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Abstract

Background—Late age at first full-term birth (AFB) and nulliparity are known to increase
breast cancer risk. The frequency of these risk factors has increased in recent decades.

Methods—We conducted a population-based case-control study to examine associations between
parity, AFB, and specific histological subtypes of breast cancer. Women with breast cancer
(N=21,266) were identified from cancer registries in Wisconsin, Massachusetts, and New
Hampshire. Control women (N=26,677) were randomly selected from population lists. Interviews
collected information on reproductive histories and other risk factors. Logistic regression was used
to estimate odds ratios (OR) and 95% confidence intervals (CI) of ductal, lobular, and mixed
ductal-lobular breast cancer diagnosis in association with AFB and nulliparity.

Results—AFB > 30 years of age was associated with a 2.4-fold increase in risk of lobular breast
cancer compared to AFB < 20 years (OR 2.4; 95%CI 1.9-2.9). The association was less
pronounced for ductal breast cancer (OR 1.3; 95% CI, 1.2-1.4). Nulliparity was associated with
increased risk for all breast cancer subtypes, compared to women with AFB <20 years, but the
association was stronger for lobular (OR 1.72, 95% CI 1.34-2.20) than for ductal (OR 1.19, 95%
Cl 1.08-1.31) subtypes (P=0.004). The adverse effects of later AFB was stronger with obesity
(P=0.03) in lobular, but not ductal, breast cancer.

Conclusion—Stronger associations observed for late AFB and nulliparity suggests that these
preferentially stimulate growth of lobular breast carcinomas. Recent temporal changes in
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reproductive patterns and rates of obesity may impact the histological presentation of breast

cancer.
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INTRODUCTION

METHODS

Breast cancer incidence and mortality rates in the U.S. increased in successive birth cohorts
from 1940 through 1970. 173 This increase may be due, in part, to a trend toward an older
age at first birth (AFB) and nulliparity in these birth cohorts. 4=7 Concurrent with these
trends in AFB, the histological presentation of invasive breast cancer has changed. Ductal
carcinoma remains the most commonly diagnosed breast cancer in the U.S., but the
occurrence of lobular and mixed ductal-lobular breast cancer increased rapidly during the
1990’s, now accounting for approximately 20% of all cases. 8710 The increases in lobular
and mixed ductal-lobular incidence may be a consequence of recent diagnostic practices, but
may also reflect population changes in the distribution of breast cancer subtype specific risk
factors, illustrating important biological differences among histologic subtypes. 9

Evidence that later AFB is more strongly associated with lobular than ductal breast cancer
has been observed in several studies, 2' 3: 11713 but is not consistently reported. 14717 The
most convincing data that breast cancer varies by histological type is from studies of
postmenopausal hormone use where a greater risk was observed for invasive lobular cancer
compared to invasive ductal cancer among users of combined estrogen and progestin
postmenopausal hormones. 18723 A similar association has been reported according to oral
contraceptive use as well. 18' 24 A recent case-control study found women with heavier
body mass index (BMI) had an increased risk of ductal invasive breast cancer, whereas a
null association was found with lobular breast cancer. 14 Most previous studies on
histologic subtypes were relatively small in size and lacked power to consider relationships
with AFB and other hormonal factors including BMI, use of oral contraceptives, and
postmenopausal hormone therapy.

We examined the association between AFB, other hormonal exposures, and specific breast
cancer histologies in a large case-control study including nearly 50,000 women born from
1912-1986, a period encompassing major temporal changes in reproductive patterns,
hormonal factors, and histological presentation of breast cancer.

The Collaborative Breast Cancer Study (CBCS) is a population-based case-control study of
risk factors for breast cancer. This study consisted of five consecutive phases conducted in
Wisconsin, Massachusetts (excluding metropolitan Boston), and New Hampshire. Details of
the case-control studies are provided elsewhere. 25729 Telephone interviews were
completed between 1988 and 2007, and utilized similar procedures. The age eligibility
varied over the course of the study and included women ages 20 to 74 years in phase 1
(1988-1991), ages 50-79 years in phase 2 (1992-1996) and ages 20 to 69 years during
phases 3 through 5 (1997-2007).

Selection of cases

Cases were women diagnosed with a first invasive breast cancer reported by statutory
mandated cancer registries of each state. An eligible case had a published telephone number,
a reported date of diagnosis and driver’s license verified by self-report (aged 64 and
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younger). Of the 29,325 eligible cases, 1,168 were deceased, 653 could not be located and
4,122 refused to participate. Additionally, 984 women were excluded at their doctor’s
request. Overall 23,382 cases participated in the study (80% of eligible cases).

Selection of controls

Community controls were chosen randomly within 5 year strata to match the age distribution
of the cases from each state. Lists of licensed drivers were used to select women < 65 years,
and Medicare beneficiary files were used to identify women > 65. Inclusion criteria for
controls required a publicly available telephone number and no personal history of breast
cancer. Of the 35,141 eligible controls, 415 were deceased, 1,248 could not be located and
6,571 refused to participate, leaving 26,677 controls eligible for the current analysis (77% of
eligible controls).

Data collection

Study participants were sent letters briefly describing the study before they were contacted
via telephone by trained interviewers. Women completed a structured 45-minute telephone
interviews on average 1-2 years after a reference date; interview questions evaluated
exposures prior to this reference date. For cases, the reference date was defined as the date
of breast cancer diagnosis. For controls, the reference date was calculated using information
from dates of diagnosis and interview for similarly-aged cases. The interview covered
questions on exposures occurring prior to the reference date and elicited complete
reproductive history, menstrual experiences, medical history, medication use, and lifestyle
factors including smoking status, alcohol intake, physical activity, and adult height and
weight. Detailed breast cancer screening history and demographics were also collected.

Information about the histology and stage of breast cancer was obtained from each state’s
cancer registry. Cases were grouped by histology using International Classification of
Diseases-Oncology codes (ICD-10), ductal (code 8010, 8012, 8021, 8140, 8310, 8323, 8410,
8500, 8502, 8530, 8560, 8571), lobular (code 8520) and mixed ductal-lobular (code 8521,
8522, 8523). 30 All other individual tumor types, which each comprised less than 2% of the
total sample, were excluded from the present analysis. Extent of disease was also obtained
from state cancer registries. In Wisconsin only, information was available on the first course
of treatment (surgery, chemotherapy, radiation, and hormonal treatment). Information on
personal and family history of cancer was collected at the end of the questionnaire to
maintain interviewer blinding; interviewers reported being unaware of the woman’s case-
control status until the end of the interview in 85% of cases and 93% of controls.

Statistical analysis

Participants were classified as nulliparous or parous, and among the latter group, the age at
first full term birth (AFB) was defined as the age at the first pregnancy of at least 6 months’
duration. The variable AFB was modelled both continuously (in parous women) by age at
delivery (years), and was also categorized as < 20 years old, 20-24 years, 25-29 years, and
> 30 years at first birth. The relationship between risk of each histological sub-type and
AFB was evaluated by the odds ratios (OR) and 95% confidence intervals (CI) obtained
from multivariable polytomous logistic regression models. 31

We initially estimated the odds ratios according to categories of AFB, adjusted for age, state
of residence and study period. Furthermore, we performed a multivariable analysis that
adjusted for additional confounders defined a priori. The final models included age, state of
residence, study phase, first degree family history of breast cancer, age of menarche, parity,
menopausal status, age at menopause, oral contraceptive use, postmenopausal hormone use,
recent alcohol consumption, body mass index (BMI,,kg/m?2), history of mammographic
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screening, and education. The definitions and categories for these variables are shown in
Table 1.

We examined modification of the relationship between AFB and risk of specific histological
breast cancer types by postmenopausal BMI, oral contraceptive history, and postmenopausal
hormone therapy. Adult BMI was categorized in three groups as average weight (<25 kg/
m2), overweight (25-29.9 kg/m?2) and obese (=30 kg/m2). 32 Analyses of oral contraceptives
were restricted to women <65 years of age who had greatest opportunity for regular use of
oral contraceptives, which were not widely marketed until the late 1960s. 33 Participants
were considered postmenopausal hormone users if they reported past or current use for three
months or more. Analyses were stratified by exclusive users of estrogen alone (E only) and
by users of formulations which combined both estrogen and progestin (E + P only). We
restricted analyses to specific hormone therapy type since previous studies have reported
varying strength of associations with breast cancer by histologic subtype. 2: 3: 11713
Postmenopausal hormone and oral contraceptive (OC) use were modeled both as never/ever
categorizations and by years of duration of use. To determine the significance of the
interactions, log-likelihood values were compared between models with and without the
cross-product interaction term for AFB (in parous women only) multiplied by the term for
BMI, oral contraceptive use, or postmenopausal hormone use. All P-values were two-sided
and statistical significance was defined as a P value of less than 0.05. All statistical analyses
were performed using SAS System, version 9.1. Questionnaire data for 38 breast cancer
cases and 37 controls were deemed unreliable by the interviewers because of inconsistent
participant responses, and an additional 201 cases and 193 controls did not report sufficient
reproductive history for calculation of age at first birth. Therefore, this analysis is based
upon 21,266 cases and 26,677 controls.

In general, control participants were more likely to have given birth, experienced menopause
at an earlier age, had a lower adult BMI (if postmenopausal), and consumed lower levels of
alcohol than breast cancer cases (Table 1). Additionally, control women were less likely to
have a family history of breast cancer and to have used combined estrogen and progestin
postmenopausal hormone therapy. The majority of women with breast cancer in this analysis
were diagnosed with ductal carcinoma (79%, N = 18,329). Lobular and mixed ductal-lobular
carcinoma followed in frequency of diagnosis with approximately 10% (N = 2,030) and 4%
(N =907), respectively. The diagnosis of lobular and mixed ductal-lobular tumor types
increased in occurrence in our study population over calendar time. During the first phase of
the study (1988-1991), mixed ductal-lobular carcinoma accounted for 1.7% of the case
population and increased to 7.5% by the enroliment of the final phase (2004-2007).

Later AFB was associated with an increasing risk of all histological subtypes of breast
cancer, including ductal, lobular, and mixed ductal-lobular carcinoma (Figure). The increase
in risk was greater for lobular than for other histologies. The ORs for the comparison of
AFB 230 to AFB <20 were 2.38 (95% Cl, 1.94-2.93) for lobular breast cancer, 1.31 (95%
Cl 1.20-1.43) for ductal breast cancer, and 1.55 (95% CI 1.15-2.07) for mixed ductal-
lobular breast cancer (Table 2). The difference between these ORs was statistically
significant for ductal vs. lobular (P < 0.001) and mixed vs. lobular (P = 0.01).

Nulliparity was associated with increased risks for ductal and lobular breast cancer when
compared to women with a first birth < 20 years of age, and the association was stronger for
lobular (OR, 1.72; 95% Cl, 1.34-2.20) than for ductal (OR, 1.19; 95% ClI, 1.08-1.31)
histology (Table 2). No excess risk was demonstrated for the smaller group of mixed ductal-
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lobular breast cancer (OR, 1.09; 95% ClI, 0.77-1.54). The difference between these ORs was
statistically significant for ductal vs. lobular (P = 0.004) and mixed vs. lobular (P = 0.03).

We examined the association between later AFB and risk of breast cancer histological types
according to BMI and exogenous hormone use. Among postmenopausal women, ductal
breast cancers increased with higher BMI for each AFB comparison (Table 3). The
association between AFB and ductal breast cancer risk were only minimally elevated among
women in the non-obese categories of BMI, and the interaction between BMI (highest vs.
lowest category) and AFB (continuous) was not statistically significant (Pjnteraction = 0.81).
The trend was more pronounced in the lobular breast cancer group. Women in the higher
categories of BMI had a progressively increasing risk of lobular breast cancer (Pinteraction =
0.03). The odds ratio for lobular breast cancer in women who were > 30 years and obese
was 3.17 (95% ClI, 1.92-5.24). There were no significant associations between AFB and risk
of mixed ductal-lobular breast cancer within any BMI strata (Pjnteraction = 0.86). Similarly,
in nulliparous women, high BMI (=25 kg/m?2) was associated with a statistically
significantly elevated lobular breast cancer risk, but not for ductal or mixed ductal-lobular
breast cancer.

In all three breast cancer histologic subgroups, later AFB was a more prominent risk factor
among OC never-users than ever-users (Table 4). The magnitude of effect of AFB was
greatest in the lobular subgroup and least strong in the ductal subgroup: the highest odds
ratio was observed for lobular breast cancer comparing extreme categories of AFB in
women who had never used OCs (OR, 4.03; 95% CI 2.65-6.11). However, the interaction
between OC duration of use and AFB was not statistically significant for lobular (Pinteraction
= 0.15) histology, but was statistically significant for the ductal and mixed (Pinteraction =
0.003 and 0.01, respectively) subtypes. This pattern was also suggested for nulliparous
women in all subtype groups.

In ductal and lobular histologies there were no statistically significant differences in the
associations between AFB and breast cancer by women exclusively using postmenopausal
hormones johnformulations containing estrogen-only, or combined estrogen and progestin,
the type most strongly associated with lobular breast cancer (Table 4). Later AFB was
associated with an increased risk of ductal and lobular cancer in non-users and users of both
types of postmenopausal hormones. Opposing associations were found in women diagnosed
with mixed ductal-lobular by postmenopausal hormone type. Estrogen-only participants
with an AFB after age 20 were at an increased risk of mixed-ductal lobular disease; women
with an AFB at or after age 30 experienced the highest risk (OR, 4.01; 95% CI 1.55-10.40).
Whereas, the association between AFB and mixed ductal-lobular breast cancer was null
among never users of hormone therapy (Pinteraction = 0-03). In combined hormone users an
inverse association was seen for mixed ductal-lobular histology women with an AFB after
age 20 were at a slight decreased risk for breast cancer. Nulliparous users of combined
postmenopausal hormones were at the lowest risk of mixed ductal-lobular breast cancer
(OR, 0.32; 95% CI 0.12-0.89).

CONCLUSION

In this large case-control study, women with earlier childbirth were less likely to develop
ductal, lobular, and mixed ductal-lobular breast cancer than women who had children at later
ages or remained nulliparous. However, of these histological types, lobular breast cancer
was more strongly associated with AFB than was ductal or mixed ductal-lobular subtypes. A
2.4-fold increase in risk of lobular breast cancer was observed for women with AFB of at
least 30 years of age, when compared to women with first birth before the age of 20 years.

Cancer. Author manuscript; available in PMC 2012 May 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Newcomb et al.

Page 6

There was also evidence that AFB associations were modified by postmenopausal BMI and
history of oral contraceptive use.

Several earlier studies also indicated a stronger association of AFB with lobular than ductal
breast cancer. 2' 3- 11713+ 34+ 35 Other studies, however, have found no difference in
associations between AFB and ductal or lobular cancers. 15717+ 36 In a meta-analysis
combining data from nine studies, lobular cancer was found to be more strongly associated
with later AFB than ductal carcinoma.11 The summary odds ratios for a five year delay in
AFB was 1.23 (1.17-1.29) for lobular breast cancer and 1.10 (1.07-1.12) for ductal breast
cancer; differences that were less marked than found in the current investigation (Table 2
and Figure). Past studies did not examine possible AFB interactions by endogenous and
exogenous hormonal exposures, but we observed that the elevated risk of lobular breast
cancer associated with late AFB was modified by aspects of the hormonal milieu
specifically by oral contraceptive use and adult obesity.

In our study, we found that women who were overweight with later AFB had a three-fold
increased risk of developing lobular breast cancer when compared to women with AFB less
than 20; for average weight women, there was a 56% increased risk of developing lobular
breast cancer in women with later AFB. In contrast, for ductal and mixed ductal-lobular
breast cancer, there was no evidence for effect modification by BMI. Postmenopausal
obesity is a consistent risk factor for breast cancer. 37 Obesity in postmenopausal women is
associated with alterations in sex hormones (e.g. estrogen, progesterone, and androgens) 38~
42 and other growth factors such as insulin and IGFs 43 that have important promoting
elements. Increased levels of endogenous hormones may act to enhance the promotion of
cellular aberrations in the breast. 44 Overweight and obese postmenopausal women
frequently also have high BMIs in their premenopausal years as well. 45+ 46 This finding is
of particular public health significance as obesity levels continue to rise in U.S women. 45
47 Societal changes relating to both increasing age at first birth and BMI may be reflected in
the increase lobular breast cancer occurrence during portions of our study period. From an
individual perspective these findings may provide additional motivation for women to lose
or maintain body weight.

We also observed significant differences in the associations between lobular breast cancer
risk and AFB based on another hormone-related potential risk factor, history of oral
contraceptive use. 44 The four-fold increase in risk of lobular breast cancer associated with
late AFB among women who never used oral contraceptives may be due to the true impact
of late AFB. Oral contraceptives generally provide low levels of the hormones estrogen and
progestin, 33 mimicking the hormonal effects of pregnancy. Due to their hormonal effects
users of oral contraceptives may be less influenced by the effects of late AFB as a risk factor
of lobular breast cancer. We did not find evidence for effect modification by
postmenopausal hormone use either for E only or E + P, in relation to ductal or lobular
histologies. Differences in risks were observed in mixed ductal-lobular participants by use of
estrogen-only hormonal supplements. This finding may point to the subtle biological
differences in histologic subtype.

Regardless of histological subtype, a higher incidence of breast cancer with later age at first
birth or nulliparity is a consistent finding in epidemiologic studies, though the mechanism is
unclear. 44+ 48 Russo et al. proposed that mammary glands become fully differentiated at
pregnancy, and that less differentiated ducts are more susceptible to carcinogens. 49: 50 As
carcinogen exposures accumulate with increasing age, later AFB then places the breast at
greater risk. 51' 52 Both progesterone and estrogen are mitogenic for epithelial breast cells,
and may stimulate breast cell proliferation. 53755 Increased susceptibility to breast cancer
might occur because of the greater number of menstrual cycles with hormones acting on the
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undifferentiated breast. During pregnancy, progesterone induces lobular-aveolar
development in preparation for lactation, 56 and its effect on the lobules could well depend
upon AFB. In addition to the unique clinical and molecular characteristics of histological
types of breast cancer, 57762 epidemiologic evidence is also consistent that lobular tumors
are etiologically distinct and more hormonally dependent than other subtypes, based upon
associations with exogenous hormones containing progestin. 2 3 11> 14 18 22! 24 While
epidemiologic results have not been completely supportive of a role for circulating
progesterone levels and breast cancer risk, 55 63766 none of these studies specifically
considered lobular histology.

An interesting finding from this study is the proportion of women diagnosed with lobular
breast cancer increased over the study period. Although one possible explanation for this
increase is a change in the definitions of histology over time, it is most likely attributable to
the common use of combined estrogen plus progestin postmenopausal hormone therapy
through the 1990’s which have been shown to increase the risk of lobular breast cancer to a
greater degree than ductal breast cancer. 18723+ 67 U.S. lobular breast cancer rates have
declined recently, along with the concurrent decline in use of hormone replacement
formulations involving estrogen plus progestin after the Women’s Health Initiative found
users experienced increased incidence in breast cancer.68: 69 This decline provides support
for the hypothesis that lobular breast cancers are more strongly associated with hormonal
factors than are other histological subtypes.

The large size of this study permitted examination of AFB in groups defined by BMI and
oral contraceptive use, and high participation rates reduced concerns about selection bias.
However, several limitations should be considered in interpreting our results. The possibility
of misclassification of histology is a potential concern as pathology reports for our study
came from community labs across three states, and there was no centralized review.
However, one study showed high levels of agreement among 23 pathologists in data from 12
European registries when assigning breast cancer histology. 70 Moreover, in the current
study, the distribution of breast cancer histologies was similar by state, and the overall
results were also similar by study center, suggesting that information reported by cancer
registries was reasonably accurate. We did not have information on hormone receptor-status
for this analysis. It has been hypothesized that receptor status may confound the relationship
between reproductive factors and breast cancer histological subtypes, 12 because invasive
lobular carcinomas more often express estrogen or progesterone receptors than do invasive
ductal carcinomas, 59' 67 and positive-receptor status is also associated with later age at first
birth. 12: 71, 72 However, these findings suggest, as do our own, a greater influence of
reproductive factors on hormonally sensitive tumors. 72

In this study, the associations of late AFB and nulliparity were stronger in lobular than
ductal or mixed ductal-lobular breast cancer sub-types. These associations appeared to be
modified by obesity and use of oral contraceptives. Temporal changes in childbearing
practices and lifestyle factors that influence obesity may lead to an increasing prominence of
lobular breast cancer in the coming years.
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Table 1

Characteristics of women with breast cancer and population controls

Characteristic Cases N (%) (N=21,266) Controls N (%) (N=26,677)

Reference age

<40 1,166 (5.5) 1,671 (6.3)
40-49 3,839 (18.1) 4,977 (18.7)
50-54 3,064 (14.4) 3,892 (14.6)
55-59 3,168 (14.9) 4,171 (15.6)
60-64 3,537 (16.6) 4,472 (16.8)
65-69 3,704 (17.4) 4,740 (17.8)
70-79 2,788 (13.1) 2,754 (10.3)

State of residence
Wisconsin 14,635 (68.8) 16,683 (62.5)
Massachusetts 5,054 (23.8) 7,553 (28.3)
New Hampshire 1,577 (7.4) 2,441 (9.2)

Family history of breast cancer
Absent 16,493 (77.6) 22,740 (85.2)
Present 4,324 (20.3) 3,411 (12.8)
Unknown 449 (2.1) 526 (2.0)

Age at menarche (years)
<12 4,179 (19.6) 4,878 (18.3)
12 5,213 (24.5) 6,227 (23.3)
13 5,806 (27.3) 7,264 (27.2)
>14 5,660 (26.6) 7,812 (29.3)

Parity
0 2,906 (13.7) 3,172 (11.9)
1 2,382 (11.2) 2,627 (9.8)
2 6,268 (29.5) 7,302 (27.3)
3 4,621 (21.7) 6,058 (22.7)
4+ 5,070 (23.8) 7,471 (28.0)

Age at first birth (years)
<20 2,871 (13.5) 4,323 (16.2)
20-24 8,418 (39.6) 11,476 (43.0)
25-29 4,846 (22.8) 5,534 (20.7)
30+ 2,225 (10.5) 2,172 (8.1)
Nulliparous 2,906 (13.7) 3,172 (11.9)

Menopausal status
Postmenopausal 14,631 (68.8) 18,150 (68.0)
Premenopausal 5,508 (25.9) 7,103 (26.6)
Unknown 1,127 (5.3) 1,424 (5.3)

Age at menopause (years)2
<45 2,721 (12.8) 4,317 (16.2)
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Characteristic

Cases N (%) (N=21,266)

Controls N (%) (N=26,677)

45-49
50-54
55+
Oral contraceptive use
Never

Ever

Type of postmenopausal hormone therapy?

Never
Estrogen only
Estrogen and progestin only

Other combination

Recent alcohol consumption (drinks/week)

None
1-6
7+
Body Mass Index (kg/m?)2: b
<25.0
25.0-29.9
>30.0
Unknown
History of mammographic screening
Never
Ever
Unknown
Education
< High school
High school
Some college

College degree

3,124 (14.7)
5,020 (23.6)
1,832 (8.6)

11,586 (54.5)
9,544 (44.9)

7,922 (37.3)

2,505 (11.8)
1,804 (8.5)
459 (2.2)

4,055 (19.1)
13,909 (65.4)
3,129 (14.7)

6,483 (30.4)

4,748 (22.3)

3,093 (14.5)
307 (1.4)

4,128 (19.4)
14,153 (66.6)
2,985 (14.0)

2,355 (11.1)
8,928 (42.0)
5,086 (23.9)
4,775 (22.4)

3,959 (14.8)
5,613 (21.0)
2,048 (7.7)

14,609 (54.8)
11,887 (44.6)

9,909 (37.1)

3,312 (12.4)
1,740 (6.5)
513 (1.9)

5,343 (20.0)
17,693 (66.3)
3,382 (12.7)

8,764 (32.8)

5,771 (21.6)

3,243 (12.2)
372 (1.4)

4,069 (15.2)
17,838 (66.9)
4,770 (17.9)

3,106 (11.6)
11,199 (42.0)
6,713 (25.2)
5,503 (20.6)

a
Postmenopausal women only.

bBMI levels as defined by WHO.32
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