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A case-control study of breast cancer in Taiwan -
a low-incidence area
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Summary To investigate risk factors for breast cancer in Taiwan, a low-incidence area, a case-control study was conducted. This comprised
244 subjects with diagnosed and pathologically confirmed breast cancer (age range 20-80 years) and 450 female ophthalmology outpatients
as controls. Univariate and multiple logistic regression analysis suggests that breast cancer in Taiwan is aetiologically similar to breast cancer
in high to moderate-incidence areas. A family history of breast cancer appears to be the most important factor contributing to the risk of breast
cancer (odds ratio = 4.69). The effect of reproductive hormones (represented by the years of history of menses in premenopausal women,
odds ratio = 3.35; or the age at menarche in post-menopausal women, odds ratio = 2.67) plays a significant role in tumorigenesis. Breast
feeding appears to be a particularly important protective factor in Taiwanese women (odds ratio = 0.57).
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Breast cancer is similar to other human cancers in that it arises
from a multifactorial process. Recent attention has focused both on
genetic predisposition to breast cancer (Sattin et al, 1985; Fisher et
al, 1993) and on its association with factors relating to modem
affluence, including diet and alcohol consumption (Hunter and
Willett, 1993; Rosenberg et al, 1993). Furthermore, the effect of
reproductive factors strongly supports a hormonal role in its aeti-
ology (Kelsey et al, 1993; Pike et al, 1993). Early menopause, for
example, whether occurring naturally or through oophorectomy,
has been shown to reduce risk significantly (Trichopoulos et al,
1973; Pike et al, 1981).
While numerous studies have been conducted in Western coun-

tries to assess the epidemiology of breast cancer, there have been
few studies of Asian populations. Such studies are of interest
because their different risk profiles may help to explain the lower
occurrence of the disease. Although breast cancer in Taiwanese
women is the second most common form of cancer (Cancer
Registry Annual Report in Taiwan, 1987-91) and the fourth
leading cause of cancer mortality (based on Public Health Annual
Report in Taiwan, 1993), compared with many Western countries
Taiwan is considered to be a low-incidence area for breast cancer
with an estimated age-adjusted incidence 15-20 per 100 000,
which is much lower than the 60-90 per 100 000 in the UK or
USA (Parkin et al, 1993). Thus, the question arises as to whether
or not breast cancer in Taiwan is influenced by factors established
for high/moderate areas. The present case-control study was
undertaken to investigate this subject.
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SUBJECTS AND METHODS

Case and control selection

This case-control study was conducted at Mackay Memorial
Hospital, Taipei, Taiwan, from January 1993 to December 1994.
On the basis of hospital chart number, the cases were 244 women
randomly selected from subjects with newly diagnosed (incident)
and pathologically confirmed breast carcinoma in the age range

20-80 years. The histopathological profile included 227 cases of
infiltrating ductal carcinoma and 17 cases of intraductal or

intralobular carcinoma. This sample of female patients constituted
about 30% of all the women with breast cancer attending our

breast cancer clinic during the study period.
To serve as comparable and representative controls, 450

(unmatched) women of the same age distribution were, on the basis
of chart number, randomly recruited from patients attending ophthal-
mology outpatient clinic in the same hospital. The controls consti-
tuted about 20% of all women attending the ophthalmology clinic
during the same study period as cases. Only a very low proportion
(2%) of selected women (cases and controls) refused to participate in
this study. On the basis of average family income and educational
level, both case and control groups showed a high degree of homo-
geneity, and almost all (>90% of both cases and controls) repre-

sented a population of middle-class women in Taiwan.

Structured questionnaire and standardized interview

After receiving informed consent, we used a structured question-
naire to collect detailed information on demographic, lifestyle and
medical history data as well as details of family history of breast
and other cancers. A complete menstrual and pregnancy history
was obtained for all participants. We also obtained information
regarding contraceptive behaviour and history of induced or sponta-
neous abortion. For each induced or spontaneous abortion reported,
a detailed history of the event was obtained. More specifically, in
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Table 1 Distribution of risk factors and associated age-adjusted odds ratios (aORs) of breast cancer among patients and control subjects, Taiwan, 1993-94

All (n = 694) Premenopause (n = 353) Post-menopause (n = 341)

Risk factor Case Control aOR (95% Cl) Case Control aOR (95% Cl) Case Control aOR (95% Cl)

Mother or sister with breast cancer
No 225 442 1.00
Yes 19 8 4.66

(2.07-11.4)

Previous breast biopsy or operation
No 211 427 1.00
Yes 33 23 2.87

(1.65-5.06)

Having a smoking history
No 231 440 1.00
Yes 13 10 2.42

(1.05-5.76)

111 228 1.00
10 4 5.33

(1.71-20.0)

96 219 1.00
25 13 4.24

(2.10-8.92)

113 225 1.00
8 7 2.68

(0.93-7.97)

114 214 1.00
9 4 4.61

(1.36-18.4)

115 208
8 10

1.00
1.32

(0.47-3.57)

118 215 1.00
5 3 3.57

(0.82-18.4)

Age at menarche (years)
> 13 182
13 50
<13 12

Menstrual cycle history (years)
<10 8
10-20 37
>20 199

Regular menstrual cycle
No 50
Yes 194

No. of full-term pregnancies
>2 128
1-2 87
0 29

121 1.00
329 1.43

(1.00-2.09)

258
117
75

1.00
1.11
1.24

P=0.11*

26 67
95 165

39
61
21

68
92
72

1.00
1.67

(1.00-2.87)

1.00
1.10
1.21

P=0.87*

24 54 1.00
99 164 1.45

(0.83-2.60)

89
26
8

190
25
3

1.00
2.22
5.69

P=0.02*

Age at first full-term pregnancy (years)
No pregnancy 29 75
>25 107 157
<25 108 218

Breast feeding
No 107 151 1.00
Yes 137 299 0.62

(0.42-0.89)

Use of oral contraceptive
No 179 353 1.00
Yes 65 97 1.30

(0.90-1.87)

Spontaneous abortion
No 191 358 1.00
Yes 53 92 1.11

(0.75-1.62)

Body mass index (BMI, kg m-2)
<25 172
25 72

358 1.00
92 1.21

(1.03-1.42)

75 130 1.00
46 102 0.56

(0.34-0.91)

80 172
41 60

95 196
26 36

1.00

1.30
(0.79-2.11)

1.00

1.34
(0.75-2.36)

110 206 1.00
11 26 0.84

(0.65-1.07)

32 21 1.00
91 197 0.41

(0.22-0.78)

99 181 1.00
24 37 0.68

(0.36-1.27)

96 162 1.00
27 56 0.88

(0.50-1.50)

62 152 1.00
61 66 1.34

(1.06-1.71)

*Mantel chi-square test.

this study, regular menses was recorded as more than ten cycles of
menses of regular length and interval within a 1-year period. The
history of menstrual cycle represented the number of years exposed
to menstrual cycles and was based on the age at menarche and ages

at interview for premenopausal women and ages at the time of

menarche and menopause for post-menopausal women. The
number of children or full-term pregnancies reported was used to
define the status of parous or nulliparous. Previous breast feeding
was defined as having breast fed for more than 2 months. The
weight/height ratio, used to calculate body mass index (BMI),
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369
65
16

20
94
336

1.00
1.35
1.69

P=0.05*

1.00
1.93
3.61

P=0.01 *

89
25
7

34
86

169
48
15

20
90
122

1.00
1.03
1.06

P=0.89*

1.00
2.83
7.84

P=0.003*

93
25
5

7
3

113

200
17
1

0
4

214

1.00
2.87
7.84

P<0.001 *

1.00

0.78
1.38
1.00

P=0.48*

21
59
41

72
91
69

0.49
1.09
1.00

P=0.32*

8
48
67

3
66
149

5.93
1.62
1.00

P=0.12*
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Table 2 Logistic regression analysis of multiple risk factors of breast cancer on women in Taiwan, 1 993-94a

All women Premenopausal Post-menopausal
(n= 694) (n= 353) (n =341)

Risk factor OR 95% Cl OR 95% Cl OR 95% Cl

Menopausal status
Post vspre 2.00 1.19-3.38

Mother or sister with breast cancer
Yes vs no 4.69 1.99-12.0 6.08 1.81-24.4 3.89 1.07-16.4

Previous breast biopsy or operation
Yes vs no 2.71 1.52-4.90 3.83 1.81-8.44 1.46 0.48-4.29

Having a smoking history
Yes vsno 2.68 1.11-6.67 3.28 1.01-10.9 4.92 0.93-30.9

Menses history (years)
>20 vs 10-20 vs <10 2.25 1.46-3.57 3.35 1.60-7.24

Age at menarche (years)
<13 vs13 vs>13 1.20 0.87-1.65 2.67 1.43-5.23

Regular menstrual cycle
Yes vsno 1.50 1.01-2.24 1.77 1.01-3.17 1.35 0.74-2.50

Breast feeding
Yes vs no 0.57 0.38-0.85 0.56 0.32-0.99 0.48 0.24-0.98

No. of full-term pregnancies
0.94 0.84-1.06 1.20 0.96-1.50 0.84 0.72-0.99

Body mass index (BMI, kg m-2)
>25 vs<25 1.16 0.98-1.39 0.80 0.61-1.04 1.48 1.14-1.94

aThe following variables do not reach statistical significance (P=0.05): the age,
spontaneous or induced abortion.

represented the average weight/height within the past 4 years. The
structured questionnaire was administered at the time of recruit-
ment. All interviews were carried out by two experienced nurse
interviewers who had been thoroughly familiarized with the study
protocol.

This study did not institute 'blinding' procedures with respect to
subjects' case status in the stages of data collection. Therefore, it
was possible that women who were diagnosed with breast cancer
were more likely to provide more detailed complete information
about past exposure history than controls. However, the investiga-
tors and interviewers were fully informed about the possibility of
recall/interviewer biases and their potential impact on our study.
Multiple efforts, including standardization of wording in the inter-
view and repeated interview for some same subjects (15% for both
cases and controls), were made to evaluate consistency and to
minimize such biases.

Data analysis and statistical methods

Given that the same factors can have differing effects (and of
differing magnitudes) on breast cancer risk during premenopausal
or post-menopausal periods, we performed univariate analysis of
suspected risk factors and calculated associated odds ratios of
breast cancer for all women or for women grouped by pre/post-
menopausal periods. Proportions for known or suspected risk
factors for breast cancer were computed for the case patients and
controls. Conventional cut-offs were used to classify or di-
chotomize some continuous variables, for example BMI. The
significance of any difference in proportions was tested by the chi-
square test, and the odds ratio (OR) and corresponding 95% confi-
dence interval (CI) were estimated. The Mantel chi-square test for
trends (Mantel, 1963) was used to examine the dose-response
relationship for the breast cancer risk estimates of various cate-
gories of single risk factors. Logistic regression analyses based on

at first full-term pregnancy, ever use of oral contraceptives, having history of

all women or for women grouped by menopausal status were
performed to estimate multivariate adjusted OR and 95% CI. To
obtain a model with biological plausibility, we included all known
risk factors in the logistic models regardless of their statistical
significance. These known risk factors included the age of study
participant and genetic predisposition for breast cancer (indicated
by having a family history, i.e. mother or sisters had breast cancer)
(Kelsey, 1993). A backward elimination procedure (Kleinbaum et
al, 1982) was used to select the optimal model. To examine any
possible interaction among risk factors and to compare their influ-
ence in pre/post-menopausal periods, we also retained any risk
factors that had been shown to be significant in either
premenopausal or post-menopausal models throughout all multi-
variate analyses. All P-values were two-tailed.

RESULTS

Of 694 study participants, there were 353 premenopausal women
(121 cases and 232 controls, among them 16 were perimeno-
pausal) and 341 post-menopausal women (123 cases and 218
controls). Premenopausal cases were on average older than their
controls (average age 38.8 vs 36.3 years), but post-menopausal
cases were on average younger than their controls (average age
53.8 vs 59.1 years). Compared with premenopausal women, post-
menopausal women demonstrated a slightly increased risk for
breast cancer (OR 1.60,95% CI 0.99-2.6 1) after adjusting the age
of study participants. Among post-menopausal women, older age
at menopause (defined as 45 years of age or older at menopause)
was found to increase breast cancer risk (OR 1.45), but its effect
was not statistically significant (P=0.28). Because this study was
not based on a matched design and many risk factors were age
related, univariate analyses of suspected risk factors were
performed to calculate associated age-adjusted OR and CI of
breast cancer (Table 1).
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First, we considered risk factors that might be related to
genomic damage or genetic predisposition. As expected, having a
family history of breast cancer in mother or sisters was highly
associated with increased risk of breast cancer in both
premenopausal or post-menopausal groups. A history of breast
biopsy or operation also increased risk but, in post-menopausal
women, this association was not significant. Smoking history was
also found to correlate with breast cancer risk but, after stratifi-
cation by menopausal status, smokers no longer displayed any
elevated risk with statistical significance (Table 1).

Next, we considered risk factors related to menstrual cycle that
might reflect the influence of reproductive hormones. For all
women studied, breast cancer risk was related to younger age of
menarche (P=0.05 for linear trend), longer history of menstrual
cycle (P=0.0l for linear trend) and regular menstrual cycle
(P=0.05). Individually, premenopausal breast cancer showed a
closer link with a longer history of menses (P=0.003 for linear
trend), whereas post-menopausal breast cancer was related to
earlier age at menarche (P<0.001 for linear tread) (Table 1).

With regard to risk factors related to pregnancy, on the basis of
a suggested influence of full-term pregnancy on breast cells
(Russo et al, 1982), an increase in full-term pregnancies would be
expected to correlate with a decreased risk of breast cancer in post-
menopausal women (Table 1). However, in our premenopausal
women, no notable difference in these protective effects was
observed. Furthermore, the suggested protective effect of younger
age at the first full-term pregnancy was not observed in our
women regardless of their menopause status. In contrast, the
protective effect of previous breast feeding on breast cancer was
obvious (OR = 0.62) and was consistently observed in both
pre/post-menopausal women (Table 1).
No association was found between the use of oral contracep-

tives (OC) and breast cancer risk in our study participants (Table
1). Furthermore, no association with increased risk could be estab-
lished between the time of first use of OC, either at ages younger
than 25 or before the first birth, the length of oral contraceptive use
and the years since first use (data not shown). History of abortion,
either spontaneous or induced, was not found to be correlated to
breast cancer. Further examination was carried out to determine if
any correlation could be established between cancer risk and the
timing and/or frequency of abortion; no association was found
(data not shown).
A positive correlation was found between a higher value of

body mass index [BMI (kg m-2), weight/(height)2)] and post-
menopausal breast cancer (P<0.05). In contrast, a slight negative
correlation was found between premenopausal breast cancer and
BMI (P>0.05) (Table 1).

Subsequent to the consideration of all factors in the univariate
analysis, the results of the logistic regression analysis which
simultaneously assesses multiple risk factors for premenopausal
and post-menopausal breast cancers are shown in Table 2. These
results are similar to those obtained by univariate analysis. Having
a family history of breast cancer in mother or sister played by far
the most important role in the correlation of risk to breast cancer.
The multivariate adjusted OR was as high as 4.69 for those who
had family history of breast cancer, and the magnitude was similar
to that reported in previous studies (Kelsey, 1993). Reproductive
hormones, indicated by longer years of menses in premenopausal
women or younger age at menarche in post-menopausal women,
significantly increased risk. Previous history of breast biopsy
or operation, smoking and regular menstrual cycle were only

associated with premenopausal breast cancer. While post-
menopausal obesity appeared to increase risk, premenopausal
obesity, in contrast, did not significantly decrease risk as suggested
in previous studies (Hunter and Willett, 1993; Kelsey, 1993). The
protective effect of breast feeding was statistically significant,
with the OR as low as 0.5 for both premenopausal or post-
menopausal women who had breast fed. Increased numbers of
full-term pregnancies were correlated with decreased risk only in
post-menopausal breast cancer. The effect of other risk factors,
including the age at first full-term pregnancy, the use of OC and
the history of either spontaneous or induced abortion, was not
found to be significantly associated with breast cancer.

DISCUSSION

The present study further characterizes breast cancer epidemi-
ology, especially in determining the risk profiles related to a low-
incidence area. Both cases and controls were chosen intentionally
from the same hospital during the same study period. This design
ensured that our controls were able to represent the background
population from which the cases were derived. We selected our
controls from women attending outpatient clinics of the ophthal-
mology department. These women were diagnosed as having
conjunctivitis, cataract, retinal disease or glaucoma, and most, if
not all, of the causes of these ophthalmic diseases or abnormalities
are not related to reproductive factors or genetic predisposition to
cancer.
As in Western countries, we found that a family history of breast

cancer is an important factor contributing to breast cancer in
Taiwan. This observed familial association is likely to imply
genetic predisposition. Therefore, it is of interest to determine
whether known breast cancer susceptibility genes, such as BRCAI
(Mike et al, 1994) and BRCA2 (Wooster et al, 1995), responsible
for a proportion of breast cancers in Western countries, also play a
role in breast cancer in low-incidence areas.

Cell division is considered to play a crucial role in the patho-
genesis of cancer, and reproductive factors that increase mitotic
activity in breast epithelium are presumed to increase risk (Pike et
al, 1993). This may explain our finding that long history of menses
in premenopausal women or early menarche in post-menopausal
women increases breast cancer risk. In addition, women with
irregular menses have less frequent ovulation, hence their expo-
sure to progesterone which occurs only after ovulation is reduced
(Spicer and Pike, 1995). Irregular cycles are, therefore, suggested
to be associated with a lower breast cancer risk, as observed in our
premenopausal breast cancer group. Overall, these findings indi-
cate that although Asian women show an average 20 per cent
reduction in oestradiol compared with Western women (Bernstein
et al, 1990; Pike et al, 1993), breast cancer remains highly
hormone dependent, as in high- to moderate-risk areas.

Experimental studies on full-term pregnancy in rats are shown
to result in permanent differentiation in vulnerable breast stem
cells, altering subsequent susceptibility to hormones (Russo et al,
1982). This suggests a decreased risk of breast cancer in women
who have their first birth at a younger age or in women who have
more full-term pregnancies. Our analyses, however, were consis-
tent with such an effect only in part, with statistical significance
observed only in post-menopausal women.
Our data provide evidence to support breast feeding as the most

important protective factor. Certain mechanisms, including
decreasing oestrogen production during lactation or flushing out of
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carcinogens, have been suggested to explain such an observation.
This protective effect of lactation has been previously observed
in other Chinese populations (Tao et al, 1988; Yuan et al, 1988),
but is considered to be less obvious in Western populations. Tradi-
tional Taiwanese women tend to breast feed for a longer period
because a higher proportion do not work outside the home, which
explains why the protective effect was particularly marked in the
Chinese population. Related to this protective effect could be the
decreasing trend of breast feeding in Taiwan (90%, 1960s; 30%,
1980-90) which may be specifically correlated to the increasing
incidence of Taiwanese breast cancer.
As in previous studies (Hunter and Willett, 1993), obesity

during the post-menopausal years greatly increases breast cancer
risk but has a slightly reduced risk during the premenopausal years.
Endogenous oestrogen converted and released from adipose tissue
after menopause is thought to be responsible for increased breast
cancer risk in post-menopausal obese women (Kelsey, 1993).

It is widely recognized that breast cancer risk attained during the
premenopausal period is not lost after menopause (Pike et al,
1993). Overall, the post-menopausal women in this study demon-
strated a higher risk for breast cancer than premenopausal women,
which is consistent with this trend.

Breast cancer incidence in native-born and USA-born Asian-
Americans is approximately 50% and 75%, respectively, that of
USA-born Whites and is approximately twice that of women
residing in Asia (Ziegler et al, 1993; Hanley et al, 1995). Exposure
to Western lifestyles is thought to have a substantial impact on the
increased risk for breast cancer. These lifestyle-related factors may
be operative by way of hormonal-reproductive mechanisms which
promote onset of earlier menarche, later menopause or an increase
in the proportion of nulliparity and post-menopausal obesity. Our
findings suggest that breast cancer in Taiwan is similar with
respect to hormonal-reproductive risk factors to that in high- to
moderate-incidence areas. Similar hormonal-reproductive mecha-
nisms suggested in migrant studies for the low incidence in Asian
populations, may be important in explaining the low incidence or
the increasing trend of breast cancer in Taiwan.
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