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Summary We used the Swedish Family-Cancer Database to analyse the effects of birth order and family size on the risk of common cancers
among offspring born over the period 1958-96. Some 1.38 million offspring up to age 55 years with 50.6 million person-years were included.
Poisson regression analysis included age at diagnosis, birth cohort, socio-economic status and region of residence as other explanatory
variables. The only significant associations were an increasing risk for breast cancer by birth order and a decreasing risk for melanoma by
birth order and, particularly, by family size. When details of the women’s own reproductive history were included in analysis, birth orders 5-17
showed a relative risk of 1.41. The effects on breast cancer may be mediated through increasing birth weight by birth order. For melanoma,
socio-economic factors may be involved, such as limited affordability of sun tourism in large families. Testis cancer showed no significant
effect and prostate cancer was excluded from analysis because of the small number of cases. © 2001 Cancer Research Campaign
http://www.bjcancer.com
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Birth order and family size may affect cancer risk among offsprindactors are relevant to large families. In contrast to the potential
in several ways. As genetic risk factors, early-onset cancers ampact of the birth order and family size parameters to risk of
other inherited diseases may limit the reproductive period of theancer, relatively few studies have explored them.

parents and show higher risks for small families because of selec-We used the nationwide Swedish Family-Cancer Database to
tion (Hemminki and Kyyrdnen, 1999). Several possible biologicalassess the effects of birth order and family size on the subsequent
risk factors can be identified. Birth weight increases with maternatisk of cancer. In order to rule out effects of familial and inherited
parity, apparently due to growth-promoting effects, such asancers, offspring were included only from families in which both
increased estrogen levels, during the intrauterine periogarents were cancer-free. Poisson regression models were used
(Andersson et al, 2000; Ekbom et al, 1997; Juntunen et al, 199%gether with several possible intervening variables. The study
Kaijser et al, 2000; Trichopoulos, 1990). Birth weight is a riskincluded 1.38 million offspring accumulating 50.6 million person-
factor for breast cancer, and some, but not all studies have foundsaars during the follow-up period from 1958 to 1996.

correlation between birth order and risk of breast cancer (Hsieh

et al, 1991; Janerich et al, 1994; Michels et al, 1996; Potischma8UBJECTS AND METHODS

and Trosi, 1999; Sanderson et al, 1996). The question of birth

order has also been investigated in testicular, prostate and chilegisters and source of subjects

hood cancers, showing protective effect of high birth order for . .
gp g éhe Family-Cancer Database was formed by linkage between the

testicular cancer but no uniform effects for the other malignancie X . ) .
(Emerson et al, 1991: Hsieh et al, 1999; Kaye et al, 1991; Molle econd-Generation Register, the Swedish Cancer Registry, the

and Skakkebaek, 1997; Sabroe and Olsen, 1998; Shaw et al, 19%?““%' (_:ensus Of, 1_960 and the Death Notification Regi§try
Shu et al, 1988; Westergaard et al, 1998). High birth order ofte emminki and Vaittinen, 1998). In the Second-Generation

correlates with high parental age at conception, but has not be gister, maintained by Statistics Syveden, (,:h'ldren bprn n
found to be an important risk factor for cancer in offspring weden from 1935 to 1996 were registered with their biologic

) S . . . parents as families.
(Colditz et al, 1991; Hemminki and Kyyrdnen, 1999; Hemminki etP o . .
al, 1999; Janerich et al, 1994). Large families involve intimate A four-digit diagnostic code adopted from the 7th revision of

contacts between the family members, with potential consethe International Classification of Diseasess used. Cancer site

quences in terms of infectious diseases. Thus, family size corrg-rolupilnfos i‘;el sghon4n3 ig Eit;zs 11§1ng ZiGSlp;cial groupingsl v;gre:
lates with the probability of infection witHelicobacter pyloria '@ (140-141.9, ST 0-161.9), rectum excluding

gastric cancer pathogen. Various socio-economic and cultur%r:gs (1(?2)40_—115;:;,;),o%k?:r.gg)ér::;/;ro?;:nsg?lllgllidﬁre %1_515725155573)0

—179.9), endometrium (172.0-172.9, 174.0-174.4), lymphoma

Received 27 November 2000 (200.0-202.9), leukaemia and myelofibrosis (204.0-209.9). The
Revised 22 February 2001 first primary cancers were diagnosed in offspring during years
Accepted 6 March 2001 1958-1996 but sites were included in our analysis only if at least
Correspondence to: K Hemminki 100 cases were found for either sex.
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Table 1  Poisson regression analysis of male cancer. RR and 95% confidence limits for birth order and family size,
adjusted for SES 1960, region 1960, age and birth cohort

Cancer type Birth order Family size

ICD-7 Cancer cases ( n) RR and 95% CI RR and 95% CI

140+ Oral 281 0.95 0.80 1.12 1.08 0.98 1.19
151 Stomach 151 1.04 0.83 1.31 0.92 0.79 1.06
153 Colon 391 1.09 0.95 1.25 0.92 0.84 1.00
154-a Rectum,- anus 210 0.94 0.78 1.14 1.05 0.94 1.18
179+a Other genitals, anus 73 1.15 0.88 1.49 1.15 0.95 1.38
155-6 Liver, gall bladder 95 0.97 0.74 1.27 1.09 0.92 1.29
157 Pancreas? 100 0.99 0.68 1.45 0.90 0.71 1.16
162-3 Lung 390 111 0.97 1.28 1.00 0.92 1.09
178 Testis 1289 0.94 0.87 1.01 0.97 0.92 1.02
180 Kidney 260 0.89 0.74 1.08 1.02 0.92 1.13
181 Urinary bladder 366 0.93 0.81 1.08 1.10 1.01 1.20
190 Melanoma, skin 1101 0.96 0.89 1.05 0.95 0.90 1.01
191 Skin, SCC 210 1.00 0.83 1.20 1.00 0.88 1.12
193 Brain, nervous system 1328 0.93 0.86 0.99 1.02 0.98 1.07
194 Thyroid 166 0.85 0.69 1.04 1.12 0.99 1.27
195 Endocrine, other 393 0.90 0.78 1.03 1.01 0.92 1.10
196 Bone 244 0.88 0.76 1.03 1.10 0.99 1.22
197 Connective tissues 179 1.10 0.91 1.32 0.95 0.83 1.09
200-2 Lymphoma 1157 1.00 0.93 1.08 0.96 0.91 1.01
204-9 Leukaemia 760 1.01 0.93 111 1.00 0.94 1.07
Other Other cancers 299 0.99 0.85 1.16 0.99 0.90 1.10
All All cancers 9995 0.97 0.95 1.00 0.99 0.98 1.01

! Pancreas: only family size and birth order 1,2,3—4 included in analysis. Significant values are in bold.

The main explanatory variables were birth order and familyThis criterion was used to include complete sibships. Both parents
size. Family size indicated the number of offspring in the familyhad to have a valid known Swedish personal identification
(grouped 1, 2, 3-4, 5-17). It is assumed that family size is same foumber. The child was included only when both of his or her
all children in one family and is the same during follow-up timeparents had no cancer observed until the end of follow-up period
for the children. Family size can also by seen as parity for thé.e. 1996). Also excluded were those children for whom the socio-
mother of the family. Birth order expressed the order of birth of theeconomic status or area of living were unknown.
child into the family (grouped 1, 2, 3-4, 5-17). The parents of a The study population consisted of 1.38 million offspring
child were recorded at his or her birth. In case of divorce, we hafr11 203 males and 670 840 females). The follow-up of this popu-
no possibility of verifying which children remained in the samelation during 1958—-1996 gave a total of 50.6 million person-years
family. However, usually all children have remained with the(26.0 million and 24.6 million person-years for males and females,
mother. Other explanatory variables included in statistical analysisespectively). The mean follow-up times were 35.8 and 35.9 years
were socio-economic status (SES, 4-category variable: agriculturégr males and females respectively.
professional, worker, other) and area of living (region, 5-category
variable: Stockholm area, the largest city; Géteborg-Malmo area,

2 largest cities in south of Sweden; Gotaland, Svealand angtatistical methods

Norrland, 3 geographic regions, from south to north, respectively):

Details of birth order and family size were extracted from theThe follow-up period was 1958-1996 for first primary cancers.
Census 1960 of Statistics Sweden. All analyses also included twevery offspring in the study population was followed from the
other variables: age at diagnosis (5-year categories in the rang@&th or from the beginning year of the follow-up period (= 1958).
from O to 61, last age group being 55-61) and year of birth (birtfFollow-up ended when the offspring presented with cancer, died,
cohort, three categories: 1941-1950, 1951-1960; 1961-1996hoved out of the country or at the end of follow-up period
The calendar period of follow-up (four 10-year categories:(= 1996), whichever came first.

1958-1967; 1968-1977; 1978-1987; 1988-1996) was included in Person-years and cancer cases were counted and grouped by th
breast cancer analysis instead of year of birth. Two furthestudy explanatory variables (family size, birth order, SES and
explanatory variables were included for female breast canceegion) during the follow-up period for the child. The Poisson
offspring’s own parity (categories: 0, 1, 2, 3, 4+) and the age ategression method (multiplicative model and logarithm of person
which she bore her own first child (categories: no child; 10-19years as offset) was applied to the data and the GENMOD-proce-
20-24; 25-29; 30-34; 35+). The offspring’s own parity variabledure of the SAS-system was used. Very small cells in the data set
was determined by information available at the end of study perio(k50 person years) were excluded at the analysis stage. The tern
(i.e. 1996), and is subject to truncation due to termination ofate ratio (RR) was used for the exp(b), where b is the estimated
follow-up or, in rare instances, diagnosis of early-onset cancer. model parameter value; this was interpreted as incidence rate ratio

Our study population consisted of subjects in the Family-Cancefe.g. RR is the incidence rate ratio for the birth order category 2 as
Database whose mother’s first child was born during 1941-196@ompared to birth order category 1 as the reference category).
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Table 2 Poisson regression analysis of female cancer. RR and 95% confidence limits for birth order and family
size, adjusted for SES 1960, region 1960, age and birth cohort

Cancer type Birth order Family size

ICD-7 Cancer cases (n) RR and 95% ClI RR and 95% ClI

140+ Oral 148 0.97 0.78 1.21 1.04 0.91 1.19
151 Stomach 156 1.14 0.93 1.41 0.96 0.84 1.10
153 Colon 483 1.02 0.91 1.15 0.96 0.89 1.04
154-a Rectum,- anus 169 0.94 0.75 1.18 0.99 0.87 1.13
176+a Other genitals, anus 128 1.13 0.91 1.41 1.02 0.88 1.18
155-6 Liver, gall bladder 111 1.19 0.91 1.55 0.89 0.75 1.06
157 Pancreas 1 76 0.79 0.51 1.23 0.92 0.69 1.22
162-3 Lung 359 1.18 1.02 1.37 0.97 0.89 1.06
170 Breast 4819 1.05 1.01 1.10 0.96 0.94 0.99
171 Cervix 1655 1.04 0.98 1.11 1.01 0.96 1.05
172/4 Endometrium 397 1.01 0.86 1.18 0.95 0.88 1.04
175 Ovary 937 1.03 0.95 1.13 0.99 0.94 1.05
180 Kidney 151 1.02 0.81 1.28 0.99 0.87 1.14
181 Urinary bladder 125 1.22 0.95 1.57 0.83 0.70 0.99
190 Melanoma, skin 1631 0.95 0.88 1.02 0.91 0.87 0.95
191 Skin, other 144 1.03 0.83 1.28 1.04 0.90 1.19
193 Brain, nervous system 1291 1.03 0.96 1.10 0.99 0.94 1.04
194 Thyroid, gland 598 0.89 0.80 0.99 1.00 0.93 1.07
195 Endocrine, other 556 0.99 0.88 1.10 1.01 0.93 1.08
196 Bone 147 0.98 0.79 1.21 0.96 0.82 1.11
197 Connective tissues 195 0.82 0.67 1.00 0.99 0.88 1.12
200-2 Lymphoma 639 0.97 0.88 1.08 1.00 0.94 1.07
204-9 Leukaemia 569 0.91 0.82 1.01 1.07 0.99 1.15
Other Other cancers 280 1.00 0.85 1.18 0.93 0.84 1.03
All All cancers 16147 1.01 0.99 1.03 0.97 0.96 0.99

Pancreas: only family size and birth order 1,2,3-4 included in analysis. Significant values are in bold.

RESULTS No graphical data are shown for the other significant sites in
Tables 1 and 2 because the data were not systematic between

Table 1 ShOWS the ef‘feCtS Of b|rth Ordel’ and fam”y Size on Cance&tegories nor were they Consistent between gendersl

in males in the Poisson regression analysis, adjusting for age, birth

cohort, SES and region. The risk for nervous system and all cancg(;;ther analysis of female breast cancer

decreased with birth order, but the effect was only marginally

significant. The family size variable was associated with alWo explanatory variables were included in further analysis of

decreasing risk for colon cancer and melanoma, and an increas@ggast cancer in females. These were women's own parity and age

risk for bladder cancer, though again all with borderline signifi-at their first childbirth. The age at diagnosis of breast cancer was

cance. The effects of family size at four selected sites, colon, lundgestricted to 25-61 years (the oldest age group considered being

bladder and skin (melanoma) are shown in Figure 1. For color?0—-61 years). The modelling results are presented in Table 3.

lung and bladder the trend was not consistent and none of the REdel M1 was the starting point in the analysis, corresponding to

in large families (5-17 children) deviated significantly from thosethe result in Table 2. Inclusion of the woman's own parity and her

of one-child families. For melanoma the data were more consi2ge at the first childbirth (Models 2 and 3) did not change the

tent, and the RR in large families was 0.7. effect of birth order but reduced the effect of family size. The

Among women, birth order was associated with an increased the
risk for lung and breast cancer, and a decreased risk for thyroid cTable 3 Poisson regression analysis for breast cancer, including women’s
connective tissue cancer (Table 2). Family size was associa®" P2ty and age atfirst childbirth in the model. RR and 95% confidence
. . . limits for birth order and family size. Birth order, family size and age variable

with an opposite effect for breast cancer, and it also decreased are treated as continuous variables, other variables are nominal

risk for bladder cancer and melanoma. When the effects of bir.

order were examined graphically, only breast cancer showedModel Birth order Family size

systematic trend, higher birth order increasing the risk (Figure 2

The RRs for breast were 1.03, 1.12 and 1.41 for the birth ord___ ©31¢ercases (m  RRand 95% CI RR and 95% CI

groups 2, 3-4 and 5-17, respectively. For family size, the effey; 4810 1.05¢ 1.01 1.09 096 094 098
was consistent both for breast cancer and melanoma, risks bem2 4586 1.05 1.01 110 098NS 095 1.01
smaller for large families (Figure 3). For melanoma, family sizM3 4586 105 1.01 110 0.98NS 095 1.01

exerted a larger effect than birth order. The absolute change in F
for breast cancer was modest, though significant. Thus, tf*P<0.05,**P<0.01, NS non-significant. M1: Birth order, family size, SES

direction of risk between birth order and family size was uniforn960. region 1960, age, birth cohort. M2: M1+ paity and age atfirst
for melanoma but opposite for breast cancer childbirth. M3: M1+ parity, age at first childbirth and interactions (age*parity,
pp ' age* age at Ist child).
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Figure 1  Rate ratios (RR) for colon (153), lung (162-3), urinary bladder (181) and melanoma (190) in men by family size. Adjusted for age at diagnosis, birth
cohort, birth order, SES and region
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Figure 2  Rate ratios (RR) for breast cancer (170) and melanoma (190) in women by birth order. Adjusted for age at diagnosis, birth cohort, birth order, SES
and region

outcome of Model 3 is shown in Figure 4. It was found thataffect every individual. As mentioned earlier, a number of plausible
women from large families tended to have small own families, lonmechanisms have been offered to explain such effects. The conclu-
parity but not nulliparity, and consequently a low risk of breastsion from the present study is that excluding two cancer sites, birth

cancer. order and family size have no major effect on the risk for the
common cancers that were studied. There are three qualifications.
DISCUSSION First, the population of offspring studied was relatively young,

namely those born after 1940 (mother’s first child born between
Anthropometric variables, such as birth order and family size could941 and 1960), so the greatest age was only 55 years (except in th
potentially have large population effects on cancer, because thepse of breast cancer mentioned above). The Family-Cancer

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 84(11), 1466—-1471
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Figure 3 Rate ratios (RR) for breast cancer (170) and melanoma (190) in women by family size. Adjusted for age at diagnosis, birth cohort, birth order, SES
and region
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Figure 4 Rate ratios (RR) for breast cancer (170) in females by birth order and family size (model M3). Adjusted variables in model M3 are: age at diagnosis,
calendar period, birth order, family size, socio-economic status (SES), living area (county), own parity and age at first childbirth

Database includes offspring born since 1935 but because we wantexplanation than in large families the affordability of sun holidays
complete families, it was necessary to limit the birth years on botn southern countries is less than in small families. The stronger
ends of the available birth years. Because of the age limit and ttedfect of family size than birth order is consistent with the interpre-
minimal eligibility requirement of 100 recorded cancers, some sitegation. Our crude socio-economic adjustment was probably not
such as prostate, were excluded from the study. Second, familiesough to account for this effect. Thus sunburns in childhood and
were selected in which neither parent was diagnosed with canceadolescence were suggested as the explanation (English et al,
during the follow-up period. Thus, by definition, only sporadic 1997). For breast cancer, the data are consistent with well-
cancers were included. Early-onset familial cancers may interferdocumented increasing birth weights at consecutive child births,
with family planning and cause undefined selections leading to biasnd the correlation of birth weight and breast cancer risk
A previous study on parental age effects from this database idenfiAndersson et al, 2000; Juntunen et al, 1997; Kaijser et al, 2000;
fied some of the problems relating to familial cancers (HemminkMichels et al, 1996; Sanderson et al, 1996; Trichopoulos, 1990).
and Kyyronen, 1999). Third, the results are not informative forOur results agree with the main literature but not with two case-
certain sites; thus, only strong effects would be observed amorapntrol studies that were smaller than the present study (Hsieh
childhood brain cancers and leukaemias because they represengtal, 1991; Janerich et al, 1994; Potischman and Trosi, 1999).
small proportion of cases considered. Our findings on testicular cancer differ somewhat from much
The two cancers in which effects noted were breast cancer amevious work and we found no significant protection (RR 0.94,
melanoma. For melanoma both birth order and, particularlyd5 %Cl 0.87-1.01) by high birth order (Moller and Skakkebaek,
family size showed a protective effect. We cannot offer any othet997; Sabroe and Olsen, 1998; Westergaard et al, 1998; and the
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cited references). Most of these studies have been well conductédodman K and Correa P (2000) TransmissioHaicobacter pyloriamong
case-control studies; though the most recent cohort study from SiPlings.Lancet355 358-362

. Hemminki K and Vaittinen P (1998) National database of familial cancer in Sweden.
Denmark only included half as many cases as the present study ... Epidemidl5: 225-236

(Westergaard et al, 1998). Our Poisson regression analysis Afmminki K and Kyyronen P (1999) Parental age and risk of sporadic and familial
testicular cancer showed strong effects of birth cohort, region and cancer in offspring: implications for germ cell mutageneSsdemiology10:
even socio-economic status. As the incidence of testicular cancer 747-751 N _
has been increasing in the countries where most of the studies hdV/&"Mnk! K, Kyyronen P and Vaittinen P (1999) Parental age as a risk factor of
. : . . R childhood leukemia and brain cancer in offspriBgidemiol10: 271-275

been carried out, 'nC|Ud|ng Sweden, the control of InterV(:m”"glsieh C, Tzonou A and Trichopoulos D (1991) Birth order and breast cancer risk.
variables may be problematic. Cancer Causes Contrat 95-98

Taken together, our results suggest that the birth order aridsieh C, Thanos A, Mitropoulos D, Deliveliotis C, Mantzoros C and Trichopoulos
family size variables may be relevant only to breast cancer and ga(iggfgosézgfégrs for prostate cancer: a case-control study in Ghetete.
melar,loma ,amo,”g Common Cancler sites. For t.)reaSt cancer, ; &erich DT, Thompson WD and Mineau GP (1994) Maternal pattern of
plausible biological mechanism exists, and the birth order effect  reproduction and risk of breast cancer in daughters: results from the Utah
should be considered in designing epidemiological studies. For population databasé.Natl Cancer Ins86: 1634-1639
melanoma, socio-economic factors may underlie the findings pbuntunen K, Laara E and Kauppila A (1997) Grand grand multiparity and birth

. . . . weight.Obstet Gynecd®0: 495-499
they may be limited to regions and countries where solar tOl'msrpaijser M, Granath F, Jacobsen G, Cnattingius S and Ekbom A (2000) Maternal

IS common. pregnancy estriol levels in relation to anamnestic and fetal antropometric data.
Epidemiologyl1: 315-319
Kaye SA, Robinson LL, Smithson WA, Gunderson P, King FL and Neglia JP (1991)
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