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Abstract
We performed a pooled analysis of data on atopic disease and risk of non-Hodgkin lymphoma (NHL)
from 13 case-control studies, including13,535 NHL cases and 16,388 controls. Self-reported atopic
diseases diagnosed two or more years before NHL diagnosis (cases) or interview (controls) were
analyzed. Pooled odds ratios (OR) and 95% confidence intervals were computed in two-stage
random-effects or joint fixed-effects models, adjusted for age, sex, and study center. When modeled
individually, lifetime history of asthma, hay fever, a specific allergy (excluding hay fever, asthma
and eczema), and food allergy were associated with a significant reduction in NHL risk, and there
was no association for eczema. When each atopic condition was included in the same model, reduced
NHL risk was only associated with history of allergy (OR 0.80, 95% CI 0.68–0.94), and reduced B-
cell NHL risk was associated with history of hay fever (OR 0.85, 95% CI 0.77–0.95) and allergy
(OR 0.84, 95% CI 0.76–0.93). Significant reductions in B-cell NHL risk were also observed in
individuals who were likely to be truly or highly atopic - those with hay fever, allergy or asthma and
at least one other atopic condition over their lifetime. The inverse associations were consistent for
the diffuse large B-cell and follicular subtypes. Eczema was positively associated with lymphomas
of the skin; misdiagnosis of lymphoma as eczema is likely, but progression of eczema to cutaneous
lymphoma cannot be excluded. This pooled study demonstrates evidence of a modest but consistent
reduction in the risk of B-cell NHL associated with atopy.
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Introduction
A causal explanation for most cases of non-Hodgkin lymphoma (NHL) remains elusive. Given
the established positive association between immune deficiency and NHL risk (1), and the
origin of NHL from cells of the immune system, it is plausible that other forms of immune
dysregulation, such as atopic disease, are also related to lymphoma. Case-control study results
have been mixed (2–23), although recent studies predominantly have found a reduced risk of
NHL in association with a history of atopy. In contrast, cohort studies, mostly of limited power
and with few detailed questions on atopy, have found no consistent evidence of an association.
(24–33)

Herein we report results from an international pooled analysis of case-control studies that
examined history of self-reported atopic disease and risk of NHL.

Materials and methods
Study population

We performed a pooled analysis of data from 13 case-control studies identified through the
InterLymph Consortium (www.epi.grants.cancer.gov/InterLymph). Participating studies
(Table 1) met the following eligibility criteria: cases diagnosed with incident histologically
confirmed NHL as adults (age 16–96 years); collection of personal history of 1 or more atopic
conditions; and electronic data set available in March of 2007. Due to variations in study design
between the six EpiLymph centers (Table 1), this study was treated statistically as six separate
studies, to allow for assessment of center-specific effects and heterogeneity. Organ transplant
recipients and individuals with HIV-infection, as well as hospital-based controls admitted for
atopic conditions (n=39, 1.1%), were excluded.

Exposure assessment
All studies ascertained self-reported history of atopy. Reports of atopic disease onset less than
2 years prior to NHL diagnosis (cases) or interview (controls) were excluded. This was
necessary because an effect of increased medical surveillance in the period prior to case
diagnosis could not be ruled out, and it also partially reduced the possibility that subclinical
disease influenced exposure.

Given the recognized potential for misclassification of self-reported history of atopic disease
(34), we constructed variables to represent participants who were likely to be truly atopic
(35–37). These exposures were: atopic disease of long duration and multiple atopic conditions
during a lifetime (eczema was excluded post-hoc). These were defined a priori and we
hypothesized they would be more strongly related to NHL risk.

Statistical analysis
Odds ratios (OR) and 95% confidence intervals (CI) were computed from unconditional
logistic regression models, using a two-stage random-effects model to estimate relative risk
(hereafter called ‘risk’) of NHL, and a joint fixed-effects model to estimate risk by NHL
subtype.(38) All WHO classification (39) subtypes of NHL, except multiple myeloma, were
included in the analysis, as recommended for epidemiological analyses (40). All models were
adjusted for the matching variables age, sex, and region/study center. We first examined NHL
risk in association with history of each individual atopic condition. We next examined NHL
risk adjusted for history of each of the other atopic conditions, and thus included only the 12
study centers that collected data on all four major atopic conditions (asthma, hay fever, eczema
and specific allergy). Third, we examined NHL risk in association with history of each
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individual condition alone, or with one or more other atopic conditions, and included studies
that collected data on more than one atopic condition over a lifetime.

Heterogeneity among study centers was assessed using Cochran´s Q statistic and the I2 statistic.
(41) In the presence of significant heterogeneity (p<0.10), forest plots were used to identify
outlying studies, and sensitivity analyses were performed with and without the outlying studies;
no individual study was consistently identified as outlying. Due to a predominance of study
participants of Caucasian origin, stratification by race was not meaningful. Restriction to
Caucasians gave similar results. All statistical tests were two-sided and assumed an α-error
level of 0.05. Analyses were performed using the STATA software version 10.0 (Stata
Corporation, College Station, TX).

The pooled analyses were approved by the University of New South Wales Human Research
Ethics Committee.

Results
The sex distribution for the pooled cases (n=13,535) and controls (n=16,388) was similar
(Table 2). However, compared to controls, cases were more likely to be older (p<0.0001), of
lower socioeconomic status (p<0.0001), and of mixed race (p=0.001), and less likely to be
black (p=0.006), although race was specified for fewer than 50% of participants (Table 2).

There was no statistically significant heterogeneity among studies for asthma (p=0.70, I2=0%)
or hay fever (p=0.15, I2=28%), but there was for eczema (p=0.03, I2=46%; Figure 1). For
allergies to specific substances, between-study heterogeneity was also evident for the summary
measure ‘any specific allergy’ (p<0.001, I2=63%; Figure 1), allergy to one or more foods
(p<0.001, I2=77%), animals (p=0.06, I2=53%), and plants (p=0.01, I2=72%). Stratification by
study design features, including questionnaire and data collection format, doctor-diagnosed
versus self-identified atopic disease, source of controls, response rates, and control exposure
prevalence did not reveal any systematic or statistically significant differences between strata
in the pooled estimates for any of the atopic conditions (data not shown). Hence, all studies
were retained in the pooled analyses. Reassuringly, as described below, exclusion of outlying
studies did not alter the significance of the pooled risk estimates.

Considering only studies that ascertained history of all 4 major atopic diseases, 767 (69%)
controls with asthma also reported another atopic condition; 52% also had hay fever, 19%
eczema and 43% a specific allergy. Of controls with hay fever, 1,556 (57%) also reported
another atopic condition (21% asthma, 16% eczema and 45% specific allergy). Of controls
with eczema, 333 (51%) also reported another atopic condition (23% asthma, 30% hay fever
and 34% specific allergy), while 1,434 (57%) of controls with a specific allergy also reported
another atopic condition (19% asthma, 47% hay fever and 15% eczema).

Asthma
A history of asthma was associated with a significant 10% reduction in risk of NHL (Figure
1). In the 12 studies that collected data on all 4 atopic conditions, the OR was not significant
after adjustment for history of the other atopic conditions (Table 3). NHL risk was not
attenuated in those who only experienced asthma (Table 4), and a significant reduction in NHL
risk, and B-cell NHL risk, was observed in individuals with asthma and at least one other atopic
condition during their lifetime (Table 4). After adjustment for history of other atopic conditions,
the OR was 1.08 (95% CI 0.73–1.58) for those with asthma for up to 5 years, 0.80 (95% CI
0.51–1.27) for 6–10 years and 0.80 (95% CI 0.56–1.13) for more than 10 years.
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Hay fever
Risk of NHL was reduced by 18% in participants with a history of hay fever (Figure 1), but
the reduction in risk was not significant in a model that adjusted for history of the other atopic
conditions (Table 3). History of hay fever was significantly inversely associated with risk of
B-cell NHL, diffuse large B-cell (DLBCL), and follicular NHL after adjustment by history of
the other atopic conditions (Table 3). NHL risk was reduced in those who only experienced
hay fever and a significant reduction in risk of all NHL, B-cell NHL, DLBCL and follicular
NHL was observed in those with hay fever and one or more other atopic conditions during
their lifetime (Table 4). After adjustment by history of other atopic conditions, the OR was
1.31 (95% CI 0.86–2.00) for those with hay fever for up to 5 years, 1.48 (95% CI 0.96–2.28)
for 6–10 years and 0.78 (95% CI 0.63–0.97) for more than 10 years.

Eczema
Risk of NHL was not associated with a history of eczema (Figure 1) and excluding the single
potential outlying study responsible for the between-study heterogeneity did not materially
alter the pooled risk (OR 1.03, 95% CI 0.89–1.19; phet=0.10, I2=35%). A history of eczema
was also not associated with NHL risk after adjustment for history of the other atopic conditions
(Table 3), or alone or with a history of one or more other atopic diseases (Table 4). A history
of eczema and at least one other condition was inversely associated with risk of DLBCL (Table
4); no other B-cell subtypes were associated with eczema (Table 3 and Table 4). The ORs from
the model adjusted for history of other atopic conditions were 1.11 (95% CI 0.82–1.50) for
individuals with eczema for up to 5 years, 0.88 (95% CI 0.56–1.38) for 6–10 years and 0.88
(95% CI 0.68–1.13) for more than 10 years.

Eczema was associated with a significant 2-fold increased risk of T-cell NHL (Table 3 and
Table 4), due to an excess risk of mycoses fungoides/Sézary syndrome (MF/SS, number (n)
of exposed cases=26; OR 2.62, 95% CI 1.64–4.17) and the peripheral T-cell subtype
angioimmunoblastic lymphoma (n=6; OR 2.60, 95% CI 1.02–6.62). Risk of primary cutaneous
CD30-positive T-cell lymphoma was non-significantly elevated (n=4; OR 2.56, 95% CI 0.66–
9.99). Although the estimates in association with duration of eczema were imprecise, the
greatest excess risk of MF/SS was observed in those with a 6–10 year history of eczema (n=3;
OR 5.51, 95% CI 1.55–19.56,); the OR for duration <5 years was 1.63 (95% CI 0.38–7.05;
n=2) and for duration >10 years 3.15 (95% CI 1.26–7.85; n=6). Eczema also was associated
with an increased risk of overall NHL that originated in the skin (OR 2.09, 95% CI 1.19–3.69),
but not at the non-skin sites (OR 1.00, 95% CI 0.81–1.23).

Any specific allergy
A history of one or more specific allergies was associated with a significant 20% reduction in
NHL risk (Figure 1). In a sensitivity analysis excluding the two outlying studies responsible
for the between-study heterogeneity, the pooled OR was slightly weakened (OR 0.88, 95% CI
0.81–0.95; phet=0.73, I2=0%). In the 12 studies that collected data on all 4 atopic conditions,
NHL risk was significantly reduced in individuals with a history of allergy when adjusted for
lifetime history of other atopic conditions (Table 3). Significant inverse associations also were
observed for B-cell NHL and DLBCL (Table 3). NHL risk was significantly reduced in those
who experienced allergy alone, as well as those who experienced allergy and at least one other
atopic condition (Table 4). This association was significant for B-cell NHL, DLBCL, and
follicular NHL. The ORs obtained from the model adjusted for history of other atopic
conditions were 1.38 (95% CI 0.68–2.79) for those with allergy for up to 5 years, 1.67 (95%
CI 0.44–6.28) for 6–10 years and 0.76 (95% CI 0.45–1.29) for more than 10 years.

Food allergy was the only specific allergy significantly associated with overall NHL risk. Risk
of NHL was reduced by 25% (Figure 1), and removing the three studies responsible for the
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between-study heterogeneity had a negligible effect on the pooled estimate (OR 0.81, 95% CI
0.70–0.94). NHL risk remained significantly reduced (OR 0.60, 95% CI 0.40–0.91) after
adjustment for lifetime history of other atopic conditions. An inverse association also was
observed for B-cell NHL (OR 0.65, 95% CI 0.55–0.77), DLBCL (OR 0.67, 95% CI 0.52–0.86)
and follicular lymphomas (OR 0.62, 95% CI 0.47–0.80).

The fully adjusted pooled ORs for all NHL were 1.05 (95% CI 0.81–1.38) for history of animal
allergy, OR 1.33 (95% CI 0.57–3.10) for plant allergy, 0.91 (95% CI 0.67–1.23) for insect
allergy, and 0.93 (95% CI 0.80–1.07) for ‘other allergy’ (data not shown in tables). Other than
a reduced risk of marginal zone lymphoma associated with a history of ‘other allergy’ (OR
0.56, 95% CI 0.35–0.90), there were no significant subtype associations for these exposures.

Multiple atopic conditions
A history of any one atopic condition (asthma, hay fever or any specific allergy) was associated
with a significant reduction in NHL risk (OR 0.87, 95% CI 0.82–0.93). Risk was further
reduced for any two (OR 0.81, 95% CI 0.70–0.94) or all three of these conditions (OR 0.58,
95% CI 0.42–0.78) and the trend with increasing number of conditions was significant
(ptrend<0.0001). When restricted to B-cell NHL, the results were very similar (data not shown).
Amongst those with a history of all three conditions, risks for DLBCL, follicular and CLL/
SLL/PLL/MCL lymphomas were reduced by 47–51% (data not shown). There were no cases
of MCL with a history of 3 atopic conditions.

Discussion
In this large-scale, international pooled analysis, a personal history of atopy at any time of life
was associated with a small reduction in NHL risk. History of a specific allergy, food allergy
in particular, independently predicted risk of NHL, and history of a specific allergy or hay fever
independently predicted risk of B-cell NHL. Asthma was inversely associated with overall and
B-cell NHL risk in individuals who reported at least one other atopic condition. The observed
inverse associations were consistent for the DLBCL and follicular subtypes. The specificity of
the effect for B-cell lymphomas and the strengthening of the effect with exposure histories that
were less likely to be misreported, such as individuals with multiple atopic diseases, support
an effect of atopy on risk of NHL.

Case-control studies of NHL risk in relation to personal history of asthma, hay fever, and
specific allergies that were not included in these pooled analyses have shown varied results,
and none adjusted for history of other atopic diseases.(2–9,13,14,19) Of these 11 studies, three
reported a significant increased risk of NHL (two with eczema (3,5) and one with hives (13)),
while three reported a significant decreased risk of NHL (two with eczema (8,13) and one with
asthma (19)). The eight cohort studies reported similarly mixed findings, although many were
null.(24–31) Three reported a significant increased risk, one with hives (25), one with any
specific allergy (26) and one with childhood eczema (30), while one reported a significant
decreased risk of NHL with asthma (28). Across all studies, there was no pattern to the direction
of the null findings.

The predominance of null findings in cohort studies is not unexpected given that most of these
studies had limited power and assessed risk only in relation to atopic disease history at any
time of life. Only two studies assessed risk in relation to history of multiple atopic diseases.
(26,31) One reported an OR of 0.94 (95% CI 0.74–1.19) for a history of both asthma and hay
fever (31); that study, though well powered, examined deaths from NHL, rather than incident
NHL. The other study reported a non-significant excess risk in association with a history of
multiple allergies, based on 46 incident haematopoietic tumors.(26,31)
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Atopic diseases are characterized by immediate hypersensitivity reactions, initiated by the
interaction of IgE antibodies (produced by B-cells) with foreign antigens (allergens), leading
to a reaction that involves the release of many inflammatory molecules, cytokines and
chemokines. (42) Our finding of a reduced risk of B-cell but not T-cell NHL in persons with
a history of atopic disease is consistent with an inverse association between such Ig-mediated
immune allergic responses and NHL risk. The heightened response to antigens that is
manifested as atopy may also be associated with a heightened response to cancer-specific or
cancer-associated antigens, and thus with a reduced risk of NHL. Several features of atopic
responses have the potential to inhibit tumor cell growth. IgE can enhance antibody-dependent
cellular cytotoxicity (ADCC), antibody-dependent cellular phagocytosis, antigen presentation,
and mast cell responses.(43) The high affinity of the Fc receptors (including CD23) for IgE
makes antibodies of the IgE subclass effective at mediating ADCC and allows enhanced
antigen-presentation, potentially promoting the generation of anti-tumor cytotoxic T cells.
(43,44) Additionally, eosinophils can mediate cellular cytotoxicity directly, and mast cells
produce a wide range of mediators that can exert direct cytotoxic and growth-inhibitory effects
on tumor cells. (43,45,46)

Whereas atopy is associated with the production of antibodies of the IgE subclass by B cells,
some features of allergic responses, including induced immunoregulatory mechanisms, may
result in the inhibition of B-cell activation. Such inhibition could decrease the occurrence of
lymphomagenic molecular lesions (chromosomal translocation, oncogene mutation) that result
from somatic DNA-modifying events that occur in germinal cell (GC) B-cells following
activation, such as Ig class-switch recombination and somatic hypermutation.(47) In light of
evidence that most B-cell NHLs are of GC or post-GC origin (48), a role for an allergy-
associated decrease in such lymphomagenic molecular lesions is possible. However, we did
not have sufficient biological data from a representative sample to test the hypothesis that only
those NHLs that had undergone somatic hypermutation or class switching would be inversely
associated with atopy.

The observed increased risk of cutaneous lymphoma (MF/SS) associated with a history of
eczema may be an artifact of early misdiagnosis of some cutaneous lymphomas as eczema.
Cutaneous lymphomas are difficult to diagnose, both clinically and histopathologically, but
are thought to develop slowly over years to decades. The typical duration of eczema prior to
T-cell NHL diagnosis in our pooled population was 6–10 years. MF/SS presents initially as
patches, plaques, and/or tumors, and some early skin lesions may mimic eczema.(49) While
there is no published evidence that persistent eczema is a precursor to MF/SS, we are unable
to exclude this possibility.

A key strength of these pooled analyses is the large sample size, enabling the detection of weak
to modest associations. Other strengths include the examination of risk by NHL subtype, of
confounding, of influence by study design factors, and of risk in sub-groups of individuals who
are likely to be truly atopic. However, as the analyses by B-cell subtype were exploratory, the
possibility of chance associations due to multiple comparisons cannot be excluded. The
consistency of the findings for the major B-cell types is nevertheless reassuring. In addition,
this study modeled risk adjusted for history of other atopic conditions and this was shown to
be necessary to avoid confounded associations due to the co-occurrence of atopic disease.

A limitation common to case-control studies is the retrospective collection of self-reported
atopic histories with its inherent potential for selection bias, misclassification, and recall bias.
Seven study centers had a large (>20%) differential in their case and control participation rates.
However, the pooled estimates were unchanged when stratified by control participation rate
or control source (population versus hospital), arguing against a strong contribution by
selection bias. Furthermore, the magnitude and the rank order of the control prevalence of
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different atopic conditions were largely consistent with published population-based prevalence
surveys.(50,51) Misclassification that is not expected to be differential, may have contributed
to the modest and null associations observed for some exposures. Self-reported hay fever, with
its typical seasonal and well characterized symptoms, may be more reliable than self-reported
asthma, but may still have been misclassified with plant allergies. Misclassification was
addressed to some extent by analyzing risk in relation to duration and multiplicity of atopic
disease. Recall bias due to a consistently greater under-reporting of atopic conditions by cases
compared to controls cannot be excluded, particularly in light of the reported abatement of
atopic symptoms with the development of haematopoietic neoplasms (2), especially for the
less well defined conditions and for those with less severe symptoms. However, structured
questionnaires, many of which asked about specific times over the life course and details of
the type of allergy and use of medications, would be expected to minimize this potential bias.
Furthermore, recall bias is less likely to explain the observed associations with multiple atopic
conditions. However, the magnitude of the effect was weak to modest, and thus we cannot
exclude the possibility that a moderately strong confounder present in most of the pooled
studies could account for the association.

In summary, we found that atopic disease history is associated with a weak to moderate
reduction in the risk of B-cell NHL. The inverse association was consistent for specific
allergies, hay fever, and multiple atopic diseases, but was not observed for eczema or for asthma
independent of other atopic diseases. Investigation of the genetic and environmental factors
underlying atopy and its apparent inverse association with NHL risk will inform our
understanding of the complex biological pathways that may be involved. Large-scale cohort
study data assessing a range of measures of atopic phenotype throughout life, in addition to
serial assessment of specific IgE at least 10 years prior to NHL diagnosis, are required to
confirm these findings.

List of abbreviations
DLBCL, Diffuse large B-cell lymphoma
CLL, Chronic lymphocytic leukemia
CI, Confidence interval
MALT, Mucosa-associated lymphoid tissue
MCL, Mantle cell lymphoma
NHL, Non-Hodgkin lymphoma
OR, Odds ratio
PLL, Prolymphocytic lymphoma
SLL, Small lymphocytic lymphoma
Ig, immunoglobulin
GC, germinal center.
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Figure 1.
Estimates of NHL risk restricted to individuals with a history of the atopic disease diagnosed
at least 2 years prior to interview/NHL diagnosis, sorted by atopic disease prevalence in
controls. Individual study odds ratios (OR, filled diamonds) and 95% confidence intervals (CI,
horizontal bars), or pooled (‘subtotal’) ORs and CIs (large open diamonds) computed using a
two-stage random-effects model adjusted for age (5 year categories), sex, and study centre,
with no history of the atopic disease in question as reference category. The shaded boxes
represent the weight given to a particular study when estimating the summary odds ratio. “Any
specific allergy” was defined as one or more of: food allergy, animal allergy, plant allergy,
insect allergy or other allergy; “other allergy” includes allergies to dust, mould, cosmetics,
household products, or “other” allergens; drug allergies were excluded.
Study-specific and pooled estimates for lifetime personal history of individual atopic diseases
and risk of NHL, in order of increasing atopic disease prevalence in controls
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Table 2
Demographic and tumor characteristics of the pooled study participants

Demographics NHL Cases (%) Controls (%) Tumor characteristics NHL Cases (%)

Pooled total 13,535 16,388 Pooled total 13,535

Sex B-cell NHL 11,208 (82.8)

    Men 7,329 (54.1) 8,844 (54.0)     Follicular lymphoma 2,842 (21.0)

    Women 6,206 (45.9) 7,544 (46.0)     Diffuse large B-cell lymphoma 3,820 (28.2)

Age (years)*     CLL / SLL / PLL / MCL 2,261 (16.7)

    16–20 25 (0.2) 56 (0.4)     Marginal zone lymphoma 784 (5.8)

    20 – 29 381 (2.8) 838 (5.1)     Burkitt’s lymphoma 108 (0.8)

    30 – 39 924 (6.8) 1596 (9.7)     Lymphoplasmacytic lymphoma 300 (2.2)

    40 – 49 1,823 (13.5) 2,381 (14.5)     Hairy cell leukemia 118 (0.9)

    50 – 59 3,472 (25.7) 3,719 (22.7)     Precursor B-cell 26 (0.2)

    60 – 69 4,313 (31.9) 4,753 (29.0)     B-cell not otherwise specified 949 (7.0)

    70 – 79 2,448 (18.1) 2,878 (17.6) T-cell NHL 766 (5.7)

    80–96 147 (1.1) 167 (1.0)     Mycosis fungoides / Sezary
syndrome

254 (1.9)

    Median (range) 60 (17 – 89) 58 (16 – 96)     Peripheral T-cell 399 (2.9)

Education / SES†     Adult T-cell leukemia / lymphoma 2 (0.0)

    Low 5,216 (38.5) 5,770 (35.2)     NK/T-cell lymphoma nasal type/
aggressive NK-cell leukemia

20 (0.1)

    Medium 4,643 (34.3) 5,867 (35.8)     T-cell large granular lymphocytic
leukemia

7 (0.1)

    High 3,566 (26.4) 4,651 (28.4)     T-cell prolymphocytic leukemia 7 (0.1)

Unknown / other 110 (0.8) 100 (0.6)     Precursor T-cell 29 (0.2)

Race‡     T-cell not otherwise specified 48 (0.4)

    White 5,672 (42.0) 6,757 (41.2) NHL not otherwise specified 1,561 (11.5)

    Black 202 (1.5) 327 (2.0)     Precursor not otherwise specified 57 (0.4)

    Other / mixed 539 (4.0) 558 (3.4)     Not otherwise specified 1,504 (11.1)

    Missing 7,083 (52.5) 9,746 (53.4)

*
The inclusion of Hodgkin lymphoma cases and frequency matched controls in several studies led to an imbalance in the age distribution

†
Education/socioeconomic status (SES) groups was based on the tertile distribution of years of education (10 studies) or SES levels obtained from census

data (2 studies) in controls

‡
Race was generally not recorded in the European studies
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Table 3
The pooled relative risk of non-Hodgkin lymphoma (NHL) for a personal history of individual atopic conditions,
adjusted by history of other atopic disease

Atopic disease*, OR (95% CI)†

Asthma Hay fever Eczema Any specific allergy‡

All NHL§ 0.97 (0.84–1.11) 0.89 (0.77–1.02) 1.04 (0.87–1.25) 0.80 (0.68–0.94)

B-cell NHL** 0.97 (0.85–1.12) 0.85 (0.77–0.95) 0.96 (0.85–1.10) 0.84 (0.76–0.93)

    Diffuse large B-cell** 0.92 (0.75–1.13) 0.84 (0.71–0.98) 0.86 (0.71–1.05) 0.78 (0.67–0.90)

    Follicular** 0.97 (0.78–1.21) 0.78 (0.66–0.92) 1.02 (0.83–1.25) 0.93 (0.80–1.09)

    CLL/SLL/PLL/MCL** 0.82 (0.60–1.11) 0.91 (0.71–1.16) 0.85 (0.65–1.13) 0.84 (0.68–1.05)

    Marginal zone** 1.29 (0.94–1.75) 0.96 (0.74–1.26) 1.10 (0.81–1.50) 0.81 (0.63–1.04)

T-cell NHL** 0.99 (0.68–1.45) 1.08 (0.80–1.46) 1.92 (1.43–2.58) 0.78 (0.58–1.05)

NHL not otherwise
specified**

0.93 (0.64–1.35) 0.96 (0.73–1.27) 1.41 (1.06–1.87) 0.69 (0.53–0.91)

*
A history of the atopic disease diagnosed at least 2 years prior to interview/NHL diagnosis and restricted to the 12 study sites with data on all 4 atopic

diseases

†
Odds ratios (OR) and 95% confidence intervals (CI) computed in models adjusted for age (5 year categories), sex, study centre, each of the other atopic

diseases, with no history of the atopic disease in question as reference category

‡
One or more of: food allergy, animal allergy, plant allergy, insect allergy or other allergy where “other allergy” includes allergies to dust, mould, cosmetics,

household products, or “other” allergens (excluding drug allergies)

§
Computed using a two-stage random-effects model

**
Computed using a joint-fixed effects model
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