Birth Order, Atopy, and Risk of Non-Hodgkin

Lymphoma

Andrew Edwin Grulich, Claire Melissa Vajdic, John Martin Kaldor, Ann Maree
Hughes, Anne Kricker, Lin Fritschi, Jennifer Jane Turner, Sam Milliken,

Geza Benke, Bruce Konrad Armstrong

Background: Immune deficiency is a strong risk factor for
non-Hodgkin lymphoma (NHL), but whether or not other
forms of immune dysregulation are associated with NHL risk
is unknown. We investigated associations between atopy,
which is associated with a Th2-dominant immune response,
and NHL risk. Because late birth order and childhood
crowding are inversely associated with atopy, we also investi-
gated their associations with NHL risk. Methods: We carried
out a population-based case-control study among adults aged
20-74 years in New South Wales and the Australian Capital
Territory, Australia. NHL patients without clinically appar-
ent immune deficiency (N = 704) were selected from a cancer
registry, and control subjects (N = 694) were randomly
selected from state electoral rolls and frequency-matched to
case patients by age, sex, and area of residence. Birth order,
childhood crowding, and history of atopic conditions (hay
fever, asthma, eczema, and specific allergies) were assessed
by questionnaire and interview. Odds ratios (ORs) and 95%
confidence intervals (ClIs) were calculated from logistic
regression models that included the matching variables as
covariates. Results: The odds ratios for developing NHL
were 0.52 (95% CI = 0.32 to 0.84) for only children, 0.55
(95% CI = 0.40 to 0.75) for first-born children, 0.70 (95%
CI=0.51 to 0.96) for second-born children, and 0.81 (0.57 to
1.14) for third-born children (all compared with fourth- or
later-born children) (Pgrena<.-001). Indicators of crowding
in later childhood, such as sharing a bed or bedroom,
were not associated with NHL risk. A history of atopic con-
ditions was associated with a reduced risk of NHL; this
reduction was statistically significant for hay fever (OR =
0.65, 95% CI = 0.52 to 0.82) and food allergies (OR = 0.29,
95% CI = 0.20 to 0.42). Conclusions: Early birth order and
its immunologic consequence, a Th2-dominated immune
response, as reflected by a history of atopic disease, are
associated with a reduced risk of NHL. [J Natl Cancer Inst
2005;97:587-94]

Critical characteristics of the adult immune system are
believed to be shaped by environmental exposures in early life.
For example, there is a well-described inverse relationship
between the risk of atopic conditions, which are associated with
a Th2-dominant immune response, and indicators of early-life
exposure to infections, such as later birth order or sibship size,
early attendance at day care, and early exposure to pets or other
animals (7). The “hygiene hypothesis” offers one explanation
for how early-life exposure to antigens might decrease the risk
ofatopy (1,2). In utero, the fetus has a predominant Th2 response,
which is necessary for the immunotolerance of gestation. The
hypothesis suggests that exposure very early in life to commensal
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and pathogenic microbes or their products, such as lipopolysac-
charide, stimulates the switch to protective Thl-based immu-
nity. According to the hygiene hypothesis, a delay in this type of
exposure leads to a persistent Th2-dominant immune response
and the subsequent development of atopic conditions (7,2).
More recently, it has been hypothesized that infection or
colonization with microbial agents very early in life leads
to a decreased incidence of atopy, not through a switch to a
Thl-dominant response but rather through the production of
interleukin-10 and other T-cell regulatory factors that strongly
suppress both Th2-based allergic responses and Th1-based auto-
immune responses (3).

Non-Hodgkin lymphoma (NHL) arises from cells of the
immune system. Rates of NHL in people with congenital or
acquired immune deficiency are at least 50 times higher than pop-
ulation rates (4—6). However, it is not known whether other forms
of immune dysregulation are associated with risk of NHL. Exist-
ing evidence regarding the relationship between atopic conditions
and NHL risk is inconsistent (7—/8), although the majority of
studies have found that atopy is associated with a reduced risk of
NHL. Few studies have investigated the association between
early-life exposure to infectious agents and risk of NHL.

To examine the association between early development of the
immune system and risk of NHL, we carried out a population-
based case-control study in Australia. We examined whether
measures of childhood household size and structure that might
indicate risk of childhood infection and history of atopic condi-
tions were associated with risk of NHL.

SuBJECTS AND METHODS
Participants

The study recruitment methods, including subject characteristics
and exclusions, have been described in detail elsewhere (19). Case
patients were newly diagnosed with NHL between January 2000
and August 2001, aged 20 to 74 years, and resident in New South
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Wales (NSW) or the Australian Capital Territory (ACT). They were
identified from the population-based NSW Central Cancer Regis-
try. Control subjects were randomly selected from NSW and ACT
electoral rolls (enrollment to vote is compulsory for adult Australian
citizens) and were frequency matched to case patients by age, sex,
and state of residence at diagnosis. We intended to enroll equal
numbers of case patients and control subjects; given the lower re-
sponse rate in control subjects, extra potential control subjects were
therefore identified. Written informed consent was obtained from
each participant, and the study was approved by the human research
ethics committee at each participating institution.

Patients with a diagnosis of chronic lymphocytic leukemia,
plasma cell myeloma, precursor B or T cell lymphoblastic
leukemia, and lymphomatoid granulomatosis grades 1 and 2
were excluded. Because the study was designed to examine risk
factors for NHL in people without obvious clinical immune defi-
ciency, patients were excluded if they had a history of transplan-
tation or human immunodeficiency virus (HIV) infection. We
also excluded potential case patients and control subjects who
were dead, had an illness or disability that prevented a 60-minute
telephone interview, or had poor English language skills.
Pathology reports were reviewed by an anatomical pathologist
with a particular interest in hematopathology (Dr. J. Turner,
St. Vincent’s Hospital, Sydney) to assess confidence in the
diagnosis of NHL and to assign, where possible, a cell phenotype
and WHO (ICD-03) code (19).

Data Collection

Case patients and control subjects were approached in the
same manner, and the data collection procedures were identical
for both groups (19). Potential participants were sent a letter and
an information leaflet inviting them to participate in a research
project about the effects of the environment on the develop-
ment of NHL, and written informed consent was obtained from
those who agreed to participate. Participants completed a self-
administered mailed questionnaire and were interviewed by tele-
phone using a computer-assisted questionnaire. Socioeconomic
status was assigned to each subject based on his or her address at
the time of the interview using a published index constructed
from 1996 census data (20).

Data on subjects’ self-reported history of medical conditions
were ascertained from the telephone interview. Interviews were
conducted from March 2000 through May 2002 by experienced
interviewers who were blinded to the case and control status of
subjects and who interviewed equal numbers of case patients and
control subjects. Participants were asked to report their birth order,
the total number of other children living in their household when
they were a child (defined as the first 10 years of life), whether they
usually shared a bed or a bedroom, and the duration (in years) of
such sharing. Participants were also asked about their history of
atopic conditions, including hay fever, asthma, and eczema during
their childhood, teenage years, adulthood, and lifetime. Finally,
participants were asked whether they had allergies to any foods or
medicines and whether they had ever experienced an allergic reac-
tion severe enough to require urgent medical attention.

Statistical Methods

Continuous variables were categorized into approximate
quartiles or tertiles of the exposure distribution among control
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subjects. The primary analyses included all case patients. The
analyses were also repeated for the case patients with the two
most common NHL subtypes, follicular lymphoma (n =239) and
diffuse large-B-cell lymphoma (n = 225).

Unconditional logistic regression models were adjusted for
age, sex, and area of residence (i.e., NSW or ACT). Each model
also included ethnicity as a covariate because fewer control
subjects were born outside Australia than expected based on the
2001 Australian Census (79). To further exclude the possibility
that any observed association was due to selection bias by coun-
try of birth in control subjects, we also estimated associations
among Australian- and New Zealand-born subjects only. Mea-
sures of birth order and childhood crowding were included in
models with and without adjustment for socioeconomic status at
interview because of the known association between lower
socioeconomic status and large household size in Australia (27)
and because there is some (albeit inconsistent) evidence of a
positive association between higher socioeconomic status and
risk of NHL (18).

Variables that were statistically significantly associated with
NHL risk in univariate analyses were included in a multivariable
model of NHL risk. Birth order was included as a covariate in
separate models with key atopy variables, i.e., lifetime history of
hay fever, asthma, eczema, or food allergy. We also constructed a
model containing all of these variables. Because other analyses of
the subjects in this study showed that people with high sun expo-
sure had statistically significantly lower risks of NHL (22), we
also included sun exposure as a covariate. Total lifetime sun expo-
sure was derived from measured outdoor hours on working and
non-working days and vacations at 10, 20, 30, 40, 50, and 60 years
ofage (22). In the final model, odds ratios (ORs) were adjusted for
quartile of socioeconomic status and quartile of sun exposure.

All analyses were done using STATA software (version 8.0;
Stata Corporation, College Station, TX). Tests for linear trend
were done by fitting ordered categories of a variable as a single
ordinal variable in the logistic regression models; P values for
trends were based on the Wald test. All P values presented are
two-sided, and the statistical significance level for hypothesis
testing was set at 0.05.

RESULTS

A total of 1217 case patients were initially ascertained for the
study, 28 of whom were subsequently found to be ineligible due
to prior organ transplantation or HIV infection. Of the remaining
1189 eligible case patients, 144 had died, 96 were too ill to par-
ticipate, 73 had inadequate English skills, and 34 could not be
contacted, leaving 842 case patients who were approached for
interview. Of these, 717 actually agreed to be interviewed, for an
overall response rate of 60% among eligible case patients and a
cooperation rate of 85%. Of the 717 interview patients, 13 were
excluded after pathology report review because of low confi-
dence in the diagnosis of NHL, leaving 704 case patients for
analysis. The majority (n = 652, 93%) of NHL cases were of the
B-cell phenotype, 4% (n = 31) were of the T-cell phenotype, and
the remainder were indeterminate (n = 21, 3%). The two most
common World Health Organization-defined (23) NHL sub-
types were follicular lymphoma (n =239, 34%) and diffuse large
B-cell lymphoma (n = 225, 32%).

Of the 1687 potential control subjects who were initially ran-
domly selected for the study, five had died, 71 were too ill to
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participate, 74 had inadequate English, and 401 could not be con-
tacted, leaving 1136 control subjects approached to participate.
Of these, 694 were interviewed, corresponding to a response rate
of 41% and a cooperation rate of 61%. Participating case patients
and control subjects had a similar socioeconomic status, and sim-
ilar proportions of case patients and control subjects resided in a
rural locality at interview (19).

Being an only child or a first-born child of a multi-child fam-
ily (hereafter referred to as an other first-born child) was strongly
inversely associated with risk of NHL; the odds ratio was
0.52 (95% confidence interval [CI] = 0.32 to 0.84) for an only
child compared with a fourth-born or later—birth order child and
0.55 (95% CI = 0.40 to 0.75) for an other first-born child (Table
1). The odd ratios for second- and third-born children were 0.70
and 0.81, respectively (Pyeng<-001). The associations between
birth order and risk of NHL were almost identical in men and
women (data not shown). There was also a statistically signifi-
cant trend of decreasing NHL risk with decreasing number of
other children who lived in the household during the partici-
pant’s childhood (Pyeng =.04, Table 1). However, usually shar-
ing a bedroom or a bed as a child was not associated with risk of
NHL (Table 1).

In the analysis of associations with atopic disease, having hay
fever at any age or as an adult were both strongly inversely as-
sociated with risk of NHL (Table 2). There was no statistically
significant association between with history of asthma or eczema
and risk of NHL, although the odds ratios for both associations

were less than 1.0 in all the life periods examined and approached
statistical significance (P = .09) for having eczema as an adult
(Table 2).

We observed a strong inverse association between being aller-
gic to one or more foods and NHL risk (Table 3). We examined
associations with each of the three most commonly reported food
allergies (seafood, preservatives, and dairy foods) individually;
risks of NHL were statistically significantly reduced in people
with allergies to seafood or to dairy foods (Table 3). Risks were
not reduced in those with allergies to preservatives, but only very
small numbers of case patients and control subjects reported such
allergies, resulting in very wide confidence intervals. Risk of
NHL was not statistically significantly associated with a history
of allergy to any medicines (including vaccinations) or a history
of allergy to any of the four medicine categories (antibiotics,
penicillin, sulfa drugs, and analgesics) most commonly reported
to cause allergic reactions (Table 3). Having had a severe allergic
reaction requiring urgent medical attention was not statistically
significantly associated with NHL risk estimates (OR = 1.01,
95% CI = 0.66 to 1.54), regardless of whether the reaction was
caused by a food (OR = 0.56, 95% CI = 0.21 to 1.49), medicine
(OR=1.17,95% CI=0.71 to 1.91), insect bite (OR = 1.17, 95%
CI = 0.33 to 4.22), or other or unknown exposure (OR = 1.09,
95% CI =0.42 to 2.84).

Including potentially confounding exposures such as total life-
time sun exposure and socioeconomic status at interview in the
statistical models did not alter the risk estimates, nor did restricting

Table 1. Birth order and measures of childhood crowding and risk of non-Hodgkin lymphoma*

Case patients Control subjects Adjusted

Variable (N =704) (N =694) OR¥ 95% CI P Prrenal
Birth order

Fourth or later—birth order child 167 115 1.00 Referent

Third-born child 138 120 0.81 0.57to 1.14 22

Second-born child 184 183 0.70 0.51t0 0.96 .03

First-born child 178 226 0.55 0.40t0 0.75 <.001

Only child 37 50 0.52 0.3210 0.84 .008 <.001
No. of other children who lived in

household in participant’s childhood

Three or more 346 309 1.00

Two 173 170 0.91 0.70to 1.19 49

One 149 166 0.82 0.63 to 1.08 .16

None 36 49 0.66 0.42to 1.04 .08 .04
Usually shared a bedroom as a child

Yes 505 489 1.00 Referent

No 197 199 0.98 0.77 to 1.24 .85

Don’t know 2 6
No. of years shared a bedroom as a child

Never shared 197 201 1.00 Referent

1-7 years 104 122 0.87 0.62 to 1.20 .39

8-9 years 183 161 1.14 0.85to0 1.52 .39

10 years 213 200 1.05 0.80 to 1.39 1 44

Don’t know 7 10
Usually shared a bed as a child

No 557 570 1.00 Referent

Yes 147 124 1.15 0.87 to 1.52 45
No. of years shared a bed as a child

Never shared 557 570 1.00 Referent

1-6 years 53 40 1.34 0.87 to 2.06 .19

7-9 years 60 51 1.13 0.75 to 1.69 .55

10 years 31 28 1.00 0.59to 1.73 97 .52

Don’t know 3 5

*Childhood was defined as 10 years of age or younger. OR = odds ratio; CI = confidence interval.
TAdjusted for the matching variables (age as a continuous variable, sex, and state) and ethnicity; OR calculations excluded subjects with “Don’t know” responses.

T Pirend (two-sided) from Wald test.
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Table 2. History of hay fever, asthma, and eczema and risk of non-Hodgkin lymphoma (NHL)*

Case patients Control subjects Adjusted
Variable (N =704) (N =694) OR¥ 95% CI Pi
Hay fever during lifetime
Never 452 377 1.00 Referent
Ever 241 310 0.65 0.52-0.82 <.001
Don’t know 11 7
Hay fever in childhood§
Never 613 596 1.00 Referent
Ever 66 73 0.88 0.61-1.25 47
Don’t know 25 25
Hay fever in teenage years
Never 582 548 1.00 Referent
Ever 106 129 0.79 0.59-1.05 .10
Don’t know 16 17
Hay fever as an adult
Never 468 394 1.00 Referent
Ever 224 292 0.65 0.52-0.82 <.001
Don’t know 12 8
Asthma during lifetime
Never 586 565 1.00 Referent
Ever 113 126 0.88 0.67-1.17 .39
Don’t know 5 3
Asthma in childhood§
Never 646 635 1.00 Referent
Ever 51 54 0.94 0.63—1.41 77
Don’t know 7 5
Asthma in teenage years
Never 656 643 1.00 Referent
Ever 41 48 0.86 0.56-1.33 49
Don’t know 7 3
Asthma as an adult
Never 610 594 1.00 Referent
Ever 88 97 0.90 0.66—1.24 .53
Don’t know 6 3
Eczema during lifetime
Never 619 589 1.00 Referent
Ever 74 91 0.79 0.57-1.10 17
Don’t know 11 14
Eczema in childhood§
Never 662 646 1.00 Referent
Ever 30 34 0.90 0.54-1.50 .70
Don’t know 12 14
Eczema in teenage years
Never 668 651 1.00 Referent
Ever 25 28 0.88 0.51-1.53 .66
Don’t know 11 15
Eczema as an adult
Never 643 612 1.00 Referent
Ever 50 68 0.72 0.49-1.05 .09
Don’t know 11 14

*History of any of these conditions as reported at least 1 year prior to NHL diagnosis (for case patients) or selection as a control subject. OR = odds ratio; CI =

confidence interval.

+Adjusted for the matching variables (age as a continuous variable, sex, and state) and ethnicity; OR calculations excluded subjects with “Don’t know” responses.

1P value from unconditional logistic regression model.
§Childhood is defined as 10 years of age or younger.

the analysis to subjects born in Australia or New Zealand (data not
shown). When birth order and lifetime history of hay fever were
entered together in a multivariable model, their associations with
NHL were similar to what they were when included in separate
models. When birth order and lifetime history of food allergy
were entered together in the model, there was a small reduction
in the magnitude of the odds ratios associated with birth order.
For example, the odds ratio of NHL among only children com-
pared with fourth- or later-born children increased from 0.52 (95%
CI=0.32 to 0.84) to 0.56 (95% CI = 0.34 to 0.93) after adjust-
ment for lifetime history of food allergy, but the trend for increas-
ing risk with increasing birth order remained highly statistically
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significant (P < .001). When all three variables (birth order, life-
time history of hay fever, and lifetime history of food allergy)
were entered together in the model, there was a further small in-
crease in the odds ratios associated with birth order—for exam-
ple, the odds ratio among only children compared with fourth- or
later-born children increased to 0.58 (95% CI = 0.53 to 0.83)—
and the statistical significance of the trend was unaltered.

The risk associations for birth order and the atopic conditions
were very similar for follicular lymphoma and diffuse large-
B-cell lymphoma (data not shown). In addition, there was little
evidence of statistical interaction between history of hay fever or
allergy and birth order and the risk of NHL (Table 4).
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Table 3. Allergy to foods or medicines and risk of non-Hodgkin lymphoma (NHL)*

Case patients Control subjects Adjusted
Type of allergy (N =704) (N =694) ORf 95% CI Pi
Allergic to any foods or medicines,
including vaccinations
Never 481 462 1.00 Referent
Ever 222 228 0.95 0.75-1.19 .30
Don’t know 1 4
Allergic to one or more foods
Never 662 571 1.00 Referent
Ever 41 119 0.29 0.20-0.42 <.001
Don’t know 1 4
Allergic to seafood
Never 695 660 1.00 Referent
Ever 8 30 0.25 0.12-0.56 <.001
Don’t know 1 4
Allergic to preservatives
Never 697 684 1.00 Referent
Ever 6 6 1.04 0.33-3.25 94
Don’t know 1 4
Allergic to dairy foods
Never 692 668 1.00 Referent
Ever 11 22 0.48 0.23-1.00 .04
Don’t know 1 4
Allergic to one or more medicines
Never 519 512 1.00 Referent
Ever 184 178 1.03 0.81-1.32 .81
Don’t know 1 4
Allergic to antibiotics
Never 586 580 1.00 Referent
Ever 117 110 1.06 0.80-1.42 .67
Don’t know 1 4
Allergic to penicillin
Never 638 628 1.00 Referent
Ever 65 62 1.05 0.73-1.52 78
Don’t know 1 4
Allergic to sulfa drugs
Never 664 656 1.00 Referent
Ever 39 34 1.10 0.68-1.78 .69
Don’t know 1 4
Allergic to analgesics
Never 657 654 1.00 Referent
Ever 46 36 1.25 0.79-1.97 .34
Don’t know 1 4

*Allergy history as reported at least 1 year prior to NHL diagnosis (for case patients) or selection as a control subject. OR = odds ratio; CI = confidence interval.
TAdjusted for the matching variables (age as a continuous variable, sex, and state) and ethnicity; OR calculations excluded subjects with “Don’t know” responses.

1P value from unconditional logistic regression model.

DiscussioN

In this case—control study of atopy, birth order, and the risk of
NHL, we found that only children and first-born children had an
approximately 50% reduction in NHL risk compared with fourth-
or later-born children and that NHL risk increased with increas-
ing number of older siblings. However, markers of crowding
later in childhood, such as bedroom and bed sharing, were not
associated with risk of NHL. Among the atopic conditions, hay
fever and food allergies were associated with statistically signifi-
cant reductions in risk of NHL, whereas asthma and eczema were
associated with non-—statistically significant risk reductions.
Earlier birth order and atopic conditions are associated with de-
layed exposure to infections in early life. Thus, taken together,
these data suggest that delayed exposure to infections—and the
consequent persistence of a Th2-dominated immune response—
is associated with a reduced risk of NHL.

Previous studies of birth order and sibship size have yielded
inconsistent associations with NHL risk. A recent population-

Journal of the National Cancer Institute, Vol. 97, No. 8, April 20, 2005

based case—control study in the United States found that risk of
NHL increased with increasing sibship size in women and het-
erosexual men (73); NHL risk was also increased in non—HIV
infected homosexual men with five or more siblings (712). A
cohort study of male deaths from NHL in the United States (24)
found a non-statistically significant reduction in risk associated
with only-child status. A large Swedish cohort study (25) found
no association between birth order and the combined risk of
Hodgkin lymphoma and NHL in people up to 55 years of age;
however, in this age group, Hodgkin lymphoma is likely to have
made up a large proportion of diagnoses. Among hospital-based
case—control studies of NHL, an Italian study (7/8) found no
association with sibship size, whereas a study in England (9)
found a statistically significantly increased NHL risk for only
children but no association with sibship size. A population-based
study in Denmark found increasing risk of Hodgkin lymphoma
with increasing birth order and sibship size in children younger
than 15 years but the opposite pattern in young adults (15-42
years of age) (26).
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Table 4. Interactions between birth order and hay fever and between birth order and food allergy: associations with risk of non-Hodgkin lymphoma

Atopic condition

Case Control OR* Case Control OR
Birth order patients subjects (95% CI) patients subjects (95% CI) PinteractionT
Hay fever: never Hay fever: ever

Fourth- or later-born child 110 61 1.00 (Referent) 52 54 0.55 (0.34-0.91)

Third-born child 95 66 0.83 (0.53-1.29) 43 52 0.47 (0.28-0.78)

Second-born child 112 94 0.66 (0.44-1.01) 70 84 0.47 (0.30-0.74)

First-born or only child 135 156 0.49 (0.33-0.72) 76 120 0.36 (0.23-0.55) 32

Food allergy: never Food allergy: ever

Third- or later-born child} 287 195 1.00 (referent) 18 39 0.31 (0.17-0.56)

Second-born child 176 147 0.82 (0.61-1.09) 8 34 0.15 (0.07-0.34)

First-born or only child 199 229 0.59 (0.45-0.77) 15 46 0.22 (0.12-0.41) .16

*QOdds ratios (ORs) were adjusted for the matching variables (age as a continuous variable, sex, and state) and ethnicity. Subjects with “Don’t know” responses were

excluded from these analyses. CI = confidence interval.

FPinteraction Was calculated as a 1 degree of freedom test for trend in the odds ratios.
1Third-born children were combined with fourth- and later-born children for the analysis of food allergy because of small numbers.

We found that the risk of NHL was reduced by identical pro-
portions in those who were only or other first-born children and
that the risk increased linearly with the number of older siblings.
There was no evidence, however, that close proximity to siblings
and household members by sharing a bed or a bedroom was
associated with NHL risk. These data suggest that it is events
related to contact with other children in infancy (which should be
identical in only and other first-born children), rather than events
later in childhood (which are likely to differ between only and
other first-born children), that contribute to NHL risk. Because
the case patients and control subjects in our study were frequency
matched by age, and age was controlled for in the analyses, these
associations are unlikely to be confounded by time trends in
household size.

Why should being an only child or other first-born child be
associated with a reduced risk of NHL? One possibility is that
early infection is a risk factor for NHL and that being an only or
other first-born child is a surrogate marker of protection from
early infection. It is unclear which infectious agents might be in-
volved. The best-studied candidate for an early-life infection that
may be related to NHL, Epstein-Barr virus, is believed to be
associated with only a small minority of NHL cases, mainly in
individuals with severe immune deficiency (27), who were ex-
cluded from this study. However, it is possible that early-life in-
fection in general or its immunologic consequences may increase
NHL risk through indirect pathways. It is also possible that other,
unmeasured correlates of being first born contribute to NHL risk.

Several previous studies have examined the relationship
between atopy and risk of NHL, but the methods by which atopy
was measured varied widely and few studies reported on indi-
vidual atopic conditions. Studies that have measured atopy or
allergic conditions overall have generally not found either to be
statistically significantly associated with NHL risk (9,11,15-17),
but in all of these studies the odds ratios were 1.0 or less. Non—
statistically significant reductions in NHL risk have also been
reported for asthma (9,13,16) and hay fever (7,10,18); no studies
have reported increased NHL risk associated with these condi-
tions. Among those with eczema, a wide range of associations
with NHL risk have been observed, including statistically sig-
nificantly decreased risk (7), statistically significantly increased
risk (9), and no statistically significant association (70,18).
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Among those with allergies to specific substances (i.e., plants,
animals, drugs, and foods), both non—statistically significantly
(9,16) and statistically significantly (74) reduced risks have been
reported, as well as odds ratios around 1.0 (7,8). No study has
reported a statistically significant increase in NHL risk associated
with allergies to specific substances. One study in the United
States that found a reduced NHL risk in people with atopic condi-
tions also found a reduced risk associated with antihistamine use
(12). When these findings are taken together with our findings, a
reasonably consistent picture of reduced risk associated with
atopic disease appears to be emerging for NHL. Two recently
reported population-based case—control studies of childhood
acute lymphoblastic leukemia, another neoplasm of B lympho-
cytes, have reported a similar reduced risk in association with
atopic disease in childhood (28-29).

The two factors that were statistically significantly associ-
ated with a decreased risk of NHL in our study, early birth order
and having a history of atopic disease, have been consistently
shown to be related to each other in epidemiologic studies (7).
A possible mechanism for this relationship, consistent with the
hygiene hypothesis, is that less exposure to infection in early
life may lead to later-than-normal colonization of the gut by
bacteria, thereby reducing the strong stimulus for a change to a
Thl-dominant response that is seen with early-life exposure to
infection (30). Evidence in support of this possible mechanism
comes from the finding that populations with a higher preva-
lence of organisms transmitted by the fecal-oral route have a
lower incidence of atopic diseases (3/). In this context, it is in-
teresting to note that the greatest risk reduction we found was
for allergies to substances presented to the gut (i.e., for food
allergies).

If the association between a Th2-dominant immune response
and decreased NHL risk is causal, the mechanism is uncertain.
On its face, the relationship between a Th2-dominant response
and decreased NHL risk could be interpreted as the opposite of
the well-described association between immune deficiency and
increased NHL risk. However, in people with HIV-related
immune deficiency, markers of a Th2 immune response, includ-
ing increased levels of total immunoglobulin and B-cell stimula-
tory cytokines, are associated with increased rather than decreased
NHL risk (32,33). Genetic polymorphisms associated with high
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expression of the B-cell stimulatory cytokine interleukin-10 are
also associated with NHL risk in HIV-positive people (34). It
may be that, in immune-deficient individuals, the absence of
effective Thl function to control the Th2 response explains the
positive association with risk of NHL. In our study of non—
immune deficient people, we documented an opposite relation-
ship of NHL risk with markers of Th2 function.

This study has several strengths. It was population based and
had a low refusal rate among case patients. The most common
reasons for case patients not participating were death prior to in-
terview or illness preventing an interview; consequently, patients
with the most severe disease may have been underrepresented
(19). However, there is no reason to believe that severity of ill-
ness would be related to family size or atopic disease. The study
also has limitations. As is seen with most population-based case-
control studies, the participation rate among control subjects was
less than that among case patients, raising the possibility that se-
lection bias may have influenced our results. However, of two
important factors known to influence family size, ethnicity and
socioeconomic status, neither adjustment for both factors in a
multivariable model nor restriction of analyses to those born in
Australia and New Zealand materially altered the associations.
Although this result weighs against bias caused by major known
social determinants of family size, we cannot exclude the possi-
bility that other, unmeasured determinants of family size or of
history of atopy influenced study participation. We specifically
excluded case patients who had HIV infection or were receiving
immune-suppressive therapy after organ transplantation. There-
fore, the results may be generalizable only to NHL patients with-
out obvious severe immune deficiency. Control subjects were not
asked specifically about their HIV status because of privacy
concerns, but because the prevalence of HIV in Australian adults
aged 1549 years is estimated to be 0.1% (35) the presence of
HIV-infected control subjects is unlikely to have caused bias.

Another possible limitation is that the data were provided by
self-reporting. It seems reasonable to expect that self-report data
on birth order and household size should be accurate. The data on
atopic conditions were also self-reported and were not confirmed
using medical records. However, for relatively mild conditions
such as hay fever and eczema, self-report data may be more
accurate than medical records because participants may not have
sought medical attention. Recall bias is also possible, but it is dif-
ficult to conceive of a reason why control subjects should be more
likely than case patients to recall these mild conditions, especially
given that recall bias usually acts in the opposite direction. If
the error in recall of atopic diseases were nondifferential between
case patients and control subjects, then it is likely that we have
underestimated the strength of association with atopic conditions.

In the multivariable models, associations with the main
risk variables—birth order, hay fever, and food allergy—were
attenuated only slightly after mutual adjustment for birth order
and each atopic condition. In addition, there was little evidence
of interactions between atopic conditions and birth order. Thus, it
appears that the pathways by which atopy and birth order might
mediate decreased NHL risk, assuming that they are causal, are at
least partially independent.

Taken together, our findings suggest that reduced exposure to
infection in early life and its immunological consequence of a
Th2-dominated immune response are associated with a reduced
risk of NHL. It should be noted, however, that our findings cannot
explain the increasing incidence of NHL seen in industrialized
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countries (36), in which household size is decreasing and the
incidence of atopic conditions is increasing (7). One possible
explanation for this observation is that early-life exposure to
infection may have increased recently despite decreasing house-
hold size, due to the increasing use of day care for children. The
incidence of Thl diseases such as multiple sclerosis and type I
diabetes is also increasing (3). It may be that all diseases that are
associated with immune dysregulation are increasing in inci-
dence and that NHL is another such condition.

Further epidemiologic studies are needed to confirm the link
between birth order (or more specific measures of exposure to
infection in early life), atopy, and reduced risk of NHL. Such
studies, in addition to measuring other early-life environmental
exposures relating to crowding and potential for infection, should
measure biomarkers of Th2 response and T-cell regulation.
Although data from case—control studies of genetic determinants
of immune regulation may provide some information, data from
cohort studies will also be required because the origin of NHL in
the immune system will almost certainly frustrate retrospective
assessment of these biomarkers in case—control studies.
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