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Abstract

Infectious etiologies have been hypothesized for Hodgkin and non-Hodgkin lymphoma (HL and

NHL) in early life, but findings to date for specific lymphomas and periods of susceptibility are

conflicting. We conducted the first national cohort study to examine whether season of birth, a

proxy for infectious exposures in the first few months of life, is associated with HL or NHL in

childhood through young adulthood. A total of 3,571,574 persons born in Sweden in 1973–2008

were followed up through 2009 to examine the association between season of birth and incidence

of HL (943 cases) or NHL (936 cases). We found a sinusoidal pattern in NHL risk by season of

birth (P=0.04), with peak risk occurring among birthdates in April. Relative to persons born in fall

(September-November), odds ratios for NHL by season of birth were 1.25 (95% CI, 1.04–1.50;

P=0.02) for spring (March-May), 1.22 (95% CI, 1.01–1.48; P=0.04) for summer (June-August),

and 1.11 (95% CI, 0.91–1.35; P=0.29) for winter (December-February). These findings did not

vary by sex, age at diagnosis, or major subtypes. In contrast, there was no seasonal association

between birthdate and risk of HL (P=0.78). In this large cohort study, birth in spring or summer

was associated with increased risk of NHL (but not HL) in childhood through young adulthood,

possibly related to immunologic effects of delayed infectious exposures compared with fall or

winter birth. These findings suggest that immunologic responses in early infancy may play an

important role in the development of NHL.
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INTRODUCTION

The incidence of Hodgkin and non-Hodgkin lymphoma (HL and NHL) has increased in

childhood through young adulthood, but not older adulthood, in the U.S. and Europe in

recent decades.1–6 This increase among the young has sparked a growing interest in

identifying risk factors that occur in early life. Infectious exposures including Epstein-Barr

virus (EBV) infection7–10 are hypothesized to play an important role, but critical periods of

susceptibility and differential effects for specific lymphomas are still unclear. Because of

seasonal variation of EBV and other common respiratory infections,11–13 season of birth is a

reasonable proxy for infectious exposures in the first few months of life. If infectious

exposures in early infancy play a role in lymphomagenesis, normal seasonal variation in

such exposures would result in a seasonal pattern in the risk of HL or NHL by date of birth.

The few studies that have examined this hypothesis have reported discrepant results, but

have varied widely in design, analytic methods, age ranges, and populations.14–16 No studies

have been conducted using a population-based cohort design with the ability to estimate

relative risks of HL or NHL by season of birth. We conducted the first national cohort study

to examine whether season of birth is associated with the risk of HL or NHL in childhood

through young adulthood.

MATERIAL AND METHODS

Using the Swedish Birth Registry, we identified the month and day of birth for 3,571,574

persons who were born in Sweden in 1973–2008. This cohort was followed up for HL and

NHL incidence from birth through December 31, 2009 (maximum attained age was 37

years). All HL and NHL cases were identified from the Swedish Cancer Registry and were

classified according to the International Classification of Diseases, 7th revision (code 201

for HL, and codes 200 and 202 for NHL). This registry includes all primary incident cancers

in Sweden since 1958 with compulsory reporting nationwide. Histologic subtypes were

classified according to Systemized Nomenclature of Medicine (SNOMED) codes since 1993

and synonymous definitions provided by the World Health Organization prior to this

period.17 NHL subtypes were categorized as diffuse large B-cell subtype, other or

unspecified B-cell subtypes, and T-cell subtypes; and HL subtypes included nodular

sclerosis, mixed cellularity, lymphocyte-rich, lymphocyte-depleted, classic HL “not

otherwise specified”, and nodular lymphocyte predominant.

Logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals

(CIs) for associations between season of birth and HL or NHL. Season of birth was modeled

using standard methods for seasonal data. First, date of birth (DOB, coded as an integer

from 1 to 365) was modeled as a sinusoidal function in the logistic regression model, using

an iterative method to identify the date with peak HL or NHL risk and to test for an overall

seasonal association, as previously described.18 In the case of a leap year, February 29 was
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recoded as calendar day 59 so that the respective year had 365 days. Specifically, the

trigonometric term entered into the logistic model was

where tmax (the peak birth date for either HL or NHL risk) was determined iteratively by

finding the value from 1 to 365 that maximized the model coefficient.18 After identifying

the peak date in this manner, the 3-month period of maximum risk was identified by

centering on this date.

Unadjusted risk estimates were reported because there was no evidence of confounding by

other sociodemographic or familial variables (e.g., sex, birth year, birth order, parental age,

parental country of birth, parental education level). We examined first-order interactions

between these variables and season of birth with respect to HL or NHL risk using a

likelihood ratio test and by visually examining risk estimates across different strata for each

variable. In addition, multinomial logistic regression was used to test for heterogeneity in the

association between season of birth and earlier-onset (age <15 years) vs. later-onset (age

≥15 years) HL or NHL. We also repeated the same models described above to explore

associations between season of birth and the most common HL or NHL subtypes. All

statistical tests were 2-sided and used an α-level of 0.05. Goodness of fit was evaluated

using the Pearson chi-squared test, which indicated a good fit in all models. All analyses

were conducted using Stata version 13.0.19 This study was approved by the Regional Ethics

Committee of Lund University in Sweden.

RESULTS

Among the 3,571,574 persons in this cohort, 936 NHL and 943 HL cases were identified in

66.3 million person-years of follow-up. The overall incidence rates (per 100,000 person-

years) were 1.41 for NHL and 1.42 for HL. The mean duration of follow-up was 18.6 years

(SD 10.4, median 18.6), and the mean ages at diagnosis were 13.8 years (SD 10.0, median

11.8) for NHL and 20.2 years (SD 6.4, median 20.1) for HL.

NHL incidence (per 100,000 person-years) was highest among persons born in spring (1.49)

or summer (1.52), and lowest among those born in fall (1.26); whereas HL incidence varied

little across different seasons of birth (range 1.38 to 1.46; Table 1). In the sinusoidal logistic

model, we found a significant association between season of birth and NHL (P=0.04), with

peak risk corresponding to a birth date of April 24. Relative to persons born in fall, those

born in spring or summer had significantly increased odds of NHL in childhood through

young adulthood (see Table 2). The odds ratio for NHL among persons born in the 3-month

peak (March 10-June 8, identified by centering around the peak birth date of April 24)

relative to the 3-month nadir (September 8-December 7) was 1.27 (95% CI, 1.05–1.53;

P=0.01). In contrast, there was no significant association between season of birth and HL

(P=0.78 in the sinusoidal model). Figure 1 shows the seasonal pattern in relative risks of

NHL and HL from the sinusoidal model. Further adjustment for other variables (e.g., sex,

birth year, birth order, maternal age, maternal and paternal country of birth, maternal and
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paternal education) either individually or in any combination had a negligible effect on the

risk estimates (see fully adjusted model in Supplementary Table 1).

We found no interactions between season of birth and other variables with respect to NHL

or HL risk. In particular, there was no evidence that the observed association between

season of birth and NHL varied by sex (Pinteraction=0.88), birth year (Pinteraction=0.56,

modeled as a categorical variable by decade), birth order (Pinteraction=0.63, modeled as 1, 2,

3, ≥4), or sibship size (Pinteraction=0.29, modeled as 1, 2, 3, ≥4). There also was no

heterogeneity by age at NHL diagnosis, comparing cases diagnosed at ages <15 years

(n=554) with those diagnosed at ≥15 years (n=382) (P=0.57). HL results also did not vary

by age at diagnosis, comparing ages <15 years (n=179) vs. ≥15 years (n=764) (P=0.31).

The results for NHL subtypes were consistent with those for NHL overall. In the sinusoidal

logistic model, the birthdate with peak risk for diffuse large B-cell subtype was April 11

(P=0.02, based on 320 cases), for other or unspecified B-cell subtypes was April 6 (P=0.54,

based on 170 cases), for T-cell subtypes was April 21 (P=0.48, based on 114 cases), and

subtype was unavailable for 332 cases. Among HL subtypes, the birthdate with peak risk of

nodular sclerosis subtype was May 11 (P=0.11, based on 572 cases) and for mixed

cellularity was January 11 (P=0.07, based on 76 cases). Other HL subtypes were too

infrequent for analysis, including nodular lymphocyte predominant (n=16), lymphocyte-rich

(n=8), and lymphocyte-depleted (n=6), or were inadequately specific (classic HL “not

otherwise specified”, n=123) or unavailable (n=142).

DISCUSSION

In this large national cohort study, persons who were born in spring or summer had a

significantly increased risk of NHL in childhood through young adulthood. These findings

may be related to immunologic effects of delayed infectious exposures in the first few

months of life compared with persons born in fall or winter. In contrast, season of birth was

not associated with risk of HL in childhood through young adulthood.

The few previous studies of season of birth and HL or NHL have yielded conflicting results,

but were based on different methods and populations. A study of 2,079 HL and 991 NHL

cases diagnosed at ages 15–24 years in England reported a seasonal association for NHL

among males only (P=0.04), with a bimodal peak among birthdates in January and July;

whereas HL had no seasonal association with birthdate (P=0.46).15 A smaller study of

children aged <15 years in northern England reported null results for both HL (128 cases)

and NHL (134 cases).16 A Danish study of 299 HL and 253 NHL cases diagnosed at ages

<20 years reported a weak seasonal association for HL with a peak among birthdates in July,

and no association with NHL.14 Our study was the first with a population-based cohort

design for estimating relative risks of HL and NHL by season of birth. We found a

significant seasonal pattern for NHL, irrespective of gender, with peak risk among birthdates

in April. All major NHL subtype groups appeared to have a similar pattern, although

statistical power was limited for subtype-specific analyses.
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These findings are consistent with an association we previously reported between low birth

order and NHL in this cohort (Ptrend=0.02),20 which may be related to infectious etiologies.

The “delayed exposure hypothesis” postulates that delayed exposure to EBV or other

infectious agents (as may occur among first-born because of the lack of older siblings)

impairs normal maturation of the immune system from a T helper cell type 2 (Th2) to a T

helper cell type 1 (Th1) preponderance. This results in an abnormal immune response that

may predispose to the development of NHL.21 In contrast, birth order was not associated

with HL in this cohort (Ptrend=0.28).22 The link between spring or summer birth and NHL

(but not HL) in the current study is consistent with these prior findings for birth order. It

suggests that immunologic effects from delayed infectious exposures may play a role in the

development of NHL, and that early infancy may be an important window of susceptibility

to these effects.

The main strength of this study was its large population-based cohort design with nearly

complete nationwide ascertainment of HL and NHL. Although season of birth is a

reasonable proxy for infectious exposures in early infancy, our study was limited by the

inability to directly assess EBV status, other specific infections, and infectious exposures

later in life that may also influence disease risk. Additional studies with detailed information

on infectious exposures will be needed to further elucidate the etiologic pathways and

critical windows of susceptibility. Longer-term follow-up of this and other large cohorts will

also be needed to examine these associations in older adulthood.

In summary, this large national cohort study found that spring or summer birth was

associated with increased risk of NHL (but not HL) in childhood though young adulthood

among persons born in Sweden during 1973–2008. These findings may be related to

immunologic effects from delayed infectious exposures in early infancy, which may play a

role in the development of NHL. Clinical studies with more detailed information on

infectious exposures and immune responses are warranted to further delineate the underlying

mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HL Hodgkin lymphoma

NHL non-Hodgkin lymphoma

OR odds ratio

SD standard deviation

Th1 T helper cell type 1

Th2 T helper cell type 2
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Novelty and impact

We conducted the first national cohort study to examine whether season of birth, a proxy

for infectious exposures in the first few months of life, is associated with non-Hodgkin or

Hodgkin lymphoma (NHL or HL). Persons born in spring or summer had significantly

increased risk of NHL (but not HL) in childhood through young adulthood, suggesting

that immunologic effects of delayed infectious exposures in early infancy may play an

important role in the development of NHL.

Crump et al. Page 8

Int J Cancer. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1.
Sinusoidal logistic regression results for association between birthdate and risk of non-

Hodgkin or Hodgkin lymphoma (NHL or HL) in childhood through young adulthood.

Harmonic displacement represents the log odds ratio for a given time point relative to the

mean for the entire calendar year.
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