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A B S T R A C T

Aims: Osteoporosis is one of the most common bone health diseases affecting older adults in US. Addressing
disparities in osteoporosis will help to enhance the quality of bone care in the nation's bone health programs.
Materials & methods: We used the data of adult participants of the National Health and Nutrition Examination
Survey with reported bone mineral density measured during the periods of 2005–2010 and 2013–2014 to ex-
amine disparities in osteoporosis based on race/ethnicity, educational attainment, work status, immigrant status,
and economic status in US.
Results: Based on educational attainment, the age- and sex-standardized osteoporosis prevalence (SOP) was
highest among those with less than a high school education (HSE) (5.1%, 95% CI (CI): 4.3%–5.9%), whereas it
was lowest among those with more than HSE (3.2%, CI: 2.7%–3.6%). Based on work status, SOP was highest
among unemployed participants (5.4%, CI: 1.9%–8.9%), whereas it was lowest among working participants (2%,
CI: 1.6%–2.4%). Based on immigrant status, SOP was highest among non-citizens (6.4%, CI: 5%–7.8%), whereas
it was lowest among those born in US (3.4%, CI: 3.1%–3.7%). Based on economic status, SOP was highest among
those with poverty-to-income ratio (PIR)< 1 (5.5%, CI: 4.4%–6.5%), whereas it was lowest among those with
PIR≥ 4 (2.4%, CI: 1.9%–2.9%).
Conclusions: Osteoporosis was more prevalent among US adults who were non-citizens, less educated, un-
employed, and had lower income. The observed disparities suggest a need for interventions to promote better
quality bone care among the socioeconomically disadvantaged groups.

1. Introduction

Osteoporosis is one of the most common bone health diseases af-
fecting older adults in the United States and around the world.
Osteoporosis is a skeletal disease characterized by low bone mass and
skeletal fragility, resulting in an increased risk of fracture with many
associated complications [1,2]. The morbidity and mortality from os-
teoporosis-related fractures are high, which is associated with high
health care costs [3–7]. After a hip fracture, approximately 20% of
patients die within the following year, and the risk of premature mor-
tality may remain elevated for> 10 years [8]. Only approximately half
of them regain their functional status after fracture. The number of
people with osteoporosis is increasing as the population continues to
age worldwide. The US National Osteoporosis Foundation estimated
that approximately 9 million adults have osteoporosis and> 48 million
have low bone mass [9]. By 2030, these numbers are expected to in-
crease to 11.9 million adults with osteoporosis and 64.3 million with
low bone mass. Aside from medical concerns, the economic burden of
osteoporosis is also significant [4–6,9]. It costs approximately $17

billion annually in US for treating osteoporosis-related fractures, with a
projected annual expenditure of $50 billion by the year 2040. This is a
major public health and clinical concern as we confront a rapidly aging
population [10].

Socioeconomic factors are known to be determinants of disparities
in health behaviors and a variety of acute and chronic diseases [11,12].
However, conflicting results exist in the relationship between socio-
economic factors and bone mineral density and osteoporotic fractures
[13–19]. Thus, the aim of the study was to examine disparities in os-
teoporosis by race/ethnicity, education, work status, immigrant status,
and economic status using the population data from the National Health
and Nutrition Examination Survey in the United States. Addressing
disparities in osteoporosis will help to enhance the quality of bone care
in the nation's bone health programs.

2. Methods

We used the data of adult participants, aged 18 years and older, of
the National Health and Nutrition Examination Survey (NHANES) in
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the United States from 1999 to 2014. The NHANES is a national re-
presentative survey conducted by the National Center for Health
Statistics [21], a part of the Centers for Disease Control and Prevention
[20]. The survey collected data through interviews, physical examina-
tions, and laboratory tests. The survey samples were designed to be
nationally representative of the US non-institutionalized civilian po-
pulation, which were obtained by using a stratified multistage prob-
ability design with planned oversampling of certain age and minority
groups. The NHANES survey protocols were approved by a human
subjects review board, and written informed consent was obtained from
all the participants.

This study analyzed data in the cycles of 2005–2010 and 2013–2014
when the dual energy X-ray absorptiometry testing was conducted for a
diagnosis of osteoporosis during these cycle years in the survey. Hologic
QDR 4500A fan-beam dual-energy x-ray absorptiometry densitometers
(Hologic, Inc., Bedford, Massachusetts) were used to assess bone mi-
neral density of the anterior-posterior lumbar spine and proximal femur
in the specially equipped mobile examination centers [22]. Certified
radiology technologists administered the exams. All the findings of
densitometry were reviewed by radiologists to ensure accuracy and
consistency [23]. The details of NHANES bone mineral density mea-
surement protocols and quality controls have been published elsewhere
[24]. To compare all the participants with the reference standard, T-
scores were calculated. Bone mineral density cutoff values to define
osteoporosis at the hip and femur were based on 2.5 standard deviation
or more below the mean peak bone mass T-scores of young, healthy
adults based on the definition by the World Health Organization
[25–29].

Race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic,
other race), educational attainment, working status, nativity and citi-
zenship status, and economic status were categorized based on the
survey design. Educational attainment was categorized into less than
high school, high school and more than high school. Participants were
categorized into working and not-working at an outside job or business
based on responses to the occupational questionnaire. Working parti-
cipants were further classified as working part-time (< 35 h/week) vs.
full time. Non-working participants were categorized as unemployed, if
looking for a job or laid off, and not in the labor force, if neither of
these. Nativity and citizenship status were used to define immigration
status of participants as U.S. native (U.S. citizen born in U.S.) and U.S.
naturalized (U.S. citizen born outside U.S.) and non-citizen. Economic
status was measured by the poverty-to-income ratio (P.I.R.)
(P.I.R. < 1, 1–1.99, 2–3.99, ≥4). P.I.R. is an index of total income
assessed in relation to federal poverty thresholds which vary by family
size and composition. The numerator in the ratio is the midpoint of the
observed family income category in the Family Questionnaire variable
HFF19R, and the denominator is the poverty threshold, age of the fa-
mily reference person, and calendar year, which is based on criteria
from the U.S. Census Bureau [30]. Guidelines for calculating the P.I.R.
are identical for the 48 contiguous U.S. states and the District of Co-
lumbia. In NHANES, the P.I.R. is top-coded and ranges from “0” (no
income) to “5” (≥ 5 times the federal poverty level). A ratio of 1.00 is
defined as the official federal poverty threshold.

Continuous and categorical data were presented as mean ±
standard error or weighted frequency (percentage). All the prevalence
estimates were age- and gender-standardized to the 2000 U.S. Census
population. Age and gender adjusted prevalence estimates were cal-
culated following the guidelines provided by NHANE [31]. Taylor lin-
earization was used to estimate variances [31]. Estimates with a re-
lative standard error> 30% were considered unreliable and therefore
not reported. All analyses were performed using SAS survey procedures
(version 9.4, The SAS Institute, Cary, NC), which account for the
complex multistage sampling, clustering, and stratification design of
NHANES and appropriately weight participants in statistical models.
The mobile examination center weights were used in all analyses.
Weights for combined cycles were constructed following the NHANES

analytic guidelines [32,33]. General linear models were used to de-
termine whether the means of two or more groups differed. Chi-square
test was used for comparing categorical variables. The likelihood ratio
test was used to assess the significance of interaction term. All estimates
were presented with 95% confidence intervals. The reported p values
were based on two-sided tests. A P value of< 0.05 was considered
statistically significant. The study was granted an exempt status by the
institutional review board due to the de-identified quality of the data
from the national database.

3. Results

A total of 2,956,335 participants (3.7%) in this NHANES cohort
were diagnosed with osteoporosis based on the results of bone mineral
densitometry. The mean age was 45.2 ± 0.2 years. 48.2% of these
participants were men (Table 1). We found differences in the pre-
valence of osteoporosis by race/ethnicity, educational attainment, work
status, immigrant status, and economic status among these participants
(Fig. 1). Based on race/ethnicity, the prevalence of osteoporosis was
significantly lower among non-Hispanic blacks (1.7%, 95% confidence
interval (CI), 1.2%–2.2%) than non-Hispanic whites (3.7%, CI,
3.3%–4.1%, p < .001), Hispanic (4.1%, CI, 3.3%–4.9%, p < .001),
and other races (5.9%, CI, 4.6%–7.2%, p < .001). Based on educa-
tional attainment, as compared with the prevalence of osteoporosis
among the participants with less than a high school education (5.1%,
CI, 4.3%–5.9%), the prevalence was significantly lower among those
with more than a high school education (3.2%, CI, 2.7%–3.6%,
p < .001) and those with a high school education (3.4%, CI,
2.8%–4.1%, p= .002). Based on work status, as compared with the
prevalence of osteoporosis among the participants who were

Table 1
Population characteristics.

Factor Statistics

Weighted Number 247,649,840
Gender

Male 119,419,043 (48.2)
Female 128,230,797 (51.8)

Age (years, mean ± sd) 45.2 ± 0.20
Ethnicity

White (non-Hispanic) 175,136,224 (70.7)
Black (non-Hispanic) 27,726,871 (11.2)
Hispanic 30,279,610 (12.2)
Other race 14,507,135 (5.9)

Education level
Less than high school 46,683,914 (18.9)
High school 61,273,578 (24.7)
More than high school 139,692,348 (56.4)

Poverty-to-income ratio
< 1 36,818,163 (14.9)
1.00–1.99 51,241,450 (20.7)
2.00–3.99 72,016,712 (29.1)
4.00+ 87,573,515 (35.4)

Immigration status
US native (born in US) 211,304,641 (85.3)
Naturalized citizen 17,322,727 (7.0)
Non-citizen 19,022,472 (7.7)

Part/Full time work
Part time 25,037,627 (61.9)
Full time 15,381,351 (38.1)

Working status
Not in the labor force 79,671,482 (32.2)
Unemployed 8,670,587 (3.5)
Working 159,307,772 (64.3)

Osteoporosis (BMD⁎)
No 77,516,402 (96.3)
Yes 2,956,335 (3.7)

Statistics presented as weighted frequency (percent) unless otherwise
specified.

⁎ BMD: bone mineral density.

A.J. Tsai European Journal of Internal Medicine 64 (2019) 85–89

86



unemployed (5.4%, CI, 1.9%–8.9%) and who were not in labor force
(5.2%, CI, 4.9%–5.9%), the prevalence was significantly lower among
those who were working (2.0%, CI, 1.6%–2.4%, p < .001). Among the
working participants, the prevalence of osteoporosis was lower among
those who were working full time (2.5%, CI, 1.4%–3.7%) than those
who were working part time (4.0%, CI, 3.1%–4.8%, p= .05). Based on
immigrant status, the prevalence of osteoporosis was significantly lower
among the participants who were U.S. citizens (3.4%, CI, 3.1%–3.7%)
than the prevalence among those who were non-citizens (6.4%, CI,
5.0%–7.8%, p < .001) and those who were naturalized citizens (4.8%,
CI, 3.7%–5.9%, p= .01). Based on the economic status, the prevalence
of osteoporosis was significantly lower among the participants with
P.I.R.≥ 4 (2.4%, CI, 1.9%–2.9%) than the prevalence among those
with P.I.R. < 1 (5.5%, CI, 4.4%–6.5%, p < .001), those with P.I.R. of
1–1.99 (4.4%, CI, 3.7%–5.1%, p= .01), and those with P.I.R. of 2–3.99
(3.5%, CI, 2.9%–4.1%, p= .004). We further examined if the associa-
tions might vary by gender, and found that there was no significant
difference (test of interaction P > .10).

4. Discussion

There is ample evidence that socioeconomic status affects a wide
range of health conditions and outcomes [11,34]. However, studies
examining socioeconomic status in relation to osteoporosis have been
sparse [13]. Our study used the large nationwide representative data to
assess disparities in osteoporosis based on the results of bone mineral
densitometry in the United States. Specifically we examined the dis-
parities based on race/ethnicity, education attainment, work status,
immigrant status, and economic status, and found that disparities in
osteoporosis exist in US. Our findings revealed that socioeconomic
factors were related to the prevalence of osteoporosis in the nationally
representative sample of adults. Specifically, osteoporosis was more
prevalent among the adults who were non-citizens, who were less
educated, unemployed, and those who had lower income.

Our findings are consistent with the results of studies in other
countries which examined the associations between poverty, osteo-
porosis, and osteoporotic fractures in Spain [35] and adverse social
position and bone mineral density in Canada [36]. In the Spanish study,
socioeconomic status, defined by the annual income, was associated
with a higher prevalence of densitometric osteoporosis. In the Canadian
study, lower household income was associated with lower bone mineral
density in a significant dose-response relationship. Low bone mineral
density is a key predisposing factor for increased bone fracture risk
[1–3]. A study on the association between hip fracture and socio-
economic indicators reported similar findings that older people without

health insurance or a high school diploma were more likely to experi-
ence an osteoporotic hip fracture [37].

Osteoporosis is often clinically silent and undetected until a sentinel
bone fracture event occurs [38,39]. Osteoporosis along with its asso-
ciated complications have placed a significant financial burden on the
US health care system [4,5]. Osteoporosis, although common, is pre-
ventable and treatable [40]. The risk of fracture associated with os-
teoporosis can be substantially mitigated with lifestyle modification
and pharmacologic therapies. In US, race/ethnicity is an important
factor when examining bone health disparities. In the anatomic and
clinical studies, blacks, as compared with other race/ethnicity, were
found to have a more favorable skeletal micro-architecture, a higher
bone mineral density, greater estimated bone strength, a lower pre-
valence of osteoporosis, and a lower incidence of bone fracture
[41–43]. The lowest prevalence of osteoporosis among blacks was also
demonstrated in our study. However, some, but not all, studies reported
a higher mortality rate following bone fractures among blacks, which
may be multi-factorial, including a lack of access to high-intensity re-
habilitation in hospital or post-discharge physical therapy [44]. Al-
though race/ethnicity is not a modifiable factor in assessing the risk of
osteoporosis, there are modifiable socioeconomic factors for preventive
measures. The higher prevalence of osteoporosis among the less edu-
cated and the impoverished underscores a critical need for services,
particularly bone examinations. The low frequency of employment
among osteoporosis individuals highlights the needs for job training
and employment promotion strategies in this at-risk population. Tai-
lored efforts to increase osteoporosis screenings in the non-citizens and
immigrant population is suggested by the lack of access to bone care.
Prevention efforts may also be needed to target individuals with longer
duration of bone loss. Primary prevention of bone loss, including
identifying and protecting individuals at risk by increased physical
activity, decreased alcohol consumption, smoking cessation, and in-
creased consumption of healthful food [45–48], may also help delay the
onset of bone loss, reduce complications of osteoporosis, and thus re-
duce the associated healthcare costs.

Affordability, sources and continuity of clinical care, and physician
advice may determine receipt of needed healthcare service. Education
level has been shown to be closely connected to economic status [49]. It
has been observed that individuals with lower education levels were
less likely to practice sufficient self-care, which may affect their health
and increase the risk of osteoporosis [50]. It is possible that participants
with lower socioeconomic status in this study might have experienced
poverty and food insecurity in adolescence or early childhood and, as a
result, achieved lower peak bone mass, which was predisposed to de-
veloping osteoporosis later in life. Alternatively, lower socioeconomic

less than HSE 
(5.1%) nonworking

(5.2%)

non-citizens 
(6.4%)

PIR<1
(5.5%)

more than HSE 
(3.2%)

working
(2.0%)

US natives 
(3.4%)

PIR ≥4
(2.4%)

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

7.0%

Education Employment Immigration Status Economic Status

Pr
ev

al
en

ce
, %

Standardized Osteoporosis Prevalence Based on Education, 
Employment, Immigration Status, and Economic Status  

Fig. 1. Standardized osteoporosis prevalence based on education, employment, immigration status, and economic status.
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status, poverty, food insecurity, and inadequate nutrition in older
adulthood may result in accelerated loss of bone mass and accelerated
development of osteoporosis with age. On the other hand, higher in-
come may be an indicator of healthier living habits and more physical
activity [51]. Economically active individuals may be more active
physically because of their work along with a higher level of social
activity and access to healthcare, which may result in a lower risk of
osteoporosis. Overall, citizenship, working status, and economic status
may be surrogate markers for healthcare axis and better lifestyle.
Working individuals, citizens, and individuals with higher economic
status were more likely to have better access to healthcare by having
health insurance. Individuals with higher socioeconomic status may
also have healthier diets. Greater education may provide knowledge
which led to a healthier lifestyle.

The study has several strengths. The diagnosis of osteoporosis was
made based on bone mineral densitometry testing rather than self-re-
ported information, which has prevented ascertainment biases, as os-
teoporosis was generally under-diagnosed and its prevalence tended to
be underestimated in the United States [1–5]. These are randomly se-
lected samples from representative national datasets through standar-
dized methods of data collection. The results therefore can be extra-
polated to the general population. In addition, these large samples
allow for analyses with sufficient power across various race/ethnicity
and socioeconomic strata. However, there are limitations in this study.
This is an observational retrospective study susceptible to potential
biases. The economic status was assessed by using the official federal
poverty threshold, but income assessment among retired senior parti-
cipants could be difficult [52]. The data cannot provide a causal re-
lationship between the exposure of interest and osteoporosis, and
cannot provide information of chronic diseases and medication use in
association with osteoporosis or information of longitudinal changes of
modifiable socioeconomic factors in this cohort during the survey years.
Nonetheless, the findings of the representative national data analyses
provide important information for targeted interventions among the at-
risk population groups in the United States.

Prevention of disease, elimination of health disparities, and reduc-
tion of preventable clinical complications have been a major focus of
recent US health care reform. The observed disparities in our study
suggest a need for interventions to promote better quality bone care
among the socioeconomically disadvantaged population groups.
Communities and health care systems should increase the awareness of
the social vulnerabilities and the awareness about the importance of
bone health for all Americans. The results from this report should be
able to help with future screening and surveillance activities and to
guide public health priorities and policies.
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