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Previous epidemiologic studies have shown an inverse association between a personal history of atopy/aller-

gies, both overall and among asthma, eczema, and hay fever investigated separately, and childhood acute lym-

phoblastic leukemia (ALL) with some consistency; however, in most of these studies, exposure data were

collected by maternal interview. Now, in a population-based and records-based study in this issue of the Journal
(Am J Epidemiol. 2012;176(11):970–978), Chang et al. report an increased risk for allergic conditions across

different etiologic time periods, calling the former paradigm into doubt. A review of the basic biology literature

shows that proposed mechanisms support either a positive or an inverse association. In light of this ambiguity, it

is epidemiology’s turn to determine the direction of association.

child; hypersensitivity; leukemia

Abbreviations: ALL, acute lymphoblastic leukemia; IgE, immunoglobulin E; IL, interleukin; NCCLS, Northern California Child-

hood Leukemia Study; Th2, type 2 helper T; TNF-α, tumor necrosis factor alpha; UKCCS, United Kingdom Childhood Cancer

Study.

Determining a causal association between exposure and
disease is an iterative process between epidemiology and
basic science. If only every iteration brought us closer to
the truth, we could all rest easy; however, in actuality, the
process seems more akin to a random walk. Case in point:
With the publication by Chang et al. in this issue of the
Journal (1), what appeared to be a consistent inverse asso-
ciation between allergies and childhood acute lymphoblas-
tic leukemia (ALL) is now being called into question.

In a recent meta-analysis of the topic, Linabery et al. ex-
amined 8 case-control studies of ALL that met the search
criteria (2). The odds of allergy were significantly lower in
ALL cases than in controls (odds ratio = 0.69; 95% confi-
dence interval: 0.54, 0.89), and similarly inverse associa-
tions were observed for asthma, eczema, and hay fever
analyzed separately. These associations varied across
studies stratified by a number of factors that could potential-
ly influence outcome, however, including those related to
study design and response rates. Importantly, odds ratios
were null for 3 studies in which allergy information was

obtained from medical records rather than from maternal
report and investigators accounted for a latent period before
ALL diagnosis.

This somewhat contrarian research consisted of a case-
control study nested within the populations of 4 United
States health maintenance organizations, the United
Kingdom Childhood Cancer Study (UKCCS), and a
Swedish record-linkage study of hospital discharge for
asthma. In the first study, the odds ratio for allergies was
elevated at 1.24 but was imprecisely estimated (95% confi-
dence interval: 0.82, 1.86) (3), whereas in the second and
third studies, point estimates were inverse at 0.87 (95% con-
fidence interval: 0.72, 1.06) (4) and 0.5 (95% confidence
interval: 0.2, 1.1) (2, 5) but also not significant. Although all
3 studies relied on medical records for exposure assessment,
the US and Swedish studies were entirely record-based and
in this respect were the most similar to the present study,
whereas the UKCCS required active participation.

Chang et al. conducted a population-based and registry-
based study through the linkage of several comprehensive
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data sets within the National Health Insurance Research
Database of Taiwan (1). They reported control prevalences
of 11%–16% for allergic conditions occurring more than 1
year before the diagnosis date, which is in line with preva-
lences described in the United States and in other pediatric
populations (6–8). They found a slight but statistically sig-
nificantly increased risk for childhood ALL in children
with a prior history of allergies occurring before 1 year of
age, less than 1 year before ALL diagnosis, and more than
1 year before ALL diagnosis. Positive associations were ob-
served for increasing number of allergic conditions (≥3)
occurring both less than 1 year and more than 1 year before
ALL diagnosis, as well as for allergic rhinitis, asthma,
atopic dermatitis, and urticaria examined individually.
An important consideration in interpreting this body of

literature is the difficulty in accurately assessing allergic
status. Many studies have relied upon parental report (9–
13), which is subject to selection and recall bias, as well as
misclassification. As mentioned above, others have as-
sessed allergic status using medical records (1, 3–5), which
are often considered the gold standard for medical history
data but which may not be complete for allergic diseases.
Therefore, misclassification of allergic status can result
from either source because allergies may not be identified
by parents or physicians. In support of this supposition is
the estimate that 30%–40% of “healthy” individuals are ac-
tually atopic (14). In addition, symptoms in allergic indi-
viduals can both increase and decrease over time (15).
Missing and misclassified data in medical records tend to
be nondifferential (although only in likelihood (16)). By
comparison, one would presume some degree of differen-
tial misclassification introduced by parental recall. We
speculate that mothers of controls may be more likely to
report a history of allergies than mothers of cases because
of case parents forgetting or minimizing the importance of
other health conditions in the presence of malignancy or
waning of allergic response as part of an ALL prodrome.
Given these challenges, perhaps it is not surprising that
somewhat conflicting results have been presented.
The manner in which parents are asked about their child-

ren’s allergy histories may contribute to the quality of in-
formation returned. For instance, in 2 studies, investigators
specifically asked parents to recall allergic conditions diag-
nosed by physicians, which at least in theory should elicit
the same conditions one would obtain from medical
records (10, 11). Three other studies did not specify how
the question was asked, leaving the possibility that investi-
gators solicited a broader array or severity of conditions (9,
12, 13). Regardless of how the question is asked, parents’
responses depend on their understanding of what counts as
an allergic condition, as well as their awareness of allergic
symptoms. For example, food or drug intolerance that oper-
ates through nonimmune mechanisms may nevertheless be
understood by parents to qualify as allergies (17). Further,
medical records permit abstraction of exact timing and or-
dering of events, whereas parental recall would not be ex-
pected to be as precise.
Validation studies comparing parental report and medical

records have shown greater agreement regarding asthma di-
agnosis (with 87% agreement (18) in one study and 88% in

another (19)) but less agreement with respect to other aller-
gic conditions (39% agreement for hay fever, eczema, or
urticaria (19)). Similarly, a validation study comparing ma-
ternal report of physician-diagnosed eczema to examination
by a dermatologist found modest agreement (κ = 0.34) (20).
In the UKCCS investigation, Hughes et al. reported high
maternal recall of asthma in both cases and controls
(sensitivitycases = 81% vs. sensitivitycontrols = 83%), although
case mothers showed somewhat better agreement with
medical records (κcases = 0.69 vs. κcontrols = 0.60) (4).
Eczema was reported less frequently (sensitivitycases = 51%
vs. sensitivitycontrols = 57%), but case and control mothers
had equal agreement with medical records (κ = 0.46). On
the basis of these results, case and control parents would be
expected to display similar recall for a given allergic condi-
tion, and different levels of recall would be expected across
the individual conditions.
On balance, the methodology favors the results of the

record-based studies that were assured proper temporality
and permitted analysis of different latency periods while
eliminating the opportunity for recall or selection bias.
Does the biology also support a positive association of
ALL and allergies? The evidence is, unfortunately,
equivocal.
A number of plausible mechanisms have been proposed

to support both positive and inverse associations between
allergic diseases and malignancy. Atopic diseases/allergies
involve an exaggerated (type 1) hypersensitivity reaction
to an allergen resulting in antigen presentation, increased
serum immunoglobulin E (IgE) antibody concentrations,
increased levels of CD4+ type 2 helper T (Th2) cell-
associated cytokines, and recruitment and activation of leu-
kocytes, leading to inflammation (21, 22). In support of a
positive association is the antigen stimulation theory, which
holds that the immune systems of atopic individuals are
perpetually stimulated by allergens, resulting in chronic in-
flammation and stimulation of cell proliferation (23). On
the basis of results of epidemiologic, genetic, and molecu-
lar biology studies, a causal relation between inflamma-
tion and malignancy is widely accepted, although the
mechanisms are still under investigation (24). A greater rate
of cell growth and reduced apoptosis may increase the
opportunity for genetic errors to accumulate and propagate,
resulting in increased risk for malignancy (23). A Th2-
dominated immune profile may promote leukemia by pro-
moting angiogenesis in the bone marrow (by eosinophils,
mast cells, macrophages, and plasma cell-derived immuno-
globulin G immune complexes), by inhibiting apoptosis
(by interleukin (IL)-4 and IL-6), and/or by suppressing
antigen presentation by antigen-presenting cells and tumor
cell elimination by CD8+ cytotoxic T lymphocytes (by IL-
10, by IL-13-stimulated release of transforming growth
factor β and suppression of interferon gamma and by
immune complexes) (22, 25–27). There is research suggest-
ing that soluble CD23 (a fragment of the IgE receptor that
acts as a cytokine) and chemokines produced by type 17
helper T cells also foster development of B-cell ALL by
inhibiting apoptosis (28, 29).
On the other hand, the immune surveillance theory (or,

more properly, the prophylaxis theory (23)) has been
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invoked to explain observed inverse associations between
allergy and malignancy. This hypothesis purports that atopy
may increase the vigilance of an individual’s immune
system in the recognition and eradication of pathogens and
other foreign bodies, including cancer cells (23). The exact
human biology underlying it has not been established, but
there is evidence supporting antitumor immunity mediated
by CD4+ Th2 cells specific for a given tumor antigen (re-
viewed in references 22 and 25). Release of Th2 cytokines
recruits and activates eosinophils, macrophages, type 2 CD8+
T cells, and natural killer cells, which participate in tumor
surveillance and mount antitumor attacks. Th2 cytokines
perform other relevant functions as well. For example,
tumor necrosis factor α has direct antitumor cytotoxic
effects, IL-4 may inhibit angiogenesis, and IL-10 reduces
expression of inflammatory cytokines and directly inhibits
inflammation-associated carcinogenesis (22, 25, 26). Elevat-
ed levels of IgE in atopic individuals is thought to enhance
these immunosurveillance and tumoricidal effects through
tight binding to its high-affinity receptors expressed on mul-
tiple cell types, as well as binding to receptors for other im-
munoglobulins (e.g., immunoglobulin G) on additional cell
types (22). Other proposed pathways include 1) diminished
B-cell response resulting from IgE binding to its lower-
affinity receptor (CD23) and preventing release of soluble
CD23 and 2) reduced type 17 helper T cell cytokine secre-
tion in persons with atopy (22).

The difficulty in uncovering the mechanism(s) linking
allergy and cancer lies in the pleiotropic functions of several
immune cells and mediators, such as eosinophils, IL-4, and
IL-10, in different contexts (22, 27). It is conceivable that
different mechanisms may be applicable to different cancers
depending on the tissue of origin, the microenvironment,
and/or presence of other necessary activating signals (22,
27). The immune surveillance theory has been most often
cited with respect to childhood ALL, but that theory fol-
lowed observations that have now been called into doubt.

Reverse causality is another potential consideration, but
seems unlikely for 2 reasons. First, ALL might be predicted
to cause atopic symptoms to wane in intensity, as has been
observed for non-Hodgkin lymphoma patients (30, 31).
This would result in an inverse association, whereas Chang
et al. (1) and Spector et al. (3) found increasing odds of
allergy closer to the date of ALL diagnosis. Further,
reverse causality is a less-convincing explanation for asso-
ciations seen over a longer latency period, such as those
observed by Chang et al. (1).

Ultimately, this association needs to be explored in multi-
ple avenues beyond medical records and parental report. Pro-
spective biomarker studies would be ideal, if robust
biomarkers specific to allergic conditions could be identified
and measured in a large enough group of children, although
this would be challenging given the rarity of ALL. The
Northern California Childhood Leukemia Study (NCCLS)
neonatal dried blood spot analysis showing decreased levels
of IL-10 in ALL cases compared with matched controls
provides an elegant example (32). The NCCLS article
showing a positive association between maternal serum IgE
levels and childhood ALL is another example, although the

cross-sectional study design did not permit proper temporali-
ty (33). Another potential approach is the assessment of eo-
sinophil levels in whole blood (34). The International
Childhood Cancer Cohort Consortium, which has the goal of
recruiting 1 million children, may provide the needed sample
size and biospecimens to facilitate such research (35, 36).

Genetic susceptibility studies provide a further possible
direction. Results of twin and other family-based studies in-
dicate a substantial genetic component to allergic diseases
(37, 38). In their study of immune response genes and
childhood ALL, NCCLS investigators found significant as-
sociations with 19 single nucleotide polymorphisms;
however, only 1 single nucleotide polymorphism in the in-
terleukin 12A gene remained significant after correction for
multiple testing (39). As additional genome-wide studies
become available regarding common variation conferring
susceptibility to allergic diseases across different popula-
tions (40–42), it may be worthwhile to consider these can-
didate variants for investigation in ALL.

In summary, although atopic disease and childhood ALL
appear to have some sort of relation to each other, the
nature and direction of the association is as yet undeter-
mined. Although we might hope that biology would con-
tribute some clarity, the immune system is complex,
context-dependent, and ambiguous in this regard. Thus, it
is up to epidemiology to ensure that the next iteration of
studies is an innovative one, in which allergic status is ac-
curately assessed (2, 4, 11, 31–33) before the development
of childhood ALL, and not simply a reiteration (“to state or
do over again or repeatedly sometimes with wearying
effect”) of past study designs.

ACKNOWLEDGMENTS

Author affiliations: Division of Pediatric Epidemiology
and Clinical Research, Department of Pediatrics, University
of Minnesota, Minneapolis, Minnesota (Amy M. Linabery,
Logan G. Spector); and University of Minnesota Masonic
Cancer Center, Minneapolis, Minnesota (Logan G.
Spector).

This work was supported by the National Institutes of
Health (grant T32CA099936) and the Children’s Cancer
Research Fund, Minneapolis, Minnesota.

Conflict of interest: none declared.

REFERENCES

1. Chang JS, Tsai Y-W, Tsai C-R, et al. Allergy and risk of
childhood acute lymphoblastic leukemia: a population-based
and record-based study. Am J Epidemiol. 2012;176(11):
970–978.

2. Linabery AM, Jurek AM, Duval S, et al. The association
between atopy and childhood/adolescent leukemia: a meta-
analysis. Am J Epidemiol. 2010;171(7):749–764.

Allergies and ALL: Biology or Bias? 981

Am J Epidemiol. 2012;176(11):979–983

 at Istituto Superiore di Sanita on D
ecem

ber 1, 2012
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/


3. Spector L, Groves F, DeStefano F, et al. Medically recorded
allergies and the risk of childhood acute lymphoblastic
leukaemia. Eur J Cancer. 2004;40(4):579–584.

4. Hughes AM, Lightfoot T, Simpson J, et al. Allergy and risk
of childhood leukaemia: results from the UKCCS. Int J
Cancer. 2007;121(4):819–824.

5. Soderberg KC, Jonsson F, Winqvist O, et al. Autoimmune
diseases, asthma and risk of haematological malignancies: a
nationwide case-control study in Sweden. Eur J Cancer.
2006;42(17):3028–3033.

6. Centers for Disease Control and Prevention. Allergic
Conditions, Ages 0–17: US, 1999–2010. Hyattsville, MD:
National Center for Health Statistics; 2011. (http://205.207.
175.93/HDI/TableViewer/tableView.aspx?ReportId=59).
(Accessed February 23, 2012).

7. Centers for Disease Control and Prevention. Asthma and
Chronic Obstructive Pulmonary Disease: US, 1999–2010.
Hyattsville, MD: National Center for Health Statistics; 2011.
(http://205.207.175.93/HDI/TableViewer/tableView.aspx?
ReportId=60). (Accessed February 23, 2012).

8. Asher MI, Montefort S, Bjorksten B, et al. Worldwide time
trends in the prevalence of symptoms of asthma, allergic
rhinoconjunctivitis, and eczema in childhood: ISAAC Phases
One and Three repeat multicountry cross-sectional surveys.
Lancet. 2006;368(9537):733–743.

9. Nishi M, Miyake H. A case-control study of non-T cell acute
lymphoblastic leukaemia of children in Hokkaido, Japan.
J Epidemiol Community Health. 1989;43(4):352–355.

10. Wen W, Shu XO, Linet MS, et al. Allergic disorders and the
risk of childhood acute lymphoblastic leukemia (United
States). Cancer Causes Control. 2000;11(4):303–307.

11. Schuz J, Morgan G, Bohler E, et al. Atopic disease and
childhood acute lymphoblastic leukemia. Int J Cancer.
2003;105(2):255–260.

12. Jourdan-Da Silva N, Perel Y, Mechinaud F, et al. Infectious
diseases in the first year of life, perinatal characteristics and
childhood acute leukaemia. Br J Cancer. 2004;90(1):
139–145.

13. Rosenbaum PF, Buck GM, Brecher ML. Allergy and
infectious disease histories and the risk of childhood acute
lymphoblastic leukaemia. Paediatr Perinat Epidemiol.
2005;19(2):152–164.

14. Wuthrich B. What is atopy? Condition, disease or a
syndrome? Curr Probl Dermatol. 1999;28:1–8.

15. Bottema RW, Reijmerink NE, Koppelman GH, et al.
Phenotype definition, age, and gender in the genetics of
asthma and atopy. Immunol Allergy Clin North Am. 2005;
25(4):621–639.

16. Jurek AM, Greenland S, Maldonado G, et al. Proper
interpretation of non-differential misclassification effects:
expectations vs observations. Int J Epidemiol. 2005;34(3):
680–687.

17. Gupta RS, Kim JS, Springston EE, et al. Food allergy
knowledge, attitudes, and beliefs in the United States. Ann
Allergy Asthma Immunol. 2009;103(1):43–50.

18. Pless CE, Pless IB. How well they remember. The accuracy
of parent reports. Arch Pediatr Adolesc Med. 1995;149(5):
553–558.

19. Oien T, Storro O, Johnsen R. Assessing atopic disease in
children two to six years old: reliability of a revised
questionnaire. Prim Care Respir J. 2008;17(3):164–168.

20. Benn CS, Benfeldt E, Andersen PK, et al. Atopic dermatitis
in young children: diagnostic criteria for use in
epidemiological studies based on telephone interviews. Acta
Derm Venereol. 2003;83(5):347–350.

21. Dorland WAN. Dorland’s Illustrated Medical Dictionary.
32nd ed. Philadelphia, PA: Elsevier/Saunders; 2012.

22. Penichet ML, Jensen-Jarolim E, eds. Cancer and IgE:
Introducing the Concept of Allergooncology. Totowa, NJ:
Humana; 2010.

23. Sherman PW, Holland E, Sherman JS. Allergies: their role in
cancer prevention. Q Rev Biol. 2008;83(4):339–362.

24. Mantovani A, Allavena P, Sica A, et al. Cancer-related
inflammation. Nature. 2008;454(7203):436–444.

25. Ellyard JI, Simson L, Parish CR. Th2-mediated anti-tumour
immunity: friend or foe? Tissue Antigens. 2007;70(1):1–11.

26. Naugler WE, Karin M. The wolf in sheep’s clothing: the role
of interleukin-6 in immunity, inflammation and cancer.
Trends Mol Med. 2008;14(3):109–119.

27. Tanikawa T, Wilke CM, Kryczek I, et al. Interleukin (IL)-10
ablation promotes tumor development, growth and metastasis.
Cancer Res. 2012;72(2):420–429.

28. White LJ, Ozanne BW, Graber P, et al. Inhibition of
apoptosis in a human pre-B-cell line by CD23 is mediated via
a novel receptor. Blood. 1997;90(1):234–243.

29. Chunsong H, Yuling H, Li W, et al. CXC chemokine ligand
13 and CC chemokine ligand 19 cooperatively render
resistance to apoptosis in B cell lineage acute and chronic
lymphocytic leukemia CD23+CD5+ B cells. J Immunol.
2006;177(10):6713–6722.

30. McCormick DP, Ammann AJ, Ishizaka K, et al. A study of
allergy in patients with malignant lymphoma and chronic
lymphocytic leukemia. Cancer. 1971;27(1):93–99.

31. Melbye M, Smedby KE, Lehtinen T, et al. Atopy and risk of
non-Hodgkin lymphoma. J Natl Cancer Inst. 2007;99(2):
158–166.

32. Chang JS, Zhou M, Buffler PA, et al. Profound deficit of
IL10 at birth in children who develop childhood acute
lymphoblastic leukemia. Cancer Epidemiol Biomarkers Prev.
2011;20(8):1736–1740.

33. Chang JS, Buffler PA, Metayer C, et al. Maternal
immunoglobulin E and childhood leukemia. Cancer
Epidemiol Biomarkers Prev. 2009;18(8):2221–2227.

34. Prizment AE, Anderson KE, Visvanathan K, et al.
Association of inflammatory markers with colorectal cancer
incidence in the atherosclerosis risk in communities study.
Cancer Epidemiol Biomarkers Prev. 2011;20(2):297–307.

35. Brown RC, Dwyer T, Kasten C, et al. Cohort profile: the
International Childhood Cancer Cohort Consortium (I4C). Int
J Epidemiol. 2007;36(4):724–730.

36. International Agency for Research on Cancer. Third
International Childhood Cancer Cohort Consortium
Workshop Meeting Report. Lyon, France, November 16–17,
2009. (http://www.nationalchildrensstudy.gov/research/
internationalinvolvement/Pages/I4C-Workshop-11-09-
proceedings.pdf). (Acccessed February 24, 2012).

37. Thomsen SF, Ulrik CS, Kyvik KO, et al. Importance of
genetic factors in the etiology of atopic dermatitis: a twin
study. Allergy Asthma Proc. 2007;28(5):535–539.

38. Liebeler CL, Basu S, Jackola DR. Allergen-specific IgG1
provides parsimonious heritability estimates for atopy-
associated immune responses to allergens. Hum Immunol.
2007;68(2):113–121.

39. Chang JS, Wiemels JL, Chokkalingam AP, et al. Genetic
polymorphisms in adaptive immunity genes and childhood
acute lymphoblastic leukemia. Cancer Epidemiol Biomarkers
Prev. 2010;19(9):2152–2163.

40. Akhabir L, Sandford AJ. Genome-wide association studies
for discovery of genes involved in asthma. Respirology.
2011;16(3):396–406.

982 Linabery and Spector

Am J Epidemiol. 2012;176(11):979–983

 at Istituto Superiore di Sanita on D
ecem

ber 1, 2012
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://205.207.175.93/HDI/TableViewer/tableView.aspx?ReportId=59
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://www.nationalchildrensstudy.gov/research/internationalinvolvement/Pages/I4C-Workshop-11-09-proceedings.pdf
http://aje.oxfordjournals.org/


41. Weidinger S, Baurecht H, Naumann A, et al. Genome-wide
association studies on IgE regulation: are genetics of IgE also
genetics of atopic disease? Curr Opin Allergy Clin Immunol.
2010;10(5):408–417.

42. Bouzigon E, Forabosco P, Koppelman GH, et al. Meta-
analysis of 20 genome-wide linkage studies evidenced new
regions linked to asthma and atopy. Eur J Hum Genet.
2010;18(6):700–706.

Allergies and ALL: Biology or Bias? 983

Am J Epidemiol. 2012;176(11):979–983

 at Istituto Superiore di Sanita on D
ecem

ber 1, 2012
http://aje.oxfordjournals.org/

D
ow

nloaded from
 

http://aje.oxfordjournals.org/

