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Abstract

Better hygiene and sanitation and decreasing family size
parallel the increasing incidence of non–Hodgkin lymphoma
(NHL) in many populations around the world. However,
whether sibship size, birth order, and crowding are related
to adult NHL risk is not clear. We investigated how family
structure and childhood social environment were related to
the risk of NHL and NHL subtypes in a large Scandinavian
population–based case control study with 6,242 participants
aged 18 to 74 years. Detailed exposure information was
obtained through telephone interviews. Odds ratios (OR) and
95% confidence intervals (95% CI) were calculated using
logistic regression, and all statistical tests were two-sided.
Having four or more siblings was associated with a moder-
ately increased risk of NHL, compared with having no siblings
(OR 1.34, 95% CI 1.11-1.62, P trend < 0.001). Having four or more
older siblings was associated with a similar risk increase
(OR 1.33, 95% CI 1.12-1.59, P trend = 0.003) compared with being
the oldest, whereas number of younger siblings was unrelated
overall. The associations were independent of other environ-
mental exposures and did not vary by country, age, or sex.
High household crowding was also positively associated with
risk of NHL. Results were slightly stronger for diffuse large
B-cell and T-cell lymphomas than for other major NHL
subtypes. Our findings add to the evidence that large sibship
size, late birth order, and childhood crowding are associated
with an elevated risk of NHL. Effect mechanisms may be
related to early age at onset and high frequency of specific
infections or total microbial exposure in childhood. [Cancer
Res 2007;67(22):11074–82]

Introduction

Over recent decades, changes in childhood social environment in
much of the world, especially industrialized nations, have been
characterized by increased hygiene and sanitation and smaller
family size (1). According to the ‘‘hygiene hypothesis,’’ these
changes may affect the development of the immune system in early
life through postponement of common infections and, as a result,
may also influence the risk of immune-related disorders (2).
Although recent findings suggest that the hygiene hypothesis is

overly simplified (3), it provides a useful framework to examine
how childhood exposures may be associated with risk of
immunologic diseases in adulthood. Given that early microbial
exposure is of importance for immune development (1) and that
malignant lymphomas arise from immune system cells, childhood
social environment may influence the risk of these malignancies.
Recent studies indicate that birth order and crowding (4–7), as

well as frequency of and age at infections during childhood (6, 8),
may be associated with risk of non–Hodgkin lymphoma (NHL)
later in life. However, reported findings are inconsistent and
contradictory. In a U.S. study (6), history of frequent infections up
to age 8 or 15 years was associated with a reduced risk of NHL,
whereas late birth order and crowding, presumably associated with
early and frequent exposure to infections, were found to increase
risk. Large sibship size and late birth order were similarly positively
associated with risk of NHL in some studies (4, 5, 7), whereas others
reported no (8–11) or an inverse association (12). Related factors,
such as childhood socioeconomic status, housing, and parental age
at birth have generally not been accounted for.
As published results are inconsistent and their implications are

unclear, we investigated interrelated factors, such as sibship and
family size, birth order, parental age at birth, housing type, and
other variables of early childhood social environment in associa-
tion with risk of NHL overall and four major NHL subtypes, in a
large population-based case control study in Denmark and Sweden.

Materials and Methods

Participants. The Scandinavian lymphoma etiology study has been
described previously (13). In brief, residents of Denmark and Sweden were

enrolled in this population-based case control study from June 2000 through

August 2002 in Denmark and October 1999 through April 2002 in Sweden.
The study population was restricted to individuals with ages 18 to 74 years,

with sufficient knowledge of the Danish or Swedish language and without a

history of organ transplantation, HIV infection, or previous hematopoietic

malignancy. Patients with a first, newly diagnosed NHL, including chronic
lymphocytic leukemia, were identified through a rapid case ascertainment

network involving 157 hospital clinics in both countries, with back-up from

nationwide tumor registries.

Control subjects were randomly sampled from updated population
registries every 6 months during the study period. The number of controls

was frequency-matched on sex and age (in 10-year intervals) to the

expected distribution of NHL patients in each country. Altogether, 3,055

patients with NHL and 3,187 controls chose to participate (81% among
eligible patients and 71% among eligible controls). The study was approved

by regional ethics committees, and informed consent (oral and/or written)

was obtained from each participant before interview.
Tumor material of the study patients was reviewed, and NHL subtypes

were classified according to WHO classification (14). In Denmark, the

review was done within the National Lymphoma Registry Organization (15),
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wherein all but 20% of the cases were evaluated by a senior hematopathol-
ogist. In Sweden, six expert hematopathologists or cytologists were specially

appointed for tumor review, and slides were evaluated for all but 1.5% of the

cases, for whom the written results of the primary investigation was

evaluated instead. The Swedish study evaluation resulted in a change to a
different or more detailed NHL subtype diagnosis from that of the primary

clinical report inf3% of the cases and to a less detailed subtype diagnosis

in 4%.

Exposure assessment. Participants were interviewed by telephone
regarding their early childhood social environment and other possible risk

factors for lymphoma based on a standardized questionnaire. Specifically,

we interrogated for sibship size and birth order, birth year of siblings,

parental age at birth of the index subject, parental education (V9, 10-12, or
>12 years), and living conditions during the first 6 years of childhood. The

latter included type of housing (single-family house, farm, townhouse, or

apartment), number of rooms (excluding kitchen and bathroom), total
number of persons sharing a household, family socioeconomic status

(average, higher, or lower than average), urban or rural residential area,

contact with domestic animals, and day care attendance (ever/never, age at

start, and number of children in the group). Townhouses are single-family
residences, often situated in cities or suburban areas, that are unconnected

but share adjoining walls. If any of these variables changed during the first

6 years of childhood, subjects were asked to report the situation that lasted

longest.
We also assessed personal history of mononucleosis and tuberculosis

(ever/never and age at diagnosis) and tuberculosis in first-degree relatives

(ever/never), as these infections have been implicated in the etiology of
NHL (14, 16), and because their occurrence may be related to socio-

economic level. We constructed a variable to describe household density or

crowding by dividing the number of household members by the number

of household rooms. Parental age at the subject’s birth was categorized
a priori into quartiles based on the distribution in the control population.

Statistical analysis. We used unconditional logistic regression to

estimate odds ratios (OR) and 95% confidence intervals (95% CI) as

measures of relative risk. The regression model included adjustment for the
matching variables, age (in 10-year intervals), sex, and country, as

independent variables and interaction terms. Potential confounders were

considered based on prior knowledge of risk factors for NHL (17) and on
changes of effect estimates comparing models with and without additional

covariates. Heterogeneity of associations by country, sex, or age (with

cutoffs at 40 or 60 years of age) was evaluated using a likelihood ratio test

for the significance of an interaction term between each exposure variable
and either country, sex, or age. Assessment of heterogeneity by ethnic group

was not meaningful due to the large predominance of Caucasian

participants (>95%). We did internal checks for consistency, for example,

comparing reported maternal and paternal age at subject’s birth with
reported birth order.

Adjustment for personal educational level, body mass index, smoking,

history of autoimmune or allergic disorders, occupational exposure to

pesticides or organic solvents, sun bathing habits, or family history of
cancer or lymphoma (self-reported or registered; ref. 18) changed estimates

of <10% and were not included in the final model. Given the apparent close

relationship of several of the variables analyzed, we computed Spearman’s

rank correlation coefficients, r s (19). Mutual adjustment for weakly
correlated analyzed variables affected some estimates at f10% and are

shown separately. In the multivariate model, a separate category for missing

data was included for maternal age, paternal education, and urban/rural

residence, respectively, after checking that the missing categories were
unrelated to the outcome.

We tested for trend across exposure categories by assigning equally

spaced values (e.g., 1, 2, 3, and 4) to the categories and treating them as
continuous variables in the logistic regression analysis. We assessed

potential heterogeneity of the effect of exposures across NHL subtypes

in a polytomous regression model, with the NHL subtypes and control

status as outcomes. Each variable in the model was the log odds ratio
of an NHL subtype outcome compared with control status for the

exposure levels compared with a reference level, and heterogeneity was

tested with a Wald test. All statistical tests were two-sided. Analyses were

done using the SAS System software, release 8.2 and 9.1 (SAS Institute,
Inc.; 1999-2001).

Results

General characteristics of the participants are shown in Table 1.
Results for family structure and household crowding, parental age
at birth, and history of mononucleosis or tuberculosis are shown in
Table 2. Subjects with four or more siblings were at a statistically
significant 30% increase in risk of NHL compared with subjects
with no siblings (OR 1.34, 95% CI 1.11-1.62, P trend < 0.001; Table 2).
A risk increase of similar magnitude was observed for subjects
having four or more older siblings compared with first-born
subjects (P trend = 0.003), whereas number of younger siblings was
unrelated to risk of NHL overall (Table 2). In an analysis restricted
to individuals with at least one sibling, having four or more older
siblings was still associated with an increased risk (P trend = 0.02),
whereas no such trend was seen for younger siblings (P trend = 0.30).
Among subjects with older siblings, the age difference in years to
the nearest older sibling (<3, 3-5, or z6 years) did not appreciably
affect NHL risk (data not shown).

Table 1. General characteristics of participants

Controls

(n = 3,187)

All non–Hodgkin

lymphoma

(n = 3,055)

Diffuse large

B-cell lymphoma

(n = 796)

Chronic

lymphocytic

leukemia*

(n = 752)

Follicular

lymphoma

(n = 586)

T-cell

lymphoma

(n = 204)

Age

Median (range) 59 (18-76) 60 (18-74) 60 (19-74) 63 (30-74) 57 (22-74) 55 (18-74)
Sex, n (%)

Male 1767 (55) 1819 (60) 474 (60) 480 (64) 279 (48) 128 (63)

Female 1420 (45) 1236 (40) 322 (40) 272 (36) 307 (52) 76 (37)

Country of residence, n (%)
Denmark 1186 (37) 1075 (35) 283 (36) 296 (39) 222 (38) 77 (38)

Sweden 2001 (63) 1980 (65) 513 (64) 456 (61) 364 (62) 127 (62)

*Including small lymphocytic lymphoma.
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Table 2. Childhood family structure, parental age at birth, and history of infection and risk of NHL overall and by subtype

Controls All NHL Diffuse large

B-cell lymphoma

Chronic lymphocytic leukemia*

n (%) n (%) OR
c
(95% CI) n (%) OR

c
(95% CI) n (%) OR

c
(95% CI)

Sibship size

1 339 (11) 283 (9) Reference 71 (9) Reference 74 (10) Reference

2 882 (28) 773 (25) 1.13 (0.94-1.36) 213 (27) 1.19 (0.88-1.60) 162 (22) 0.96 (0.70-1.30)
3 772 (24) 705 (23) 1.14 (0.94-1.38) 179 (23) 1.11 (0.82-1.51) 183 (24) 1.17 (0.86-1.58)

4 450 (14) 463 (15) 1.27 (1.03-1.56) 119 (15) 1.30 (0.94-1.81) 111 (15) 1.14 (0.82-1.59)

5 or more 719 (23) 812 (27) 1.34 (1.11-1.62) 209 (26) 1.39 (1.03-1.88) 218 (29) 1.29 (0.96-1.74)
P trend < 0.001 P trend = 0.02 P trend = 0.01

No. older siblings

Oldest 1285 (41) 1151 (38) Reference 295 (37) Reference 288 (38) Reference

1 895 (28) 831 (27) 1.06 (0.93-1.20) 217 (27) 1.08 (0.88-1.31) 202 (27) 1.04 (0.85-1.28)
2 436 (14) 470 (16) 1.21 (1.03-1.41) 124 (16) 1.22 (0.96-1.55) 111 (15) 1.12 (0.88-1.44)

3 247 (8) 217 (7) 0.98 (0.80-1.20) 63 (8) 1.13 (0.83-1.53) 52 (7) 0.92 (0.66-1.28)

4 or more 292 (9) 362 (12) 1.33 (1.12-1.59) 92 (12) 1.36 (1.03-1.78) 95 (13) 1.29 (0.99-1.70)

P trend = 0.003 P trend = 0.02 P trend = 0.15
No. younger siblings

Youngest 1257 (40) 1141 (38) Reference 307 (39) Reference 262 (35) Reference

1 954 (30) 912 (30) 1.04 (0.92-1.18) 244 (31) 1.04 (0.86-1.26) 219 (29) 1.08 (0.88-1.32)
2 513 (16) 489 (16) 1.02 (0.88-1.18) 119 (15) 0.94 (0.74-1.20) 140 (19) 1.24 (0.98-1.56)

3 205 (6) 250 (8) 1.30 (1.06-1.59) 59 (7) 1.18 (0.86-1.62) 63 (8) 1.27 (0.92-1.75)

4 or more 226 (7) 239 (8) 1.08 (0.88-1.32) 62 (8) 1.10 (0.81-1.51) 64 (9) 1.14 (0.83-1.56)

P trend = 0.10 P trend = 0.50 P trend = 0.09
No. family members in household

2 or 3 584 (18) 475 (16) Reference 117 (15) Reference 117 (16) Reference

4 1065 (34) 998 (33) 1.20 (1.03-1.39) 266 (34) 1.28 (1.00-1.62) 227 (31) 1.14 (0.89-1.46)

5 736 (23) 712 (24) 1.20 (1.02-1.41) 177 (22) 1.20 (0.92-1.55) 174 (23) 1.19 (0.91-1.55)
6 360 (11) 380 (13) 1.28 (1.06-1.55) 102 (13) 1.42 (1.06-1.92) 104 (14) 1.34 (0.99-1.81)

7 or more 414 (13) 463 (15) 1.32 (1.10-1.59) 130 (16) 1.57 (1.18-2.09) 120 (16) 1.26 (0.94-1.68)

P trend = 0.004 P trend = 0.003 P trend = 0.06

Crowding (no. family members in household/no. rooms)
V1 1112 (36) 887 (30) Reference 235 (31) Reference 207 (28) Reference

1-2 1378 (45) 1402 (47) 1.13 (1.01-1.28) 363 (47) 1.18 (0.98-1.42) 343 (47) 1.06 (0.87-1.29)

2-3 368 (12) 391 (13) 1.12 (0.94-1.33) 97 (13) 1.16 (0.88-1.52) 105 (14) 1.13 (0.86-1.48)
>3 237 (8) 273 (9) 1.19 (0.97-1.46) 74 (10) 1.38 (1.01-1.88) 74 (10) 1.22 (0.89-1.66)

P trend = 0.06 P trend = 0.04 P trend = 0.18

Maternal age at birth, quartiles (y)

1 (13-24) 803 (26) 776 (26) Reference 215 (28) Reference 179 (25) Reference
2 (25-28) 787 (26) 665 (23) 0.86 (0.74-0.99) 181 (24) 0.86 (0.69-1.07) 170 (24) 0.90 (0.71-1.14)

3 (29-33) 785 (26) 790 (27) 1.01 (0.88-1.17) 184 (24) 0.88 (0.70-1.10) 190 (26) 1.00 (0.79-1.26)

4 (34+) 687 (22) 704 (24) 1.00 (0.87-1.16) 187 (24) 0.99 (0.79-1.24) 182 (25) 1.06 (0.84-1.35)

Paternal age at birth, quartiles (y)
1 (13-27) 758 (25) 675 (24) Reference 186 (25) Reference 164 (23) Reference

2 (28-32) 869 (29) 828 (29) 1.05 (0.91-1.21) 216 (29) 1.03 (0.82-1.28) 208 (29) 1.03 (0.82-1.38)

3 (33-38) 774 (26) 775 (27) 1.08 (0.94-1.25) 197 (27) 1.04 (0.83-1.30) 183 (26) 0.98 (0.77-1.25)
4 (39+) 585 (20) 592 (21) 1.04 (0.89-1.22) 144 (19) 0.97 (0.76-1.24) 159 (22) 1.08 (0.84-1.38)

Infectious mononucleosis
b

Never 3029 (96) 2920 (97) Reference 752 (96) Reference 729 (97) Reference

Ever 111 (4) 96 (3) 1.13 (0.85-1.51) 30 (4) 1.18 (0.78-1.81) 19 (3) 1.19 (0.71-2.01)
Tuberculosis

b

Never 3115 (98) 2984 (98) Reference 777 (98) Reference 729 (98) Reference

Ever 48 (2) 56 (2) 1.12 (0.76-1.66) 16 (2) 1.30 (0.73-2.32) 17 (2) 1.28 (0.72-2.25)

Tuberculosis in first-degree relatives
Never 2712 (89) 2584 (89) Reference 671 (88) Reference 626 (87) Reference

Ever 324 (11) 335 (11) 1.07 (0.90-1.26) 93 (12) 1.16 (0.91-1.49) 96 (13) 1.24 (0.97-1.60)

*Including small lymphocytic lymphoma.
cAdjusted for age (in 10-y intervals), sex and country.
bExcluding participants diagnosed during the last year before NHL diagnosis (cases) or interview (controls).
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Having seven or more household members during the first
6 years of childhood was associated with a 30% increase in
risk, compared with having two or three household members
(P trend = 0.004; Table 2). Sibship size and number of household

members were highly correlated (r s = 0.71). Number of
household rooms was unrelated to NHL risk (data not shown),
but high household density or crowding, defined as having >3
family members per room, was associated with a borderline

Table 2. Childhood family structure, parental age at birth, and history of infection and risk of NHL overall and by subtype (Cont’d)

Follicular

lymphoma

T-cell lymphoma P heterogeneity

by subtype

n (%) OR
c
(95% CI) n (%) OR

c
(95% CI)

55 (9) Reference 14 (7) Reference 0.63

149 (25) 1.06 (0.76-1.49) 61 (30) 1.54 (0.84-2.81)
127 (22) 1.00 (0.70-1.41) 46 (23) 1.33 (0.72-2.47)

107 (18) 1.44 (1.01-2.06) 28 (14) 1.54 (0.80-3.00)

148 (25) 1.25 (0.89-1.76) 54 (27) 2.02 (1.10-3.71)
P trend = 0.03 P trend = 0.03

227 (39) Reference 67 (33) Reference 0.79

154 (26) 0.98 (0.78-1.22) 58 (29) 1.24 (0.86-1.79)
100 (17) 1.28 (0.98-1.66) 39 (19) 1.73 (1.14-2.61)

34 (6) 0.77 (0.52-1.13) 15 (7) 1.27 (0.71-2.27)

69 (12) 1.33 (0.98-1.80) 22 (11) 1.70 (1.02-2.82)

P trend = 0.16 P trend = 0.02

208 (36) Reference 87 (43) Reference 0.27

185 (32) 1.14 (0.92-1.42) 56 (28) 0.85 (0.60-1.20)
93 (16) 1.05 (0.80-1.37) 22 (11) 0.63 (0.39-1.02)

53 (9) 1.56 (1.10-2.19) 22 (11) 1.78 (1.08-2.94)

45 (8) 1.17 (0.82-1.68) 14 (7) 1.07 (0.59-1.94)

P trend = 0.09 P trend = 0.59

98 (17) Reference 28 (14) Reference 0.29

189 (33) 1.05 (0.80-1.38) 73 (36) 1.37 (0.87-2.15)

149 (26) 1.15 (0.87-1.52) 49 (24) 1.36 (0.84-2.20)
65 (11) 1.05 (0.74-1.48) 14 (7) 0.88 (0.46-1.71)

80 (14) 1.13 (0.82-1.56) 38 (19) 2.26 (1.35-3.78)

P trend = 0.45 P trend = 0.02

165 (29) Reference 73 (37) Reference 0.71

291 (51) 1.27 (1.03-1.57) 88 (45) 1.11 (0.79-1.56)

71 (13) 1.13 (0.83-1.55) 22 (11) 1.11 (0.66-1.87)
39 (7) 0.99 (0.67-1.46) 12 (6) 0.99 (0.51-1.92)

P trend = 0.65 P trend = 0.80

156 (27) Reference 52 (27) Reference 0.62
122 (21) 0.79 (0.61-1.02) 40 (21) 0.82 (0.54-1.26)

169 (30) 1.07 (0.84-1.36) 57 (30) 1.27 (0.85-1.88)

124 (22) 0.91 (0.70-1.19) 44 (23) 1.10 (0.72-1.68)

136 (25) Reference 41 (22) Reference 0.63

157 (28) 1.01 (0.79-1.31) 57 (30) 1.28 (0.84-1.96)

163 (29) 1.16 (0.90-1.49) 49 (26) 1.34 (0.86-2.07)
97 (18) 0.89 (0.67-1.19) 40 (21) 1.44 (0.91-2.27)

559 (97) Reference 188 (94) Reference 0.23

20 (3) 1.09 (0.66-1.80) 13 (6) 1.67 (0.90-3.10)

576 (98) Reference 199 (99) Reference 0.99

10 (2) 1.18 (0.59-2.37) 3 (1) 1.17 (0.36-3.83)

505 (91) Reference 169 (88) Reference 0.15

51 (9) 0.83 (0.61-1.14) 24 (12) 1.28 (0.82-2.01)
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significant 20% increase in NHL risk, compared with V1 member
per room (P trend = 0.06).
With regard to NHL subtypes, a risk increase with increasing

sibship size was indicated for all types analyzed (Table 2). Effect
estimates were slightly more pronounced for the diffuse large
B-cell and T-cell NHL subtypes, but results did not differ statis-
tically among subtypes (Pheterogeneity by subtype = 0.63). Similarly, the
pattern of positive associations with number of household
members and with number of older siblings, but not with younger
siblings, was most evident for diffuse large B-cell and T-cell
lymphoma. High household crowding was associated with a
statistically significant 40% increase in risk of diffuse large B-cell
lymphoma.
Older maternal or paternal age at the subject’s birth, self-

reported personal history of mononucleosis or tuberculosis, and
history of tuberculosis in close relatives were not significantly
associated with risk of overall NHL or NHL subtypes (Table 2).
There was no statistically significant heterogeneity by country, sex,
or age in risk of NHL overall for any exposure listed in Table 2.
Results for childhood socioeconomic status and environment

are shown in Table 3. For several of these variables, we found
significant heterogeneity of risk by country, and results are
therefore shown separately for Denmark and Sweden. Swedish
controls were more likely than Danish controls to have parents
with a lower level of education and to have resided in a rural area
and/or a townhouse. Danish controls were more likely than
Swedes to have had higher family socioeconomic status and to
have resided in an apartment in a large city. Overall, parental
education and family socioeconomic status were not associated
with risk of all NHL (Table 3) or NHL subtypes (data not shown).
Although results went in different directions in the two countries,
there were no clear trends in either nation with increasing levels
of education.
Domestic animal contact was associated with a weak and

borderline significant increase in NHL risk, and daycare attendance
was inversely associated (Table 3). However, there were no trends
in risk in relation to age at start of daycare or size of the group of
children (Table 3). Positive associations were indicated for farm
and townhouse residences and risk of NHL overall in both
countries (Table 3).
In Table 4, we show the effect of some exposures on NHL risk

using slightly varying sets of adjustment variables to aid the
interpretation of effect of each determinant. Additional inclusion
in the model of interaction terms between country and paternal
education and between country and urban/rural residence
reduced the heterogeneity by country for all other variables in
Table 3. Large sibship size, late birth order, and farm or
townhouse residence remained positively associated with NHL
risk after adjustments, and the indication of a positive association
with crowding was strengthened (Table 4). Associations with
domestic animal contact and daycare attendance and risk of NHL
disappeared (Table 4). In an analysis restricted to individuals
without siblings, daycare attendance was still not associated with
NHL risk (data not shown).

Discussion

In this population-based study of lymphoma etiology, the largest
to date, we found that large sibship size and late birth order were
associated with an increased risk of NHL, especially diffuse large
B-cell and T-cell lymphomas. Our results further indicated that

childhood residence in more crowded homes, in farms, or in
townhouses may increase risk of NHL. Importantly, these
associations were not due to related factors, such as maternal
age at birth, parental education, or family socioeconomic status,
and did not vary by country, sex, or age.
Our findings are in agreement with observations from five

smaller population-based case control studies (4–7, 10). In a U.S.
study (6), large sibship size (z7 siblings) and childhood residence
in crowded homes were both associated with f50% increase in
risk of NHL, but birth order did not modify the effect. A similar
association between large sibship size and risk of NHL was
observed in a subset of heterosexual participants (4) and among
homosexual men (7) in the U.S. study. From Australia, Grulich et al.
reported a reduced risk of NHL in only-children and first-born
subjects compared with subjects born fourth or later (5). Large
sibship size was also weakly positively associated with NHL risk in
a German study (10).
In contrast, in two Italian studies, a population-based (8) and a

hospital-based, (11), and one American-nested case control study
(9), there was no association between sibship size (8, 9, 11) or birth
order (11) and NHL risk. Similarly, family size and birth order were
not associated with risk of malignant lymphomas in a large
Swedish cohort study (20). However, in the cohort study that was
restricted to subjects below 55 years of age, NHL and Hodgkin
lymphoma patients were considered together. As the association of
sibship size with NHL may be in the opposite direction of that with
Hodgkin lymphoma, results for the two lymphoma groups may
have cancelled each other out (21–23). In a hospital-based U.K.
study (12), only-children were at a 40% increased risk of adult NHL,
compared with individuals with siblings. Thus, although previous
findings are mixed, most population-based studies indeed support
a positive association between large sibship size and risk of NHL
(4–7, 10).
Biological mechanisms for the suggested association are not

clear, but a role for infections is feasible. Large sibship size, late
birth order, and more crowded homes are associated with early
childhood exposure to several specific infectious agents, including
Helicobacter pylori (24), Meningococci (25), Parvovirus B 19 (26),
and hepatitis A virus (27), and likely also favor exposure to
common infections in general (28). Older siblings probably
influence age at first common infection and number of infections
more than younger ones in early childhood, as older siblings bring
home contagious diseases from school or day care (21, 28).
Opposite to NHL, Hodgkin lymphoma has been associated with
small sibship size and early birth order, especially among young
adults (21–23). This has been attributed at least in part to
postponement of childhood infections, in particular with EBV
(29, 30). EBV is also related to NHL development in strongly
immunosuppressed individuals (17). Given our findings with
regard to sibship size, an inverse association between post-
ponement of EBV infection, i.e., infectious mononucleosis, and
sporadic NHL (not coupled with strong immunosuppression)
could have been expected but was not shown here or in a
previous report (31).
Two case control studies directly investigated the potential

importance of age at onset and frequency of common childhood
infections and risk of NHL (6, 8). Bracci et al. (6) observed, in
contrast to their findings on sibship size, that a history of several
specified infections up to age of 8 or 15 years was associated with
a reduced risk of NHL. Vineis et al. (8) observed that old age
(z4 years) at first infection ( from a list of specified infections)
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was associated with an increased risk of NHL, but only in small
families. These results apparently contradict the hypothesis that a
large sibship size augments NHL risk through increased frequency
of infections and/or earlier age at infectious disease onset.
However, it is not certain that the specific infections assessed in
these two studies (6, 8) or the age periods chosen were the most
relevant for NHL development nor that they accurately reflect the
total burden of infectious disorders in early childhood. It is
further possible that adulthood recall of infections in early
childhood is subject to large misclassification. Sibship size and

birth order, important and constant aspects of family structure
throughout life, are less likely subject to differential recall and
misclassification.
Still, other mechanisms for the presented findings must also be

considered. Various biological, socioeconomic, and cultural factors
are potentially relevant for large families. For example, late birth

8 Scb.se [homepage on the internet]. Stockholm: Statistics Sweden. [cited 2007 Aug 9].
Available from http://www.scb.se/.

Table 3. Childhood socioeconomic status and environment and risk of NHL overall and by country

Controls All NHL Denmark Sweden P heterogeneity

by country

Controls NHL cases Controls NHL cases

n (%) n (%) OR*

(95% CI)

n (%) n (%) OR*

(95% CI)

n (%) n (%) OR*

(95% CI)

Maternal education

V9 y 2298 (79) 2355 (83) Reference 764 (75) 774 (81) Reference 1534 (81) 1581 (84) Reference 0.06

10-12 y 447 (15) 376 (13) 0.97 (0.83-1.14) 185 (18) 134 (14) 0.77 (0.51-1.00) 262 (14) 242 (13) 1.12 (0.92-1.37)

>12 y 170 (6) 116 (4) 0.93 (0.71-1.21) 73 (7) 48 (5) 0.77 (0.51-1.15) 97 (5) 68 (4) 1.06 (0.75-1.50)
Paternal education

V9 y 2097 (75) 2106 (77) Reference 711 (74) 690 (79) Reference 1386 (76) 1416 (77) Reference 0.004

10-12 y 443 (16) 423 (16) 1.05 (0.90-1.22) 153 (16) 109 (13) 0.73 (0.56-0.95) 290 (16) 314 (17) 1.25 (1.04-1.51)
>12 y 252 (9) 190 (7) 0.92 (0.75-1.13) 102 (11) 70 (8) 0.79 (0.56-1.10) 150 (8) 120 (6) 1.01 (0.78-1.32)

Family socioeconomic status

Middle third 2307 (73) 2190 (72) Reference 748 (63) 689 (65) Reference 1559 (79) 1501 (76) Reference 0.06

Higher than average 552 (17) 538 (18) 0.96 (0.84-1.10) 309 (26) 249 (23) 0.82 (0.67-1.00) 243 (12) 289 (15) 1.11 (0.92-1.34)
Lower than average 305 (10) 296 (10) 1.02 (0.85-1.21) 123 (10) 122 (12) 1.08 (0.82-1.42) 182 (9) 174 (9) 0.97 (0.78-1.21)

Urban/rural residence

Medium town

(10,000-100,000
inhabitants)

689 (22) 620 (21) Reference 257 (22) 218 (21) Reference 432 (22) 402 (20) Reference <0.001

Large town

(>100,000 inhabitants)

692 (22) 533 (18) 0.83 (0.71-0.98) 380 (33) 230 (22) 0.68 (0.53-0.86) 312 (16) 303 (15) 1.03 (0.83-1.27)

Rural town/area

(<10,000 inhabitants)

1744 (56) 1866 (62) 1.13 (0.99-1.28) 526 (45) 607 (57) 1.35 (1.08-1.68) 1218 (62) 1259 (64) 1.03 (0.88-1.21)

Housing type

One-family house 1322 (42) 1097 (36) Reference 396 (34) 341 (32) Reference 926 (46) 756 (38) Reference 0.006
Farm 617 (20) 780 (26) 1.40 (1.22-1.60) 210 (18) 298 (28) 1.56 (1.23-1.97) 407 (20) 482 (24) 1.32 (1.12-1.56)

Townhouse 715 (23) 784 (26) 1.30 (1.14-1.49) 65 (6) 68 (6) 1.14 (0.79-1.66) 650 (33) 716 (36) 1.32 (1.14-1.52)

Apartment 495 (16) 367 (12) 0.80 (0.66-0.95) 486 (42) 345 (33) 0.76 (0.62-0.93) 9 (0.5) 22 (1) 2.70 (1.23-5.92)

Domestic animals
Never 1326 (42) 1208 (40) Reference 493 (42) 390 (37) Reference 833 (42) 818 (41) Reference 0.05

Ever 1838 (58) 1836 (60) 1.12 (1.01-1.24) 691 (58) 678 (63) 1.28 (1.08-1.52) 1147 (58) 1158 (59) 1.03 (0.91-1.18)

Day care attendance
Never 2504 (79) 2589 (85) Reference 910 (77) 907 (85) Reference 1594 (80) 1682 (85) Reference 0.006

Ever 674 (21) 459 (15) 0.86 (0.74-0.99) 275 (23) 166 (15) 0.67 (0.53-0.84) 399 (20) 293 (15) 1.03 (0.84-1.25)

Started at 5-6 y 297 (9) 213 (7) Reference 60 (5) 27 (3) Reference 237 (12) 186 (9) Reference 0.78

Started at 3-4 y 229 (7) 160 (5) 1.30 (0.95-1.79) 139 (12) 95 (9) 1.52 (0.88-2.62) 90 (5) 65 (3) 1.20 (0.80-1.79)
Started at 0-2 y 129 (4) 70 (2) 1.24 (0.84-1.83) 65 (6) 33 (3) 1.41 (0.72-2.73) 64 (3) 37 (2) 1.20 (0.73-1.98)

Group with

<15 children

142 (5) 101 (3) Reference 39 (4) 16 (2) Reference 103 (5) 85 (4) Reference 0.23

Group with
15-20 children

234 (8) 138 (5) 0.74 (0.52-1.06) 65 (6) 29 (3) 1.06 (0.48-2.32) 169 (9) 109 (6) 0.68 (0.45-1.02)

Group with

>20 children

113 (4) 86 (3) 1.02 (0.64-1.61) 84 (8) 60 (6) 1.65 (0.78-3.48) 29 (2) 26 (1) 0.69 (0.36-1.33)

*Adjusted for age (in 10-y intervals), sex and country.
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order is positively associated with high birth weight (32) and with
duration of maternal breast feeding (33), of which the effects on
adult NHL risk are unknown. According to recent census data,
large family size (z3 children, currently comprising 4% of all
households in Denmark and Sweden) was associated with lower
socioeconomic status and rural residence.8 However, it is uncertain
whether this was true in the middle of the 20th century, during the
early childhood of most of our study participants.

An immunologic influence of specific infectious agents or of the
total infectious disease burden in early childhood would go along
with established disease mechanisms in NHL. Although the
immunologic basis for the ‘‘hygiene hypothesis’’ is uncertain,
evidence support that postponement of common infections
prevents the normal shift of a T-helper cell type 2 to a T-helper
cell type 1 phenotype (1). A recent alternative view suggests that a
lower microbial burden decreases the activity of T-regulatory

Table 4. Multivariate analysis of selected variables describing family structure and childhood environment and risk of NHL

All NHL Diffuse large
B-cell lymphoma

Chronic lymphocytic
leukemia*

Follicular
lymphoma

T-cell
lymphoma

P heterogeneity
by subtype

OR
c
(95% CI) OR

c
(95% CI) OR

c
(95% CI) OR

c
(95% CI) OR

c
(95% CI)

Sibship size

1 Reference Reference Reference Reference Reference 0.66
2 1.12 (0.92-1.36) 1.17 (0.87-1.58) 0.95 (0.70-1.30) 1.04 (0.74-1.48) 1.62 (0.87-3.03)

3 1.09 (0.90-1.33) 1.06 (0.78-1.45) 1.13 (0.83-1.55) 0.96 (0.68-1.37) 1.35 (0.71-2.57)

4 1.22 (0.99-1.50) 1.23 (0.88-1.72) 1.13 (0.80-1.59) 1.40 (0.97-2.03) 1.56 (0.79-3.11)

5 or more 1.27 (1.05-1.55) 1.29 (0.95-1.76) 1.28 (0.94-1.74) 1.24 (0.87-1.76) 2.02 (1.06-3.82)
P trend = 0.001 P trend = 0.13 P trend = 0.02 P trend = 0.05 P trend = 0.07

No. older siblings
b

Oldest Reference Reference Reference Reference Reference 0.86

1 1.07 (0.94-1.22) 1.09 (0.89-1.34) 1.06 (0.86-1.32) 1.02 (0.80-1.29) 1.21 (0.82-1.78)
2 1.21 (1.02-1.43) 1.25 (0.97-1.62) 1.11 (0.85-1.45) 1.34 (1.01-1.78) 1.65 (1.05-2.60)

3 0.97 (0.78-1.21) 1.13 (0.81-1.57) 0.88 (0.62-1.26) 0.80 (0.53-1.21) 1.20 (0.64-2.24)

4 or more 1.32 (1.08-1.62) 1.36 (1.00-1.86) 1.23 (0.90-1.68) 1.42 (1.00-2.01) 1.67 (0.93-3.01)
P trend = 0.02 P trend = 0.05 P trend = 0.39 P trend = 0.13 P trend = 0.06

No. younger siblingsx

Youngest Reference Reference Reference Reference Reference 0.22

1 1.07 (0.94-1.21) 1.05 (0.86-1.28) 1.12 (0.90-1.38) 1.19 (0.95-1.50) 0.94 (0.65-1.36)
2 1.02 (0.87-1.20) 0.93 (0.72-1.19) 1.32 (1.03-1.70) 1.05 (0.79-1.40) 0.69 (0.41-1.14)

3 1.26 (1.02-1.56) 1.07 (0.76-1.51) 1.35 (0.97-1.89) 1.54 (1.07-2.22) 1.72 (1.00-2.97)

4 or more 1.07 (0.86-1.33) 1.04 (0.74-1.46) 1.28 (0.91-1.78) 1.20 (0.82-1.78) 1.15 (0.61-2.17)

P trend = 0.18 P trend = 0.91 P trend = 0.03 P trend = 0.12 P trend = 0.45
Crowding (household ind/rooms)

V1 Reference Reference Reference Reference Reference 0.72

>1-2 1.19 (1.05-1.36) 1.26 (1.02-1.54) 1.10 (0.89-1.36) 1.34 (1.06-1.69) 1.21 (0.83-1.74)

>2-3 1.18 (0.98-1.43) 1.26 (0.93-1.70) 1.17 (0.87-1.58) 1.21 (0.86-1.70) 1.19 (0.67-2.14)
>3 1.28 (1.02-1.61) 1.47 (1.04-2.08) 1.31 (0.93-1.87) 1.07 (0.70-1.64) 1.04 (0.51-2.14)

P trend = 0.02 P trend = 0.03 P trend = 0.11 P trend = 0.46 P trend = 0.68

Day care attendance
Never Reference Reference Reference Reference Reference 0.74

Ever 0.94 (0.80-1.11) 0.91 (0.71-1.18) 0.88 (0.66-1.16) 0.89 (0.67-1.18) 1.12 (0.73-1.73)

Housing type

One-family house Reference Reference Reference Reference Reference 0.28
Farm 1.30 (1.12-1.50) 1.42 (1.14-1.77) 1.37 (1.10-1.72) 1.16 (0.90-1.50) 0.79 (0.52-1.22)

Townhouse 1.39 (1.20-1.62) 1.57 (1.24-1.98) 1.20 (0.93-1.56) 1.27 (0.97-1.67) 1.37 (0.90-2.07)

Apartment 1.17 (0.89-1.40) 1.15 (0.80-1.66) 1.15 (0.78-1.69) 0.99 (0.66-1.50) 1.06 (0.56-2.04)

Domestic animals
Never Reference Reference Reference Reference Reference 0.14

Ever 1.00 (0.89-1.12) 1.13 (0.95-1.36) 1.03 (0.85-1.25) 0.83 (0.67-1.02) 1.06 (0.76-1.47)

NOTE: In addition, the model included interaction terms between urban/rural residence and country and between paternal education and country due
to previously shown heterogeneity by country.

*Including small lymphocytic lymphoma.
cAdjusted for age (in 10-y intervals), sex, country, paternal education, maternal age at birth, family economy, sibship size (except in analyses of main

effect of sibship size or of older or younger siblings), and urban/rural residence.
bAdditionally adjusted for number of younger siblings.
xAdditionally adjusted for number of older siblings.
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cells (1). The biological hypothesis that follows would be that a
T-helper cell type 1 phenotype and/or a high T-regulatory cell
activity increase risk of adult NHL. However, unfortunately, the
present results, along with recent trends in society toward smaller
families, do not help us explain the past increase in incidence
of NHL.
In our study, family socioeconomic status and parental

education level, parental age at birth, and tuberculosis were
unrelated to risk of NHL in univariate analyses, and day care and
domestic animals were unassociated in the multivariate model.
However, we were unable to examine associations with very
early age at start of day care attendance (<2 years). Early-life social
class was also unrelated to lymphoma mortality in adults in a large
Swedish registry-based study (34). However, previous reports on
tuberculosis and NHL do not exclude a small excess risk conferred
by this agent (16, 35). With regard to geographic residence and type
of housing, the effect modification by country rendered the
interpretation of these findings difficult. Childhood farm residence
was associated with an increased risk in both Denmark and
Sweden, but was not associated with NHL risk in two previous
studies (10, 12). However, our finding of a similarly increased risk
with townhouse residence puts the specificity of the association
with farms in question. Environmental childhood exposures that
are assessed through self-reports in adulthood may be subject to
differential and/or nondifferential misclassification, which may call
in question the exactness of some results. However, given the only
marginal effects upon adjustment of these exposures, it seems
unlikely that residual confounding by, for example, parental age
or childhood living conditions could offer an explanation for our
main findings.
The strengths of our study include the large size that permitted

analysis of risk of major NHL subtypes, the population-based
design, and the simultaneous assessment of various related
exposures in childhood social environment and other potential
risk factors for NHL. A limitation is the significant heterogeneity of

effect by country for a few exposures that could be due to chance
or to varying participation rates among control subjects between
countries, resulting in different degrees of selection bias. Control
subjects that choose to participate in health studies are often more
highly educated (36), which could create false inverse associations
or obscure true positive associations between socioeconomic level
and disease risk. Alternatively, the different results by country in
our study may reflect true effects of childhood living conditions
that, although they are labeled the same way, may represent
different life-styles, the details of which we were unable to discern.
For example, Denmark is much more densely populated than
Sweden, and life-style differences with regard to tobacco smoking
and diet observed in recent years9,10 may imply that some life-style
patterns have differed also historically.
To conclude, the results from this large population-based study

add strongly to the evidence that having more siblings, especially
older ones, is associated with an increased risk of NHL. This
finding, in combination with a positive association with childhood
residential crowding, could indicate that age at onset and number
of infections during the first few years of childhood are relevant
mechanisms in the pathogenesis of NHL.
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