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Abstract Family history of first and second-degree rela-

tives is known to increase the risk for breast cancer. Less data

are available on the risks between defined multiple affected

close and distant relatives for which the reliability of data

may be an issue. Data on affected males are sparse. These

questions and the probable genetic models were addressed in

this study by means of a nationwide Swedish Family-Cancer

Database. We estimated the effect of family history of breast

cancer by Poisson regression for women of at least 30 years

of age after adjusting for age, period, region, socioeconomic

status, number of children, and age at first birth. The results of

the study showed that relative risk (RR) for breast cancer was

associated with a first degree as well as second-degree family

history. Having at least two female affected first-degree

relatives increased the RR at least to 2.8, favoring an additive

interaction. The risk was increased around ten times in

women with both parents affected. When either a father or a

mother was affected, the RRs were nearly identical

(RR = 1.73 and 1.74, respectively). The RR for a woman

increased more when a brother was affected (RR = 2.48)

compared to when a sister was affected (RR = 1.87). Having

an affected grandmother showed lower familial excess risks

than having an affected half sister (RR = 1.27, and 1.26; and

RR = 1.39, and 1.50; respectively, for maternal and paternal

relatives). We concluded that when both parents were

diagnosed with breast cancer, the risk for the daughter was

increased tenfold. Having an affected brother showed a

somewhat higher risk than having an affected sister. The data

suggest that male breast cancer has a higher genetic basis

than female breast cancer, which invites further search of the

underlying mechanisms.
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Abbreviations

RR Relative risk

CI Confidence interval

ICD International Classification of Disease

FER Familial excess risk

Introduction

Genetic effects seem to play an important role in devel-

oping breast cancer. It is known that a family history in

first-degree relatives [1, 2] or a personal history of benign

breast disease [3, 4] is positively associated with the risk

for breast cancer. Heritability was estimated ranging

around 25–30% [5–7]. Mutation in the BRCA1 and

BRCA2 genes constitute the most common causes of

hereditary breast cancer; yet the percentage of mutation

carriers with a family history might be less than half

[8–11]. Even with a family history of breast cancer, most

women will not develop the disease, and vice versa, most

women affected with breast cancer do not have a family

history [1]. Many low penetrance susceptibility genes have

been identified through genome-wide association studies

[12–15].
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The present study was based on data of the Swedish

Family-Cancer Database, which allowed for the identifi-

cation of nearly 56,500 cases of female breast cancer and

study of familial risks through multiple types of female and

male relatives. The data add to breast cancer risk estima-

tion, thanks to the multiplicity of unbiased family struc-

tures and inclusion of male cases on which data normally

are lacking.

Materials and methods

Data from the Second-Generation Register, the Swedish

Cancer Registry, the National Census and the Death

Notification Registry are included in the Swedish Family-

Cancer Database. It covers all first and second cancers from

1961 to 2008 [16] where the cancers are coded according to

the seventh revision of the International Classification of

Diseases (ICD-7) to make all registered cancers compara-

ble. Besides the clinical information on cancer, residential

and socioeconomic data are available for most of the reg-

istered individuals. Approximately 12 million individuals

born after 1932 are included in the database where around

9 million are linked to their biological parents. The newest

version assembled in 2010 contains information on more

than 1.2 million first and multiple primary cancers and in

situ tumors [17].

Around 2.17 million women of at least 30 years of age

being linked with their parents were included in this study.

Primary cancer cases were counted as cases of breast

cancer (ICD-7 code = ‘170’). Through the linkage of

individuals with their mothers, the women could be

assigned with their children (grouped 0, 1, 2, 3?) and with

corresponding age at first birth (grouped –19, 20–29,

30–39, 40?).

Women were followed up for a specific time interval

depending on the information available. Year of birth,

immigration, or 1961 (when the cancer registration star-

ted), whichever happened the latest, defined the start of the

follow up. It ended at year of diagnosis, death, emigration,

or end of the study in 2008, whichever occurred first. The

regression model included information on cancer cases and

person-years for every stratification class of the covariates.

The Poisson regression was adjusted for age (grouped

30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 65–69,

and 70?), calendar period (1961–1985, 1986–1990,

1991–1995, 1996–2000, and 2001–2008), region (big cit-

ies, northern Sweden, southern Sweden, and other), and

socioeconomic status (agricultural worker, white-collar

worker, and other worker, professional, private, and other)

as well as the number of children and age at first birth to

calculate relative risks (RRs) and corresponding 95%

confidence intervals (95% CI). The Genmod procedure in

SAS (SAS version 9.2; SAS Institute, Cary, NC, USA) was

used to fit this regression model. Parameter estimates were

obtained by maximum likelihood estimation, which are

estimated numerically through an iterative fitting process.

Cancer incidence per subgroup was calculated compared to

the reference group to obtain RR estimates. Exact CIs were

calculated for subgroups of less than ten cases [18].

Differences between adjustment variables for the group

of cases and controls are presented with P values derived

through a Wilcoxon rank sum test calculated using PROC

NPAR1WAY in SAS (SAS version 9.2; SAS Institute,

Cary, NC, USA).

Family history in first-degree relatives was calculated in

twin sisters, full siblings, and parents, and family history in

second-degree relatives was calculated in maternal and

paternal half-siblings, aunts, uncles and grandmothers as

well as grandfathers. Maternal and paternal cousins were

counted as third-degree relatives. As only women having

parents identified were included in the study, the linkage of

first-degree relatives as well as half siblings was complete.

It has been estimated 97.9% of offspring are linked to

parents in the Database [17].

Additive and multiplicative interactions were calculated

where the additive was computed as a sum of two RRs

minus 1.00 and the multiplicative as the product of two

RRs within each adjustment category and 95% CIs were

given [19, 20].

Results

Table 1 gives an overview on the study population that was

analyzed. Around 2.6% of the women were affected with

breast cancer whereas 2,116,421 (97.4%) were used as a

reference group. All variables that were included in the

analysis differed significantly (P \ .0001) between the

groups of cases and controls except the variable that

defined the number of children per woman (P = .95).

Calendar period gives the year of the end of follow-up for

each woman. End of follow-up for cases is the year of

diagnosis, whereas in controls it is the year of death,

emigration, or the end of the study. Around 95% of the

controls were followed until 2001 or later, whereas more

than half of the cases had already been diagnosed before

2001.

A detailed calculation of RRs with corresponding 95%

CIs for breast cancer in women having a female family

history of the disease is shown in Table 2. The number of

cases indicates the women affected with breast cancer

having a family history of the disease in the according

relatives. The highest risks were observed if several sisters

or the mother, and at least one sister was affected. Having

two affected sisters increased the risk of breast cancer
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2.85–fold (95% CI: 2.42–3.34), whereas an affected mother

and a sister had a similar effect (RR = 2.81, 95% CI:

2.53–3.13). If the second affected sister was a twin sister,

then the RRs were 3.25 and 4.71, respectively. Having a

mother affected with breast cancer increased the risk 1.74

times. The effect of having a single sister affected was

1.87, whereas having an affected twin sister increased the

risk 2.57-fold. Having an affected maternal or paternal

grandmother showed similar effects on the risk (RRs 1.27

and 1.26). The risk was slightly higher if a half sister was

affected (maternal half sister: RR = 1.39, paternal half

sister: RR = 1.50).

The effects of a male family history on the risk of breast

cancer are presented in Table 3. An affected father showed

a similar risk as an affected mother (RR = 1.73, 95% CI:

1.22–2.45), whereas the risk, if a brother was affected, was

higher, but not significantly different, compared to a family

history in a sister (RR = 2.48, 95% CI: 1.44–4.27). Even if

the number of cases was small, the risk was increased 3.1

times if a maternal grandfather was affected.

Table 4 shows RRs for male and female family history of

breast cancer. The risk was 10.4-fold if both parents were

affected, and for two cases, it could be shown that the risk

was 5.5-fold if the mother and one brother were affected.

Table 1 Overview of study population

Covariates Unaffected (%) Affected (%) P valuea

Age

30–34 256,341 (12.11) 1465 (2.59) \.0001

34–39 261,571 (12.36) 3281 (5.81)

40–44 278,472 (13.16) 6407 (11.34)

45–49 246,655 (11.65) 9961 (17.63)

50–54 242,768 (11.47) 10,890 (19.28)

55–59 244,919 (11.57) 10,003 (17.71)

60–64 254,537 (12.03) 8037 (14.23)

65–69 182,015 (8.60) 4709 (8.33)

70? 149,143 (7.05) 1745 (3.09)

Calender period

–1985 21,708 (1.03) 3698 (6.55) \.0001

1986–1990 13,044 (0.62) 4746 (8.40)

1991–1995 27,726 (1.31) 8329 (14.74)

1996–2000 41,636 (1.97) 12,350 (21.86)

2001? 2,012,307 (95.08) 27,375 (48.45)

Region

Big cities 691,667 (32.68) 19,818 (35.08) \.0001

South 796,171 (37.62) 20,737 (36.70)

North 440,743 (20.82) 11,056 (19.57)

Other 187,840 (8.88) 4887 (8.65)

Socioeconomic status

Agricultural

worker

11,456 (0.54) 471 (0.83) \.0001

White collar

worker

690,152 (32.61) 17,259 (30.55)

Blue collar worker 628,266 (29.69) 23,353 (41.33)

Professional 120,843 (5.71) 5382 (9.53)

Private 40,629 (1.92) 1717 (3.04)

Other 625,075 (29.53) 8316 (14.72)

Number of children

0 345,223 (16.31) 8153 (14.43) 0.95

1 335,032 (15.83) 9775 (17.30)

2 891,568 (42.13) 24,720 (43.75)

3? 544,598 (25.73) 13,850 (24.51)

Age at first birth

No child 345,223 (16.31) 8153 (14.43) \.0001

–19 178,074 (8.41) 5693 (10.08)

20–29 1,216,805 (57.49) 34,002 (60.18)

30–39 363,785 (17.19) 8252 (14.61)

40? 12,534 (0.59) 398 (0.70)

All 2,116,421 (97.40) 56,498 (2.60)

a Wilcoxon rank sum test

Table 2 Female family history of breast cancer

Affected relative Cases RR (95% CI)

Twin sister only 62 2.57 (1.98–3.32)

Sister only 2737 1.87 (1.80–1.95)

Mother only 4920 1.74 (1.68–1.79)

Two sisters 161 2.85 (2.42–3.34)

Mother ? sister 366 2.81 (2.53–3.13)

Twin sister ? mothera 8 4.71 (1.46–11.26)

Twin sister ? sistera 4 3.25 (0.73–9.14)

Mother ? 2 sistersa 3 0.56 (0.001–4.79)

Mother ? 3 sistersa 4 59.18 (45.07–76.31)

4 sistersa 2 27.40 (18.12–39.76)

Maternal half sister only 73 1.39 (1.10–1.77)

Paternal half sister only 110 1.50 (1.24–1.82)

Maternal aunt only 127 1.05 (0.88–1.26)

Paternal aunt only 97 1.21 (0.99–1.49)

Maternal grandmother only 198 1.27 (1.09–1.47)

Paternal grandmother only 134 1.26 (1.05–1.50)

At least one first and one

second degree female relative

122 2.39 (1.99–2.88)

At least one first and one-third

degree female relativea
4 3.36 (0.78–9.30)

At least two female second

degree relatives

64 1.60 (1.24–2.07)

At least one second and one-third

degree female relativea
5 2.71 (0.50–8.33)

At least one female third degree

relative

23 0.85 (0.56–1.30)

Poisson regression adjusted for age, period, region, socioeconomic

status, number of children, age at first birth

Bold values indicate 95% CI does not include 1.00
a For subgroups with less than ten cases, exact CIs were calculated
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Figure 1 shows RRs of 1.74 or 1.73 when a mother or a

father was affected. When both parents were affected with

breast cancer, the RR for women increased to around ten

which was by far higher than an additive (RR = 2.50) or

even multiplicative (RR = 5.03) interaction.

RR for multiple female first-degree relatives are high-

lighted in Figs. 2 and 3. Having a sister or a mother

affected showed similar increased RRs of 1.87 and 1.74,

respectively. A family history in two affected sisters or an

affected mother and sister increased the RRs to 2.85 and

2.81, respectively (closer to an additive effect than a

multiplicative effect).

Having an affected twin sister resulted in a RR of 2.57

and an affected mother and twin sister resulted in a RR of

4.71. An additional increase compared to full sisters was

also found in the combination one affected sister and twin

sister (RR = 3.25). As the number of twin sisters is small

in these cases it was not possible to detect whether

interactions were additive or multiplicative as the CIs were

overlapping.

Discussion

It is well known that a family history in first-degree rela-

tives increases the risk of developing breast cancer. It is

even more increased if more than one family member is

affected [1]. A reanalysis of data from 52 epidemiological

studies reported a RR of 1.8 (6810 cases; our result:

RR = 1.79 in 7861 cases) for women having one first-

degree relative affected with breast cancer and a risk of

2.93 (603 cases; our result: RR = 2.84 in 543 cases) in

women with two familial cases. These first-degree relatives

were defined as cases in a mother, sister, or daughter [1];

our data were based on affected mother or sisters. Our

study gave detailed data on the family relationships. The

risk for women having an affected mother increased,

whereas it was even higher for women having an affected

sister. If two sisters or the mother and one sister developed

breast cancer, then the risk was 2.8 times higher than in

women without a family history of the disease; the mod-

eling favored an additive interaction for family history in

two female first degree relatives. Having an affected twin

Table 3 Male family history of breast cancer

Affected relative Cases RR (95% CI)

Brother only 14 2.48 (1.44–4.27)

Father only 34 1.73 (1.22–2.45)

Maternal grandfather onlya 4 3.12 (0.67–8.94)

Poisson regression adjusted for age, period, region, socioeconomic

status, number of children, age at first birth

Bold values indicate 95% CI does not include 1.00
a For subgroups with less than ten cases, exact CIs were calculated

Table 4 Female and male family history of breast cancer

Affected relative Cases RR (95% CI)

Mother ? brothera 2 5.45 (1.88–12.30)

Father ? sistera 2 2.30 (0.34–7.70)

Mother ? father 10 10.41 (5.47–19.80)

Poisson regression adjusted for age, period, region, socioeconomic

status, number of children, age at first birth

Bold values indicate 95% CI does not include 1.00
a For subgroups with less than ten cases, exact CIs were calculated

Fig. 1 Additive and multiplicative model for affected parents

Fig. 2 Additive and multiplicative model for two affected sisters

Fig. 3 Additive and multiplicative model for affected mother and

sister
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sister and mother increased the risk 4.71-fold, favoring a

multiplicative interaction.

Our data show a decreased risk of 0.56 for women having

an affected mother and two sisters. This result might be due

to the small number of three cases in our dataset. The

reanalysis [1] shows an increased risk with increasing

number of first degree relatives affected which is shown in

our data on other combinations of at least three female first

degree relatives as well. The combination of affected mother

and three sisters, or four affected sisters show high risks with

large CIs as the studied number of breast cancer cases with

these affected relatives was quite small. Significant results

based on a small number of cases, as for women having an

affected mother and brother with two registered cases in

breast cancer patients, might be due to chance findings.

The risk for a woman to develop breast cancer was

markedly increased if her twin sister was affected

(RR = 2.57) compared to a singleton sister (RR = 1.87).

We had no data on zygosity of twins, but knowing the

proportion of monozygous to dizygous twins in Sweden

(33:66, http://ki.se/ki/jsp/polopoly.jsp?d=9610&l=en), it can

be estimated that if a monozygotic twin sister was affected,

then the risk would have been 3.97. Among twins, not only

genetic effects are important, but environmental effects

might also play a role [6]. Twin sisters are at the same age

and are therefore raised closer as other sisters with a larger

difference of age between them. The risks for women

having a twin sister and mother affected were also higher

than having a full sister and the mother affected. The same

enhanced risks can be found in the combination of an

affected twin sister and another sister, compared to two

affected full sisters.

Even if male breast cancer is a rare disease, some risk

factors have been identified [21] as well as low penetrance

susceptibility genes [22]. BRCA2 mutations may be more

common in male than female breast cancer [11, 23]. We

were able to additionally analyze the effects of a male

family history of breast cancer. Having an affected brother

increased the risk with a factor of 2.48 which is around 1.3

times more than an affected sister. Having a father affected

with breast cancer showed the same risk as having an

affected mother. Interestingly, having an affected mother

and father increased the risk with a factor of 10, which

means they interact more than multiplicatively on the risk

than having only one affected. This could indicate strong

interactions of female and male risk genotypes with much

weaker effects when present alone.

If the familial risk is caused by shared genes, then first

degree relatives (50% genes shared) should show two times

higher familial excess risks (FER equals RR - 1.00) than

second degree relatives (25% genes shared) [24]. Affected

sisters showed an increased risk of 1.87 (FER = 0.87)

compared to second degree relatives of half sisters

(FER = 0.39 maternal, 0.50 paternal); the mean FER of 0.45

for maternal and paternal half-sibling was around 50% of that

for full siblings. However, similar results would be expected

also for maternal and paternal grandmothers (RR = 1.27 and

1.26, FER = 0.265); yet the FER for them was only 30% of

that for full siblings. The reasons could be generational

effects and the large increase in breast cancer incidence.

A particular strength of this study is the data on multi-

plicity of unbiased family structures and inclusion of male

cases on which data normally are lacking. It is possible to

estimate additive and multiplicative interactions for mul-

tiple first degree relatives. Even if for some rare relation-

ships the risk estimations do not show a statistically

significantly difference, some trends, however, are shown.

Data on, e.g., twins is rare, wherefore the higher risk in

them compared to full sisters is not statistically signifi-

cantly different.

Conclusion

An interesting and new finding is that both parents affected

with breast cancer increased the risk tenfold for their

daughter to be diagnosed with the disease. An affected

brother showed a higher risk than having an affected sister.

Having two sisters or mother and a sister affected showed

increased risks favouring an additive interaction for a

family history of two female first-degree relatives. If one

sister was a twin, then the interaction was even multipli-

cative. Having an affected twin sister increased the risk

more than having a sister affected which might be

explained by the fact that twins are raised much closer than

full siblings. These findings could act as clues for the

search for specific genes as well as in clinical counseling.
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