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Abstract
Study objectives - The aim was to quantify
the influence of demographic and re-
productive factors on breast cancer. The
subjects' path through the screening clinic,
the inherent differences between the con-
trol groups, and the possible biases when
using screening programmes were also
considered.
Design - A case-control study using both
personal contact and postal questionnaires
to gather demographic and reproductive
information.
Setting - Women attending two breast
screening recall clinics in Portsmouth and
Southampton over the period 1990-92.
Participants - Altogether 1813 subjects be-
tween the ages of 50 and 65 years. The
subjects' disease status was ascertained
using a mammography and classified into
four categories: 253 breast cancer (cases);
207 benign breast disease (BD); 410 re-
quiring early rescreen (ER); and 943 for
standard recall (SR). The BD, ER, and SR
groups were used as separate controls.
Main results - Of the factors considered
here, the only two that showed a con-
sistently significant effect on the risk of
breast cancer were age and body mass
index (BMI). Odds ratios were calculated
for five yearly age groups and four groups
of BMI using the youngest and lightest
group as the baseline, respectively. There
seemed to be an increase in the risk of
breast cancer for increasing age for each
comparison made (for cases v SR:OR (95%
CI)=1.60 (1-10, 2.34), 2-54 (1.76, 3.68)).
All subjects above the lowest quartile of
BMI experienced increased risk, although
a trend was not clear (for cases v SR:
OR (95% CI) = 1-66 (1.03, 2.66), 1-37 (0-86,
2.20), 1*98 (1-24, 3-15)).
Conclusions - Various other potential risk
factors were found to be inconsistendy sig-
nificant depending on choice of control
group. This may help in understanding
the differences between the three control
groups used.

(J7 Epidemiol Community Health 1996;50: 144-148)

Only one in four cases of breast cancer is
accounted for by known risk factors and the
established risk factors are associated with only

a very small increase in risk.' The main demo-
graphic risk factors are thought to be age, social
class, race, marital status, body size, and area
of residence.2 Breast cancer incidence rates
increase with age throughout a woman's life.
Incidence rates in the UK in 1986 showed a
rise from less than 19 per 100 000 women aged
less than 30 years to 300 per 100 000 forwomen
aged 85 years and over. The rate of increase is
greater up to the age of 50 years than after-
wards.3 Women of a higher social class are more
likely to contract breast cancer than similar
women of a lower social class. The risk is higher
in women who have never married, those who
live in urban rather than rural areas, and among
white women.
The association between body mass index

(BMI) and breast cancer has been examined
in many epidemiological studies. Studies of the
relation between indices ofbody size and breast
cancer have not provided uniform results. Al-
though positive associations have been found
by many investigators,45 contradictory findings
have also been reported.67
Among reproductive variables, the risk of

breast cancer increases with greater age at first
pregnancy, early menarche, and late meno-
pause. Parity also plays an important role. Ka-
lache et a18 found a highly significant inverse
association between high parity and the risk of
breast cancer. Many studies have found that
the risk of breast cancer is reduced after five
or more births,4910 though MacMahon" found
that births after the first did not further reduce
the risk. A negative association between lact-
ation and breast cancer has been identified in
many studies. Other factors that are known to
increase the risk of breast cancer include family
history of breast cancer, history of primary
cancer of the ovary or endometrium, previous
history of cancer in one breast and history of
fibrocystic breast disease.2
Many studies have reported a modestly in-

creased risk in breast cancer among women
who drink alcohol, though it is not yet sure
whether the relationship is causal. Smoking is
not an established risk factor for breast cancer,
though there may be increased risk for women
who begin smoking in their teenage years.-2

Methods
Screening programmes are the most important
example of secondary prevention. Health au-
thorities in the UK have been phasing in the
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Results
Of 1987 women who were eligible for inclusion
in the study from Southampton, 1947 (98%)
were interviewed. From Portsmouth, 1223 of
1280 (96%) women eligible were interviewed.
Altogether 1813 subjects were included in the
sample for analysis. Ofthese subjects, 253 were

found to have breast cancer (cases), 207 had
benign disease (BD), 410 were called back for
early rescreen (ER), and the remaining 943
were randomly sampled from the standard re-

call group (SR). The number of subjects in the
random sample of SR subjects was chosen to
be approximately twice that of the cases and
BD combined. Altogether 87% of the subjects
interviewed returned useable information on

the postal questionnaires.
Distributions of demographic and re-

productive factors were mostly similar across all
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Table 1 Distribution of categorical factors for each group (X2 test statistic for differences between the groups)

Characteristics Cases BD ER SR z2
(n=253)* (n=207)* (n=410)* (n=943)* test
No (%) No (%) No (%) No (%) p value

Age at menarche (y):
<12 47 (23 2) 23 (14-7) 69 (209) 132 (17-6)
12-14 113 (55-7) 87 (55-8) 190 (57 6) 429 (57 3) 0-28
>14 43 (21-1) 46 (29 5) 71 (21-5) 188 (25-1)

Social class:
I & II 77 (30 4) 55 (26 6) 143 (34 9) 323 (34 3)
III N & III M 98 (38 7) 104 (50 2) 171 (41 7) 399 (42-3) 015
IV & V 65 (25 7) 40 (19-3) 83 (20 2) 183 (19 4)
Miscellaneous 13 (5 1) 8 (3-9) 13 (3 2) 38 (4-0)

History of breast cancer:
Yes 31 (16-6) 17 (11-7) 46 (14 6) 83 (11 9) 0-30
No 156 (83 4) 128 (88 3) 269 (85-4) 614 (88 1)

Marital status:
Married/cohabiting 198 (78 3) 153 (73-9) 327 (79 8) 738 (78-3)
Widowed/divorced/separated 37 (14-6) 40 (19-3) 59 (14-4) 159 (16-9) 0 45
Single 18 (7-1) 14 (6-8) 24 (5 8) 46 (4 8)

Menopausal status:
Premenopausal 30 (14-3) 26 (16-1) 47 (13-8) 151 (19 8) 0-05
Postmenopausal 180 (85 7) 135 (83 9) 293 (86 2) 612 (80 2)

Alcohol drinker:
Yes 214 (84 6) 179 (86 5) 359 (87-6) 828 (87 8) 0.57
No 39 (15-4) 28 (13 5) 51 (12-4) 115 (12-2)

Smoking:
Never smoked 125 (49-4) 98 (47 3) 216 (52-7) 499 (52 9)
Current smoker 44 (17-4) 49 (23 7) 82 (20 0) 190 (20 2) 0 37
Ex-smoker 84 (33-2) 60 (29-0) 112 (27 3) 254 (26 9)

BMI group:
BMI<22 38 (18-1) 44 (25 0) 95 (27-1) 213 (26 5)
22r=BMI<26 53 (25 2) 48 (27 3) 76 (21-7) 191 (23 8) 0.084
26<=BMI<29 53 (25 2) 41 (23-3) 83 (23-7) 220 (27-4)
BMI>=29 66 (31 4) 43 (24 4) 96 (27 5) 180 (22 3)

* Numbers for each variable do not necessarily add up to the total due to missing values.
BD = benign disease; ER = early recall; SR= standard recall.

groups (tables 1 and 2). Significant differences
were seen for age at screening and waist and
hip measurements. The cases were on average

one and a half years older than the SR group
and one year older than the other two com-

parison groups. For both waist and hip meas-

urements, the cases had the largest average

value and the SR group had the smallest av-

erages. BMI was slightly significant with more

of the cases being in the highest quarter when
compared to the control groups.

In the logistic regression model, age and
BMI were found to be significant for each
comparison. In each model the odds of breast
cancer increased with age. For BMI, subjects
in quartiles above the baseline all had an in-
crease in odds.
For the ER comparison no other factors were

significant. Social class and age at menarche
were retained in both the BD and SR com-

parison models, the latter also included the age
at first pregnancy. Taking this set of five factors
from the BD comparison model (age, social
class, BMI, age at menarche, and age at first

pregnancy) similar models were fitted to the
other two control groups. Odds ratios and 95%
confidence intervals are presented in table 3.
Effects of missing value categories were non-

significant throughout.

Discussion
In case-control studies, data are typically col-
lected after disease status is known. This may
increase the likelihood of recall bias as the cases

may exaggerate their exposure to published risk
factors, and thus falsely inflate the estimated
relative risk. Therefore the time at which the
information on the subjects is gathered is of
great importance. Gaining information from
the subjects before they are informed of their
disease status reduces the recall bias that may
occur. This study was designed so that at the
time the information was gathered the subjects
had not been given a diagnosis and the effect
of the recall bias would be therefore lessened.
One problem associated with using a screen-

ing programme to recruit subjects for studies

Table 2 Distribution of continuous factors for each group (ANOVA test statistic for differences between the groups).
Values are mean (SD)

Characteristic Cases BD ER SR ANOVA
(n= 253)* (n=207)* (n=410)* (n= 943)* p value

Age at screening 58-3 (4 3) 57-3 (4-1) 57-3 (4 2) 56-7 (4 3) 0-002
Age at first pregnancy 24-4 (4-0) 23-6 (4 5) 24-4 (4-6) 24-3 (4 3) 0-128
Weight (kg) 70-6 (13-2) 67-8 (12-2) 68-0 (13-4) 67-4 (11-8) 0-116
Height (cm) 162 (6 0) 162 (6-0) 162 (7-0) 162 (6 0) 0-166
Waist (cm) 80-8 (12-2) 78-6 (12-1) 78-8 (11-5) 77-5 (10-3) 0-004
Hips (cm) 105-0 (11 0) 102-4 (11 0) 103-0 (10 9) 101-9 (9-5) 0-012

* Numbers for each variable do not necessarily add up to the total due to missing values.
BD = benign disease, ER = early recall; SR= standard recall.
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Table 3 Odds ratio and corresponding 95% confidence intervals for the three comparison models fitted

Characteristics Cases v BD Cases v ER Cases v SR

OR (95% CI) OR (95% CI) OR (95% CI)

Age at screening (y):
50-54 1 00 - 1 00 - 1 00 -
55-59 1-36 (0-82, 2 25) 1-65 (1-08, 2 54) 1 60 (1 10, 2-34)
60-65 2-13 (1-29, 3-52) 1-83 (1-21, 2-77) 2-54 (1 76, 3-68)

Social class:
I&II 100 - 1 00 - 1 00 -
III N & III M 0 66 (0 42, 1-06) 1-02 (0-69, 1 50) 1-05 (0 74, 1-48)
IV &V 1 23 (0 70, 2 14) 1-44 (0 93, 2-24) 1-49 (1 00, 2-21)

Body mass index (quartiles):
BMI<22 1 00 - 1 00 - 1 00 -
22r=BMI<26 1-27 (0-68, 2-36) 1-71 (1-01, 2 88) 1-66 (1-03, 2-66)
26=BMI<29 1-42 (0 75, 2 69) 1-62 (0-96, 2 74) 1-37 (0-86, 2 20)
BMI>29 1-71 (0-92, 3-17) 1-60 (0-96, 2-65) 1-98 (1 24, 3-15)

Age at menarche (y):
<12 1 00 - 1 00 - 1 00 -
12-14 067 (0-37, 1-24) 0 86 (0-54, 1 35) 0 75 (0 50, 1-13)
>14 049 (0-25, 0 98) 0 88 (0 50, 1-53) 0-65 (040, 1-06)

Age at first pregnancy (y):
Never pregnant 1 00 - 1 00 - 1 00 -
>25 1-73 (0-88, 3 40) 1 19 (0 68, 2 07) 0-98 (0-60, 1-63)
22-25 1-99 (1 00, 3 99) 1-42 (0-81, 2 50) 0-83 (0 50, 1 36)
<22 0-89 (045, 1 76) 1-12 (0-63, 2-01) 0 90 (0-53, 1 52)

Smoking:
Never smoked 1 00 - 1 00 - 1 00 -
Current smoker 0 79 (0 46, 1-33) 0-92 (0-59, 1-44) 0 97 (0-65, 1-45)
Ex-smoker 1-08 (0-68, 1-70) 1-26 (0-87, 1-82) 1 21 (0-87, 1-68)

N = non-manual; M = manual

is that it may introduce various biases which
need to be considered when interpreting the
results. These include lead time, length and
self selection biases.
Length bias refers to the over-representation

of slower growing cancers detected using
screening programme - ie, with a longer pre-
clinical phase of disease. These cancers are
more readily detected by screening than the
more rapidly progressive cases which have a
shorter preclinical phase. If more aggressive
tumours have different aetiology, our findings
are only generalisable to screen detected
tumours. However, this limitation will have
been ameliorated as such a bias would be of less
consequence at the introduction of a screening
programme.

Self selection bias was unavoidable. Women
of higher social classes have been previously
found to be more likely to attend for screen-
ing.'3 As both cities studied are "affluent" there
was an increased possibility that the homo-
geneity of the populations reduced the power
to detect differences.

Selection of an "ideal" control group was
impossible. However, the choice of three con-
trol groups allowed examination of differences
between cases and each control group sep-
arately. The ER subjects may be expected to
come from a population similar to the case
group as they were diagnosed as having signs
ofabnormal cells, possibly diagnosed at a much
earlier stage in the development of the cancer
than the cases. For this reason, the SR subjects
appeared a more legitimate control group, but
there was the possibility that some of these
subjects had been recalled as a result of tech-
nical complications due to obesity. It is known
that the clarity of mammographies carried out
on obese women is of a lower standard and
hence a diagnosis cannot always be given. Sub-
jects diagnosed as having benign disease may

therefore have been the most appropriate con-
trol group, but this relies on the assumption
that the aetiologies of malignant and benign
disease differ.
The only two consistently significant factors

in all three comparisons were age and BMI. A
increase in odds was seen with increasing age
for all the comparisons, the strongest assoc-
iation being between the cases and the standard
recall group. For BMI, all subjects in the three
highest categories experienced an increase in
odds when compared with the baseline cat-
egory. Only for the BD comparison did the
odds increase with increasing BMI.

Obesity is thought to be a risk factor as-
sociated with breast cancer and the risk is
believed to be stronger in postmenopausal than
in premenopausal women. In a review of 13
case-control studies, Hunter and Willett'4 ob-
served that the odds ratio for the highest cat-
egory of BMI compared with the lowest was
greater for postmenopausal women in 11 of the
studies. The value of the odds ratio was greater
than unity for postmenopausal women in 12
of the studies compared with only six studies
for premenopausal women. One way in which
obesity could influence the risk ofbreast cancer
is through its strong association with age at
menarche and menopause. Overnutrition at an
early age may lead to early achievement of the
physical state needed for the menarche. Also,
obese women tend to have their menopause at
a relatively later age, which is thought to be
due to increased production of oestrone in
adipose tissue.'5 Obesity is ofparticular concern
when screening as obese women also tend to
have a worse prognosis than average weight
women. This may be due to the tumour being
discovered at a later, more developed stage.
This may also be true for women with a large
bust as a small tumour may be more difficult
to find.2
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No other factors were found to be significant
for the ER comparison. The similarity of the
two groups with regard to other demographic
and reproductive variables may indicate that
the comparisons are diluted by presence of
early cancers in the ER group.
High levels ofa family history ofbreast cancer

were seen in both the case and the ER groups
with 17% and 15% being affected, respectively.
The subjects in the BD and SR groups had a
slightly lower rate of 12%. As the participants
in this study were chosen from breast screening
clinics, a possible explanation for these un-
usually high values is self selection bias. Women
may be more likely to attend a clinic if they
have relatives with the disease.
The percentage of premenopausal women in

the SR group was significantly higher than in
the other three groups. This difference is most
likely to be due to the women in this group
being younger at the time of the screening.
The effect of social class was opposite to that

anticipated. It has been postulated that the risk
of breast cancer is highest among those women
categorised as "professional"'2 but the opposite
was found in this study. This paradox may be
an artefact of the self selection bias inherent in
screening programmes.
MacMahon et al" found in their seven centre

study that the age at first birth was the most
important reproductive factor and that once
this factor had been adjusted for the protective
effect of high parity was lost. To investigate
both of these factors in our study, one variable
was created which accounted for the subject's
parity (nulliparous or parous) and the subject's
age at their first birth. This study found that
different associations between the risk ofbreast
cancer and parity were apparent depending on
the control group investigated. For the SR
comparison, women who had ever been preg-
nant seemed to be slightly protected against
the risk of breast cancer, whereas only those
women aged less than 22 when they became
pregnant were protected in the BD comparison.
The observed odds of breast cancer de-

creased as the subject's age at menarche in-
creased, with the highest risk observed for those
aged less than 12 years. A similar, though not
significant, association was seen for the ER

comparison. These findings agree with the hy-
pothesis that menstruation is a key risk factor.
Unfortunately we had insufficient data to es-
timate a single measure of menstruation, for
example, the number of cycles experienced.
A primary preventative method is to study

the aetiology of disease to establish influential
factors so that advice may be given on reducing
individuals' risks. Much of the aetiology of
breast cancer has yet to be explained. Nu-
tritional factors may be responsible for some
breast cancers, with dietary fat in particular
having received attention from researchers. Nu-
tritional data collected during this study will
be presented in future work.
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