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Abstract Risk factors that are associated with lower
bone mineral density (BMD) may not necessarily be
associated with increased bone loss among premeno-
pausal and perimenopausal women. We determined risk
factors for lower premenopausal and perimenopausal
BMD while simultaneously determining risk factors for
increased 6-year rate of bone loss among women aged
24–50 years within a population-based prospective co-
hort study. BMD of the lumbar spine and femoral neck,
reported as t scores, were measured five times within the
6-year study among 614 women who were between the
ages of 24 and 44 in 1992/1993. Rates of bone loss were
calculated from the repeated BMD measurements. Risk
factors for lower BMD over time at the lumbar spine
included history of any fracture (P=0.005). The major
risk factor for lower BMD over time at the femoral neck
was family history of osteoporosis (P<0.002). The
major protective factor for greater BMD over time at
both skeletal sites was additional body weight
(P<0.0001). Other protective factors for greater BMD
over time at the femoral neck were modest alcohol
consumption (P=0.0002) and high-school sports par-
ticipation (P=0.002). Risk factors for greater bone loss

at either skeletal site included postmenopausal status
(P<0.0001 at the lumbar spine; P=0.01 at the femoral
neck), and the reporting of a reproductive cancer
(P<0.0001 at the lumbar spine; P=0.0008 at the fem-
oral neck). Body weight was protective against bone loss
at both skeletal sites (P<0.0001). Baseline age, calcium
intake, smoking, and current physical activity were not
associated with BMD or bone loss. The understanding
of the relative importance of risk factors for both low
BMD and bone loss may assist in the identification
of women at greater risk for subsequent low post-
menopausal BMD.
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Introduction

Low bone mineral density (BMD) in premenopausal or
perimenopausal women can arise from their failure to
accrue adequate peak bone mass, from loss of BMD
subsequent to peak bone mass attainment, or both [1].
Although risk factors for low postmenopausal BMD
have been well characterized, risk factors for low pre-
menopausal BMD and for greater premenopausal and
perimenopausal bone loss are not well understood, even
though there is increasing evidence to suggest that bone
loss is a process that begins prior to menopause [2, 3, 4].
The distinguishing of risk factors for low premenopausal
BMD from those for premenopausal bone loss may
assist in the identification of women at greater risk for
low postmenopausal BMD.

Anthropometric, reproductive, and lifestyle-related
exposures may contribute to the variation in either
BMD or rate of BMD loss. Among premenopausal
women, body weight has been consistently and posi-
tively associated with BMD [5, 6], although whether this
factor is also related to bone loss is less clear. Irregular
menses and amenorrhea have been consistently associ-
ated with lower BMD [7], but age at menarche has
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shown no consistent association with BMD or long-term
bone change [8]. Most studies of the long-term effects of
parity and lactation have found no association with
BMD or bone loss, although several studies have ob-
served considerable short-term bone loss during preg-
nancy and lactation that is recovered with the
resumption of menses [9].

Dietary intake of calcium, vitamin D, dairy products,
protein, and sodium, as well as supplemental calcium,
have been evaluated for association with peak BMD or
its loss, with no consensus [10, 11]. Few studies of other
nutrients, such as vitamin C [12, 13] and vitamin A [14],
have been conducted, and they provide insufficient
evidence regarding the role of such nutrients in BMD
accrual or loss. Studies of other lifestyle factors such as
alcohol consumption [15], tobacco smoking [16] and
physical activity [17] in general populations are limited.

Lower BMD is associated with chronic illnesses such
as asthma [18] and cancer [19], but the impact of these
associations is not well documented in population-based
studies. Because BMD is, in part, genetically determined
[20, 21], an understanding of how family history might
determine lower BMD and/or bone loss would facilitate
the timing of intervention strategies. While lower BMD
is the single best predictor of fracture among peri-
menopausal women [22], other data indicate that a his-
tory of fracture might indicate lower BMD [23, 24].

We undertook a large, population-based, prospective
cohort study to evaluate the impact of selected anthro-
pometric, reproductive, lifestyle, and medical history
variables on BMD and bone loss, measured at the
lumbar spine and the femoral neck, in women within an
age range of 24 to 50 years. The specific aims were to (1)
estimate measures of association between anthropo-
metric, reproductive, dietary, lifestyle, and medical his-
tory variables and BMD, and (2) evaluate which of these
variables is associated with a 6-year rate of bone loss.

Materials and methods

This study is a component of the longitudinal Michigan Bone
Health Study (MBHS) located in Tecumseh, Michigan, USA, a
study that has been previously described [2]. Women were recruited
for this population-based work from two sampling lists. The first
list identified the female offspring of participants from the Tec-
umseh Community Health Study (TCHS), a population-based
prospective cohort study established in 1959. In order to reflect the
current community composition better, we used a second list to
identify and facilitate recruitment of those women who were cur-
rent community residents but whose families had not lived in
Tecumseh when the TCHS began.

Women who were between the ages of 24 and 44 years in 1992
were eligible for inclusion in the MBHS. There were 674 female
offspring identified from the first list who were still living in the
community at study inception and who met the age criterion. Of
these women, 539 (80% participation) were successfully recruited
through the use of letters, telephone calls and personal visits. An
additional 135 female Tecumseh residents who met the age criterion
were identified from Kohl’s Directory, a list that included age,
name, address and telephone number. Of these women, 121 (87%
participation) were enrolled. The total cohort, identified from the
combined lists, included 660 eligible Caucasian women.

Reasons for non-participation included refusal (<14% in any
given year), having moved from the area (1–5% in any given year),
reporting significant health impairments (1–2% in any given year),
and six deaths. An annual BMD measurement was deferred to the
following year if the woman was pregnant (1–3% in any given
year). More than 64% of the study population had bone mea-
surements at all points in time, and almost 80% of the population
had at least four of the five measures. Written informed consent
was obtained annually from all participants, and approval for the
conduct of the study was obtained from the University of Michigan
Institutional Review Board.

Bone mineral density

At each data collection visit, BMD (in grams per square centimeter)
was measured at the lumbar spine (L2–4) and the femoral neck with
dual-energy X-ray absorptiometry (DXA, DPX-L; Lunar Corp.,
Madison, Wis, USA). The same software (analysis software ver-
sion 1.3y) was used for all data acquisition. The women were
scanned by one of two certified technicians. Coefficients of varia-
tion for the DXA measurements determined from repeated mea-
surements of phantoms were less than 1.0%. We standardized
BMD measurements relative to an unchanging database of nor-
mally distributed BMD measurements from a young, adult (aged
20–45), female population [25] to obtain t scores.

Anthropometry

At each examination the participants underwent a physical exam-
ination to provide the anthropometric measurements. Height (in
centimeters) and weight (in kilograms) were measured with a sta-
diometer and a calibrated balance-beam scale, respectively, while
participants wore a single layer of light clothing and no shoes. Body
mass index (BMI) was calculated as weight in kilograms divided by
the square of the height in meters and the women were categorized
as underweight, normal, overweight, obese, and severely obese,
with values of 20, 25, 30, and 40 kg/m2 as cutpoints [26]. Anthro-
pometric measures were modeled as time-varying covariates in all
repeated measures regressions.

Reproductive history

Assessment of reproductive history included self-reported age at
menarche, number of pregnancies, history of breastfeeding, and
menopausal status. Age at menarche was categorized to evaluate
the extremes of the distribution relative to a referent group whose
menarche was between 11 and 14 years, inclusive. The number of
pregnancies was calculated as the sum of all a woman’s pregnancies
of at least 6 months’ duration and categorized as 0, 1, 2, 3, and 4 or
greater. Women who had had at least one pregnancy reported
whether they had ever breastfed. Number of pregnancies and his-
tory of ever breastfeeding were modeled as summary measures with
one value to represent the entire 6-year period.

Menstrual status was defined, based on each woman’s self-re-
port of the frequency of menstrual bleeds per year, self-report of
gynecological surgery, and treatment with chemotherapy. Medical
records were reviewed for 70% of the surgical cases, and, of these,
confirmation of self-report occurred for 73% of single oophorec-
tomies, 78% of hysterectomies, and 88% of double oophorecto-
mies. Women were classified as premenopausal if they reported at
least nine menstrual bleeds annually. Also classified as premeno-
pausal were women reporting fewer than nine annual menstrual
bleeds that could be explained by pregnancy, breast-feeding, single
oophorectomy, use of a hormonal preparation that suppresses
bleeding, or the use of fertility drugs with resumption of regular
menses. Women who had undergone hysterectomies were consid-
ered as premenopausal if they had retained at least one ovary
(n=9). Otherwise, women reporting fewer than nine menstrual
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bleeds per year were classified as having irregular menses. Women
were classified as postmenopausal if they reported the absence of a
menstrual bleed for a 12-month period or a history of bilateral
oophorectomy. Menstrual status was modeled as a time-varying
covariate in repeated measures regression models.

Dietary information

At eachof the four consecutive interviewsbetween 1992and1993 and
1995 and 1996, dietary informationwas collected by use of theBlock-
NCI Health, History, and Habits Questionnaire [27]. The usual
quantities of calcium (milligrams), vitamin A (international units),
vitamin C (milligrams), sodium (milligrams), protein (grams) and
total energy (kilocalories) intake per day were calculated via DIET-
SYS [28]. Energy values were calculated after we had excluded the
contribution from alcohol consumption. Dietary vitamin D (IU)
intake per day was calculated from reported frequencies of fortified
cereal, milk, liver, liverwurst, and fish consumption, assuming a
medium serving size and from values of vitamin D content from a
nutrient reference [29]. Depending on the year, data from between 55
and 73 cases were excluded from the dietary analysis because too few
foods or too few calories were reported according to data checking
standards. Nutrients and energy were modeled as time-varying
covariates in the repeated measures regressions.

Lifestyle

At each interview, current physical activity level was measured by a
self-administered Stanford five-city instrument [30] based on par-
ticipant recall of minutes of physical activity during the previous
January and the previous July. Intensity of physical activity was
expressed in METS per week with one MET defined as the energy
consumed per minute of sitting at rest. Current physical activity
was modeled as a time-varying covariate in repeated measures
regressions. During the 1993/1994 interview we ascertained past
physical activity by asking the women if they had participated in
high-school sports. Past physical activity was modeled as a sum-
mary measure.

At each interview, the women reported if they were current
smokers, ex-smokers, or had never been a smoker. Lifetime
smoking history was assessed upon the woman’s entry into the
study and updated when a woman reported a change in smoking
status. Lifetime smoking history was modeled as a summary vari-
able of a woman’s smoking experience through 1998/1999. At each
interview, the women reported if they had consumed any alcoholic
beverages in the past year. Alcohol consumption was modeled as
a time-varying covariate in repeated measures regressions.

Medical history

Medical history included a self-reported history of a breast, ovar-
ian, or uterine cancer (combined as a single reproductive cancer
variable) and modeled as a summary variable (any report/no re-
port). Data were not collected on type of cancer therapy. At each
interview, use of estrogens (oral contraceptives and/or estrogen
replacement therapy (ERT)) was assessed, and the women were
asked to bring their over-the-counter and prescription medications
to the interview for verification. Estrogen use was modeled as a
time-varying covariate in repeated measures regressions to account
for the potential to change or stop medication.

The women were asked if any maternal or paternal first-degree
relative had been diagnosed as having osteoporosis, or had dowa-
ger’s hump or ‘‘weak bones’’ (a term used to describe osteoporosis
among health care providers around the community). Family his-
tory of osteoporosis was defined as any positive report through
1998/19999 and was modeled as a summary variable. Personal
history of any fracture was assessed by self-report and modeled as
a summary variable.

Statistical analysis

Univariate statistics were computed for each continuous variable,
and frequencies were calculated for categorical variables. BMD,
reported as t scores, was normally distributed. Dietary variables
with highly skewed distributions were transformed by use of a
logarithmic function or were categorized. Independent variables
were preliminarily tested for independent associations with BMD
t score via multiple linear regression. We then tested the same
independent variables for associations with bone loss, using lon-
gitudinal linear mixed models that included time, the independent
variable, and their interaction, to assess whether the rate of bone
loss is modified by the independent variable. In final analyses,
variables that demonstrated either a cross-sectional association
with BMD t score or an association with BMD change were
incorporated into linear mixed models as main effects and/or as
interactions with time, via linear mixed models (PROC MIXED in
SAS) [31]. These models use all available data for each subject,
regardless of whether the subjects represent complete cases (having
all five BMD measurements). All subjects with at least one BMD
measurement contribute to the estimates of association. In addi-
tion, these models account for the within-person correlation among
the repeated measurements for a given subject [32].

The linear mixed models were of the form

BMDij ¼ Bo þ B1timeij þ B2xij þ B3xij � timeij þ bi þ eij

where BMDij is the value of the BMD t score for the ith person at
time j, timeij is the j

th time point for subject i, xij is the value of risk
factor, x, for the ith person at time j, bi is a random intercept term
to account for correlated errors among repeated measures on the
same woman, and �ij is an error term. The B1 (time) coefficient
provides an estimate of the average annual rate of bone loss for
premenopausal (the referent group of) women. The B2 (risk factor)
coefficient provides an estimate for the difference in BMD t score
associated with a unit change in the given risk factor. A significant
B2 (risk factor) coefficient is interpreted as a difference in baseline
BMD according to level of the risk factor only if there is a corre-
sponding time*risk factor interaction. Otherwise, the B2 (risk fac-
tor) coefficient can be interpreted as the association between the
risk factor and BMD t score at any time over the 6-year study. The
B3 (time by risk factor interaction) coefficient estimates the asso-
ciation between the same risk factor and rate of bone loss. Referent
rates of bone loss are those for premenopausal women who have
referent values for all other risk factors in the model. Negative beta
coefficients for the interaction terms imply additional BMD loss
relative to these referent rates, and positive beta coefficients for
these interaction terms imply a gain in BMD t score over time
relative to these referent rates (or less BMD loss).

Results

Baseline characteristics of the study population are
presented in Table 1. Over 70% of women were aged 35
years and above (age range, 24–44 years). At baseline,
40% of women were of normal weight, 30% of women
were overweight, and 24% of women were obese or se-
verely obese. By the 1998/1999 follow-up, the propor-
tion of women who were obese or severely obese had
increased to 33% (data not shown). At baseline, over
90% of women were premenopausal, and 6% (n=37) of
women were postmenopausal, the majority of whom
(n=34) had had a bilateral oophorectomy. By 1998/
1999, 75% of women remained premenopausal, and
another 9% of women had become postmenopausal
(data not shown). The majority of the women on ERT at
baseline were those who had had a bilateral oophorec-
tomy. The mean (SD) daily dietary calcium intake was
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758 (455) mg (median 667 mg). The mean (SD) baseline
BMD t scores were 0.77 (1.25) and 0.12 (1.17) at the
lumbar spine and the femoral neck, respectively. As
shown in Table 2, 43% of women reported having
participated in high-school sports. At baseline, almost
80% of women reported consuming modest amounts of
alcohol in the past year, and 58% of women reported
never smoking cigarettes. Cancer of the breast, ovary or
uterus was reported by 2% of women. A family history
of osteoporosis was reported by 36% of women, and
41% of women reported a positive history of any per-
sonal fracture.

Linear mixed regression models were developed from
the repeated BMD measures to identify risk factors
associated with the 6-year rate of BMD change while
simultaneously assessing the effects of risk factors on
BMD t score at baseline and over the 6-year study
period (Table 3). Thus, body weight was associated with
both greater BMD t score at baseline and with a slower
rate of BMD loss. Specifically, for each additional
kilogram of body weight, premenopausal women had,
on average, BMD t scores that were 0.01 greater (SE
0.001, P<0.0001), at both skeletal sites and rates of
BMD loss that were attenuated by 0.08% of a t score per
year (SE 0.0001, P<0.0001) at the lumbar spine and by
0.06% of a t score per year (SE 0.0001, P< 0.0001) at
the femoral neck.

Women who reported a family history of osteopo-
rosis had BMD t scores that were 0.23 lower at the
femoral neck (SE 0.09, P< 0.002), but at the lumbar
spine, the association was of borderline significance
(P=0.06), and they had no significantly increased rate of
BMD loss. Women who reported a history of fracture

had BMD t scores at the lumbar spine that were 0.29
lower (SE 0.10, P=0.005) than women with no reported
fracture history, but no significantly added rate of BMD
loss. Women who reported alcohol consumption had
slightly (0.08) greater BMD t scores (SE 0.02,
P=0.0002) at the femoral neck but no significantly
different rate of BMD change than women who reported
abstinence. Women who reported high-school sports
participation had BMD t scores that were much (0.28)
greater (SE 0.09, P=0.002) at the femoral neck but no
significantly different rate of BMD change than women
who did not.

The baseline BMD t scores of the lumbar spine for
postmenopausal women were similar to those of pre-
menopausal women, but postmenopausal women expe-
rienced an additional loss of 4% of a BMD t score per
year (SE 0.01, P< 0.0001) relative to premenopausal
women. The baseline BMD t scores of the femoral neck
for postmenopausal women were 0.11 lower (SE 0.06,
P=0.04) and rates of BMD change were 2% of a BMD t
score per year greater than the rate experienced by

Table 1 Baseline characteristics of the study population, Tec-
umseh, Michigan, 1992/1993 (n=577)

Characteristic n %

Age (years)
24–29 46 8.0
30–34 125 21.7
35–039 203 35.2
40–44 203 35.2

Body mass index (kg/m2)
<20 (underweight) 36 6.2
20–24.9 (normal weight) 230 39.9
25–29.9 (overweight) 172 29.8
30–39.9 (obese) 117 20.3
>40 (severely obese) 22 3.8

Menopausal status
Premenopausal 522 90.5
Irregular menses 18 3.1
Postmenopausal 37 6.4

Use of estrogens in past year
Yes 38 6.6
No 539 93.4

Daily dietary calcium intake (mg) [x, (SD)] 758 (455)
BMD t scorea

Spine [x, (SD)] 0.77 (1.25)
Femoral neck [x, (SD)] 0.12 (1.17)

an=576 for baseline BMD of the lumbar spine and n= 574 for
baseline BMD of the femoral neck

Table 2 Frequency distributions of behavioral and medical risk
factors among the study population, Tecumseh, Michigan (n=614)

Factor n %

Lifestyle
Participated in high school sportsa

Yes 241 42.9
No 321 57.1

Drank alcohol in past yearb

Yes 451 78.4
No 124 21.6

Lifetime smoking historyb

Never smoker 332 57.9
Ex-smoker 115 20.1
Current smoker 126 22.0

Reproductive history
Age at menarche (years)d

£ 10 33 5.5
11–14 523 86.7
‡15 47 7.8

Number of pregnanciesb

0 103 18.0
1 73 12.7
2 216 37.7
3 132 23.0
‡4 50 8.7

Breastfeeding historyc

Ever 325 36.0
Never 183 64.0

Medical historyd

Cancer (of breast, ovary or uterus)
Yes 15 2.4
No 599 97.6

Family history of osteoporosis
Yes 219 36.1
No 388 63.9

Personal fracture history
Yes 237 40.6
No 347 59.4

aMeasured in 1993/1994 of 567 participants
bMeasured in 1992/1993 of 580 participants
cMeasured in 1995/1996 of 508 participants
dMeasured from all available data through 1998–1999
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premenopausal women (SE 0.01, P=0.01). Women who
reported cancer (of the breast, ovary, or uterus) had no
different BMD t score at baseline, but lost an additional
7% of a BMD t score annually (SE 0.01, P< 0.0001) at
the lumbar spine and 5% of a BMD t score annually (SE
0.01, P = 0.0008) at the femoral neck, relative to pre-
menopausal women with no report of cancer, although
these inferences are based on few reported cancers.

Notably, daily intakes of calcium, vitamin D, vita-
min A and vitamin C showed no linear associations with
BMD t score at either skeletal site. Low dietary intake of
calcium (defined as £ 400 mg/day) had no association
with BMD t score either alone or when tested as an
interaction with low dietary vitamin D ( £ 40 IU/day),
current physical activity, or past physical activity (data
not shown). Supplemental calcium use (yes/no) demon-
strated no association with BMD t score either when
measured alone or when quantified and added to dietary
calcium intake. Neither baseline age nor smoking his-
tory showed no crude association with BMD t score at
either skeletal site. Neither number of pregnancies nor
breastfeeding history demonstrated any relationship
with BMD t score at either skeletal site after we had
adjusted for the effects of menopausal status and body
weight.

Discussion

Ours is the first study to simultaneously examine a large
set of potential risk factors for lower premenopausal
BMD and to disaggregate the effects of these risk factors
on BMD status from their effects on BMD loss. Risk
factors for lower BMD among premenopausal women
included lower body weight, postmenopausal status,
history of fracture, family history of osteoporosis, and

non-participation in high-school sports. Risk factors for
greater rate of bone loss included postmenopausal status
and a reported reproductive cancer. Dietary calcium
consumption, current physical activity, number of
pregnancies, breastfeeding, and smoking were not
associated with either BMD level or rate of BMD
change in this well-nourished and relatively sedentary
population.

Body weight was positively associated with BMD of
the lumbar spine and femoral neck among premeno-
pausal women [33, 34, 35]. Greater body weight also
protected against the slight bone loss that occurs natu-
rally prior to menopause [2]. The mitigating effect of
weight on bone loss has been previously demonstrated
among postmenopausal [36, 37, 38] and perimenopausal
[39] women but not, to our knowledge, in premeno-
pausal women. Body weight might affect BMD through
any of several hypothesized mechanisms. A larger body
mass imposes a greater mechanical strain on bone, and
in response, bone mass may increase to accommodate
the greater load [40]. Alternatively, increased peripheral
conversion of androstenedione to estrone in the larger
adipose tissue mass among heavier, usually postmeno-
pausal, women might result in increased inhibition of
enzymatic bone matrix degradation by osteoclasts [41].
Other hormonal mechanisms might include increased
circulating insulin, amylin and/or leptin and their po-
tential regulating effect on bone tissue, via increased
ovarian estrogen production or decreased levels of sex
hormone binding globulins resulting in either osteoblast
proliferation or osteoclast inhibition [42]. Because body
weight explains a greater proportion of the variance in
BMD of the femoral neck (a weight-bearing site) than
the lumbar spine (18% vs 8.5%), these data suggest that
mechanical loading is the predominant mechanism
among premenopausal women. If the effect of weight

Table 3 Multiple linear mixed model regression of BMD t score from 1992/1993–1998/1999 by skeletal site, Tecumseh, Michigan

Parameter Lumbar spine (n=521) Femoral neck (n=527)

Beta SE P Beta SE P

Intercept 0.60 0.13 <0.0001 )0.66 0.13 <0.0001
Timea (years) )0.09 0.01 <0.0001 )0.08 0.01 <0.0001
Weight (kg) 0.004 0.001 0.002 0.01 0.001 <0.0001
Weight (kg)*time (years) 0.0009 0.0002 <0.0001 0.0008 0.0002 <0.0001
Family history of osteoporosis )0.19 0.11 0.09 )0.23 0.10 0.02
Fracture history )0.30 0.11 0.005 )0.12 0.09 0.20
Drank alcohol last year 0.02 0.02 0.35 0.08 0.02 0.0002
Participated in high-school sports 0.14 0.11 0.19 0.27 0.09 0.0004
Menopausal status
Premenopausal Referent Referent
Irregular menses 0.02 0.05 0.74 )0.03 0.05 0.53
Postmenopausal )0.07 0.06 0.18 )0.14 0.06 0.02

Menopausal status*time (years)
Premenopausal*time (years) Referent Referent
Irregular menses*time (years) 0.008 0.01 0.48 )0.005 0.01 0.68
Postmenopausal*time (years) )0.04 0.01 <0.0001 )0.014 0.01 0.13

Reproductive cancer 0.49 0.33 0.13 0.16 0.29 0.58
Reproductive cancer*time )0.07 0.01 <0.0001 )0.06 0.02 0.0002

aTime represents annual rate of BMD change for women with regular menstrual cycles and referent values for each risk factor
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were mainly of a hormonal nature, the cancellous bone
of the lumbar spine should have been influenced at least
as strongly as the femoral neck.

Greater rates of bone loss occurred among the few
women who had reported a diagnosis of a reproductive
(breast, ovarian, or uterine) cancer. In contrast to
studies in older women, where BMD has been viewed as
a marker of cumulative exposure to estrogens and,
therefore, as a potential marker for increased risk of
postmenopausal breast cancer [43, 44], the effect we
describe may be related to premature ovarian failure
secondary to chemotherapy treatment [19] for pre-
menopausal cancers. The higher rates of bone loss
experienced by the postmenopausal women were, by and
large, an effect of bilateral oophorectomy. In separate
analyses, women with bilateral oophorectomy had sub-
stantially greater bone loss at the femoral neck than
women with natural menopause, despite frequent re-
ports of ERT use. These findings underscore the
importance of iatrogenic bone loss secondary to cancer
and bilateral oophorectomy and certainly would provide
incentive for the clinician to consider a bone health
assessment for women experiencing either cancer or
surgical menopause.

Women who reported a family history of osteoporosis
had a lower BMD than women who reported no family
history. Numerous investigations have suggested that,
among daughters of women with osteoporosis, a stronger
association with low BMD exists for premenopausal
daughters than postmenopausal daughters [45]. In our
study, recalled family history was associated with BMD
level but not with rate of bone loss. Future study will be
required to discern if the familial component of BMD is
also related to age at menopause or rate of bone loss in
the immediate postmenopause.

There was an association between history of fracture
and lower BMD of the lumbar spine, a result consistent
with several other studies [34, 46, 47, 48]. No similar
association of fracture history was found for BMD of the
femoral neck or for rate of bone loss at either skeletal site.
Previous fracturemay be acting as amarker for familial or
environmental conditions predisposing to low BMD.
Alternatively, if the reported fractures were in the recent
past, history of fracture might be a marker for bone loss
due to disuse osteodystrophy following fracture.

Among all the lifestyle risk factors examined, high-
school sports participation appeared to have the greatest
influence on BMD level, although the effect was limited
to the femoral neck and did not affect rate of BMD
change. The importance of past physical activity for
premenopausal BMD supports evidence that adoles-
cence is a critical period for bone mass accrual [49],
during which time physical activity may play a crucial
part [50]. In this study, high-school sports participation
may be measuring another correlate of BMD, such as
adolescent lean mass or a social or other behavioral
factor. Whether or not physical activity of all types and
intensities affects BMD accrual remains uncertain. No
effect of current physical activity was detected. This null

finding may be due to our inability to separate load-
bearing activities from those that are non-load-bearing.

Women who reported modest alcohol consumption
had slightly higher femoral neck BMD than women who
abstained. Other investigators have also reported that
modest alcohol consumption is positively associated
with BMD [51, 52], an effect that contrasts the recog-
nized impact of alcoholism on bone [53]. While the
mechanism for such an association is currently un-
known, hormonal effects, such as greater central adi-
posity and increased serum estradiol [54], increased
calcitonin secretion [55], or hypoparathyroidism [56], are
possible. Modest alcohol consumption did not affect
rates of bone change in our study, and the findings
should not be extended to justify increasing one’s alco-
hol consumption.

The belief that smoking is a major risk factor for
osteoporosis has propagated since the publication of a
study conducted among thin, estrogen-deficient, post-
menopausal women [57] Smoking is hypothesized to
affect premenopausal BMD by altering the sex steroid
hormonal environment [58, 59], though the effect can
also be attributed to a lower average body weight among
smokers [60]. Consistent with a recent meta-analysis of
smoking and BMD [16], no effect of smoking on BMD
or bone loss was identified in our population of some-
what heavy, mainly premenopausal, women. Potentially,
smoking may be measurably deleterious to bone health
only among thin, estrogen-deficient women.

No association was detected between dietary calcium
and BMD or BMD loss, even among sedentary women
or those with low dietary vitamin D intake. Our study
adds to increasing evidence that BMD or bone change in
young or middle-aged women is related to factors other
than overt calcium deficiency [8]. The promotion of
calcium consumption as the panacea of bone mineral
maintenance among healthy premenopausal and peri-
menopausal women may be inappropriate.

This longitudinal study had enough power to detect a
large number of independent risk factors for both low
BMD and for bone loss among a population of women
approaching the menopausal transition. Melton et al.
have recently demonstrated that factors related to bone
loss are different for premenopausal women than for
postmenopausal women who are within 20 years of
menopause and different still for women whose meno-
pause occurred over 20 years ago [3]. Therefore, the risk
factors for bone loss among premenopausal women
identified in this study must be considered carefully in
relation to bone loss among postmenopausal women or
to the risk of fracture.

The longitudinal methods employed in this study in-
cluded the ability to reclassify an exposure that may
change with time (such as alcohol consumption) and to
accumulate events (such as fractures) over time. These
methods may have diminished any misclassification bias
and increased the power necessary to detect associations
with BMD. Using these longitudinal methods, this study
was able to discern that certain risk factors are related to
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BMD at any given point in time, but not to rate of bone
loss.

Study limitations include a number of measures
based on participant recall. While precise measurements
of physical activity [61] and food intake [62] are noto-
riously difficult, repeated measurements should have
decreased the amount of random measurement error.
This Caucasian study population did not allow the
examination of risk factors among women of other ra-
cial and ethnic backgrounds. Because this population is
just beginning to reflect the postmenopausal experience,
it is not yet possible for one to determine the relative
effects of these risk factors on BMD through to the
postmenopause. Although this study is able to assess
temporal relationships between a variety of risk factors
and BMD and BMD loss, the study design is observa-
tional and unable to assign causality without corrobo-
rative evidence.

This longitudinal study provides new understanding of
which risk factors appear to be antecedent determinants
of current BMD (and possibly correlated with peak bone
mass) and those that influence bone loss as women
approach and enter the postmenopausal period. Our
understanding of this distinction should enhance the
effectiveness of osteoporosis prevention efforts by
matching interventions to women of the appropriate life
stage. The women at greatest risk for postmenopausal
osteoporosis may be those who exhibit one or more traits
from both groups of risk factors: those related to BMD
status and those related to BMD loss. Finally, the recog-
nition of these risk factors in younger populations should
promote earlier introduction of appropriate intervention.
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