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Table 4

Association Between Mild and Severe Depression and Their Risk Factors by Multinomial Multiple Logistic Regression (n = 1856)

Mild Depression (n = 193)

Severe Depression (n = 79)

Variables OR 95%CI P Value OR 95%CI P Value
Social engagement
Living alone 0.374 (0.19-0.74) .005 0.777 (0.33—1.8) 566
Eating alone 2.96 (1.8-5.0) <.001 3.33 (1.6-6.8) .001
Low reciprocal social support 1.73 (1.0-2.9) .045 1.66 (0.80-3.4) 172
Fewer frequency of going out 2.21(1.5-3.2) <.001 2.79 (1.6—-4.8) <.001
Major change in life 1.78 (1.2-2.6) .002 1.63 (0.93-2.9) .091
Social ties with family 0.940 (0.88—1.0) .046 0.935 (0.85—1.0) 162
Social ties with friends 0.929 (0.88—0.98) .007 0.895 (0.82—0.97) .009
Sociodemographic variables
Sex (male) 1.27 (0.78-2.1) 335 2.46 (1.2-5.0) .013
Age 0.950 (0.92-0.98) .005 0.998 (0.95—1.0) .943
Education (years) 1.05(0.98-1.1) 190 1.03 (0.93-1.1) 582
Health literacy 0.670 (0.52—0.87) .003 0.440 (0.31—0.63) <.001
Low income 1.72 (1.1-2.8) .024 1.65 (0.84—3.3) .145
Medical histories
Hypertension 0.743 (0.51-1.1) 118 1.14 (0.64-2.0) .655
Cerebrovascular diseases 1.38 (0.74-2.6) 312 2.36 (1.1-5.2) .033
Osteoporosis 0.712 (0.43-1.2) 184 0.839 (0.39-1.8) 652
Heart diseases 1.00 (0.65—1.5) .994 1.28 (0.67-2.5) 461
Number of medications 1.08 (1.0-1.1) .017 1.10 (1.0-1.2) .027
Physical health and functions
IADL 0.834 (0.63-1.1) 215 0.862 (0.59-1.3) 446
Mobility 0.983 (0.97-1.0) .044 0.988 (0.96—1.0) 327
Cognitive function: MMSE 0.927 (0.85-1.0) 103 0.994 (0.87—1.1) 930
Oral health and functions: GOHAI 0.943 (0.92-0.97) <.001 0.928 (0.90-0.96) <.001
Nutritional and dietary status
Food variety 0.959 (0.88-1.0) 344 0.960 (0.84-1.1) 531
MNA-SF 0.936 (0.84-1.0) 251 0.839 (0.72—-0.98) .029

(Cl, confidence interval; MMSE, Mini-Mental State Examination; OR, odds ratio.

living arrangement. “Living with others yet eating alone” was a sig-
nificant predictor of depression for both age groups, with odds ratio
reaching as high as 5 times for the young-old. This suggests that
eating alone acts as stronger risk factor than living alone, and that the
living arrangement in which older adults eat alone can act as a critical
determinant of depressive risks. Meals are an important location of
socialization whereby older adults enjoy intimate interactions, and
when shared with others, they can provide valuable opportunities for
companionship and social support.’® A lack of communication during
meals may result in feelings of loneliness and depressed moods."®
Table 5 suggests that those who eat alone despite living with their
families tend to be the most socially withdrawn, with least awareness
of their health conditions and the poorest physical, oral, and cognitive
functions as well as nutritional status. The fact that they do not share
a single meal with their families despite living together suggests that
they have distant relationships with them. Compared with those who
eat with others, a greater proportion of those who eat alone live with
their children, children-in-law or grandchildren, and less with their
spouse. This suggests that they may be eating alone because they lead
different life styles, suffer from emotional distance, concerns that they
will add burdens on their families if they eat together, or from un-
comfortable relationships with family members such as children-in-
law. This is supported by the fact that they have the weakest social
ties with family. This may result in lower interest in their health
shown by their families, as well as in lower self-interest. The fact that
they show the lowest health literacy also supports this hypothesis.
They also exhibit the lowest mobility and social ties with friends,
suggesting that they are the most socially isolated not only at home
but also outside. The fact that their gait speeds and IADL are the
lowest imply that their poor physical functions play a role in limiting
their social activities. GOHAI scores, number of remaining teeth and
occlusal force are lowest in this group, indicating the possibility that
they eat alone because they eat too slowly, require different menus, or
because they have concerns about their oral appearance. The poor
oral functions and nutritional/dietary status (low food variety and

MNA-SF scores) may also be another manifestation of the lack of in-
terest in their health shown by their families as well as by themselves.

In any case, the sentiments or perceptions that lead them to eat
alone despite living with their families are likely to be negative in na-
ture and may be internally conceived by the older adults themselves, or
externally imposed by families living together or the wider society. The
functional decline, which may be a cause as well as a result from eating
alone, may also contribute to the depressive outcomes.

Stratification by age groups and multinomial regression analysis
by different severities of depression revealed that fewer variables of
social engagement were associated with depressive outcomes as the
population ages or becomes more mentally frail. This suggests that
social engagement is a more powerful predictor of mental health at
earlier points along geriatric trajectories, and, thus, that effective
social preventive measures require early interventions. Lower down
the geriatric trajectories, social factors fall in their relative impor-
tance and the role of health and functional factors increase. This is
suggested by the fact that the number of medications becomes
a significant predictor for old-old, and the history of cerebrovascular
diseases and MNA-SF scores become significant for severe
depression.

Qutside the domain of social engagement, the independent risk
factors for depressive symptoms in both age groups included GOHAI
and health literacy, supporting the findings of previous studies.>*—>8
Uniquely for young-old, mobility, MNA-SF, and income were associ-
ated. For old-old only, the number of medications remained a pre-
dictor of depressive symptoms.

This study elucidates that reducing the risk of depression requires
much more than medical care and that preventive measures need to
be introduced early on in the geriatric trajectories, before frailty sets
in. The present study shows that social factors such as eating alone
pose substantial risk for mental health. Comprehensive assessment
that covers a wide range of health-related domains including physical
health, oral functions, nutritional, and dietary status as well as social
relations will be necessary to identify those at risk effectively.
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Table 5
Characteristics by Living and Eating Arrangement (n = 1856)

Living and Eating
Alone (n = 160)

Living Alone Yet Eating
With Others (n = 36)

Living with Others Yet
Eating Alone (n = 111)

Living and Eating With
Others (n = 1549)

Variables Mean £ SD or n (%) P Value*
Social engagement
Live with spouse - - 61 (55.0) 1393 (89.9) <.001
Live with children = - 74 (66.7) 627 (40.5) <.001
Live with children-in-law - - 21(18.9) 117 (7.6) <.001
Live with grand-children — — 29 (26.1) 171 (11.0) <.001
Social ties with family 724 + 34 8.83 £35 719+32 819+ 31 <.001*
Social ties with friends 8.08 =34 88629 6.86 + 4.0 819+ 3.6 .003*
Sociodemographic variables
Sex (male) 42 (26.3) 11 (30.6) 63 (56.8) 812 (52.4) <001
Age 74.6 = 6.0 754 +£5.2 753 £ 5.7 725+ 53 <.001*
Education (years) 119 £ 2.7 120 £ 2.7 11.8+3.2 129427 <.001"
Health literacy 3.87 £ 0.71 4.13 £ 0.71 3.86 + 0.66 4.01 + 0.62 .015
Number of medications 350+35 417 £ 43 376 £3.7 279+29 004
Physical health and functions
Usual gait speed (m/s) 1.43 + 0.25 1.44 + 0.26 1.41 4+ 0.27 1.48 +0.25 .026
Max gait speed (m/s) 2.05 £+ 0.38 2.03 £ 0.46 2.01 4+ 036 217 £ 0.39 <.001*
IADL 494 +0.30 494 + 023 4.69 + 0.84 4.86 + 0.46 .007
Mobility 239+10 273+ 11 210+ 11 249+99 <.001"
Mental health
GDS 318+ 34 286 +3.2 4.83 + 4.1 2394+27 <.001*
Depressive symptoms: GDS >6 31(19.4) 4(11.1) 45 (40.5) 192 (12.4) <.001
Severe depression: GDS >10 12 (7.5) 4(11.1) 17 (15.3) 46 (3.0) <.001
Cognitive function: MMSE 283+ 1.8 280+16 278+19 282+18 .029
Oral health and functions
GOHAI 538+73 533+78 531+ 66 549 4+ 6.2 <.001*
Number of remaining teeth 20.5 + 8.0 19.2 + 84 17.8 £ 9.7 21.0+ 83 .003*
Occlusal force (N) 496 + 333 522 + 365 478 + 345 585 + 361 <.001*
Nutritional and dietary status
BMI (kg/m?) 223+33 243 + 36 228 +33 229429 .002
Food variety 374+20 3.89 + 2.0 326+ 21 379+20 .037
MNA-SF 122+ 1.6 124 + 1.6 121 +£ 1.7 125+ 14 .007

Those continuous variables that showed significant difference between “living with others yet eating alone” and “living and eating with others” in the multiple comparison

test (Dunnett T3) are highlighted with “*”.

*Kruskal-Wallis test for continuous variables and % test for categorical variables.

The limitations of our study are mainly 4-fold. First, the cross-
sectional nature of the study prevents it from making any conclu-
sive comments about the causality between independent variables
and the outcome. Second, data on household income were not
available, and instead, individual income was used. Given that the
older adults in the present study grew up in a period when it was rare
for women to work after marriage, household income would have
been a better indicator of the economic environment for women.
Third, depressive symptoms were measured using self-administered
GDS questionnaire rather than diagnosis by physicians. Fourth, the
participants inevitably comprised those who had greater degrees of
interest in health and lower barriers to participation in the study. This
may have skewed the nature of participants, to those who were more
socially active and interested in health, missing out those who were
most socially disengaged.

Conclusions

For community-dwelling Japanese older adults, depressive
symptoms were significantly associated with social engagement, with
greater associations in younger and less mentally frail populations.
Eating alone was identified as a key risk factor for depressive
symptoms, and those who live with their families yet eat their meals
alone were at highest risk. Mental health management for older
adults, therefore, requires comprehensive assessment of their social
relations, taking into account their companionship during mealtimes.
Social preventive measures need to involve early interventions in
order to augment their effectiveness against mental frailty.

Given that depression can lay the ground for further frailty and

various detrimental health outcomes, further study with a longitu-
dinal design, with more detailed data collection on social predictors
of depression, may play a pivotal role in identifying possible inter-
vention opportunities to prevent not only mental but also physical
frailties.
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Our objective was to examine the associations of lifetime parity and accumulated length of lactation with bone
strength in women prior to the menopause transition and fracture risk during and after the transition. Partici-
pants were 2239 pre- or early peri-menopausal women from the Study of Women's Health Across the Nation
(SWAN), ages 42-53 years at baseline, who had no childbirths after age 42. Bone mineral density (BMD) was
measured in the femoral neck and the lumbar spine at the baseline SWAN visit using dual-energy x-ray absorp-

Edited by Mark Cooper ti_ometry, a{nd the cF)mposite indices of femoral neck strength relative to load (in threle failure mode§: compres-
sion, bending, and impact) were calculated from femoral neck BMD, femoral neck size, and body size. Data on
Keywords: fractures after age 42 were collected for a median follow-up of 15.7 years (interquartile range, 11.4-18.5

Parity years). In multiple linear regressions adjusted for covariates, lifetime parity was associated positively with fem-

Lactation oral neck strength relative to load (0.024 standard deviation (SD) increment in impact strength index per child-
Fracture birth, p = 0.049), but accumulated length of lactation was associated negatively with lumbar spine BMD (0.018
Bone strength

SD decrement per every additional 6 months of lactation, p = 0.040). In Cox proportional hazards regressions ad-
justed for covariates, neither parity nor lactation was associated with fracture hazard after age 42. In conclusion,
parity and lactation have little impact on peak bone strength prior to menopause, and do not affect fracture risk

Bone mineral density
Composite strength indices

after age 42 over 16-year follow-up.

© 2015 Elsevier Inc. All rights reserved.

Introduction

During the last trimester of pregnancy and while breast feeding, a
woman is at risk of losing bone mass to provide adequate calcium for
the child's skeletal development [1]. There is a good evidence that, in
the short-term, both pregnancy and lactation can cause bone mineral
density (BMD) loss of up to 5%, and that there may be a dose-
dependent relationship between length of lactation and amount of
bone loss [2,3]. However, the long-term effects of parity and lactation
on bone health are not clear. Some studies have even found that parity
and lactation are associated with higher BMD later in life, while others
have reported lower BMD, or no association with BMD [2].

BMD, however, is not the only bone characteristic that affects bone
strength. Bone size relative to body size also plays an important role
[4-6], and there are some studies suggesting associations between

* Corresponding author at: Department of Medicine/Division of General Internal
Medicine, Kameda Medical Center, 929 Higashi-cho, Kamogawa, Chiba 296-8602, Japan.
Tel.: +814 7099 1103.
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8756-3282/© 2015 Elsevier Inc. All rights reserved.

parity or lactation and bone size later in life [7-9]. Both parity and lacta-
tion also have long-term consequences on a woman's body weight
[10-12]. Greater body weight independently enhances bone re-
accrual (via greater skeletal loading) [13], but also leads to higher im-
pact forces on bone in a fall [6,14]. The combined effect of these changes
in BMD, bone size, and body size on bone strength relative to load
(ie., relative to fall impact forces) is not known.

The composite indices of femoral neck strength, which integrate
body size with femoral neck size and BMD (both measured from dual-
energy x-ray absorptiometry [DXA] scans of the hip), gauge femoral
neck strength relative to load during a fall [15]. These indices are in-
versely associated with incident fractures [15,16], and, unlike BMD,
can stratify fracture risk correctly between diabetics and non-diabetics
[17], and across race/ethnicity groups [18]. In addition, unlike BMD,
the composite indices of femoral neck strength relative to load predict
fracture risk in middle-aged women without requiring race/ethnicity
information [16].

The primary objective of this study was to examine the associations
of lifetime parity and cumulative length of lactation with BMD and the
composite indices of femoral neck strength relative to load in pre- or
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early peri-menopausal women between the ages of 42 and 53 years
who have completed their child-bearing. A woman's peak bone
strength prior to entering the menopause transition is a reliable indica-
tor of her fracture risk later in life [19-21]. The second objective of
this study was to examine the associations of parity and lactation with
the risk of fracture after age 42. We used longitudinal data from the
Study of Women's Health Across the Nation (SWAN) to study these
associations.

Materials and methods
Study participants

SWAN is a multi-site, prospective cohort study of the menopausal
transition in a community-based sample of 3302 women from one of
five ethnic/racial backgrounds in the United States: Caucasian, African-
American, Japanese, Chinese, and Hispanic. The eligibility criteria, de-
scribed in detail elsewhere [22], included ages 42-52 years, intact uter-
us and at least one intact ovary, not using sex-steroid hormones at the
time of screening, at least one menses in the three months before
screening, and self-identification as a member of one of the five eligible
ethnic/racial backgrounds. Participants were enrolled in 1996-1997 at
seven clinical sites in the following areas: Boston, Chicago, Detroit, Pitts-
burgh, Los Angeles, Newark and Oakland. The Chicago and Newark sites
did not perform BMD measurement, and did not contribute to the
SWAN bone cohort. Each of the other five sites enrolled Caucasians,
and also enrolled women from another ethnic group: African
American in Boston, Detroit, and Pittsburgh, Japanese in Los Angeles,
and Chinese in Oakland. These women were followed annually for
10 years and then biennially twice (visits 11 and 12) by 2010-11.

Of 2413 participants at the five SWAN Bone Study sites, 2335 were
enrolled in the bone cohort at baseline. The main reason for the exclu-
sion was excess body weight; 46 women could not undergo DXA
scans because their body weights exceeded the scanners' weight limit
of 136 kg. A SWAN ancillary study, the Hip Strength Across the Meno-
pause Transition study, measured femoral neck size using archived hip
DXA scans from the 1960 women in the SWAN bone cohort who had
a baseline and two or more follow-up scans by follow-up visit 10.
From the SWAN bone cohort, we excluded data from one woman who
had initiated sex steroid hormones (a SWAN exclusion criterion) be-
tween screening and the baseline visit, 32 women who gave birth
after age 42 (29 before the SWAN baseline and three after the baseline
visit), two women who did not report their age at the time of a fracture
after age 42 but before SWAN baseline, 36 women who reported use of
tamoxifen either prior to SWAN baseline or at any time during the
study, 18 women for whom menopausal transition stage information
was missing at the baseline visit, and seven women for whom baseline
BMI measurement was missing. The final sample sizes were 2235 for
femoral neck BMD analysis, 2022 for lumbar spine BMD analysis, 1881
for analysis of the composite indices of femoral neck strength relative
to load, and 2239 for fracture analysis. The SWAN and sub-study proto-
cols were approved by the Institutional Review Board at each site, and
all participants gave written informed consent.

Measurements of bone strength

DXA scans were acquired with Hologic instruments (Hologic, Inc.,
Waltham, MA, USA). At baseline, two sites (Pittsburgh and Oakland)
used QDR 2000, and three sites (Boston, Detroit, and Los Angeles)
used QDR 4500. OsteoDyne's Hip Positioner System was used at every
site. The DXA quality control protocols in SWAN have been previously
described [23]. At the baseline visit, the projected (areal) BMD in the
femoral neck and the lumbar spine were recorded, and two femoral
neck dimensions were measured using the region of interest (ROI) win-
dow, which was repositioned and resized by the DXA operator so that a
side of the ROI window spanned the geometric measures of interest.

Then the pixel locations of relevant window corners were recorded,
and used to calculate the relevant distances in millimeters, using pixel
dimensions provided by the manufacturer, Hologic, Inc. They were
femoral neck axis length (FNAL): the distance along the femoral neck
axis from the lateral margin of the base of the greater trochanter to
the apex of the femoral head, and femoral neck width (FNW): the
smallest thickness of the femoral neck along any line perpendicular to
the femoral neck axis (Fig. 1). The composite indices of femoral neck
strength relative to load during a fall were created as follows

Compression strength index (CSI) = BMD * FNW /weight
Bending strength index (BSI) = BMD ™ (FNW)?/(ENAL * weight)
Impact strength index (ISI) = BMD * FNW * FNAL/(height * weight)

CSI reflects the ability of the femoral neck to withstand an axial com-
pressive load proportional to body weight, BSI reflects the ability to
withstand bending forces proportional to body weight, and ISI reflects
the ability of the femoral neck to absorb the potential energy of impact
in a fall from standing height, regardless of the failure mode: compres-
sion or bending [15]. While CSI and BSI assume only that forces on the
bone are proportional to body weight, ISI accounts for differences in
the forces in a fall that result from differences in a woman's height.

Measurements of total length of lactation, and parity

Standardized interview and self-reported questionnaires were used
to obtain information about parity and lactation at the baseline visit. For
each pregnancy, participants were asked to choose one of the out-
comes; livebirth(s), stillbirth, miscarriage, abortion, or tubal/ectopic,
and the total numbers of pregnancies leading to livebirth(s) or still-
birth(s) were counted to obtain lifetime parity. For each pregnancy
that led to livebirth(s), participants were asked the length of lactation,
and cumulative length of lactation was calculated. Missing values of
parity (n = 4) and lactation (n = 4) were counted as zero. For analysis

Fig. 1. Femoral neck size measurements. AB is the femoral neck axis length (FNAL): the
distance from the base of the greater trochanter to the apex of the femoral head. DE is
the femoral neck width (FNW): the smallest thickness of the femoral neck along any
line perpendicular to the femoral neck axis. C is where the femoral neck axis meets the
inner pelvic rim.
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as continuous predictors, we top-censored both parity and lactation at
their 99th percentiles (6 and 72 months, respectively).

Fracture ascertainment and time to first fracture

At the baseline visit, participants reported prior fractures in adult
life, along with their age at the time of the fractures. Because years but
not dates of the prior fractures were reported at baseline, we imputed
the dates using the midpoints of the year in which the fracture was
reported to have occurred. Only fractures after reaching age 42 were
included in this analysis. During each of the follow-up visits, fractures
since the previous visit were self-reported using a standardized
interviewer-administered questionnaire. In all visits, the number of
fractures, body site(s) affected, and how fractures occurred were
recorded. SWAN initiated collection of the date of fracture at visit 7. Be-
cause dates of fractures were not collected in the first 6 follow-up visits,
we imputed the dates using the midpoints between the participants'
previous and index visits. Medical records were obtained for self-
reported non-digital non-cranio-facial fractures reported at visit 7 and
later, and 95% were confirmed. Using the 42nd birthday as the start
time, we computed time to first fracture after age 42, and censored
women who did not report any fracture at their last SWAN visit.

Measurements of covariates

Standardized interview and self-reported questionnaires at base-
line were used to obtain the following covariate information: age
(continuous; years), race/ethnicity (Caucasian, African-American,
Japanese, Chinese), menopause transition stage (premenopausal
[regular menses], early perimenopausal [menses within three
months but menses less predictable]), smoking status (never
smoking, ex-smoker, or current), smoking pack-years (zero, less
than or equal to 10 years, greater than 10 years but less than or
equal to 30 years, or greater than 30 years), alcohol categories (ab-
stainer, infrequent: greater than zero but less than or equal to one
drink per week, light-to-moderate: greater than one but less than
or equal to seven drinks per week, heavy: greater than seven drinks
per week), employment status (no vs. yes), history of diabetes (no vs.
yes), history of hyperthyroidism (no vs. yes), current (i.e., at the base-
line visit) use of supplementary calcium, current use of supplementary
vitamin D, and six binary indicator variables (none vs. any) for use of
medications: 1) prior (i.e., before SWAN baseline) use of any sex steroid
hormone pills, patch, or injection other than birth control pills, 2) prior
use of birth control pills, 3) prior use of depo-provera injection, 4) cur-
rent or prior use of oral corticosteroids, 5) current use of proton pomp
inhibitors, and 6) use of other bone-adverse medications (including
current or prior use of antiepileptic medications, or current uses of che-
motherapy, Gonadotropin-releasing hormone agonist, aromatase inhibi-
tors, or thiazolidinediones). At the baseline visit, no one in the bone
cohort reported use of osteoporosis medications (bisphosphonates, selec-
tive estrogen receptor modulators, calcitonin, parathyroid hormone, pre-
scription vitamin D, or denosumab).

Medication use information was also collected at every follow-up
visit. For fracture analysis, self-reported medication uses from visits 1
to 12 were combined with medication variables collected at the baseline
visit to create six indicator variables for ever (prior to baseline, at base-
line, or at follow-up) use of medications (none vs. any) from the follow-
ing classes: 1) sex steroid hormone pills, patch, or injection other than
birth control pills, 2) birth control pills, 3) depo-provera injection,
4) oral corticosteroids, 5) proton pump inhibitors, and 6) other bone-
adverse medications (defined as described above).

Physical activity was assessed at the baseline visit with an adapted
version of the Kaiser Physical Activity Survey, which is based on the
Baecke questionnaire [24]. This self-report instrument grades physical
activity in four domains: sport, home, active daily living (walking or
biking to work, not watching television), and work. Home activity

consists of five components: child or dependent adult care, meal prepa-
ration and cleanup, light chores such as dusting, moderate chores
such as vacuuming, and heavy chores such as home repair. Scores
representing the average responses to domain-specific questions
range from 1 to 5 for each domain. We calculated a total physical activity
score, ranging from 4 to 20, by adding scores across the four domains,
with work activity score set at one for those who did not work outside
the home [25]. Height and weight were measured at the baseline visit
with a fixed stadiometer and a digital scale with the participants wear-
ing light clothing and no shoes. BMI was calculated as weight in kilo
grams divided by the square of height in meters.

A total of 369 women (15.8%) had one or more missing covariates at
the baseline. We imputed the missing values from values reported in
follow-up visits (for menopausal transition stage, height, and alcohol
consumption level), and by using default values of never/zero/no for
smoking status, smoking pack-years, history of hyperthyroidism, and
medications. Those who still had missing values of menopausal transi-
tion stage or BMI were excluded from the analysis. Finally the missing
values of physical activity score were imputed using predictive mean
matching (n = 74), as the missingness pattern was monotone [26,27].

Statistical analysis

We performed multiple linear regressions separately to examine
the associations of lifetime parity and cumulative length of lactation
with each of the bone strength measures (femoral neck BMD, lumbar
spine BMD, and the three composite indices of femoral neck strength
relative to load) at baseline, adjusted for the following covariates
also measured at baseline: age, race/ethnicity, menopausal transi-
tion stage, BMI, smoking status, smoking pack-years, alcohol con-
sumption level, physical activity level, employment status, history
of diabetes, history of hyperthyroidism, current use of supplementa-
ry calcium, current use of supplementary vitamin D, six medication
indicator variables: prior use of any sex steroid hormone pills,
patch, or injection other than birth control pills, prior use of birth
control pills, prior use of depo-provera injection, current or prior
use of oral corticosteroids, current use of proton pomp inhibitors,
other bone-adverse medications, and study site. We included BMI
as a continuous (linear) term, plus a squared (quadratic) term to
allow for possible higher-order associations, plus multiplicative in-
teraction terms between BMI and race/ethnicity because of the
large race/ethnicity differences in BMI.

In exploratory analysis, we re-ran the models after excluding the
BMI terms, or physical activity level and employment status from the
regression models. To test for possible effects of parity and length of lac-
tation on bone size, we also ran parallel models with FNW and femoral
neck cross-sectional bone mineral content (given by FNW* femoral
neck BMD) as the dependent variables (outcomes) [15].

Next, we performed Cox proportional hazards regressions to model
time to first fracture (after age 42) as a function of parity or cumulative
length of lactation prior to age 42, after we had verified the proportional
hazards assumption. We did not distinguish between traumatic and non-
traumatic fractures in the analysis, as information regarding the mecha-
nism of fracture (i.e. trauma vs. minimal trauma) was not available for
fractures before the SWAN baseline. We excluded factures not typically
associated with osteoporosis, in particular fractures of the face, skull, fin-
gers, and toes [28,29]. Women who initiated osteoporosis medications
were censored at the time of the first visit in which the participants re-
ported the use. We adjusted for race/ethnicity, select covariates mea-
sured at SWAN baseline (BMI, smoking status, smoking pack-years,
alcohol consumption level, physical activity level, employment status,
history of diabetes, history of hyperthyroidism, supplementary calcium,
and supplementary vitamin D), and the following six medication vari-
ables as time-invariant covariates: ever use (before baseline or any time
during the study till visit 12) of sex steroid hormone pills, patch, or injec-
tion other than birth control pills, birth control pills, depo-provera
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injection, oral corticosteroids, proton pomp inhibitors, and other bone-
adverse medications, and study site.

In sensitivity analysis, we a) included both parity and lactation in
the same models to mutually adjust parity for lactation, and lacta-
tion for parity, and b) excluded stillbirths from the parity count. Sta-
tistical analysis was performed using the STATA Version 13.1
(StataCorp LP, College Station, Texas, U.S.A.). Two-sided p < 0.05
was considered significant.

163
Results

The median age of study participants was 46 years, 49.8% were
Caucasian, 28.5% were African American, 11.3% were Japanese, and
10.5% were Chinese. The median and the interquartile range (IQR) of
parity were 2, and [1,3] and the mean, the median, and the IQR of cumu-
lative length of lactation were 8.6, 1, and [0, 12] months (Table 1).
Pearson's correlation between parity and lactation was 0.38.

Table 1
Characteristics® of the study participants at baseline.”

Characteristics Study sample with composite Study sample with
indices of femoral neck fracture data
strength data (n = 1881°) (n=2239)

Age (year) 46 [44, 48] 46 [44, 48]

Race/ethnicity

Caucasian 936 (49.8%) 1115 (49.8%)
African American 499 (26.5%) 637 (28.5%)
Japanese 231 (12.3%) 252 (11.3%)
Chinese 215 (11.4%) 235 (10.5%)

Body mass index (kg/m?)
Menopausal transition stage
Premenopausal
Early perimenopausal
Smoking status
Current
Ex-smoker
Never smoked
Smoking pack-year
0
<10 years
>10 < 30 years
>30 years
Alcohol consumption level
Abstainer
Infrequent
Light to moderate
Heavy
History of diabetes
History of hyperthyroidism
Current use of supplementary calcium
Current use of supplementary vitamin D
Medication use; baseline visit
Prior use of sex steroid hormones (pills, patch, or injection) other than birth control pills
Prior use of birth control pills
Prior use of depo-provera injection
Current or prior use of oral corticosteroids
Current use of proton pump inhibitors
Current or prior use of bone adverse medications?
Medication use ever (till 12th follow-up)*®
Sex steroid hormones (pills, patch, or injection) other than birth control pills
Birth control pills
Depo-provera injection
Oral corticosteroids
Proton pump inhibitors
Bone adverse medications®
Physical activity score (ranging from 4 to 20)F
Home activity score (ranging from 1 to 5)
Employment status
Parity and lactation
Parity (including live births and stillbirths)
Duration of lactation (months)
Bone strength measurements
Femoral neck bone mineral density (g/cm?)
Lumbar spine bone mineral density (g/cm?)
Compression strength index (g/kg-m)
Bending strength index (g/kg-m)
Impact strength index (g/kg-m)

25.6(223,31.1] 26.0[22.5,31.6]

1066 (56.7%) 1210 (54.3%)

815 (43.3%) 1017 (45.7%)
281 (15.1%) 367 (16.5%)
475 (25.4%) 570 (25.7%)

1111 (59.5%) 1285 (57.8%)

1190 (64.2%) 1382 (62.7%)
300 (16.2%) 351 (15.9%)
291 (15.7%) 364 (16.5%)
74 (4.0%) 108 (4.9%)
899 (51.2%) 1074 (51.3%)
391 (22.3%) 459 (21.9%)
364 (20.7%) 442 (21.1%)
101 (5.8%) 120 (5.7%)
85 (4.5%) 117 (5.2%)
68 (3.6%) 81 (3.6%)
844 (44.9%) 988 (44.2%)
723 (38.5%) 851 (38.1%)
119 (6.4%) 159 (7.1%)
1382 (73.8%) 1643 (73.7%)
13 (0.7%) 18 (0.8%)
109 (5.8%) 142 (6.3%)
24 (1.3%) 29 (1.3%)

50 (2.7%) 57 (2.5%)
711 (37.8%) 825 (36.8%)
1423 (75.7%) 1687 (75.3%)
25 (1.3%) 30 (1.3%)
449 (23.9%) 523 (23.4%)
399 (21.2%) 457 (20.4%)
312 (16.6%) 350 (15.6%)
9.7 (8.4, 11.1] 9.7[85,11.1]
2.6(2.2,34] 26(22,34]
1548 (82.3%) 1914 (82.1%)
2[1,3] 2[1,3]
21[0,12] 1[0,12]
0.83 [0.74, 0.92] 0.84[0.75,0.93]
1.06 [0.97, 1.15] 1.07 [0.97, 1.15]

3.28 [2.86, 3.70]
1.00[0.86, 1.15]
0.18[0.16,0.21]

# Median and interquartile range for continuous variables and number of participants and percentage for categorical variables.
b All characteristics reported were measured at baseline except the ‘medication use ever' variables, which were used in the fracture analysis.
¢ Femoral neck size was measured in a subset of women in the Hip Strength Across the Menopause Transition SubStudy. n = n = Sample sizes were greater than 1881 for femoral neck

bone mineral density (n = 2235) and lumbar spine bone mineral density (n = 2022).

4 Included antiepileptic medications, chemotherapy, gonadotropin-releasing hormone agonist, aromatase inhibitors, or thiazolidinediones.

¢ Any use including either prior or at baseline, or during the follow-up till visit 12.
f Sum of four domains of physical activity: sport, home, active living, and work.
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Associations with bone strength measures

In multiple linear regressions, parity was positively associated only
with ISI and not with any of the other four measures of bone strength
(Table 2): Each additional childbirth before age 42 was associated
with 0.024 standard deviation (SD) (95% confidence interval (CI):
0.0001, 0.048) increment in ISI (p = 0.049). Additional adjustment for
length of lactation did not change the point estimate of the parity-ISI as-
sociation, but the CI widened (95% CI: —0.003, 0.051) and made the as-
sociation statistically marginally significant (p = 0.080). Excluding
stillbirths from the parity count also made the association with ISI be-
come marginally significant (p = 0.059). Parity also had no association
with FNW (p = 0.66) or cross-sectional bone mineral content (p =
0.42).

Length of lactation was itself inversely associated only with
lumbar spine BMD, and not with any of the other four bone
strength measures (Table 2): Lumbar spine BMD was 0.018 SD
(95% CI; —0.036, —0.001) lower for every additional 6 months of
lactation before age 42, (p = 0.040). After further adjusting for par-
ity, the inverse association with lumbar spine BMD became weaker
(standardized effect size = —0.015 SD) and statistically non-
significant (p = 0.13). Length of lactation also had no association
with FNW (p = 0.35) or cross-sectional bone mineral content
(p = 0.52).

To explore the reasons for the positive association between parity
and ISI, and the lack of strong negative associations between parity/
lactation and bone strength measures, we examined the associations
of parity and lactation with total physical activity level, home physical
activity level, and BMI. We speculated that any negative effects of
child bearing and lactation on bone health were at least partly negat-
ed by the potentially higher home physical activity (child and home
care) of child rearing, and its effects on body weight. In multiple linear
regressions, both parity and lactation were associated with higher
total physical activity level and higher home physical activity level:
Each additional childbirth was associated with 0.09 SD (95% CI; 0.06,
0.13, p < 0.001) increment in total physical activity score, and every
additional 6 months of lactation was associated with 0.06 SD (95%
ClI; 0.04, 0.08, p < 0.001) increment in total physical activity score. In
addition, each additional childbirth was associated with 0.20 SD
(95% CI; 0.17, 0.23, p < 0.001) increment in home physical activity
score, and every additional 6 months of lactation was associated
with 0.08 SD (95% CI; 006, 0.10, p < 0.001) increment in home phys-
ical activity score. In multiple linear regressions, parity was associated
with higher BMI: Each additional childbirth was associated with
0.32 kg/m? (95% CI; 0.13, 0.52, p < 0.01) increment in BMI. Lactation
was not significantly associated with BMI.

After excluding physical activity level and employment status from
the regression models, parity remained positively associated with ISI
(effect size before adjusting for lactation: 0.034 SD, 95% CI; 0.010,
0.058, p < 0.01), but lactation was no longer negatively associated

Table 2

with lumbar spine BMD. After excluding the BMI terms (but retaining
physical activity and employment status), parity was no longer positive-
ly associated with IS, but lactation remained negatively associated with
lumbar spine BMD: (effect size before adjusting for parity: —0.019 SD,
95% CI: —0.038, —0.0004, p = 0.045). After excluding physical activity
level, employment status, and the BMI terms, parity was no longer asso-
ciated with IS], and lactation became marginally significantly associated
with lumbar spine BMD (effect size before adjusting for parity;
—0.017SD, 95% CI: —0.036, 0.001, p = 0.064).

Associations with fracture

After a median follow-up of 15.7 years (interquartile range [IQR]
11.4, 18.5), which included median 4.1 years between age 42 and the
baseline visit and median 13.2 years of prospective follow-up after the
baseline visit, 357 women (15.9%) had at least one fracture, at a rate
of 11.0 fractures per 1000 person-years. At visit 12, 1678 (96.8 %) out
of 1733 participants had reached post-menopausal status, including
those who had a hysterectomy and/or both ovaries removed (175 par-
ticipants, 10.1%). Median age of natural (non-surgical) final menstrual
period was 52 years (IQR 50, 53). In multivariable Cox proportional
hazards regressions, neither lifetime parity before age 42 nor accumu-
lated length of lactation before age 42 was associated with the hazard
of fracture after age 42. The adjusted relative hazards (with 95% CI)
were 0.97 (0.89, 1.05) per additional childbirth and 0.97 (0.92, 1.02)
per every additional 6 months of lactation, respectively. The sensitivity
analysis (addition of mutual adjustment for parity and lactation, and ex-
clusion of stillbirths from the parity count) did not substantially alter
the conclusions of the fracture analysis.

Discussion

Similar to some previous studies [30-33], this study also found
that cumulative length of lactation before age 42 was associated
inversely with BMD in pre- or early peri-menopausal women ages
42-53 years, but only with BMD in the lumbar spine, not in the fem-
oral neck. Length of lactation was not associated with any of the
composite indices of femoral neck strength relative to load. Lifetime
parity before age 42 was associated with only one of the three com-
posite indices of femoral neck strength relative to load, and not asso-
ciated with BMD in either femoral neck or lumbar spine. These two
associations (of the ten that were tested) were small: 0.024 SD in-
crement in ISI per childbirth and 0.018 SD decrement in lumbar
spine BMD for every 6 months of lactation. In addition, as seen in
some previous studies [34-38], neither parity nor lactation was as-
sociated with fracture hazard after age 42 (over median 15.7 years
of follow-up). Taken together, these findings suggest that parity
and lactation have no (or minimal, if any) long-term implications
on bone strength and fracture risk.

Adjusted? associations® (with 95 % confidence interval) of lifetime parity (before age 42) and accumulated length of lactation (before age 42) with bone strength measurements at study

baseline.

Femoral neck
BMD (n = 2235,
mean 0.85, SD 0.14)

Lumbar spine
BMD (n = 2022,
mean 1.07,SD 0.13)

Impact strength
index (n = 1881,
mean 0.18, SD 0.04)

Compression strength
index (n = 1881,
mean 3.3, SD 0.64)

Bending strength
index (n = 1881,
mean 1.02, SD 0.22)

Lifetime parity (per childbirth)
Lactation duration (per every 6 months)

0.0002 (—0.025, 0.025)
0.002 (—0.012, 0.016)
—0.001)

—0.026 (—0.058, 0.006)
—0.018" (—0.036,

0.024™ (0.0001, 0.048)
0.006 (—0.007, 0.020)

0.022 (—0.002, 0.046)
0.007 (—0.007, 0.020)

0.024 (—0.004, 0.051)
0.009 (—0.006, 0.024)

Abbreviations: BMD = bone mineral density, SD = standard deviation.

# Multiple linear regressions adjusted for age, race/ethnicity, menopausal transition stage, body mass index, smoking status, smoking pack-years, alcohol consumption level, physical
activity level, employment status, diabetes, hyperthyroidism, current use of supplementary calcium, current use of supplementary vitamin D, prior use of sex steroid hormones, prior use
birth control pills, prior use of depo-provera injection, current or prior use of oral corticosteroids, current use of proton pump inhibitors, other bone-adverse medications, and study site.

b Units: BMD or strength index standard deviation.
* p<005.
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Any bone mass that may have been lost during pregnancy and breast
feeding appears to be regained before a woman enters the menopause
transition. This recovery may be partly attributable to higher levels of
physical activity in those with higher parity: we found that both parity
and lactation were associated with higher total physical activity level
and higher home physical activity level, which has beneficial effects
on bone health [25]. We also found that parity, not lactation, was posi-
tively associated with BMI in later life, which is consistent with previous
studies that have shown that parity may be associated with greater
body weight in later life, while the long-term effect of lactation on
weight appears to be unclear [10-12]. Greater weight enhances bone
re-accrual (via greater skeletal loading) [13], which could increase
BMD. At the same time, greater body weight increases impact forces
during a fall [6,14]. It is, therefore, theoretically possible that the recov-
ery in bone mass is not enough to compensate for the increase in impact
forces. We found, however, that the composite indices of femoral neck
strength relative to load were not lower in women with higher parity
or longer length of lactation.

Like ours, another recent study also reported an association between
longer length of lactation and lower BMD in the lumbar spine, but not in
the femoral neck or the total hip [33]. Compared with femoral neck
BMD, lumbar spine BMD has a higher proportion of trabecular bone,
which is more metabolically active [39,40], and possibly more suscepti-
ble to hormonal influences and reduction in calcium reserves than fem-
oral neck BMD. Although others and we have seen lower BMD in the
lumbar spine in women with longer length of lactation, the size of the
effect in women approaching the menopause transition is small, and
may not impact fracture risk in later life. No study that we are aware
of has found that lactation is associated with higher fracture rate in
the long-term.

The assumptions and implications of our fracture study design, in
particular of not distinguishing between traumatic and non-traumatic
fractures, deserve mention. Just like low bone strength is a risk factor
for a non-traumatic fracture, it is also a risk factor for a traumatic frac-
ture, in that when there is a trauma, those with lower bone strength
are more likely to have a fracture [41]. However, for traumatic fractures
to be useful as indicators of osteoporosis (or low bone strength), one has
to assume that the occurrence of a trauma is random and not related in-
dependently to the predictors of interest (parity and lactation, in this
analysis). This is analogous to the assumption made when one examines
non-traumatic fractures exclusively, which is that fall risk is not related
to the predictors of interest. It is not clear that either assumption is more
defensible than the other. Under these two assumptions (note that both
are needed here), our study implies that parity and cumulative length of
lactation by age 42 are not related to the subsequent hazard of fracture
over a median follow-up of 15.7 years.

The limitations of our study need to be acknowledged. Firstly, our
assessment of length of lactation could have been affected by recall
bias. Previous studies, however, have suggested that long-term recall
of length of lactation is reproducible and accurate [42,43]. Secondly,
our study was not powered to find small effects on fracture risk. A pre-
vious meta-analysis showed that the relative risk of all fractures associ-
ated with one SD decrement in lumbar spine BMD is 1.5 [44]; thus, the
expected relative increase in risk of fracture per 6 additional months of
lactation would be only 0.7%. Thirdly, we did not have information
about non-clinical vertebral fractures, which might underestimate the
incidence of fractures. The above-mentioned meta-analysis reported
that the relative risk of spine fracture associated with one SD decrement
in lumbar spine BMD is 2.3 [44]. Fourthly, fractures were self-reported.
However, medical records were obtained for 67% of self-reported non-
digital non-cranio-facial fractures and 95% were confirmed. Further-
more, the fracture analysis examined time to first fracture after age
42, but covariate data were collected at SWAN baseline, when median
age was 46 years. Covariates such as BMI, physical activity level, and al-
cohol consumption level may have changed from the baseline visit,
which may have introduced some bias in findings. In addition, effects

of pregnancy after age 42 were not addressed, and effects of adolescent
pregnancy were not distinguished. Finally, the cohort was middle-aged
and the rate of fractures was low.

Despite these limitations, our study has several strengths, including
the multi-site design and size of the study sample, long length (nearly
16 years) of follow-up, assessment of parity and accumulated length
of lactation up to the same age (age 42) for every woman and assess-
ment of fractures from that time point forward. In addition, we investi-
gated potential factors that might have contributed to nullify the effects
of parity and lactation on bone strength, such as total physical activity
level, home physical activity level, and higher BMI. Finally, to our knowl-
edge, this is the first study to examine the associations between parity
or lactation and bone strength relative to load. The importance of incor-
porating bone size and body size into BMD to assess bone strength rel-
ative to load has been demonstrated in multiple cohorts [15,16,45-47].

In conclusion, lifetime parity and cumulative length of lactation
had few, small associations with bone strength in pre- or early
peri-menopausal women. Parity and length of lactation were also
not associated with risk of fracture after age 42, over median
follow-up of 16 years. This study adds to the accumulating evidence
that parity and lactation have no (or minimal, if any) long-term del-
eterious effects on bone health.
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