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Abstract An increase of the prevalence of childhood allergic diseases and the incidence of
childhood Hodgkin’s (HL) and non-Hodgkin’s lymphoma (NHL) were reported in the late
20th century. Among adults, several studies point to an inverse association with lymphoma;
it remains to be confirmed whether allergy is also related to childhood lymphomas and
whether the association, if any, is of an aetiologic nature. Between 1996 and 2008, 277 children
(aged 0–14 years) with HL (N = 111) or NHL (N = 166) were enrolled in Nationwide Registry
for Childhood Hematological Malignancies (NARECHEM), a Greek hospital-based-registry
of childhood hematological malignancies. Hospital controls were individually matched to
cases on age and sex. Multivariate conditional logistic regression was used to estimate odds
lsevier Ltd All rights reserved.
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ratios (ORs) with 95% confidence intervals (CIs) for associations of allergic diseases and other
covariates with childhood HL or NHL risk. Subsequently, we combined our results with those
of a French case–control study in a meta-analysis amounting to a total of 330 NHL cases/1478
controls and 239 HL cases/959 controls. After controlling for sociodemographic, perinatal
and environmental factors, childhood NHL was less prevalent among children with allergy-
associated symptoms overall (OR:0.50, 95% CI:0.27–0.92) or a history of asthma (OR:0.43,
95% CI:0.21–0.88). By contrast, allergy did not seem to be associated with childhood HL risk,
although statistical power was limited. Fewer seaside holidays and higher birth weight were
also associated with increased childhood NHL risk. The combined OR of the two studies
for the association of asthma with NHL risk was: 0.52, 95% CI:0.32–0.84, whereas for HL:
0.86, 95% CI:0.51–1.45. Allergy seems to be strongly and inversely associated with childhood
NHL. It remains to be elucidated in future investigations comprising larger populations,
focusing on specific disease subtypes and employing more pertinent study-designs, whether
this association is genuinely protective.

� 2011 Elsevier Ltd All rights reserved.
1. Introduction

Lymphomas, notably Hodgkin’s (HL) and non-
Hodgkin’s lymphomas (NHL), are the third most fre-
quent malignancy in children under age 15 years, follow-
ing leukaemia and central nervous system tumours.1 The
overall incidence rate of NHL among children in Europe
is around 10 per million; an increasing trend in the
occurrence of the disease was noted in the last decades
of the 20th century, with annual increases of 0.8–0.9%
from the 1970s to the early 1990s.2,3 HL is less common,
with a mean incidence rate estimated at 5.8 per million
in European children and a 1% annual increase among
10- to 14-year-olds from 1978 to 1997.4 During a later
period (1996–2010), however, no statistically significant
secular trends in the incidence of either childhood NHL
or HL were identified in Greece.5,6 Part of the reported
rise in NHL and HL incidence might be attributed to
improved diagnosis and cancer registration methods,4

but changing environmental exposures might also play
a role.7

Little is known about the aetiology of childhood lym-
phomas. Even the established association of high birth
weight with leukaemia8 is debated with regard to lym-
phomas.9 Severe congenital10,11 or acquired12–14

immune impairment has been implicated in the patho-
genesis of NHL and, to a lesser extent, HL,15,16 but
the role of less profound immune dysfunction in lym-
phoma development is unclear. Allergic diseases such
as eczema, hay fever and asthma are considered chronic
inflammatory disorders originating from an aberrant
immune response to innocuous environmental antigens.
These conditions, especially asthma, have also been
reported to have increased in prevalence and severity
in most developed countries, including Greece, in the
1980s and early 1990s, showing a less clear pattern in
more recent years.17–20 The rising prevalence of asthma
during the late 20th century may also point to environ-
mental risk factors or lifestyles7 that may be shared by
asthma and childhood lymphomas. Indeed, intense
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early-life exposure to a range of infectious agents has
been reported as being protective for asthma21 leukae-
mia22,23 and lymphomas24 among children.

Several studies among adults suggest that allergic dis-
eases (as indicators of a germ-deficient childhood envi-
ronment) are inversely associated with lymphoma
onset, especially NHL,25 whereas other studies indicate
a positive association, especially for HL26–28 or no
effect.29,30 To our knowledge, only two previous studies
have found an association of asthma with childhood
NHL.31,32 Given the paucity of data, we sought to
explore the relation of a range of allergic conditions with
risk of both HL and NHL among children using consec-
utive data registration of lymphomas by the Nationwide
Registry for Childhood Hematological Malignancies
(NARECHEM) in Greece5 and to combine our results
with those of the already published case control study
in France.32
2. Materials and methods

During the 11-year period between 1996–2008, 374
patients aged 0–14 years with incident childhood lym-
phoma were newly diagnosed in all six paediatric hae-
matology-oncology departments across Greece and
contributed to NARECHEM. For administrative rea-
sons, during specific time periods detailed datasets were
not available in two of the participating departments,
resulting in the exclusion of 67 patients (18%) from this
study. An additional 30 patients (8%) were excluded due
to refusals, incapacitation or abandonment of the child.
Eventually a total of 277 incident lymphoma cases
(166 NHL and 111 HL) were included in the analyses.

For every child with lymphoma, a suitable control
was individually matched on age (±6 months) and sex
among those hospitalised for minor paediatric ailments,
in the same hospital and at the same time as the corre-
sponding cases. Out of 277 control children, 135 were
admitted for viral or other infections, such as pneumo-
nia and axillary lymphadenitis, 59 for gastrointestinal
symptoms in relation to childhood non-Hodgkin’s as contrasted to
, Eur J Cancer (2012), doi:10.1016/j.ejca.2011.12.010
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or genitourinary conditions, such as gastroenteritis,
abdominal pain and haematuria, 51 for cardiovascular
or nervous system conditions namely, such as arrhyth-
mia, transient loss of consciousness, febrile convulsions
and headache, 14 for muscle-osteoarticular conditions,
such as joint pain and myalgias and 18 for other condi-
tions including accidental poisoning, obesity and diabe-
tes mellitus.

The guardians of all eligible children were informed
of the study objectives and interviewed in person using
a structured questionnaire covering socio-demographic,
anthropometric, perinatal and selected medical history
characteristics. Guardians were also asked to report
the child’s history of allergy-associated symptoms/con-
ditions (hereafter called “allergy”) including asthma,
hay fever, eczema, allergies to food or medications or
an allergic reaction severe enough to require urgent
medical attention. To minimise the inclusion of “non-
atopic wheezers” among those with a reported history
of bronchiolitis or bronchitis, two paediatricians (SD,
NS) blinded to case–control status reviewed the ques-
tionnaires as well as the medical records of each child.
Thus, all eight children (3 NHL, 1HL and 4 controls)
with reported wheezing symptoms below the age of
2 years but no other history of allergic conditions were
classified as non-allergic. The study protocol was
approved by the Ethics Committee of the Athens Uni-
versity Medical School.

Given that HL and NHL are distinct pathophysio-
logic entities, we performed separate analyses by lym-
phoma type. Frequency distributions of study
variables were initially compared between childhood
HL or NHL cases and their matched controls using
chi-square tests for trend or contrasts. Subsequently,
the data were modelled using multiple conditional logis-
tic regression analyses, treating HL or NHL as the out-
come variable and allergic conditions as well as a series
of potential confounders as predictor variables. Covari-
ates were coded as follows: days spent annually at sea-
side resorts (0, 1–14, 15–29 or 30+ days), birth weight
(in 500 g increments), birth order (continuous), maternal
age at birth (in 5-year increments), maternal education
(mandatory, lyceum, tertiary), maternal smoking during
pregnancy (yes versus no), breastfeeding duration (in 2-
month increments), residential crowding index (<0.50,
0.50 [reference] or >0.50 rooms/person) and allergy
presence (yes versus no). The SAS statistical package
was used in all the analyses.33

To maximise statistical power of the main end-point
of our study, we estimated the combined odds ratios
(OR) and 95% confidence intervals (CI) of the individual
results regarding the association of asthma and lym-
phoma risk derived from our study and a national reg-
istry-based case control study (ESCALE) that was
carried out in France comprising 128 cases of HL and
848 population controls (5–14 years old), as well as
Please cite this article in press as: Dikalioti S.K. et al., Allergy-associated
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164 cases of NHL (2–14 years old) and 1312 population
controls.32 The process was planned a priori and was
statistically feasible, as two studies suffice for such an
approach.34 To avoid bias deriving from the different
population groups or study designs, we combined the
results using the fixed-effects (Mantel–Haenszel) model35

after assessing the between-studies heterogeneity using
Cochran Q statistic (at the 0.05 level of significance).
Data were analysed with the SAS statistical software
(SAS v9, SAS Institute, Carry, NC).

3. Results

Tables 1 shows the distribution of the 166 cases of
NHL and 111 cases of HL, respectively, along with
those of the individual age- and sex-matched controls
by socio-demographic, perinatal, environmental and
allergy-related variables. The prevalence of allergy or
asthma was statistically significantly lower among
NHL cases, but not HL cases, compared with controls.
NHL cases as opposed to their age and sex matched
controls spent fewer days at seaside resorts and were
heavier at birth, whereas no substantial differences were
observed between HL cases and their matched controls.
These data are not directly interpretable, however, due
to mutual confounding.

As shown in Table 2, a positive history of allergy was
associated with a 50% lower risk of childhood NHL after
adjusting for days spent annually at seaside resorts, birth
weight, maternal age at birth, maternal education, mater-
nal smoking during pregnancy, breastfeeding duration,
birth order and residential crowding index. Given that
asthma comprises a sizeable proportion of all allergy-
related conditions, we analysed a positive history of
asthma separately and found that it was also associated
with a statistically significant 57% lower risk of childhood
NHL after multivariate adjustment. The positive associa-
tion of fewer days spent annually at seaside resorts and
higher birth weight with childhood NHL risk remained
robust in the multivariate models. With respect to child-
hood HL, no apparent effect of allergy or asthma was
identified after multivariate adjustment, although power
to detect an association was limited.

Subsequently, we estimated the combined OR
between the Greek and the French study that was equal
to 0.52, 95% CI 0.32–0.84 regarding the association of
asthma with NHL (Fig. 1) and 0.86, 95% CI 0.51–1.45
with HL (Fig. 2). No heterogeneity was observed bet-
ween the two studies either in NHL (Q value = 0.46 p-
value = 0.50) or in HL data (Q-value = 0.56, p-
value = 0.46).

4. Discussion

In Greece, we found that children with NHL were
less likely (OR: 0.50) to report a history of allergy or
symptoms in relation to childhood non-Hodgkin’s as contrasted to
, Eur J Cancer (2012), doi:10.1016/j.ejca.2011.12.010
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Table 1
Distribution of 166 children with non-Hodgkin’s lymphoma (NHL), 111 children with Hodgkin’s lymphoma (HL) and their age- and sex- matched
controls by socio-demographic, perinatal, environmental and allergy-related variables.

Variable NHL cases N

(%)
NHL controls N

(%)
p-value HL cases N (%) HL controls N

(%)
p-value

Sex Matched Matched
Male 129 (77.7) 129 (77.7) 70 (63.1) 70 (63.1)
Female 37 (22.3) 37 (22.3) 41 (36.9) 41 (36.9)

Age, years Matched Matched
<5 35 (21.1) 35 (21.1) 7 (6.3) 8 (7.2)
5–9 69 (41.6) 70 (42.2) 24 (21.6) 21 (18.9)
10+ 62 (37.3) 61 (36.7) 80 (72.1) 82 (73.9)

Allergy-associated symptoms or
conditions

0.02 0.29

Yes 31 (18.7) 49 (29.5) 26 (23.4) 33 (29.7)
No 135 (81.3) 117 (70.5) 85 (76.6) 78 (70.3)

Asthma 0.01 0.36
Yes 16 (9.6) 32 (19.3) 15 (13.5) 20 (18.0)
No 150 (90.4) 134 (80.7) 96 (86.5) 91 (82.0)

Days spent annually at seaside resorts 0.04 0.42
0 61 (36.7) 34 (20.5) 37 (33.4) 29 (26.1)
1–14 30 (18.1) 43 (25.9) 19 (17.1) 24 (21.7)
15–29 42 (25.3) 56 (33.7) 29 (26.1) 29 (26.1)
30+ 33 (19.9) 33 (19.8) 26 (23.4) 29 (26.1)

Birth weight, g 0.01 0.43
<3000 31 (18.7) 43 (25.9) 23 (20.7) 24 (21.6)
3000–3499 58 (34.9) 66 (39.8) 34 (30.6) 42 (37.9)
3500–3999 57 (34.3) 47 (28.3) 41 (37.0) 33 (29.7)
4000+ 20 (12.1) 10 (6.0) 13 (11.7) 12 (10.8)

Maternal age at birth, years 0.33 0.71
<20 11 (6.6) 11 (6.6) 8 (7.2) 11 (9.9)
21–24 36 (21.7) 36 (21.7) 33 (29.7) 35 (31.6)
25–29 60 (36.1) 71 (42.8) 48 (43.3) 34 (30.6)
30–34 37 (22.3) 34 (20.5) 14 (12.6) 18 (16.2)
35+ 22 (13.3) 14 (8.4) 8 (7.2) 13 (11.7)

Maternal education 0.44 0.20
Mandatory education 54 (32.5) 52 (31.3) 33 (29.7) 45 (40.5)
Lyceum 72 (43.4) 86 (51.8) 57 (51.4) 51 (46.0)
Tertiary education 40 (24.1) 28 (16.9) 21 (18.9) 15 (13.5)

Maternal smoking during pregnancy 0.66 0.86
No 136 (81.9) 139 (83.7) 92 (82.9) 93 (83.8)
Yes 30 (18.1) 27 (16.3) 19 (17.1) 18 (16.2)

Breastfeeding duration, months 0.97 0.68
0 40 (24.1) 47 (28.3) 20 (18.0) 27 (24.4)
<2 46 (27.7) 37 (22.3) 30 (27.0) 23 (20.7)
2–3 29 (17.5) 27 (16.3) 24 (21.6) 22 (19.8)
4–5 15 (9.0) 17 (10.2) 7 (6.3) 13 (11.7)
6+ 36 (21.7) 38 (22.9) 30 (27.1) 26 (23.4)

Birth order 0.05 0.43
1 59 (35.5) 66 (39.8) 35 (31.5) 42 (37.8)
2 69 (41.6) 77 (46.4) 49 (44.2) 47 (42.4)
3 26 (15.7) 19 (11.4) 22 (19.8) 15 (13.5)
4+ 12 (7.2) 4 (2.4) 5 (4.5) 7 (6.3)

Residential crowding index, rooms/
person

0.20 0.15

<0.50 37 (22.3) 28 (16.9) 22 (19.8) 22 (19.8)
0.50 59 (35.5) 74 (44.6) 41 (36.9) 54 (48.7)
>0.50 70 (42.2) 64 (38.5) 48 (43.3) 35 (31.5)
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Table 2
Multivariate adjusted odds ratios (OR) and 95% confidence intervals (CIs) for associations of socio-demographic, perinatal, environmental and
allergy-related variables with risk of childhood Hodgkin’s and non-Hodgkin’s lymphomaa.

Variable Category/increment OR 95% CIs p-value

Non-Hodgkin’s lymphoma
Allergy-associated symptoms/conditions Yes versus No 0.50 0.27–0.92 0.03
Days spent annually at seaside resorts 15 days more 0.79 0.61–1.00 0.05
Birth weight 500 g more 1.37 1.04–1.81 0.03

Alternative to allergy introduced variable
Asthma Yes versus No 0.43 0.21–0.88 0.02

Hodgkin’s lymphoma
Allergy-associated symptoms/conditions Yes versus No 0.72 0.38–1.37 0.32
Days spent annually at seaside resorts 15 days more 0.84 0.64–1.10 0.21
Birth weight 500 g more 1.13 0.80–1.60 0.49

Alternative to allergy introduced variable
Asthma Yes versus No 0.66 0.28–1.57 0.35

a Also controlling for maternal age at birth, maternal education, maternal smoking during pregnancy, breastfeeding, birth order and residential
crowding index.

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-value p-value

Greece HL 0.660 0.279 1.563 -0.945 0.345

France HL 1.000 0.513 1.949 0.000 1.000

0.856 0.505 1.451 -0.578 0.563

0.1 0.2 0.5 1 2 5 10

Fig. 2. Forest plot presenting the meta-analysis based on odds ratios (ORs) for the association of HL and asthma between the Greek and the
French study. ORs in the individual studies are presented as squares with 95% confidence interval (CIs) presented as extending lines. The pooled
OR with its 95% CI is depicted as a diamond.

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper 
ratio limit limit Z-value p-value

Greece NHL 0.430 0.210 0.880 -2.309 0.021

France NHL 0.600 0.313 1.149 -1.541 0.123

0.516 0.319 0.835 -2.693 0.007

0.1 0.2 0.5 1 2 5 10

Fig. 1. Forest plot presenting the meta-analysis based on odds ratios (ORs) for the association of non-Hodgkin’s lymphoma (NHL) and asthma
between the Greek and the French study. ORs in the individual studies are presented as squares with 95% confidence intervals (CIs) presented as
extending lines. The pooled OR with its 95% CI is depicted as a diamond.
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asthma in particular. These results are in line and of the
same magnitude of the effect estimate (OR: 0.60) with
those reported from a same size study conducted in
France32 and a smaller one conducted in Italy.31 By con-
trast, a history of allergy was not associated with the risk
of the other distinct types of childhood lymphoma,
notably HL either in our study or the one from France.
Likewise, the combined results springing from the meta-
analysis of the Greek and the French dataset remained
Please cite this article in press as: Dikalioti S.K. et al., Allergy-associated
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robust both with regard to the inverse association with
NHL and the lack of association with HL. The differing
results observed for allergy with respect to NHL and HL
risk are of note, given that history of allergy and asthma
was captured in an identical manner across the two
groups, making it unlikely that our results were due to
systematic reporting bias.

The magnitude of the association is sizeable but the
study design does not allow exploring whether it is
symptoms in relation to childhood non-Hodgkin’s as contrasted to
, Eur J Cancer (2012), doi:10.1016/j.ejca.2011.12.010
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genuine in nature. Several hypotheses have been enter-
tained with regard to the pathophysiology of the
reported inverse association of allergy with NHL.
According to the “cancer immunosurveillance hypothe-
sis,” the immune system has the ability to recognise and
eliminate nascent transformed cells in the body, thus
preventing a majority of potential cancers from develop-
ing.36 The presence of an allergic condition could be a
surrogate marker of increased vigilance of the immune
system in scrutinising, identifying and destroying cancer
cells.37 Another less plausible explanation could point to
the antitumor activity of histamine,38 a chemical media-
tor of allergic reactions, that protects natural killer cells
and T cells against oxygen radical-induced damage and
death by suppressing oxygen radical formation, and also
optimises lymphocyte activation by cytokines.39 Clinical
trials in malignancies such as metastatic malignant mel-
anoma40 and acute myeloid leukaemia40,41 have demon-
strated the potential to improve treatment outcome
when histamine dihydrochloride is combined with
immunotherapy, further supporting a possible antitu-
mour effect of histamine.

Against these explanations is the hypothesis that in
allergic individuals, antigenic stimulation subjects the
immune system to a chronically hyperreactive state,
leading to an inflammatory cascade of cellular and cyto-
kine reactions that tax the host immune response, pro-
voke tissue injury and eventually result in lymphoid
neoplasia.42 In addition, a prospective cohort study of
pregnant women found no association between specific
IgE reactivity and subsequent NHL risk except just
before diagnosis; these results may suggest that individ-
uals with pre-clinical NHL experience immune suppres-
sion that leads to the reduction of allergic symptoms.29

However, this example of reverse causality in a mater-
nity cohort may not be pertinent to children.

Inverse associations of allergy have been also
reported for acute lymphoblastic leukaemia, a haemato-
logical malignancy in close affinity with NHL,37 as well
as among adults suffering from NHL. A powerful
pooled analysis of adulthood NHL also showed an
apparent protective effect of asthma, hay fever and
allergy against B-cell NHL.25

The findings of the Greek study should be interpreted
in light of several limitations. Most notably, the data
were based on parent-reported diagnoses. However,
for relatively mild conditions such as hay fever, asthma
and eczema, self-reported data may be more accurate
than medical records because participants may not have
required medical attention for minor ailments. The effect
seems to be specific to NHL but NARECHEM relies on
data provided by clinicians and no information on spe-
cific subtypes was available at least before 2007 when
ICD-O-3 classification was introduced in their records.
Although we cannot exclude the possibility of informa-
tion bias, it is noteworthy that we observed an increased
Please cite this article in press as: Dikalioti S.K. et al., Allergy-associated
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occurrence of allergy among controls, whereas it is gen-
erally assumed that cases are more likely to recall mild
medical conditions, resulting in recall bias in the oppo-
site direction.43 Thus, provided that such an error
occurred, it is possible that we underestimated the
strength of the association between allergy and child-
hood NHL or HL risk. Furthermore, compared to stud-
ies among adults, misclassification or recall bias may be
expected to have been less present in the current study,
as the period of recollection referred to a shorter (0- to
14-year) time span than for adults.

Given the changing lifestyle patterns in contemporary
Greece and the inter- relatedness of several covariates it
was not easy to develop a composite score in order to
assess the role of the SES or proxies of early childhood
infection on lymphomagenesis among cases and con-
trols. Moreover, some may argue that lower socioeco-
nomic status might be a component of control
children admitted for accidental injuries. This is a rather
common adversity for young Greek children that may
occur in and around the house. It is worth noting, how-
ever, that socioeconomic factors were not found in
Greece to be important indicators of accidental poison-
ing.44 Provided the limited numbers of control children
that were admitted due to this adversity, we believe no
major bias was introduced in the analysis. On the posi-
tive side, NARECHEM has nationwide coverage of
lymphoma cases across Greece and the catchment areas
of the participating paediatric hospitals generating the
control series reaches more than half of the childhood
population in the country. Furthermore, the hospital
environment also maximised the quality of information
derived from guardians and minimised the refusal rate.

In conclusion, this study provides empirical evidence
that allergic disorders, including asthma, are inversely
associated with the risk of developing childhood NHL.
Given the specificity of the association with NHL, our
results indicate that the reported parallel rising trends
in both conditions in the latter part of the 20th century
are more likely to be due to shared aetiologic factor(s)
rather than a direct link between allergy and NHL.
Additional studies, preferably of prospective design,
undertaken by large consortia are needed in order to
examine the combined effect of allergic history and lab-
oratory confirmation by NHL subtype.
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