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Summary We conducted a population-based case-control study of breast cancer among Chinese-, Japanese-
and Filipino-American women in Los Angeles County Metropolitan Statistical Area (MSA), San Francisco-
Oakland MSA and Oahu, Hawaii. One objective of the study was to quantify breast cancer risks in relation to
menstrual and reproductive histories in migrant and US-born Asian-Americans and to establish whether the
gradient of risk in Asian-Americans can be explained by these factors. Using a common study design and
questionnaire in the three study areas, we successfully conducted in-person interviews with 597 Asian-American
women diagnosed with incident, primary breast cancer during the period 1983-87 (70% of those eligible) and
966 population-based controls (75% of those eligible). Controls were matched to cases on age, ethnicity and
area of residence. In the present analysis, which included 492 cases and 768 controls, we observed a statistically
non-significant 4% reduction in risk of breast cancer with each year delay in onset of menstruation.
Independent of age at menarche risk of breast cancer was lower (odds ratio; OR=0.77) among women with
menstrual cycles greater than 29 days. Parous Asian-American women showed a significantly lower risk of
breast cancer than nulliparous women (OR = 0.54). An increasing number of livebirths and a decreasing age at
first livebirth were both associated with a lower risk of breast cancer, although the effect of number of
livebirths was no longer significant after adjustment for age at first livebirth. Women with a pregnancy
(spontaneous or induced abortions) but no livebirth had a statistically non-significant increased risk
(OR= 1.84), but there was no evidence that one type of abortion was particularly harmful. A positive history
of breastfeeding was associated with non-significantly lower risk of breast cancer (OR = 0.78). There are several
notable differences in the menstrual and reproductive factors between Asian-Americans in this study and
published data on US whites. US-born Asian-Americans had an average age at menarche of 12.2 years-no
older than has been found in comparable studies of US whites, but 1.4 years earlier than Asian women who
migrated to the US. Asian-American women, particularly those born in the US and those who migrated before
age 36, also had a later age at first birth and fewer livebirths than US whites. A slightly higher proportion of
Asian-American women breastfed, compared with US whites. The duration of breastfeeding was similar in US-
born Asians and US whites, but was longer in Asian migrants, especially those who migrated at a later age.
Menstrual and reproductive factors in Asian-American women are consistent with their breast cancer rates
being at least as high as in US whites, and they are. However, the effects of these menstrual and reproductive
factors were small and the ORs for migration variables changed only slightly after adjustment for these
menstrual and reproductive factors. These results suggest that the lower rates of breast cancer in Asians must
be largely as a result of other environmental/lifestyle factors.

Keywords: breast cancer; menstrual factor; reproductive factor; Asian-Americans; migrants; US-born

The importance of menstrual and reproductive factors (age at

menarche, age at first birth, parity, age at and type of

menopause) as determinants of a woman's risk of breast

cancer is well established (MacMahon et al., 1970; Henderson
et al., 1984; Kelsey et al., 1993). These factors have been
found to be important in high-risk Western populations
(Kvale, 1992) and in low-risk Asian groups (Tao et al., 1988;
Yuan et al., 1988; Wang et al., 1992), although the magnitude
of risks and the relative importance of specific factors have
varied in different studies. In studies conducted to compare
age at menarche among Japanese in Hiroshima and Nagasaki
with those of US whites this risk factor was found to explain
about one-third of the 4- to 6-fold difference in breast cancer
incidence rates between Japanese and US whites in the 1970s

(Hoel et al., 1983; Pike et al., 1983). The extent to which

changes in menstrual and reproductive factors can explain the
increase in incidence rates of breast cancer in Asian-

Americans, including those migrating from Asia and those

born in the US, has not been investigated previously. This

study consisted of women who differed in several ways from
women in earlier studies of Asian-Americans: three Asian
ethnic groups were included, one of which (Filipinos) has not
previously been examined. In addition, more of the subjects
were Western-born (including third- and fourth-generation
Asian-Americans) and the Asian migrants were a hetero-
geneous group from urban and rural areas in Asia. In this
report, we examine the role of menstrual and reproductive
factors in a population-based case-control study of breast
cancer in Chinese-, Japanese- and Filipino-Americans living
in the San Francisco-Oakland Metropolitan Statistical Area
(MSA), Los Angeles MSA or Oahu, Hawaii.

Methods

Study methods have been described in detail previously
(Ziegler et al., 1993). Briefly, this study included all women of
Chinese, Japanese or Filipino ethnicity who were diagnosed
with histologically confirmed, first primary breast cancer
(ICD-O 174) at ages 20-55 years in the San Francisco-
Oakland MSA, the Los Angeles MSA or Oahu, Hawaii, at
diagnosis, during the period 1 April 1983 to 30 June 1987. In
the California study areas, population controls were selected
by random-digit dialling. In Hawaii, population controls were
selected with the Health Surveillance Program of the Hawaii
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Department of Health, which annually samples 2% of the
households in Hawaii. Controls were matched to cases on age
(5 year age groups), ethnicity and study area, with the aim of
interviewing twice as many controls as cases. Frequency
matching was used in California, whereas controls were
individually matched in Hawaii. A case or control subject
had to be at least 50% Chinese, Japanese or Filipina, or 50%
a mixture of these ethnicities. In-person interviews were
conducted with the subjects using a structured questionnaire
in the language they preferred (English, Chinese or Japanese).
All interviews were conducted between August 1985 and
February 1989. We completed interviews with 70% of eligible
cases and 75% of eligible controls. The participation rates for
cases (68-75%) and controls (70-79%) were similar in the
three study areas; each centre interviewed approximately one-
third of the study subjects (Ziegler et al., 1993).

Our in-person interview elicited information on each
woman's menstrual and reproductive history. To assesss
menstrual history of subjects we asked the age when they had
their first menstrual period, age when their menstrual periods
became established at regular intervals (i.e. there was a
predictable amount of time between menstrual periods), and
the number of days between the start of each period once
they became regular. Subjects were asked the total number of
pregnancies they had. For each pregnancy, the outcome of
the pregnancy (i.e. livebirth, stillbirth, induced abortion,
spontaenous abortion and tubal or ectopic pregnancy), the
length of the pregnancy, the year when the pregnancy ended,
whether the baby was breastfed and the duration of
breastfeeding were asked.

For each menstrual and reproductive variable, odds ratios
(ORs, relative risk estimates), their corresponding 95%
confidence intervals (95% CI) and two-sided statistical
significance levels (P-values) were calculated. Tests for
linear trend were performed on all continuous variables.
Unconditional logistic regression methods were used with
single variables, as well as for multivariate analysis (Breslow
and Day, 1980). The ORs were first adjusted for the
variables used in matching, i.e. ethnicity, study area and age
(in 5 year age groups) (this adjustment must be made in all
analyses because of the design of the study). Then, the ORs
were additionally adjusted for migration history, which we
reported to strongly affect the risk of breast cancer (Ziegler

et al., 1993). The adjustment for migration history was made
so that the ORs directly associated with menstrual and
reproductive factors could be determined. In most instances
the ORs were attenuated only slightly with adjustment for
migration and we present these migration-adjusted ORs in
Tables II-IV as a conservative estimate of the strength of
the relative risks. For completeness, both sets of ORs (with
and without adjustment for migration history) are shown in
the summary table on multivariate models (Table V). The
migration variables were birthplace of the subject, the West
or the East (West included USA, Canada, western and
central Europe, the former USSR, Australia and New
Zealand, and East included Asia, Southeast Asia, the
Malaysian Peninsula, Singapore, India and countries in the
Southwest Pacific excluding Australia and New Zealand).
For subjects born in the East, they were further categorised
by whether they always lived in urban or rural areas in the
East and by years of residence in the West (< 7 vs 8 + years)
(Ziegler et al., 1993). In addition, we included birthplace
(East or West) of the subject's maternal grandmother. The
effect on risk of the birthplaces of the subject's parents and
all other grandparents was not significant after adjustment
for the place of birth of the subject's maternal grandmother
(Ziegler et al., 1993). Excluded from the analyses were two
women for whom their place of birth was not known; 27
women who were born in the West but their maternal
grandmothers' place of birth was not known; 55 women
who had been in the West for 1 year or less at the time of
cancer diagnosis or interview; 55 women who were born in
the West but had lived in the East; 80 women who were
born in the East and had at least three moves between the
East and West; 66 women who lived in both urban and
rural areas while in the East and; 18 women for whom we
did not have complete information on menstrual and
reproductive history.

To evaluate the fit of various statistical models we
calculated twice the difference in the log-likelihoods
(equivalent to difference of chi-squares) and the associated
difference in degrees of freedom between any two models
being compared with adjustment for demographic variables
and migration variables. The statistical significance of the
difference in the fit of two models is calculated from the
upper tail of the chi-square distribution (P-value).

Table I Comparison of menstrual and reproductive characteristics of Asian-American breast cancer cases and controls
All subjects" Born in Westb Born in Eastc

Number of controls 768 355 413
Number of cases 492 248 244
Mean age at menarche

Controls 13.0 12.2 13.6
Cases 12.9 12.2 13.5

Number (%) never pregnant
Controls 94(12.2) 40(11.3) 54(13.1)
Cases 91(18.5) 48(19.4) 43(17.6)

Mean number of pregnancies (among gravid women)
Controls 3.2 3.1 3.4
Cases 3.1 2.9 3.2

Number (%) with no livebirth
Controls 112(14.6) 49(13.8) 63(15.3)
Cases 119(24.2) 67(27.0) 52(21.3)

Mean number of livebirths (among parous women)
Controls 2.7 2.7 2.8
Cases 2.6 2.6 2.6

Mean age at first livebirth (among parous women)
Controls 26.1 25.5 26.6
Cases 27.1 26.0 28.1

Percentage ever breastfedd (among parous women)
Controls 54.9 53.8 55.9
Cases 43.1 40.6 45.5

Mean number weeks of breast feeding (among parous women)
Controls 42.2 28.0 54.7
Cases 35.0 21.4 47.8
aSee Methods for exclusions. bUS, Canada, western and central Europe, the former USSR, Australia and New Zealand. CChina, Japan,

Phillipines, Taiwan, Hong Kong, Macau, Southeast Asia, the Malaysian Peninsula, Singapore, India and countries in the Southwest Pacific
excluding Australia and New Zealand. dFor at least one month.
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Results

In this study 70% of the women were premenopausal (i.e. at
diagnosis for cases or at the assigned diagnosis date for
controls (Ziegler et al., 1993)). The mean (standard deviation)
ages for cases and controls were 45.3 (7.01) and 44.6 (7.84)
respectively at diagnosis. A summary of selected menstrual
and reproductive variables for all cases and controls,
stratified by birthplace, is shown in Table I. Compared with
Asian-American women born in the West, Asian women who
migrated to the US had later age at menarche, reported
slightly more pregnancies and more livebirths (but a slightly
greater proportion of nulliparity and a later age at first
livebirth) and breastfed for a considerably longer time. There
was a strong secular trend by year of birth in average age at
menarche in migrant women. Control women born around
1955 (i.e. about age 30 at interview) had an average age at
menarche of 13.0; this steadily increased to 14.5 for women
born around 1925 (i.e. around age 55 at interview). The
results of the case-control comparisons shown in Table I are
presented in more detail in Tables 11-V.

The associations between menstrual factors and risk of
breast cancer are shown in Table II. Although the decline

Table H Age at menarche and menstrual cycle length and risk of
breast cancer

Adjusted'
Variable Cases/controls OR 95% CI

Age at menarche (years)
< 12 239/336 1.00
13- 14 180/288 0.87 0.67- 1.14
15+ 73/144 0.69 0.48 - 1.00

Per yearb 0.94 0.86 - 1.03
Ever regular periodsc
Yes 461/720 1.00
No 30/48 0.80 0.49- 1.31

Age at regular periods (years)
< 12 156/221 1.00
13 - 14 154/243 0.91 0.67- 1.23
15 + d 173/295 0.77 0.57 - 1.04

Cycle length (days)e
<26 55/88 0.87 0.59 - 1.29
27 - 29 278/378 1.00
30+ 118/245 0.72 0.54 - 0.95
aAdjusts for age (in 5 year age groups), area, ethnicity and migration

history (see Methods section). bWith age at menarche in single years;
15 subjects were missing on age at menarche. cNineteen subjects were
missing on ever had regular cycles. dIncluding 30 cases and 48 controls
who were never regular. eAmong subjects with regular periods; 19
subjects were missing on cycle length.

was not completely consistent year by year, and was not
formally statistically significant, risk of breast cancer
decreased on average 6% for each year that age at menarche
was delayed (OR=0.94, 95% CI=0.86-1.03). Women who

Table III Pregnancy history and risk of breast cancer

Adjusted2
Variable Cases/controls OR 95% CI

Ever pregnant
No 91/94 1.00
Yes 401/674 0.57 0.41-0.80

Never pregnant 91/94 1.00
Pregnant, 0 LB 28/18 1.72 0.87-3.41
Pregnant, 1+ LB 373/656 0.54 0.39-0.75

Never pregnant 91/94 1.00
Pregnant, 0 LB 28/18 1.79 0.90-3.56
LB= 1 65/114 0.59 0.38-0.92

2 144/238 0.59 0.41-0.86
3 104/166 0.55 0.37-0.83
4 33/74 0.37 0.22-0.63
5+ 27/64 0.32 0.18-0.57

Never pregnant 91/94 1.00
Pregnant, 0 LB 28/18 1.80 0.90-3.57
LB = 1 65/114 0.67 0.46-0.96
Per additional LB 308/542 0.87 0.78-0.96

Never pregnant 91/94 1.00
Pregnant, 0 LB 28/18 1.77 0.89-3.52
Age at first livebirth (years)
< 19 14/40 0.24 0.12-0.50
20 - 24 112/227 0.44 0.30-0.66
25 - 29 143/238 0.58 0.40-0.84
30 - 34 70/117 0.58 0.37-0.89
35 + 34/34 1.06 0.59- 1.90

Never pregnant 91/94 1.00
Pregnant, 0 LB 28/18 1.76 0.89-3.51
AFLB 25 - 29 143/238 0.54 0.39-0.76
Per 5 year change in FLB 230/418 1.28 1.12-1.48

Never pregnant 91/94 1.00
Pregnant, 0 LB 28/18 1.80 0.91-3.58
AFLB 25 - 29 143/238 0.62 0.43-0.89
Per 5 year change in FLB 1.22 1.05- 1.42
Per additional LB 0.92 0.82-1.03
AFLB, age at first livebirth; FLB, first livebirth; LB, livebirth.

aAdjusts for age (in 5 year age groups), area, ethnicity and migration
history (see Methods section).

Table IV Pregnancy outcome and risk of breast cancer

Variable Cases/controls Adjusted ORa 95% CI

Never pregnant 91/94 1.00
No livebirth (LB), 1 + abortionsb 28/18 1.72 0.87-3.40

No LB, spontaneous abortions alone 12/7 1.34 0.53-3.36
No LB, induced abortions alone 12/10 1.92 0.70-5.30

No LB, at least one spontaneous abortionc 16/8 2.20 0.87-5.55
No LB, at least one induced abortiond 16/11 1.60 0.68-3.74

1 +LB 373/656 0.54 0.39-0.75

Never pregnant 91/94 1.00
No LB, 1 + abortionsb 28/18 1.72 0.87-3.40
1 + LB, no abortion 225/430 0.50 0.35-0.71
1 + LB, abortions only before 1st LB 28/53 0.53 0.30-0.92
1 + LB, abortions only after 1st LB 104/157 0.61 0.41-0.91
1 + LB, abortions before and after 1st LB 17/17 0.89 0.42- 1.92
aAdjusts for age (in 5 year age groups), area, ethnicity and migration history (see Methods section). bIncludes spontaneous and induced abortions;

12 cases and seven controls had spontaneous abortions alone; 12 cases and ten controls had induced abortions alone; four cases and one control had
both spontaneous and induced abortions. cIncludes subjects with both spontaneous and induced abortions and those with spontaneous abortions
alone. dIncludes subjects with both spontaneous and induced abortions and those with induced abortions alone.
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never had regular periods showed a lower risk of breast
cancer than women who had regular periods and women who
had late onset of regular periods also showed a lower risk of
breast cancer than women who reported having regular
periods at an earlier age (Table II). However, in this study,
there was little added protection associated with never having
regular periods (OR = 0.84, P= 0.48) or with later age at
regular periods (ORs were 1.00 and 0.90 respectively, for age
at regular periods at 13-14, 15 + compared with <12;
P = 0.75) when age at menarche was accounted for.
Menstrual cycle length was available on subjects who
reported they had regular periods. Compared with women
with a menstrual cycle length of 27-29 days women with
longer cycles showed a statistically significant reduction in
risk (OR=0.72), and women with shorter cycles showed a

smaller, and statistically non-significant reduction in risk
(OR=0.87). The ORs for age at menarche and cycle length
were not noticeably altered by adjustment for each other
(Table V).
A higher percentage of cases (18.5%) than controls

(12.2%) had never been pregnant; this translated into an

OR of 0.57 for ever being pregnant (Table III). However, the
protection was observed only in women who had at least one

livebirth. Women who had been pregnant but had no
livebirths experienced a higher risk of breast cancer

compared with those who had never been pregnant,
although the effect was based on small numbers and was
not statistically significant (OR = 1.72, 95% CI = 0.87-3.40)
(see Table IV). Relative to women who were never pregnant,
a single livebirth was associated with a 33% reduction in risk
(OR= 0.67) and each additional livebirth was associated with
a further 13% reduction in risk (OR =0.87; P=0.005). Age at
first livebirth also had a significant effect on breast cancer
risk. Women with first livebirth before age 20 had an OR of
0.24 compared with women who had never been pregnant.
Women with later ages at first livebirth had increasing risks
of breast cancer compared with women whose first livebirth
was before age 20, and women whose first livebirth was after
age 35 showed a risk similar to never pregnant women.
Among women with at least one livebirth, the risk for breast
cancer increased 28% (P = 0.0004) for each 5 years that a first
livebirth was delayed after ages 25-29. The effect of age at
first livebirth was greater than the effect of number of
livebirths; and number of livebirths had only a small effect
after fitting age at first livebirth (P= 0.29). However, the OR
(per livebirth) for number of livebirths only changed from

Table V Multivariate analysis of menstrual and reproductive factors and risk of breast cancer

Variable Adjusted OR 95% CI Adjusted ORb 95% CI

Never pregnant 1.00 1.00
Pregnant, 0 LB 1.92 0.96- 3.86 1.84 0.91-3.70
AFLB 25 - 29 0.78 0.52-1.17 0.76 0.50 -1.15
Per 5 year change in FLB 1.20 1.03-1.41 1.24 1.06-1.45
Per additional LB 0.94 0.84-1.05 0.94 0.84-1.06
Breastfeeding (>1 month) vs no 0.74 0.56-0.98 0.78 0.58-1.04
Cycle length (days)c
< 26 0.90 0.61-1.32 0.90 0.61 -1.34
30+ 0.76 0.57- 1.00 0.77 0.58-1.02

Menarche per year after age 1ld 0.92 0.84-1.00 0.96 0.87-1.05

aAdjusts for age (in 5 year age groups), area and ethnicity. bAdjusts for age (in 5 year age groups), area, ethnicity, and migration history (see
Methods section). cCompared with cycle length of27-29 days. dCompared with age at menarche at 11 years or younger. AFLB, age at first livebirth;
FLB, first livebirth; LB, livebirth.

Table VI Distribution (%) of menstrual and reproductive factors among Asiana, Asian-Americanb and US white controls in selected studies

California and Hawaii
Shanghai Tianjin Singapore Asian-Americans USAArea Chinese Chinese Chinese 36+b <36b US-born US whites

Ref. Yuan Wang Lee Current study Layde Newcomb
(1988) (1992) (1992) (1989) (1994)

Age range 20-69 <55 24-88 20-55 20-55 <75
Age at menarche
<12 8 12 25 25 29 62 NAC 39
13-14 33 36 38 37 44 32 NA 47
15+ 59 52 37 37 27 6 11 14

Number of livebirths
0 9 10 11 17 14 14 13 14
1 16 17 10 10 16 15 11 10
2-3 37 50 38 38 59 51 48 48
4+ 38 23 41 35 10 19 28 28
Age at first livebirth
K 19 19 12 21 10 5 6 26 17
20-24 47 42 39 43 27 38 40 49
25-29 27 38 29 35 35 38 28 25
30+ 7 8 11 12 33 18 6 9
History of lactation
Yes 92 95 53 76 62 62 54 55
<1 year NA NA 27 32 44 50 40 43
>1year NA NA 26 44 18 12 14 12
1-3 years 51 48 NA 54 59 59 NA NA
>3 years 41 47 NA 22 3 3 NA NA

The studies chosen included traditional Asian women who lived in urban areas in China but had experienced little Westerninfluence at the time
when the studies were conducted (Yuan et al., 1988; Wang et al., 1992) and Asian women who lived in Singapore and may have been more
Westernised (Lee et al., 1992). bWe have divided the controls in our study into US-born, and into migrants who moved to the US at a young age
(< 36 years; early migrants) or as older women (> 36 years; late migrants). The latter division was based on our observation that breast cancer risk
was decreased in women migrating to the West at 36+ years of age (Ziegler et al., 1993). cThe distribution for < 11, 12 -14, 15+ for menarche age
was 22, 67 and 11 per cent respectively. NA, not avaliable.
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0.87 to 0.92; and we decided to include both variables in all
further analyses (Table III). The results could be adequately
fitted by single linear terms for age at first livebirth and
number of livebirths (after the first).

As we noted above, an abortion never followed by a
livebirth was associated with an OR of 1.72 (P= 0.09)
compared with never having been pregnant. This increased
risk among women who never had a livebirth existed for both
spontaneous and induced abortions but the increased risk
was not statistically significant for spontaneous abortions
alone, induced abortions alone, at least one spontaneous
abortion, at least one induced abortion or any abortion
(spontaneous or induced) (Table IV). There was no
significant increased risk in relation to abortions among
women who had at least one livebirth. Specifically, among
women who had at least one livebirth, there was a small,
statistically non-significant increase in risk (OR= 1.20, 95%
CI=0.92-1.58) in women who had an abortion compared
with women with no abortions. The risk of breast cancer was
still below 1.0 in each subgroup of women when we examined
the association by timing of the abortion, i.e. before a first
livebirth, after a irst livebirth, or before and after a first
livebirth (Table IV).
A positive history of breastfeeding for at least 1 month

was associated with a lower risk of breast cancer (OR=0.73,
95% CI=0.56-0.95) (data not shown) but there was no
statistically significant trend of decreasing risk with increasing
number of children breastfed or with increasing duration of
breastfeeding (manuscript in preparation). However, breast-
feeding for less than 1 month had no protective effect
(OR= 1.10).

In further analyses, the role of pregnancy history (never
pregnant, ever pregnant but no livebirths, one or more
livebirths), age at first livebirth, ever breastfed for > 1 month,
age at menarche and menstrual cycle length were examined
simultaneously in a multivariate model (Table V). The risk
estimates were weakened somewhat but each of the variables
continued to influence risk of breast cancer. The associations
reported in Table V showed no appreciable change when age
and type of menopause and use of oestrogen replacement
therapy were considered in the multivariate regression
analysis. These results were also observed in stratified
analyses restricted to premenopausal women (manuscript on
the influence of menopause is in preparation). The use of and
the duration of use of oral contraceptives were not associated
with risk of breast cancer in this population (Ursin et al.,
1995). These associations were generally similar in analyses
conducted within each of the three Asian ethnic groups.

The above results on menstrual and reproductive factors
were observed after adjustment for migration history. We
also evaluated whether these menstrual and reproductive
patterns could account for the 6-fold gradient in risk of
breast cancer in Asian-Americans by migration patterns as
we noted previously (Ziegler et al., 1993). In Table V two
columns of ORs are shown for the various menstrual and
reproductive factors; the first column without adjustment for
migration factors, and the second column with such
adjustment. Relative to Asian-American women who had
always lived in the West the respective ORs were 0.20 for
always lived in rural communities in the East and for < 7
years in the West, 0.67 for always lived in rural communities
in the East and for 8+ years in the West, 0.48 for always
lived in urban communities in the East and < 7 years in the
West, and 0.75 for always lived in urban communities in the
East and 8 + years in the West. The ORs for migration were
only slightly changed, becoming 0.25, 0.69, 0.48 and 0.78
respectively, after adjustment for these menstrual and
reproductive factors (Table V).

Discussion

The main objective of this analysis was to determine the role
of menstrual and reproductive factors in the aetiology of
breast cancer in younger Asian-American women. Although

the recall of menstrual and reproductive factors may be less
difficult for younger women (presumably resulting in less
random misclassification), the associations we observed were
generally weak. As in most other case-control studies of
breast cancer, which rely on self-reported information, no
attempt was made to assess the reliability of the data
collected in this study.

Our finding of a 4% reduction in the risk of breast cancer
with each year delay in onset of menstruation (Table V) is
consistent with previous findings (MacMahon et al., 1970;
Hsieh et al., 1990). Irregular menstrual cycles (La Vecchia et
al., 1985, 1987; Soini, 1977) or delay in establishment of
regular menses, independent of age at menarche, decreased
the risk in some studies (Henderson et al., 1981). However, in
this study, the additional protection associated with never
achieving regular menses or with late age at regular menses
was small and was not statistically significant after
adjustment for age at menarche.

Although our question on cycle length was limited to one
time period and length of cycles may change with age, the
data in this study (Table II) suggested a U-shape relationship
between length of regular menstrual cycle and risk of breast
cancer. We investigated this further by examining our data by
single day of cycle length. Our results showed that compared
with women with a 28 day cycle, women with cycles of 29,
30, 31 or 32 days or longer showed ORs of 1.06, 0.69, 0.98
and 0.81 respectively, whereas women with cycles of 27, 26,
25 or 24 days or shorter showed ORs of 1.39, 1.15, 1.25 and
0.54 respectively. One interpretation of this result is that
women with very short cycles (i.e. fewer than 25 days)
ovulated infrequently and that these women as well as
women with long cycles have a reduction in risk. Women
with cycles of 25-27 days may be at increased risk. In the
study by Olsson et al. (1983), women with long cycles (>30
days) were found to be at reduced risk of breast cancer, but
other studies have not found this (Yuan et al., 1988; La
Vecchia et al., 1987). Elevated risks of breast cancer in
relation to short menstrual cycles have been reported in some
studies (Yuan et al., 1988; La Vecchia et al., 1987; Olsson et
al., 1983); the definition of short menstrual cycles ranged
from less than 21 days (Olsson et al., 1983) to less than 26
days (La Vecchia et al., 1987) in these studies.

The increased risk of breast cancer with earlier age at
menarche is thought to be due to extended exposure to
oestrogens and possibly progesterone. There is considerable
data suggesting that early menarche is associated with early
onset of regular cycles, and presumably onset of regular
ovulation (MacMahon et al., 1982; Apter and Vihko, 1984;
Henderson et al., 1985). Early onset of menarche is thus
associated with longer duration of exposure to ovarian
hormone levels associated with ovulation. There is also
support from some studies (Apter and Vihko, 1984; Apter et
al., 1989) that earlier onset of regular menstrual cycles is
associated with long-lasting higher oestrogen levels and lower
sex-hormone globulin binding capacity (SHBG) (Apter et al.,
1989), although this has not been consistently found
(Bernstein et al., 1991).

Nulliparous Asian-American women have a significantly
elevated risk of breast cancer compared with parous women
as a group, consistent with results observed in previous
studies conducted in high-risk (Paffenbarger et al., 1980;
Brinton et al., 1983; Layde et al., 1989) and intermediate-risk
(La Vecchia et al., 1987; Soini, 1977; Talamini et al., 1985;
Rosero-Bixby et al., 1987) western countries and in low-risk
eastern countries (Tao et al., 1988; Yuan et al., 1988; Wang
et al., 1992; Hlaing and Myint, 1978; Yoo et al., 1992).
Among parous women, an increasing number of livebirths
was associated with decreasing risk while increasing age at
first livebirth was positively associated with risk. The decrease
in risk with increasing number of livebirths was reduced from
13% (per livebirth) to 8% and was no longer statistically
significant, after adjustment for age at first livebirth (Table
III). The relative importance of parity and age at first birth
on risk of breast cancer has varied in different studies.
Although the discrepancies between studies remain unex-
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plained (Kelsey et al., 1993; Kvale, 1992), it is important to
note that the effects of these variables may not be directly
comparable since the units used to express parity and age at
first birth differ. Some previous studies suggest that an effect
of age at first birth is stronger in younger women (< 55 years)
(Layde et al., 1989; Ewertz et al., 1990; Tulinius et al., 1990);
our data support this. In our data, the increased risks
associated with older age at first birth were more apparent in
women under the age of 50 than in those over age 50,
whereas the protective effect of number of livebirths was
evident mainly in women over age 50 (data not shown). The
differences in risk estimates in older and younger women
were, however, not statistically significant for either
reproductive variable. An increased risk with decreasing
interval since last term birth (Bruzzi et al., 1988; Williams et
al., 1990) and with increasing age at last full-term pregnancy
(Kalache et al., 1993) has been suggested. Results from this
study do not show a consistent association between years
since last term birth and risk of breast cancer (data not
shown).

In this study, compared with women who had never been
pregnant, women who had a spontaneous or induced
abortion that was never followed by a livebirth showed a
statistically non-significant higher risk (OR=1.72) of breast
cancer (Table IV). Among women who had at least one
livebirth there was also no significant increased risk
associated with spontaneous or induced abortion, regardless
of whether the abortion occurred before and/or after the first
livebirth. Since the first report of an increased risk of breast
cancer in association with abortion (Pike et al., 1981), some
30 studies have evaluated this relationship and have failed to
reach a consensus (Pike et al., 1981; Parazzini et al., 1991;
Remennick, 1990; Daling et al., 1994; Rosenberg, 1994). In a
recent study of women younger than 45 years, Daling et al.
(1994) reported about a 50% increased risk for induced
abortion whereas no increased risk was associated with
spontaneous abortion. The present study suggests a small
increased risk with both spontaneous and induced abortion;
neither increase was statistically significant. The study by
Daling et al. (1994) also suggested that the risk was
particularly elevated among subjects who had induced
abortions at a young age (< 18 years) or at older ages
(30 + years) and if the abortion took place after 8 weeks'
gestation. None of the cases and one control had induced
abortions at ages <18 years whereas the OR was 1.75 for
having an induced abortion at 30 + years compared with at
ages 18-30 years. The risks for induced abortion occurring
at 1-8 weeks and beyond 8 weeks of gestation in this study
were 1.79 and 1.14 respectively.

Table VI summarises the distribution of menstrual and
reproductive factors for population controls from selected
studies conducted in Asia during the 1980s (columns 1-3),

for Asian-Americans in this study (columns 4- 6) and for US
white women (column 7 - 8). There are several notable
differences between Asian-American women and Asian
women. Some 62% of US-born Asian-American women
had menarche at age 12 or younger, compared with 8-12%
of Chinese in China, 25% of Chinese in Singapore and 25-
29% in Asian migrants to the US. This 62% figure may even
exceed that of US whites (39%). The percentage of
nulliparous Asian-Americans is similar to US whites and is
somewhat higher than that for Asians. Of note is the
considerable delay in childbearing and fewer number of
children of early migrants and US-born Asian-American
women compared with Asians, late migrants and US whites.
The lactation pattern of late migrants and US born Asian-
Americans was intermediate between those of low-risk
women in China and high-risk US whites. Thus, the increase
in risk of breast cancer in Asian-Americans may be explained
in part by the earlier age at menarche among US-born
subjects, by delay of childbearing and the tendency to have
fewer children, and by either not breastfeeding or breastfeed-
ing only for a short period of time.

Our study showed, however, that the above effects are
small. The menstrual and reproductive factors do not explain
the gradient in risk in Asian-Americans. The ORs for the
migration variables were only slightly altered by inclusion of
menstrual and reproductive factors in the statistical model.
This shows that the striking gradient of risk in Asian-
Americans, which spans the difference between rates in Asia
and rates in US whites, cannot be explained by altered
reproductive factors. The major differences in breast cancer
between Asian migrants and US-born Asians seem to be due
to other factors that differ between the groups, possibly
differences in diet and in physical activity. The menstrual and
reproductive factors in US-born Asian-American women are
similar to those of US whites (Table VI) and suggest, other
factors being equal, that their breast cancer rates might be
similar to those in US whites, and they are (Ziegler et al.,
1993). Ethnicity-related genetic differences between Asians
and US whites would therefore appear to have only a minor
role in explaining any differences between Asian and Western
breast cancer rates. We need to concentrate our efforts in
defining the environmental/lifestyle factors that must be the
major explanation for the substantially lower breast cancer
rates in Asian women.
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