� 
NHL. Fourth, asthma-related medications may modulate the 
immune system, affect��� ��� ����������� �� ������ w��� 
��u�� ��uk���� ��� NHL. The medical treatment of asthma 
may affect the risk of developing cancer due to cellular and 
�u����� ���u���upp�������. I� ��������, ��� �u������ ��� 
severity of asthma, should also be ��k�� ���� �������������. 
Fifth, confounding ������� ����u���� ���, ������ ��� ������ 
�� ��������� w��� controlled in the majority of the included 
��u����, bu� ����� �����u����� �������, �u�� �� ������� ����-
�����������, individual lifestyle, other immune-related diseases 
and infection exposure cannot be completely ruled out.

There w��� also several strengths in our study. First, the 
�u�b�� �� ����u��� ����� ��� �������� w�� sufficiently ����� 
�� �b���� � �����b�� ����������� b��w��� ������ ��� ALL, 
AML and NHL. Second, the studies in our analysis included 
a diversity of countries and races, ���b���� the generalization 
of the outcomes. Third, with regard to NOS, all the studies 
included in our analysis were of high quality, ���u���� ����-
�b�� results. Fourth, �� ��� ��� ����u��� ��u����, ��� ����� ��� 
�������� w��� ������� by ��� ��� ������; ������ �� ��������� 
��� ���� w��� also matched in some studies, minimiz��� ��� 
potential information bias between cases and controls. Fifth, 
in the majority of the studies, a history of asthma was identi-
fied shortly before the diagnosis �� ��u�� ��uk���� �� NHL. 

Therefore, asthma �u���� the early or indolent ��u��� �� ����� 
�������� w�� �x��u���.

In conclusion, this study ������������ ���� ������ �� 
inversely associated with the incidence of NHL. A negative 
����� �� ��� ���k �� ALL ��� AML in subjects w��� � history of 
������ w�� ���� �b���v��. A��������� ����� p���p����v� ��u���� 
��� ��qu���� �� ��u������ ��� ����������� b��w��� ������ ��� 
������������� ������������.
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