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a b s t r a c t
Purpose: Adult bone mass depends on acquisition in childhood and decline in adulthood, and may be inﬂuenced
by socioeconomic conditions over the entire life course.
Methods: We examined associations of bone mineral density (BMD) in adulthood with life course socioeconomic status in 729 participants in the Midlife in the United States Biomarker Project, adjusting for age,
menopausal transition stage, race, gender, body weight, smoking, physical activity in several life stages,
and research site. Primary predictors were a) childhood socioeconomic advantage score (including parental education, self-rated ﬁnancial status relative to others, not being on welfare), b) adult education level
(no college vs. some college vs. college graduate), and c) adult current ﬁnancial advantage score (including
family-adjusted poverty to income ratio, self-assessed current ﬁnancial situation, having enough money to
meet needs, ease in paying bills).
Results: Mean age was 56.9 (range 34–85) years. After adjustment for covariates, childhood socioeconomic
advantage and adult education level were positively associated with lumbar spine BMD: 0.27 standard
deviations (SD) higher at 90th compared to 10th percentile of childhood advantage score (P = 0.009),
and 0.24 SD higher in college graduates compared to participants without college education (P = 0.01).
Adult current ﬁnancial advantage was not associated with lumbar spine BMD. None of the three socioeconomic indicators was signiﬁcantly associated with femoral neck BMD.
Conclusions: Childhood socioeconomic advantage and adult education level were associated with higher
adult lumbar spine BMD. Current ﬁnancial advantage was not associated with BMD. Childhood socioeconomic factors may inﬂuence acquisition of lumbar BMD.
© 2012 Elsevier Inc. All rights reserved.

Introduction
Low socioeconomic status (SES) is associated with poor health
and with multiple markers of sub-clinical disease. A large body of
evidence documents SES gradients in biomarkers from nearly every
major physiological system [1]. Many of the systems linked to SES,
including the hypothalamic–pituitary–adrenal (HPA) axis, sympathetic nervous system, glucose metabolism, and inﬂammation [1], inﬂuence bone mineral density (BMD) [2–5]. Additionally, SES is linked
to health behaviors which are known to inﬂuence bone mass, such as
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smoking, physical activity, and excessive alcohol intake [6–9]. It has
therefore been postulated that socioeconomic advantage positively
inﬂuences bone mass.
A few U.S. studies have indeed found that higher adult SES is associated with higher total hip and femoral neck BMD [10,11]. However,
because adult bone mass is a function of both acquisition in childhood
and decline in adulthood, we hypothesized that both childhood and
adult socioeconomic advantage positively inﬂuence adult BMD. Studies outside the U.S. support this hypothesis [12–14], but it has not
been examined in the U.S.
Previous studies of SES and bone mass have focused exclusively
on objective measures of SES, such as income and education, which
do not completely capture the socioeconomic environment in which
people live their daily lives. For example, subjective self-reports of
SES (e.g., ranking oneself on a ladder, rating one's ﬁnancial position
relative to others) are independently associated with a variety of
health outcomes, independent of education and income [15,16]. We
therefore examined the associations of socioeconomic advantage
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The MIDUS National Study of Health and Well-Being [17–19]
recruited a national sample of adults between 25 and 75 years of
age residing in the coterminous United States in 1995–1996, and reinterviewed them 9–10 years later (MIDUS II); details of the study
design, recruitment, and retention are available at http://www.icpsr.
umich.edu/icpsrweb/NACDA/. Of the 3191 MIDUS II participants
deemed medically able to travel, 1255 agreed to participate in the
MIDUS II biomarker project, which required a 2-day commitment,
including travel to one of the three clinical research centers University of California at Los Angeles, Georgetown University, and University
of Wisconsin. Reasons given for nonparticipation were travel, family
obligations, and being too busy. Participants provided medical history
information and underwent anthropometric and BMD measurements
according to standardized protocols. Data collection occurred between July 2004 and May 2009. Informed consent was provided by
each participant. Each MIDUS center obtained institutional review
board approval [17].
The characteristics of the MIDUS II participants were similar to
those of the MIDUS I participants [19] and the characteristics of
the MIDUS biomarker project participants (e.g. subjective health
status, chronic health conditions, exercise, alcohol use) were similar
to those of the MIDUS II participants as a whole [17].
Of the 1255 participants in the MIDUS II Biomarker Project, we
excluded data from 126 participants who reported the use of medications known to inﬂuence bone density (oral corticosteroids, alendronate, anastrozole, calcitonin, ibandronate, leuprolide, letrozole,
raloxifene, risedronate, tamoxifen, zoledronic acid, testosterone, ﬁnasteride, dutasteride), 137 female participants whose menopause
transition stage classiﬁcation could not be completed, 8 participants
for whom we lacked complete SES information, and 255 without
BMD measurement (which was added to the Biomarker Project partway into data collection). Thus, the analytic sample for this study
was composed of 729 participants (353 men, 376 women).

relative to others (0: worse off, 1: same, 2: better), and highest parental education (0: bhigh school, 1: high school/general educational development [GED] certiﬁcate, 2: some college or more). Scores were
calculated only for participants who supplied data regarding at least
2 of the 3 components; the missing component was imputed as the
rounded mean of the other two components for 49 participants.
Among MIDUS twin and siblings participants, the intra-class correlation coefﬁcient for childhood advantage score was 0.84, indicating a
high degree of reliability. We have previously shown associations between this childhood advantage score and a beneﬁcial adult physiological proﬁle [21].
The participants' educational level was also ascertained and collapsed to a 3-category variable: 1) no college vs. 2) some college or
Associate's degree vs. 3) Bachelor's degree or more.
Data were available regarding 3 aspects of current adult ﬁnancial
advantage: the family-adjusted poverty-to-income ratio, a subjective
rating of current ﬁnancial situation, and a rating of the degree of
difﬁculty paying bills. We describe each of these 3 measures of current adult ﬁnancial advantage here. We calculated current familyadjusted poverty-to-income ratio (FPIR) for each participant as
the ratio of the participant's total household income (sum of selfreported earnings, pension, social security, and government assistance for all household members) to the U.S. Census Bureau poverty
threshold speciﬁc to the participant's age, presence of a spouse or
partner in the household, the number of children under age 18 living
in the household, and year of data collection. For example, an FPIR of
3 corresponds to a total household income 3 times the census bureaudeﬁned poverty level for his/her family. Participants were also asked
to rate their current ﬁnancial situation (response choices of worst,
average, or best) and to report whether they had enough money to
meet their needs (response choices of not enough, just enough, or
more than enough) and difﬁculty in paying bills (response choices
of very, not very, or not at all).
We calculated an adult current ﬁnancial advantage score (possible
range 0–8) by summing 4 components: FPIR (0 for FPIR b 3, 1 for
FPIR ≥ 3 but b6, 2 for FPIR ≥ 6, reﬂecting approximate tertiles of its
distribution), self-rated current ﬁnancial situation (0: worst, 1: average, 2: best), money to meet needs (0: not enough, 1: just enough, 2:
more than enough), and degree of difﬁculty paying bills (0: very, 1:
not very, 2: not at all). Scores were calculated only for participants
who supplied data regarding at least 3 of the 4 components; the missing component was imputed as the rounded mean of the other three
components for 20 participants

Childhood and adult socioeconomic advantage assessment

Bone mineral density measurement

Primary predictors in this analysis were 1) childhood socioeconomic advantage, 2) participant education, and 3) adult ﬁnancial
advantage. We separated participant education from adult ﬁnancial advantage because educational attainment is relatively constant
over adult life while ﬁnancial status can vary over adult life, and at
any point reﬂects current SES. Also, previous studies of SES relationships with BMD have found associations of BMD with participant
education but not with income [10,20].
Participants were asked to recall three aspects of their socioeconomic environment during childhood. First, they were asked to
rate the highest educational level attained by their father (or other
male head of household) and mother (or other female head of
household). Second, to assess welfare status in childhood, we asked
participants whether they had ever been on welfare as a child
(response choices: yes or no). Finally, we asked participants for a subjective self-assessment of childhood ﬁnancial status relative to others
(response choices: worse off, same as, or better than others.) We calculated a childhood socioeconomic advantage score (possible range
0–6) for each participant by summing three components: being on
welfare during childhood (0: yes, 2: no), childhood ﬁnancial level

At the MIDUS II visit (2004–2009), BMD was measured in the lumbar spine (L1–L4) and left hip using dual-energy X-ray absorptiometry
(DXA). DXA scans were performed using GE Healthcare Lunar Prodigy
(Madison site) or Hologic 4500 (UCLA and Georgetown) technology
by technologists certiﬁed by the International Society for Clinical
Densitometry. Funding for DXA scanning at the UCLA and Georgetown sites was obtained after the Biomarker Project had commenced;
thus, BMD data were not available for every participant at these sites.
Adjudication of all DXA scans occurred centrally by physicians at the
University of Wisconsin DXA center. Three times per week, and on
all days on which scans were obtained, instruments were calibrated
and phantom scan data were acquired. No densitometer shift or
drift occurred during the course of this study. For BMD crosscalibration across the three clinical sites, a “bone-ﬁde” phantom was
scanned 10 times on the densitometers at each of the three study
sites. The linear regression equation developed from these calibration
scans were used to correct BMD values from two of the three sites to
make the data comparable across study sites. The re-calibrated BMD
values at the lumbar spine and left hip were reported in units of
grams/cm-squared.

over the life course, assessed comprehensively using both objective
and subjective SES measures, with lumbar spine and femoral neck
BMD as measured by dual energy X-ray absorptiometry (DXA) in
adulthood using data from the Midlife in the United States Study
(MIDUS) Biomarker Project [17–19].
Methods
The Midlife in the U.S. (MIDUS) recruitment and data collection methods
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Race/ethnicity was self-identiﬁed as white, black/African American,
other, or multiracial. For this analyses, we classiﬁed race as black vs. not
black; the latter group was mostly white, but included a small number
(n= 32, 4.5%) that were neither white nor black/African American.

adult ﬁnancial) had near-normal distributions and were treated as
continuous predictors, but education was modeled as a 3-level, categorical predictor (1: no college, 2: some college or Associate's degree,
3: Bachelor's degree or more), because education effects on health
are thought to operate through social advantages conferred by credentialing rather than directly by additional years of education
([27–29]), and because at least one previous study has suggested a
threshold effect of education on BMD [10]. We controlled for age,
gender, and menopausal status using a single categorical variable
with the following seven categories: male b50 years-old, male
50–59 years-old, male ≥60 years-old, premenopausal female, early
perimenopausal female, late peri-/post-menopausal female not
taking menopausal hormone therapy, and postmenopausal female
taking menopausal hormone therapy, and two continuous variables:
one that tracked age in men 60 years and older, and one that tracked
age in women who were late peri- or post-menopausal and not taking
menopausal hormone therapy. We additionally controlled for race
(black vs. non-black), study site, body weight (kg), smoking (packyears), heavy alcohol consumption (yes/no), physical activity in
high school (number of years in competitive sports and number
of years in recreational sports), young adulthood physical activity
score, and current physical activity score. We used linear mixed
effects models with a random intercept at the family level to account
for clustering between siblings and twins.
We tested for potential interactions of race (black vs. non-black),
sex, and race-sex groups (black men, non-black men, black women,
non-black women) with the 3 socioeconomic indicators.
All statistical tests were 2-sided. P values ≤ 0.05 were considered
statistically signiﬁcant. Statistical analyses were performed using
SAS version 9.2 (SAS Institute Inc., Cary, North Carolina, U.S.A.).

Health behavior assessment

Results

At the time of BMD measurement, questionnaires assessed total
pack years of cigarette smoking (years smoked regularly multiplied
by number of cigarettes per day divided by 20), alcohol consumption
level, and levels of physical activity in different stages of life. Participants were asked to quantify their alcohol consumption at two time
points: 1) during the past month, and 2) during the period in which
they felt they consumed the most alcohol of their lives. We deﬁned
“heavy” alcohol consumption as regular consumption of >7 drinks
per week or >3 drinks per day for female participants, and >14
drinks per week or >4 drinks per day for male participants [24].
Participants were asked to quantify levels of (recalled) physical
activity during 3 stages of their lives: high school, young adulthood,
and current (at the time of BMD measurement.) For the high school
stage, participants reported the number of years of participation in
competitive sports and in recreational sports (separately) between
ages 14 and 18. For the young adult stage, participants reported the
number of years of exercise performed between ages 20–35 years
for each of 3 self-categorized intensity levels (light, moderate, and
vigorous). For current physical activity, participants rated the average
number of minutes per week currently spent doing light, moderate,
and vigorous exercise. For each participants' young adulthood and
current levels of physical activity, we created summary scores by adding the reported times for light (weight of 1), moderate (weight of 2),
and vigorous (weight of 3) activity. Prior studies have validated the
use of similar (recalled) self-reports of physical activity [25,26].

Most demographic characteristics and health assessments of the
MIDUS II biomarker study participants were comparable to those of
the overall MIDUS II recruitment pool [17]. Compared to the entire
MIDUS II biomarker study, a higher proportion of participants included in the current study were black (23.6% vs. 17.7%) and a slightly
higher proportion were men (48.4% vs. 43.2%) (Table 1).
On average, participants of the current study were aged 56.9 years
and 23.6% were black (Table 1). The proportion of men within each
of the three age groups was similar. One-third of the women were
late peri-/post-menopausal women who were not taking hormone
therapy. Only a small minority of participants (16.5%) were current
smokers. Average (both mean and median) childhood advantage
score was 4.0 (standard deviation [SD] 1.5, inter-quartile range 3–5,
10th percentile 2, 90th percentile 6), and average adult ﬁnancial advantage score was 3.9 (SD 2.5, median 4.0, inter-quartile range 2–6,
10th percentile 0, 90th percentile 7). Forty‐one percent of the sample
were college graduates or better educated, and an additional twenty‐
nine percent had some college level education. Adult education level
(treated as a 3-level ordinal variable) was weakly correlated with
childhood socioeconomic advantage (Spearman r = 0.35) and adult
current ﬁnancial advantage (Spearman r = 0.36), and correlations between childhood and current adult advantage scores were especially
weak (Spearman r = 0.19)(data not shown).
Childhood ﬁnancial advantage scores were statistically signiﬁcantly higher among non-black participants than among black participants (4.18 vs. 3.54), as were adult ﬁnancial advantage score (4.48
vs. 2.17) and the proportion of participants with a college degree
(47.5% vs. 19.8%) (each P value b 0.001), data not shown).
We ﬁrst examined childhood advantage score, adult education
level, and adult ﬁnancial advantage score as predictors of BMD in
separate multivariable regressions. After adjustment for race, study
site, body weight, menopause transition stage (in women), and age,
childhood advantage score and adult education level were positively

Age and menopausal transition stage classiﬁcation
From self-reported menstrual patterns and use (in the last year) of
sex steroid hormones (from self report and examination of medication
bottles brought to the clinical research center), we classiﬁed each
female participant's menopausal stage as one of the following: premenopausal (no change in regularity of menses), early perimenopausal (had
menses in last 3 months with change in regularity of menses), late perimenopausal (last menses 3–12 months previously with change in regularity of menses), postmenopausal (no menses in prior 12 months) not
taking menopausal hormone therapy, and postmenopausal taking
menopausal hormone therapy.
We classiﬁed each participant into one of seven age-gendermenopausal stage categories: male younger than 50 years, 50–59 yearold men, men 60 years or older, premenopausal women, early perimenopausal women, late peri-/post-menopausal women not taking
menopausal hormone therapy, and postmenopausal taking menopausal hormone therapy. The choice of age categories in men was
guided by previous observations that age-related bone loss in men
does not start until age 50 years [22], and to age-match the oldest
group to the post-menopausal women, because only 0.3% of occurrences of spontaneous menopause take place at or after 59 years of
age [23].
Assessment of race

Statistical analysis
Lumbar spine BMD and femoral neck BMD were the dependent
variables in separate linear regressions that examined their associations with childhood socioeconomic advantage, adult education,
and adult current ﬁnancial advantage, both with and without controls
for each other. Both advantage scores (childhood socioeconomic and
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Analytic sample
(n = 729)

MIDUS II biomarker
sample (n = 1255)

56.9 (11.4)
172 (23.6%)
86.7 (20.6)
169.7 (9.5)
30.1 (6.7)
353 (48.4%)

57.3 (11.5)
222 (17.7%)
84.7 (20.3)
168.6 (9.4)
29.8 (6.6)
542 (43.2%)

115 (32.6%)
103 (29.2%)
135 (38.2%)

156 (28.8%)
153 (28.2%)
233 (43.0%)

62 (16.5%)
53 (14.1%)
224 (59.6%)

72 (12.7%)
56 (9.9%)
374 (65.9%)

interval 0.07 SD, 0.42 SD) at the 90th compared to the 10th percentile
of childhood advantage score, and 0.24 SD higher lumbar spine BMD
(95% conﬁdence interval 0.06 SD, 0.41SD) in college graduates compared to those without any college-level education. When childhood
advantage score and adult ﬁnancial advantage score were included in the
same model, the magnitude of the association between childhood advantage score and lumbar spine BMD remained unchanged (0.012 g/cm2
higher lumbar spine BMD per one-point increment in the childhood
advantage score, P=0.009). When all three socioeconomic advantage indicators were included together in one model, the associations of adult
education and childhood advantage score with lumbar BMD became
marginally signiﬁcant (Table 2).
None of the interactions of race (black vs. non-black), sex, or racesex groups (black men, non-black men, black women, non-black
women) with the three socioeconomic indicators was statistically
signiﬁcant at the P b 0.05 level (data not shown).

37 (5.1%)

66 (6.0%)

Discussion

120 (16.5%)
9.1 (17.3)

187 (14.9%)
8.8 (16.9)

1.7 (1.9)

1.6 (1.8)

1.7 (1.8)

1.6 (1.8)

34.5 (25.8)

33.3 (26.0)

692.1 (1214.9)

638.2 (1089.6)

216 (30.0%)
210 (29.1%)

344 (27.7%)
371 (29.9%)

295 (40.9%)
4.0 (1.5)

527 (42.4%)
4.0 (1.5)

3.9 (2.5)
0.84 (0.14)
1.06 (0.18)

4.0 (2.5)
–
–

Table 1
Descriptive statistics: n (%) or mean (SD).

Age (years)
Black racea*
Weight (kg)*
Height (cm)*
Body mass index (kg/m2)
Men*
Age groups in men*
Ages b 50 years
Ages 50–59 years
Ages ≥ 60 years
Menopause transition stage in women*
Premenopausal
Early perimenopausal
Late peri-/post-menopausal
women (not taking hormone
therapy)
Postmenopausal women
taking hormone therapy
Current smoking
Smoking (pack-years)
Physical activity
Recreational sports
ages 14–18 years
Competitive sports
ages 14–18 years*
Summary score ages
20–35 yearsb *
Summary score current
physical activityc *
Education
No college
Some college or
Associate's degree
College degree or more
Childhood socioeconomic
advantage score
Adult ﬁnancial advantage score
BMD femoral neck g/cm2*
BMD lumbar spine g/cm2*

a
*Represents statistically signiﬁcant (P b 0.05) difference (t-test for continuous variables
and chi-squared test for categorical variables) between the analytic sample and those in
the MIDUS II Biomarker Sample who were excluded from the analytic sample. Major reason for exclusion was unavailability of BMD measurement.
b
Summary score of physical activity between ages 14 and 18 years = (number of years
of light exercise ⁎ 1) + (number of years of moderate exercise ⁎ 2) + (number of years
of vigorous exercise ⁎ 3).
c
Summary score current physical activity = (average number of minutes doing light
exercise ⁎ 1) + (average number of minutes doing moderate exercise ⁎ 2) + (average
number of minutes doing vigorous exercise ⁎ 3).

associated with lumbar spine BMD. For every point increment of
childhood advantage score, lumbar spine BMD was 0.011 g/cm 2
higher (P = 0.009) and participants with a Bachelor's degree or more
education had 0.047 g/cm 2 higher lumbar spine BMD (P = 0.002)
compared to participants with no college education (Table 2).
Neither childhood advantage score nor adult education level was statistically signiﬁcantly associated with femoral neck BMD (Table 3).
Adult current ﬁnancial advantage score was not statistically signiﬁcantly associated with either lumbar spine or femoral neck BMD
(Tables 2 and 3).
The positive associations of childhood socioeconomic advantage
and adult education level with lumbar spine BMD persisted after adjustment for health behaviors, i.e. lifetime exposure to smoking, alcohol consumption, and physical activity at different life stages (high
school years, young adulthood, and current); the adjusted effect size
was 0.012 g/cm 2 per one-point increment in the childhood advantage
score (P = 0.009) and 0.044 g/cm 2 for college graduates compared to
those without any college-level education (P = 0.01)(Table 2). This
translates to 0.27 SD higher lumbar spine BMD (95% conﬁdence

Adult bone mass is a function of bone acquisition in childhood and
decline in adulthood. This study of 729 midlife adults in the U.S. was
designed to determine whether socioeconomic advantage over different stages in the life course is associated with adult BMD. We found
that greater childhood socioeconomic advantage and higher adult
education level, but not adult current ﬁnancial advantage, were associated with higher adult lumbar spine BMD. The associations of childhood socioeconomic advantage and adult education with lumbar
spine BMD persisted after accounting for current ﬁnancial advantage,
and did not vary by race or sex. Femoral neck BMD was not signiﬁcantly associated with any socioeconomic indicator. Because of differences in SES distributions between race groups in the U.S. and race
differences in BMD [30], race is an important potential confounder
of SES associations with BMD. Indeed, scores for each of the 3 indicators of socioeconomic advantage (childhood socioeconomic advantage, adult education, adult ﬁnancial advantage) were more favorable
among non-black than among black participants. The associations of
childhood socioeconomic advantage and adult education with lumbar
spine BMD in this study were independent of race. In addition, the associations between the three socioeconomic indicators and BMD did
not vary signiﬁcantly by race (black vs. non-black).
Our ﬁndings are consistent with ﬁndings from the Newcastle
Thousand Families Cohort Study that prospectively examined the
effects of an aggregate measure of fetal, infant, and childhood socioeconomic and health factors, which included occupational social
class of the father at birth and of the main household wage earner
at age 5 years, and found associations with lumbar spine BMD at
ages 49–51 years [31]. However, the study did not separately report
associations of childhood SES with BMD.
No previous U.S. study has examined associations of childhood SES
with adult BMD. One prior U.S. study examined adult education in
relation to femoral neck BMD. In the Third National Health and Nutrition Examination Survey, education was positively associated with
femoral neck BMD in white women, but not in black women or
white or black men [10]. However, the education effect was concentrated at the lowest end of the education distribution (in white
women with less than 8 years of formal schooling), and was not
adjusted for menopausal transition stage. In our study, which did
not include many participants with less than 8 years of education
and was adjusted for menopausal transition stage, we did not detect
an association between educational level and femoral neck BMD. A
second study using the NHANES III data examined total hip BMD in
post-menopausal women and found a positive association with education, but the association did not persist after adjustment for health
behaviors [11].
On the other hand, positive associations of adult education with
lumbar spine BMD have been more consistently demonstrated; they
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Table 2
Adjusted associations of lumbar spine BMD (g/cm2) with socioeconomic indicators alone and togethera.

Without control for health behaviors
Childhood advantage score
(per unit; range 0–6)
Education
Some college or Associate's
degree vs. no college
College degree or more
vs. no college
Adult ﬁnancial advantage score
(per unit; range 0–8)
With control for health behaviorsb
Childhood advantage score
(per unit; range 0–6)
Education
Some college or Associate's
degree vs. no college
College degree or more
vs. no college
Adult ﬁnancial advantage
(per unit; range 0–8)

Model 1: childhood
advantage alone

Model 2: adult
education alone

Model 3: adult
ﬁnancial advantage
alone

Model 4: childhood
advantage and adult
ﬁnancial advantage

Model 5: All three
SES indicators
together

0.011 (0.004)⁎⁎

–

–

0.011 (0.004)⁎⁎

0.007 (0.004)

–

0.011 (0.016)

–

–

0.007 (0.016)

–

0.047 (0.015)⁎⁎

–

–

0.042 (0.016)⁎

–

–

0.001 (0.003)

0.00002 (0.003)

− 0.001 (0.003)

0.012 (0.004)⁎⁎

–

–

0.012 (0.004)⁎⁎

0.009 (0.005)~

–

0.009 (0.017)

–

–

0.005 (0.018)

–

0.044 (0.016)⁎

–

–

0.035 (0.018)~

–

–

0.002 (0.003)

0.0005 (0.003)

− 0.0002 (0.003)

a
Cell entries are beta-coefﬁcients from regression models examining adjusted associations of BMD with the SES indicators. Standard errors are presented within parentheses. All
associations are adjusted for gender, menopause transition stage (in women), age (see text for speciﬁcation), race, clinical research site, and body weight.
b
Additional controls for smoking status, alcohol consumption, and physical activity level in childhood, in young adulthood, and currently.
⁎ P-value 0.05–0.01.
⁎⁎ P-value 0.01–0.001.
~
P-value 0.05–00.

were seen in our study as well as in an earlier study of postmenopausal women [20]. In both studies, the education associations persisted after adjustment for health behaviors. One potential reason
for the stronger, more consistent with BMD at the lumbar spine
than at the femoral neck may be the differing composition of bone
at the two anatomical sites. The lumbar spine is composed predominantly of trabecular bone, whereas the femoral neck has a much

higher proportion of cortical bone than does the lumbar spine [32].
Some studies have suggested that weight-bearing and physical activity in the growing years are important determinants of cortical bone
density, whereas cancellous vertebral bone density is more strongly
affected by hormonal and/or metabolic factors which are sensitive
to stressors during adolescence [33–35]. Changes in the hormonal
milieu as a result of perceived stresses are the likely pathway from

Table 3
Adjusted associations of femoral neck BMD (g/cm2) with socioeconomic indicators alone and togethera.

Without control for health behaviors
Childhood advantage score
(per unit; range 0–6)
Education
Some college or
Associate's degree
(vs. no college)
College degree or
more (vs. no college)
Adult ﬁnancial advantage
score (per unit; range 0–8)
With control for health
behaviorsb
Childhood advantage
score (per unit;
range 0–6)
Education
Some college or Associate's
degree (vs. no college)
College degree or
more (vs. no college)
Adult ﬁnancial
advantage score
(per unit; range 0–8)

Model 1: childhood
advantage alone

Model 2: adult
education alone

Model 3: adult ﬁnancial
advantage alone

Model 4: childhood
advantage and adult
ﬁnancial advantage

Model 5: all three SES
indicators together

0.005 (0.003)

–

–

0.005 (0.003)

0.005 (0.003)

–

− 0.015 (0.011)

–

–

− 0.018 (0.011)

–

0.001 (0.011)

–

–

− 0.007 (0.012)

–

–

0.002 (0.002)

0.002 (0.002)

0.002 (0.002)

0.005 (0.003)

–

–

0.005 (0.003)

0.006 (0.003)~

–

− 0.015 (0.012)

–

–

− 0.019 (0.013)

–

− 0.006 (0.012)

–

–

− 0.015 (0.013)

–

–

0.002 (0.002)

0.002 (0.002)

0.002 (0.002)

a
Cell entries are beta-coefﬁcients from regression models examining adjusted associations of BMD with the SES indicators. Standard errors are presented within parentheses. All
associations are adjusted for gender, menopause transition stage (in women), age (see text for speciﬁcation), race, clinical research site, and body weight.
b
Additional controls for smoking status, alcohol consumption, and physical activity level in childhood, in young adulthood, and currently.
~
P-value 0.05–00.
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childhood and young adulthood social circumstances to adult bone
health; thus, lumbar bone mass may be more susceptible to less favorable social circumstances in the growing years.
Associations with adult ﬁnances have also been seen only for lumbar spine BMD, and not femoral neck BMD. The previously-mentioned
NHANES III study reported that family poverty-to-income ratio was
not associated with femoral neck BMD [10]. However, a Spanish
study of postmenopausal women found higher lumbar spine BMD in
women with income above the Spanish Institute of Statistics poverty
threshold compared to those living below the poverty threshold
(after adjustment for smoking), but found no income association
with femoral neck BMD [36]. Our study found no association of adult
current ﬁnancial advantage with either lumbar spine or femoral
neck BMD.
In our study, childhood socioeconomic advantage and adult education were positively associated with lumbar spine BMD even
when adjusted for current ﬁnancial advantage. This is not surprising,
given that education and current ﬁnances reﬂect different aspects
of socioeconomic status, and are not strongly correlated [37,38]. Because adult education is affected by social conditions during childhood and young adulthood, and impacts adult socioeconomic status
after attainment of the terminal credentials, our ﬁndings suggest
that socioeconomic conditions over the life course are more relevant
to adult bone mass than are current ﬁnancial circumstances, and that
socioeconomic advantage in childhood, during bone mass acquisition,
may be especially relevant to adult bone mass.
It must be noted that the associations of childhood socioeconomic
advantage and adult education with lumbar spine BMD in this study
were not explained by differences in lifetime personal smoking behavior, excessive alcohol consumption, and levels of physical activity
in high school and adulthood, suggesting that other factors may be
responsible. One explanation that we could not explore in this study
were SES differences in parental lifestyle choices (such as maternal
smoking during pregnancy), which are known to inﬂuence children's
bone mass [39]). Another potential mechanism by which childhood
socioeconomic circumstances could affect bone mass is the effect of
childhood stresses on physiological systems, such as the HPA axis,
sympathetic nervous system, inﬂammation, and glucose regulation,
all of which have been related to osteoporosis. SES differences in
brain development and function begin at the earliest stages of life
[1] and SES differences in cardiovascular and neuroendocrine proﬁles
are seen in young children and adolescents [40–42] with persistent
dysregulation seen in adults with low childhood SES [43]. In turn,
dysregulation of these systems have been related to low BMD
[1,44–48], and might represent the biological pathway from childhood socioeconomic disadvantage to osteoporosis.
Our study has some limitations. The cross-sectional observational
design does not allow inference of causality. Moreover, childhood
socioeconomic advantage was ascertained from recalled self-report
and is therefore susceptible to bias. However, among twins and siblings, there is excellent agreement regarding recall of childhood social
class and parental education [49,50]. Among MIDUS twin and sibling
participants, the intra-class correlation coefﬁcient for childhood
advantage score was 0.84, indicating a high degree of reliability. The
intra-class correlation coefﬁcient was unchanged when we dropped
non-twin siblings from the sample and when we examined parental
education separately. In addition, we do not have direct measures of
childhood nutrition which might have helped to explain BMD associations with childhood socioeconomic advantage. Poverty affects food
choices and has profound impact on nutritional status [51]. Finally,
information regarding physical activity in high school and young
adult years was ascertained by recalled self-report and may be biased.
Strengths of our study include the comprehensive assessment of
socioeconomic advantage using both objective and subjective selfreports, the ability to separate current ﬁnancial status from earlier
socioeconomic advantage, measurement and rigorous classiﬁcation

of menopausal transition stage based on strict criteria, the broad age
range in the sample, the ability to exclude data from current users
of medications that inﬂuence bone, and the inclusion of information
regarding physical activity in different life stages.
In conclusion, socioeconomic advantage in childhood and adult
education level were associated with higher adult lumbar spine, but
not femoral neck, BMD, and current ﬁnancial advantage was not associated with either lumbar spine or femoral neck BMD. This suggests
that life-course, and especially childhood socioeconomic factors, may
inﬂuence the acquisition of bone mass, especially trabecular bone
mass, during the growing years.
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