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Abstract
Summary Studies examining recent bone mineral density (BMD) trends in the US population are limited. In our study, we found
that age-adjusted mean BMD among US men and women was stable from 2005 to 2010, but then declined in 2013–2014. We
also explored factors associated with decreasing BMD in recent years.
Introduction Osteoporosis prevalence in the USA declined between 1988 and 2006, while the declining trend in hip fracture may
have plateaued in 2013–2014. We aimed to examine whether there has been a corresponding change in BMD trajectory for the
US population.
Methods Continuous National Health and Nutrition Examination Survey (NHANES) data from 2005–2006 to 2013–2014 were
analyzed to examine BMD trends among US men and women aged 30 years and older and among different race/ethnicity
subgroups. ANOVA and Bonferroni adjustments were used to examine the differences in mean BMD, and multiple linear
regressions adjusting for potential confounding effects were employed to examine BMD trends.
Results After age standardization, the mean BMD of the femur neck for the first three NHANES cycles was stable (all p > 0.1) in
both men and women, but significantly decreased in 2013–2014, from 0.864 g/cm2 to 0.846 g/cm2 (p = 0.0025) in men and from
0.789 to 0.771 g/cm2 (p = 0.03) in women. The overall mean femur neck BMD in 2013–2014 was significantly lower than that in
earlier survey cycles in both men and women, even after adjusting for multiple covariates, including age, race, physical activity,
previous fracture, BMI, and other variables. Similar results were observed in subgroup analyses of race and sensitivity analyses.
Conclusions Age-adjusted mean BMD decreased in 2013–2014 in both men and women, and this significant decrease was also
observed in sensitivity and subgroup analyses. The decreased BMD in 2013–2014 still remained significant even after being
adjusted for multiple potentially confounding effects.
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CDC Centers for Disease Control and Prevention
DXA Dual-energy X-ray absorptiometry
CKD Chronic kidney disease
GFR Glomerular filtration rate
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Introduction

Osteoporosis affects approximately 200 million people across
the world [1]. In the USA alone, around 54 million people
have osteoporosis or low bone mass [2]. Both conditions are
associated with an increased risk of fracture [3]. It has been
estimated that the number of osteoporotic fractures will grow
by almost 50% to more than 3 million cases by 2025 and will
cause the USA 25.3 billion dollars in economic loss [4].
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Meanwhile, fractures often result in serious disability and ex-
cess mortality for patients [3]. The high prevalence of osteo-
porosis and the associated adverse impacts make this condi-
tion a major public health issue in this country.

The prevalence of osteoporosis among people aged50years
andolder appeared todeclinebetween1988and1994and2005
and 2006 [5]. However, a research from the US Medicare
Database suggested that the decreasing trend in hip fracture
incidence may have ended in 2013–2014 [6]. Since the hip
fracture is considered as one of the most common manifesta-
tions of osteoporosis [4], this researchmight indicate the end of
the decreasing trend of the disease. As BMD is the single most
important predictor of osteoporotic fracture [7], identifying
whether there has been a corresponding change inBMD trajec-
tory for the US population in the past decade is imperative to
understandingbonehealthandtothepreventionofosteoporosis
and fracture in the US population.

Although a recent study utilized BMD to examine the prev-
alenceof osteoporosis and lowbonemass from2005 to2006 to
2013 to 2014 [8], the research focused on the population aged
50 years and older. In addition, other related studies also have
placed more emphasis on older people [9, 10]. Hence, the pur-
poseofour studywas toexamine thebonehealth inanextensive
population, including adults under 50 years of age. The afore-
mentioned study also examined osteoporosis and low bone
mass defined by the T-score method, in which the correspond-
ing variable was a categorical variable. While using a categor-
ical variable for the outcome has some advantages, studies
found that transferring continuous variables into categorical
variables may lead to information loss or other problems [11].
In our study, we directly utilized BMD to track the change in
bonehealth,whichwould help tominimize loss of information.
Furthermore, the meanBMDdifferences between the four sur-
vey cycles for men and women were examined after adjusting
for potentially confounding effects, and possible explanations
for the observed BMD trends were also explored.

Methods

Data source

Data were obtained from continuous NHANES, which is a
nationally representative cross-sectional survey of non-
institutionalized civilian persons in the USA. NHANES is
conducted by the National Center for Health Statistics at the
Centers for Disease Control and Prevention (CDC) to examine
collected data from approximately 5000 individuals across the
country every 2 years [12]. The participants are selected by a
complex, probability sampling design, and interviews and ex-
amination are conducted to obtain information on each partic-
ipant. The interview includes demographic, socioeconomic,
dietary, and health-related questions, while the examination

consists of medical, dental, and physiological measurements.
From 2005 to 2006, the survey started measuring the femur
and spine BMD, but BMDwas not measured for NHANES in
2011–2012. Therefore, only four cycles (2005–2006, 2007–
2008, 2009–2010, and 2013–2014) of data were included in
the analysis for this study. Subjects less than 30 years of age
were excluded from the analysis to ensure that the sample
included only those who had reached their peak BMD, since
bone formation exceeds resorption until age 30 and BMD
normally peaks at that time [13]. Subjects who lacked valid
BMD data were also excluded.

BMD measurement

BMD was measured by dual-energy X-ray absorptiometry
(DXA), the examination protocol for which is described in detail
elsewhere [14]. The femur and spine scans in 2005–2006
through 2009–2010 were performed with a Hologic QDR-
4500A fan-beam densitometer and with a Hologic Discovery
model A densitometer (Hologic, Inc., Bedford, MA, USA) in
2013–2014. The femur scans in 2005–2010 were analyzed with
Hologic Discovery v12.4, and the spine scans were analyzed
with APEX v3.0. In the 2013–2014 segment, both femur and
spine scans were analyzed with APEX v4.0. The Hologic
Service Team performed a cross-calibration procedure to stan-
dardize the newer system to the legacy system [15]. A previous
study assessed five femur regions and confirmed that there was
no difference between mean BMD analyzed by Discovery 12.4
and by Apex 4.0 at the femur neck [8]. Because BMDmeasure-
ment with DXA at the femur neck has the highest predictive
value for hip fracture, and the hip is the site of highest clinical
relevance [16], our study focused on analyzing the femur neck
BMDdata. However, to assess the robustness of our findings, we
conducted a sensitivity analysis by examining BMD trends of
total hip and total spine in the data.We also conducted a separate
sensitivity analysis to examine femur neck BMD trends across
the four survey cycles when limiting the age of participants to
40 years and above.

Demographic variables

Age, sex, and race/ethnicity were ascertained by question-
naire. For the race/ethnicity groups, BMexican American^
and BOther Hispanic^ were merged into BHispanic,^ and the
remaining groups were Bnon-Hispanic White,^ Bnon-
Hispanic Black,^ and Bnon-Hispanic other,^ respectively.

Clinical characteristics

BMD-related variables, including previous fracture [17], renal
function [18], hypertension [19], family history of osteoporo-
sis [20], physical activity [7], smoking status [21], rheumatoid
arthritis [22], thyroid disease [23], thiazide diuretics use [24],
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bisphosphonate use [25], diabetes [26], insulin use [27], BMI
[28], hormone therapy (women only) [29], menopausal status
(women only), and oral contraceptives use (premenopausal
women only) were considered for analysis [30, 31]. These
variables were selected based on literature review as well as
availability in the continuous NHANES data. Individuals who
had suffered a broken or fractured hip, wrist, or spine were
considered as having a previous fracture. Since mineral and
bone disorder may happen among people with chronic kidney
(CKD), the serum creatinine levels of subjects were used to
estimate glomerular filtration rates (GFRs), which were then
used to stratify their renal function within five stages: normal,
mild CKD, moderate CKD, severe CKD, and end-stage [18].
Subjects were considered to have hypertension if they an-
swered Byes^ to the question BHave you ever been told by a
doctor or other health professional that you had hypertension,
also called high blood pressure?^ In the present study, the
participants were defined as having a family history of osteo-
porosis if their parent(s) ever had osteoporosis. Self-reported
physical activity was categorized as Binactive^ and Bactive.^
Participants who were sedentary or only did basic activities,
which refers to the light-intensity activities like standing and
walking slowly, were considered to be inactive; otherwise, the
individuals were classified as active [32]. Smoking status was
categorized into current smokers, former smokers, and non-
smokers [33]. Current smokers were respondents who had
smoked at least 100 cigarettes during their lifetime and, at
the time of the interview, who reported smoking either every
day or some days. Former smokers were those who reported
smoking at least 100 cigarettes during their lifetime but who
currently did not smoke. Lastly, subjects who had not smoked
100 cigarettes during their lifetime were defined as non-
smokers. Information about use of prescription drugs was col-
lected by the questionnaire that focused on whether partici-
pants had used the medicine within the past month.
Participants who have taken thiazide or a thiazide-like drug
were defined as users of thiazide diuretics, while those who
had not were defined as non-users. Participants who had taken
bisphosphonates (including alendronate, etidronate,
ibandronate, risedronate, and zoledronic acid) were classified
as users of bisphosphonates [34]; otherwise, participants were
classified as non-users. Subjects were categorized as insulin
users if they were taking insulin at the time of the inter-
view; otherwise, they were categorized as non-users. Body
mass index (BMI) was derived from measured weight in
kilograms divided by the square of height in meters.
Women could be categorized as premenopausal, surgically
menopausal, and naturally menopausal [35]. However, be-
cause we could not distinguish natural menopause and
surgical menopause (hysterectomy) based on the question-
naire of NHANES, the menopausal status of women was
dichotomously classified as premenopausal and
postmenopausal.

Statistical analysis

All study analyses employed sampling weights to account for
unequal selection probabilities, non-response, and non-
coverage [36]. In order to allow the age profiles of the popu-
lation to be comparable, the age-adjusted estimation of BMD
was calculated by the direct method, using the US 2000 cen-
sus as the standard population. The age-adjusted mean BMD
at the femur neck and its 95% confidence interval in every
survey cycle for each sex was calculated, as well as the race/
ethnicity-specific age-adjusted mean BMD of each gender.
Standard errors, which were employed to construct confi-
dence intervals, were estimated using Taylor series lineariza-
tion. After checking the assumptions for statistical testing,
analysis of variance (ANOVA) was utilized to examine the
difference in mean BMD over the four survey cycles, and
Bonferroni adjustments were used for multiple comparisons
between the four survey cycles (6 comparisons), with α =
0.05/6 = 0.0083. To test for linear trends in each sex over the
four survey cycles, the null hypothesis of no linear trend was
examined by using orthogonal contrast. The frequency distri-
butions of BMD from the four survey cycles by sex were
generated for graphical comparison. A separate stepwise mod-
el (with the p value for entry set at 0.15 and that for stay at
0.20) was employed in the selection of variables to predict
BMD for each sex. Multiple linear regression was used to
examine the association between a given independent variable
and BMD, while holding other variables constant, and the
standardized coefficient from linear regression was employed
to examine the relative importance of each variable in the
regression model for BMD prediction. Survey cycle was in-
cluded as a categorical variable in the multiple linear regres-
sion in order to determine if the mean BMD in 2013–2014
differed from that in previous survey cycles after adjusting for
major confounders. All analyses were conducted using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Results

The total number of eligible individuals across the four
NHANES survey cycles was 14,188 and their characteristics
are presented in Table 1. From 2005 to 2006 to 2013 to 2014,
the percentage of women among participants increased from
46.33 to 50.56%; for non-Hispanic other, the percentage rose
from 4.2 to 13.88%, while the percentage of non-Hispanic
White decreased from 53.85 to 43.94%. The mean age in-
creased in all subgroups, especially in both Hispanic and
non-Hispanic other, whose mean ages increased the most.
Mean BMI was stable in most gender- and race/ethnicity-
specific groups during the period of 2005–2014. The distribu-
tion of risk factors related to BMD for men and women are
shown in Table 2. Over the four survey cycles, the percentage
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of hypertensive patients increased from 35.46 to 45.08% in
men and from 37.76 to 48.96% in women. Meanwhile, the
percentage of physical inactivity increased from 5.87 to
22.38% in men and from 9.59 to 31.82% in women, and the
percentage of self-reported diabetes increased approximately
6% for both men and women. The percentage of postmeno-
pausal womenwas similar from 2005 to 2006 to 2013 to 2014,
while the percentage of oral contraceptive use increased from
33.01 to 38.71%.

The mean BMD and the distribution of BMD by gender in
the four survey cycles are presented in Fig. 1. Orthogonal
contrast tests demonstrated that significant linear trends
existed in the unadjusted mean BMD over the four cycles in
each gender group (Fig. 1a, all P linear trend < 0.001). The de-
creased unadjusted mean BMD in 2013–2014 corresponded
to the left shift of the BMD distribution (Fig. 1b, c).

Age-adjusted mean BMD

The age-adjusted mean femur neck BMDs of men and wom-
en, as well as the race/ethnicity-specific subgroups of each

gender in the four survey cycles, are presented in Table 3. In
men, the age-adjusted mean BMD of non-Hispanic other
men was the lowest across all four survey cycles. We also
observed a significant decrease in the age-adjusted BMD
among overall (p = 0.0025, ANOVA) and in non-Hispanic
White men (p = 0.0004, ANOVA). The overall age-adjusted
mean BMD in men was similar in the first three survey cy-
cles: 0.864 g/cm2 (95% CI, 0.857 g/cm2–0.871 g/cm2) in
2005–2006, 0.866 g/cm2 (95% CI, 0.858 g/cm2–0.873 g/
cm2) in 2007–2008, and 0.867 g/cm2 (95% CI, 0.857 g/
cm2–0.878 g/cm2) in 2009–2010. No significant differences
were found between the first three survey cycles in men (all
p > 0.5, Bonferroni adjustments). However, the overall age-
adjusted mean BMD of men decreased significantly to
0.846 g/cm2 (95% CI, 0.837 g/cm2–0.853 g/cm2) in 2013–
2014. The differences between the last survey cycle and each
of the first three survey cycles in men were significant (all p
< 0.0024, Bonferroni adjustments). In non-Hispanic White
men, the age-adjusted mean BMD from 2005 to 2006 to
2009 to 2010 was 0.854 g/cm2 (95% CI, 0.846 g/cm2–
0.862 g/cm2), 0.856 g/cm2 (95% CI, 0.845 g/cm2–0.866 g/
cm2), and 0.859 g/cm2 (0.846 g/cm2–0.871 g/cm2), respec-
tively and decreased to 0.832 g/cm2 (95%CI, 0.821 g/cm2–
0.842 g/cm2) in 2013–2014. In non-HispanicWhitemen, the
age-adjusted mean BMD in 2013–2014 was significantly
lower than that in each of the first three survey cycles (all
p ≤ 0.0007, Bonferroni adjustments).

For women, a significant difference in the overall age-
adjusted mean BMD was observed in the four survey cycles
(p = 0.03, ANOVA). In 2005–2006, the overall age-adjusted
mean BMD was 0.780 g/cm2 (95% CI, 0.774 g/cm2–0.787 g/
cm2); in 2007–2008, it was 0.789 g/cm2 (95% CI, 0.780 g/
cm2–0.798 g/cm2); in 2009–2010, it was 0.784 g/cm2 (95%
CI, 0.776 g/cm2–0.791 g/cm2); and in 2013–2014, the overall
age-adjusted mean BMD significantly decreased to 0.771 g/
cm2 (95% CI, 0.762 g/cm2–0.779 g/cm2). A significant differ-
ence in the age-adjusted mean BMD was observed in women
between 2007 and 2008 and 2013 and 2014 (p = 0.0046,
Bonferroni adjustments).

Our sensitivity analysis found that the age-adjusted mean
BMD in the total spine and in the total femur were similar to
those of the femur neck. For men, the overall age-adjusted
mean BMD of the total spine varied little (1.054–1.061 g/
cm2) from 2005 to 2006 to 2009 to 2010 but then declined
to 1.042 g/cm2 in 2013–2014. Similarly, for women, the over-
all age-adjusted mean BMD of the total spine was stable in the
first three survey cycles (0.992–0.995 g/cm2) but then de-
clined to 0.987 g/cm2 in 2013–2014. Additionally, for men,
the overall age-adjusted mean BMD of the total femur in the
first three NHANES cycles was stable between 1.013 and
1.016 g/cm2 but declined to 1.00 g/cm2 in 2013–2014.
However, for women, the overall age-adjusted mean BMD
of the total femur varied little over the four survey cycles

Table 1 Characteristics of the study sample aged 30 years and older in 4
NHANES (2005–2006, 2007–2008, 2009–2010, 2013–2014)

Variable 2005–2006
(N = 2858)

2007–2008
(N = 4005)

2009–2010
(N = 4198)

2013–2014
(N = 3127)

Gender, no. (%)

Men 1534 (53.67) 2034 (50.79) 2125 (50.62) 1546 (49.44)

Women 1324 (46.33) 1971 (49.21) 2073 (49.38) 1581 (50.56)

Race, No. (%)

Hispanica 597 (20.89) 1083 (27.04) 1202 (28.63) 693 (22.16)

NHwhite 1539 (53.85) 1987 (49.61) 2105 (50.14) 1374 (43.94)

NH black 602 (21.06) 774 (19.33) 681 (16.22) 626 (20.02)

NH other 120 (4.20) 161 (4.02) 210 (5.00) 434 (13.88)

Gender, mean age (SD), years

Men 50.83 (0.84) 51.01 (0.43) 51.68 (0.43) 56.78 (0.23)

Women 51.54 (0.70) 52.55 (0.38) 52.68 (0.45) 57.69 (0.44)

Race, mean age (SD), years

Hispanica 45.32 (0.35) 46.53 (0.99) 46.86 (0.61) 53.01 (0.31)

NHwhite 52.51 (0.86) 53.16 (0.40) 53.59 (0.47) 58.39 (0.36)

NH black 49.37 (0.73) 49.54 (0.48) 50.17 (0.80) 55.64 (0.59)

NH other 46.93 (1.51) 49.67 (1.24) 50.04 (0.82) 54.81 (0.91)

Gender, mean BMI (SD), kg/m2

Men 28.26 (0.17) 28.45 (0.13) 28.54 (0.20) 28.85 (0.16)

Women 27.63 (0.26) 27.98 (0.20) 28.32 (0.16) 28.84 (0.27)

Race, mean BMI (SD), kg/m2

Hispanica 28.55 (0.21) 29.01 (0.26) 29.18 (0.17) 29.67 (0.32)

NHwhite 27.86 (0.20) 28.10 (0.19) 28.29 (0.16) 28.76 (0.22)

NH black 28.75 (0.46) 29.23 (0.19) 29.94 (0.24) 30.56 (0.45)

NH other 26.73 (0.71) 26.23 (0.63) 26.06 (0.41) 26.01 (0.41)

a Hispanic includes Mexican American and other Hispanic
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(0.900–0.910 g/cm2). When the analysis was limited to par-
ticipants 40 years of age and older, we observed similar results
(Supplementary Tables 1 and 2).

Multiple linear regression

In men, the multiple linear regression indicated that older
age, previous fracture, family history of osteoporosis, and
physical inactivity were significantly associated with de-
creased BMD (all p < 0.0001; Table 4). In women, older
age, previous fracture, physical inactivity, bisphosphonates
use, and postmenopausal status contributed significantly to
decreased BMD (all p < 0.0018; Table 5). The standardized
coefficient from linear regression demonstrated that age was
the most significant risk factor for decreased BMD in both
men and women. Physical inactivity in men and postmeno-
pausal status of womenwere also important factors that con-
tributed to decreased BMD. The selected covariates in the
multiple linear models explained approximately 28% of fe-
mur neck BMD variance in men and approximately 43% in

women. After adjusting for these major confounders, the
multivariate adjusted mean BMD in 2013–2014 was still
significantly lower than that of each survey cycle from
2005 to 2006 to 2009 to 2010 in both men (p ≤ 0.004;
Table 4) and women (p < 0.0001; Table 5).

Discussion

In this study, we found that the age-adjustedmean BMDof the
femur neck was stable from 2005 to 2006 to 2009 to 2010 but
significantly decreased in 2013–2014 for both men and wom-
en. In addition, our sensitivity analyses found a similar trend
of BMD when using BMD data either from the total spine or
from the total femur. Similar results were also observed when
we limited the analysis to participants 40 years of age and
older. Finally, our multiple regression analyses demonstrated
that the decreased BMD in 2013–2014 was still significant in
both men and women after controlling for multiple con-
founders, including age, race/ethnicity, fracture history, renal

Table 2 Risk factors related to
BMD for men and women of the
study sample aged 30 years and
older in 4 NHANES (2005–2006,
2007–2008, 2009–2010, 2013–
2014)

Risk factor 2005–2006 2007–2008 2009–2010 2013–2014

Men N = 1534 N = 2034 N = 2125 N = 1546

Previous fracture, N (%) 212 (13.82) 288 (14.16) 242 (11.39) 174 (11.25)

Hypertension, N (%) 544 (35.46) 769 (37.81) 830 (39.06) 697 (45.08)

Family history of osteoporosis, N (%) 105 (6.84) 167 (8.21) 151 (7.11) 118 (7.63)

Physical inactivity, N (%) 90 (5.87) 486 (23.89) 525 (24.71) 346 (22.38)

Smoking, N (%) 382 (24.90) 491 (24.16) 493 (23.20) 316 (20.45)

Rheumatoid arthritis, N (%) 180 (11.73) 279 (13.72) 264 (12.42) 193 (12.48)

Thyroid disease, N (%) 62 (4.04) 80 (3.93) 107 (5.04) 64 (4.14)

Thiazide diuretics use, N (%) 42 (2.74) 65 (3.20) 68 (3.20) 77 (4.98)

Bisphosphonates use, N (%) 4 (0.26) 5 (0.25) 9 (0.42) 6 (0.39)

Diabetes, N (%) 167 (10.89) 283 (13.91) 273 (12.85) 264 (17.08)

Insulin use, N (%) 41 (2.67) 78 (3.83) 82 (3.86) 71 (4.59)

Women N = 1324 N = 1971 N = 2073 N = 1581

Previous fracture, N (%) 174 (13.14) 217 (11.01) 216 (10.42) 159 (10.06)

Hypertension, N (%) 500 (37.76) 798 (40.49) 810 (39.07) 774 (48.96)

Family history of osteoporosis, N (%) 190 (14.35) 300 (15.22) 260 (12.54) 269 (17.01)

Physical inactivity, N (%) 127 (9.59) 678 (34.40) 671 (32.37) 503 (31.82)

Smoking, N (%) 250 (18.88) 379 (19.24) 360 (17.37) 259 (16.39)

Rheumatoid arthritis, N (%) 229 (17.30) 362 (18.37) 379 (18.28) 309 (19.54)

Thyroid disease, N (%) 237 (17.90) 332 (16.84) 348 (16.79) 339 (21.44)

Thiazide diuretics use, N (%) 44 (3.32) 92 (4.67) 86 (4.15) 75 (4.74)

Bisphosphonates use, N (%) 41 (3.10) 63 (3.20) 53 (2.56) 30 (1.90)

Diabetes, N (%) 141 (10.65) 246 (12.48) 252 (12.16) 242 (15.31)

Insulin use, N (%) 34 (2.57) 48 (2.44) 52 (2.51) 59 (3.73)

Hormone therapy, N (%) 16 (1.21) 27 (1.37) 15 (0.72) 5 (0.32)

Menopause, N (%) 765 (57.78) 1207 (61.24) 1211 (58.42) 945 (59.77)

Oral contraceptives use
(for premenopausal), N (%)

437 (33.01) 584 (29.63) 603 (29.09) 612 (38.71)
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Fig. 1 Unadjusted mean bone
mineral density and distribution
of bone mineral density by sex,
NHANES from 2005 to 2006 to
2013 to 2014. a Mean bone
mineral density and linear trend in
2005–2014. b Distribution of
bone mineral density in men,
2005–2014. c Distribution of
bone mineral density in women,
2005–2014
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function, family history of osteoporosis, hypertension, physi-
cal activity, alcohol consumption, and BMI. Although the
BMD change in recent years is small, these consistent results
indicate a future downward shift of Americans’ bone health
may be occurring in both men and women.

Our research also corresponds to other studies in the field.
Our findings were consistent with the study conducted by Dr.
Lewiecki [6], which found that the decline in age-adjusted hip
fracture incidence among US adults may have plateaued in

Table 3 Age-adjusted mean bone mineral density of the femur neck by race for men and women in the study sample aged 30 years and older in 4
NHANES (2005–2006, 2007–2008, 2009–2010, 2013–2014)

Mean BMD (g/cm2) 2005–2006 2007–2008 2009–2010 2013–2014 p valueb

Men, overallc 0.864 (0.857, 0.871) 0.866 (0.858, 0.873) 0.867 (0.857, 0.878) 0.846 (0.837, 0.853) 0.0025

Race

Hispanicc,a 0.861 (0.847, 0.874) 0.882 (0.868, 0.895) 0.872 (0.858, 0.885) 0.868 (0.854, 0.881) 0.20

NH whitec 0.854 (0.846, 0.862) 0.856 (0.845, 0.866) 0.859 (0.846, 0.871) 0.832 (0.821, 0.842) 0.0004

NH blackc 0.949 (0.932, 0.966) 0.932 (0.907, 0.957) 0.952 (0.939, 0.965) 0.936 (0.917, 0.955) 0.27

NH otherc 0.847 (0.810, 0.885) 0.832 (0.802, 0.862) 0.809 (0.785, 0.832) 0.814 (0.792, 0.836) 0.23

Women, overallc 0.780 (0.774, 0.787) 0.789 (0.780, 0.798) 0.784 (0.776, 0.791) 0.771 (0.762, 0.779) 0.0326

Race

Hispanicc,a 0.800 (0.787, 0.815) 0.785 (0.769, 0.802) 0.788 (0.777, 0.800) 0.768 (0.749, 0.789) 0.09

NH whitec 0.771 (0.766, 0.778) 0.782 (0.772, 0.791) 0.773 (0.764, 0.781) 0.762 (0.749, 0.774) 0.1

NH blackc 0.844 (0.825, 0.863) 0.860 (0.848, 0.873) 0.874 (0.856, 0.892) 0.851 (0.834, 0.869) 0.12

NH otherc 0.755 (0.730, 0.780) 0.753 (0.729, 0.778) 0.740 (0.716, 0.765) 0.723 (0.699, 0.748) 0.20

a Hispanic includes Mexican American and other Hispanic
b p Values were calculated by ANOVA
cAge-adjusted

Table 4 Multiple linear regression analysis of mean bone mineral
density among men aged 30 and older in 4 NHANES (2005–2006,
2007–2008, 2009–2010, 2013–2014)

Parameter Coefficient Standardized
coefficient

p value

Survey cyclea 2005–2006 0.019 0.060 0.0002
2007–2008 0.026 0.081 < 0.0001
2009–2010 0.023 0.075 0.0004

Age − 0.003 − 0.310 < 0.0001
Racea Hispanic 0.013 0.031 0.0033

Non-Hispanic
black

0.089 0.183 < 0.0001

Non-Hispanic
other

− 0.007 − 0.011 0.25

Previous fracturea − 0.027 − 0.069 < 0.0001
Renal function Mild CKD 0.016 0.059 < 0.0001

Moderate CKD − 0.001 − 0.001 0.92
Severe CKD − 0.054 − 0.016 0.11
End stage − 0.064 − 0.023 0.0019

Family history of osteoporosis a − 0.035 − 0.075 < 0.0001
Hypertension a 0.009 0.031 0.0166
Physical inactivity a − 0.029 − 0.077 < 0.0001
Alcohol consumptiona 0.026 0.042 0.0006
BMI 0.009 0.330 < 0.0001

CKD chronic kidney disease, BMI body mass index
a Survey cycle of 2013–2014, non-Hispanic white, no previous fracture,
normal renal function, no family history of osteoporosis, no hypertension,
physically active, and no alcohol were the reference groups for the cor-
responding categorical variables, R2 = 0.2797

Table 5 Multiple linear regression analysis of mean bone mineral
density among women aged 30 and older in 4 NHANES (2005–2006,
2007–2008, 2009–2010, 2013–2014)

Parameter Coefficient Standardized
coefficient

p value

Survey cyclea 2005–2006 0.023 0.070 < 0.0001
2007–2008 0.032 0.102 < 0.0001
2009–2010 0.022 0.068 < 0.0001

Age − 0.003 − 0.337 < 0.0001
Racea Hispanic 0.003 0.007 0.4591

Non-Hispanic
black

0.065 0.137 < 0.0001

Non-Hispanic
other

− 0.007 − 0.013 0.2326

Previous fracturea − 0.027 − 0.063 < 0.0001
Renal functiona Mild CKD 0.007 0.024 0.1017

Moderate CKD 0.008 0.017 0.1625
Severe CKD − 0.056 − 0.025 0.0053
End stage − 0.091 − 0.026 0.0477

Physical inactivitya − 0.011 − 0.033 0.0018
Smoking statusa Current smokers − 0.018 − 0.051 0.0007

Former smokers 0.003 0.009 0.4681
Alcohol consumptiona 0.013 0.033 0.0117
Diabetesa 0.019 0.038 0.0018
Bisphosphonates usea − 0.045 − 0.048 < 0.0001
Menopausal statusa − 0.046 − 0.164 < 0.0001
BMI 0.008 0.354 < 0.0001

CKD chronic kidney disease, BMI body mass index
a Survey cycle of 2013–2014, non-Hispanic white, no previous fracture,
normal renal function, physically active, non-smoker, no alcohol, non-
diabetic, bisphosphonates non-user, and premenopausal were the refer-
ence groups for the corresponding categorical variables, R2 = 0.4258
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2013–2014. The declining age-adjusted BMD trend observed
in this study may explain the changing trend of hip fracture
incidence found in Dr. Lewiecki’s study, considering that
BMD is a strong predictor of hip fracture [37]. As well, our
findings also support the increased prevalence of osteoporosis
and low bone mass found in a study done by Dr. Looker [8].

The results of the multiple linear regression indicated that
age, race/ethnicity, renal function, previous fracture, BMI,
and physical activity were significantly associated with
BMD in both men and women, which is consistent with
previous studies [7, 17, 28, 38, 39]. Most notably, the per-
centage of physical inactivity increased from 5.87 to 22.38%
among men and from 9.59 to 31.82% among women.
Considering that physical inactivity is associated with lower
BMDand osteoporosis [7], the increased percentage for sed-
entary lifestyle across the four survey cycles might explain
the decreasing BMD trend. In addition, bisphosphonates are
effective for the prevention and treatment of osteoporosis
[40]. However, we observed that taking this medication
was negatively associated with BMD in women, which is
likely because the medication was prescribed to these pa-
tients who already had lower bone mass, osteoporosis, or a
broken bone. Furthermore, in 2008, the US Food and Drug
Administration highlighted the possible connection be-
tween severe and sometimes incapacitating bone, joint,
and/or muscle pain in patients taking bisphosphonates
[25], while several reports found other adverse effects asso-
ciated with bisphosphonates, including atypical fracture of
the femur, osteonecrosis of the jaw, and esophageal cancer
[41, 42]. These alerts may have led to less prescribing and
less use of bisphosphonates, which has been found to be
associated with decreased mean BMD in the population
[43, 44]. In this study, we found that the percentage of bis-
phosphonate medication decreased from 3.1 to 1.9% in
women, and the decreased trend of bisphosphonate use
corresponded to the decreased BMD trend that we observed.
The deceasedBMD in 2013–2014 remained significant after
considering a comprehensive list of BMD-related risk fac-
tors and controlling for major confounding effects in the
multiple regression analysis. Nevertheless, it is highly likely
that residual confounding existed. Additional studies are
warranted in order to explain the recent BMD decline in
the US population.

Our analyses have several limitations. First, many of the
NHANES participants (aged 30 years and older) did not
receive BMD testing due to hip fracture, pregnancy, or other
reasons. However, the non-response in the examination data
was accounted by sample weights in NHANES. Second, all of
the NHANES participants were non-institutionalized. Since
institutionalized persons may have lower bone mass [45],
the actual mean BMD of individuals aged 30 years and older
in this country may be lower than the estimate in this study.
Nevertheless, this limitation is unlikely to have altered the

significant decreased BMD in 2013–2014 observed in this
study. Third, the effect of software updates on BMDmeasure-
ments of the total femur and total spine in our sensitivity
analysis was not clear. However, a previous study did confirm
that the software updates had no impact on the femur neck
BMD measurements [8]. Finally, information regarding dose
and duration of bisphosphonate use was not available, as the
NHANES questionnaire only focused on whether participants
had used the medication within the past month. Hence, the
effect of bisphosphonates could not be quantified accurately
in this study.

In summary, from 2005 to 2006 to 2013 to 2014, a de-
creasing age-adjusted mean BMD trend was observed in
both men and women. After adjusting for race/ethnicity,
age, BMI, physical activity, alcohol consumption, bisphos-
phonate use, and other bone-related variables, the mean fe-
mur neck BMD in recent years (2013–2014) was still signif-
icantly lower than in earlier survey cycles. The physical in-
activity among both men and women may contribute to the
decreased age-adjusted BMD trend in 2013–2014.
Additional studies are warranted to further explain the de-
creasing trend of BMD in order to determine proper preven-
tion and treatment of osteoporosis in the USA.
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