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Objectives: The present study was conducted in order to examine the association between socioeconomic status (SES) and osteopo-
rosis prevalence in Korea and to assess whether different associations are found in single-person households.

Methods: A cross-sectional population-based study was conducted using the Korea National Health and Nutrition Examination Sur-
vey, from 2008 to 2011. The study subjects were people aged = 50 years with osteoporosis as defined by bone mineral density. Multi-
variate logistic models were used to estimate prevalence odds ratios (pORs) and 95% confidence intervals (Cls). Gender differences in
the likelihood of osteoporosis were analyzed based on household income, education level, and residential area.

Results: There were 8221 osteoporosis patients aged = 50 years, of whom 927 lived in single-person households. There was a gen-
der-specific association between osteoporosis prevalence and all three SES factors that we analyzed: income, education, and residen-
tial area. After adjusting for age, SES, and health behaviors, including body mass index (BMI), low household income was only signifi-
cantly associated with osteoporosis in men, whereas education level had an inverse relationship with osteoporosis only in women (p=
0.01, p<0.001, respectively). However, after controlling for age and BMI, rural residency was only associated with osteoporosis in
women living in single-person households (pOR, 1.59; 95% Cl, 1.05 to 2.43).

Conclusions: The Korean adult population showed a gender-specific relationship between SES and osteoporosis prevalence, with a
different pattern found in single-person households.
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INTRODUCTION

The effective management of the health of the elderly is a
worldwide issue, both in developed countries and in develop-
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ing countries. The burden of osteoporosis, a well-known dis-
ease of the elderly, is not trivial in South Korea (hereafter Ko-
rea), and one third of Korean women over 50 years of age are
at risk of fractures due to impaired bone health [1]. While stud-
ies have shown that low socioeconomic status (SES) is associ-
ated with a greater need for healthcare [2], health outcomes
[3], and health inequities [4], SES has also been reported to af-
fect health behavior and adherence to medication regimens
[5,6]. Moreover, social inequalities regarding the impact of
chronic disease are expected to continue in the future [7].
Several studies have been carried out to assess interventions
designed to improve osteoporosis care [8], as well as many
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studies concerning the relationship between SES and osteopo-
rosis medication adherence [9,10]. Poverty has been shown to
be a definite risk factor for osteoporotic fractures in a study per-
formed in Spain [11], and a study evaluating Canadian women
has shown that lower income was found to correlate with a
greater likelihood of qualifying for osteoporosis treatment,
based on an assessment of the probability of hip fracture [12].
However, a systematic review conducted in 2009 concluded
that conflicting evidence exists regarding the relationship be-
tween osteoporotic fractures and levels of income and educa-
tion [13]. Another systematic review published in 2011 identi-
fied evidence for a positive association between educational
level and bone mineral density (BMD) only in women, but no
relationship between income and BMD in either gender [14].

A super-aging society is expected to emerge in this century,
meaning that the elderly segment of the population, including
single-person households, is expected to rise. Therefore, a com-
prehensive regional care system for the elderly has been re-
cently adopted in Japan, and such a system has also been dis-
cussed in the Netherlands [15]. Since osteoporosis is often ne-
glected prior to a fracture, many individuals, especially those
who live alone, will be unaware of their bone health and frac-
ture risk. This is problematic since the one-year mortality of hip
fractures in Koreans over 50 years of age is 16.55%, which is 2.85
times higher than that of the same age group in the general
population, and is higher in patients with lower SES or who live
in places other than the capital city [16]. Moreover, the stron-
gest finding in a previous systemic review of associations be-
tween SES and osteoporotic fracture was an increased risk of
fracture in the unmarried, single, divorced, or widowed popula-
tion compared to married couples [13]. Thus, living alone may
be assumed to be a risk factor for osteoporotic fracture even
though it is not included in the World Health Organization
(WHO) risk assessment for fracture.

Although a study has been carried out to assess the influence
of living circumstances, including SES, on osteoporosis medica-
tion adherence in the elderly [17], and another study has dem-
onstrated the effect of SES on BMD in Korean adults [18], the re-
lationship between SES and osteoporosis prevalence has never
been specifically studied in single-person households in Korea.
The present study was conducted to determine the association
between socioeconomic diversity and the prevalence of osteo-
porosis in the Korean population of adults older than 50 years
and to assess whether different associations are found in single-
person households, controlling for other health behaviors.

SES and Osteoporosis Prevalence

METHODS

Data and Study Subjects

This study was conducted using data from the Korea Nation-
al Health and Nutrition Examination Survey (KNHANES), a na-
tionally representative survey composed of health behavior in-
terviews and examinations, including anthropometric mea-
sures as well as biochemical and clinical profiles [19]. It is con-
ducted by the Korea Centers for Disease Control and Prevention
(KCDQ), a part of the Ministry of Health and Welfare. The ethics
committee of the KCDC approved KNHANES, which has been
conducted discontinuously in 1998, 2001, and 2005, and there-
after annually since 2007. However, since BMD was only mea-
sured from July 2008 to May 2011, this study only included da-
tabase records from 2008 to 2011. The study subjects were
men and women aged =50 years with BMD measurements,
since osteoporosis was defined using BMD, which is known to
decrease beginning at 50 years of age.

The definition of osteopenia or osteoporosis were made using
the WHO T-score criteria (-2.5<T-score <-1 for osteopenia and T-
score =-2.5 for osteoporosis), with a reference value of the max-
imum BMD found in the Japanese population. Areal BMD (g/
cm?) was measured with dual-energy X-ray absorptiometry
(IDXA], QDR 4500A; Hologic Inc., Waltham, MA, USA) performed
by trained technicians. The respondents were classified as hav-
ing osteoporosis if a sufficiently low T-score was obtained from
the femur, femoral neck, or lumbar spine. During the period
from 2008 t0 2011, a T-score <-3 was used in Korea as the reim-
bursement criterion for common osteoporosis medications such
as bisphosphonate and raloxifene. This cutoff does not corre-
spond to the WHO cutoff for diagnosing osteoporosis, and
therefore data about osteoporosis medication were not used to
detect osteoporosis patients in this study. Moreover, osteoporo-
sis patients were not identified by a history of fracture, as this
criterion would not distinguish osteoporotic fractures from frac-
tures resulting from other causes. Patients belonging to single-
person households were selected on the basis of a question
asking respondents to identify their household type based on a
set of options that included “single-person household” along
with an extensive range of other configurations.

Measurements and Definitions

Height was measured to the nearest 0.1 cm by a stadiometer
(Hotan, Crymych, United Kingdom), and weight was measured
to the nearest 0.1 kg by a scale (Giant 150N; Hana Co., Seoul,
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Korea). Income was assessed according to self-reported house-
hold income, since each individual reported the income of his
or her household. Household income was transformed using
the square-root equivalence scale, which divides household in-
come by the square root of the number of the family members.
Residential areas were classified as urban or rural according to
the population of the administrative district in which each re-
spondent lived. Alcohol consumption was classified as none,
moderate (one to two drinks per sitting), and heavy (three or
more drinks per sitting), corresponding to the categories de-
fined in the Dietary Guidelines for Americans issued by the De-
partment of Agriculture and the Department of Health and Hu-
man Services. Exercise was defined to include activities such as
running or jogging, high-speed cycling, fast-paced swimming,
soccer, basketball, jump rope, squash, tennis singles, or moving
heavy loads that involve an elevated rate of breathing com-
pared to routine daily activities.

Statistical Analysis

A stratified, multistage, clustered probability sampling meth-
od was used in this study. Therefore, sample weights were as-
signed to participants to represent the non-institutionalized
Korean population based on the inverse of selection probabili-
ties and response rates. In order to reflect this sampling meth-
od, we used a weighted sample as well as the PROC SURVEY-
FREQ and PROC SURVEYLOGISTIC procedures in SAS version 9.4
(SAS Institute Inc., Cary, NC, USA). Weights were determined for
both health interviews and examinations, since information
from those two datasets were used in this study. Since gender
interacted with both household income (p=0.035) and educa-
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tion (p=0.008), gender-specific analyses were carried out for
socioeconomic variables. Unweighted frequencies and weight-
ed proportions were estimated. Since it has been demonstrat-
ed that many socio-demographic characteristics in the Korean
population are related to a lower prevalence of healthy lifestyle
behaviors [20], healthy behaviors known to affect bone health
were controlled for in the multivariate logistic regression analy-
sis. The factors controlled for included demographic factors
such as age and marital status, socioeconomic factors such as
household income, education, and residential area, and health
behavior factors reflecting known risk factors of osteoporosis,
such as smoking, drinking, exercise, and body mass index (BMI).
Age was adjusted as a continuous variable; however, since the
distribution of age was not entirely linear and the model was
affected by including a quadratic term, a quadratic term corre-
sponding to age was also included in the adjustment of the
multiple logistic regressions. Subjects with missing variables
were excluded from the multivariable analysis. Model fitting
was done using the Akaike information criterion and the
Schwarz criterion and rechecked using the stepwise variable
selection method, which showed that all the variables included
in the multivariate logistic regression model were statistically
significant. The p-values for trends were adopted from the p-
values of the multivariate logistic regression, considering cate-
gorical variables as continuous variables. Adjusted prevalence
odds ratios (pOR) and their 95% confidence intervals were cal-
culated to show the strength of each association. SAS version
9.4 (SAS Institute Inc., Cary, NC, USA) was used for all analyses,
and two-sided p-values <0.05 were considered to indicate sta-
tistical significance.

‘ 37 753 Total subjects from the 2008-2011 Korea National Health and Nutrition Examination Survey ‘

> |
>

Y

24071 Subjects of age less than 50 ‘

‘ 13 682 Subjects =50 years of age

Y

Y

4209 Subjects did not take DXA |

‘ 9473 Subjects who took DXA

Y

Y

1252 Subjects had BMD missing ‘

‘ 8221 Subjects with measurements of BMD

Y

>} 253 Subjects had covariates in multivariate analysis missing ‘

‘ 7968 Subjects had no missing values for covariates in multivariate analysis ‘
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RESULTS

A flow chart of the study participants is provided in Figure 1.
Of the 37 753 total participants in KNHANES from 2008 to 2011,
9473 subjects were at least 50 years of age and had taken DXA.
Of those, 8221 subjects (86.8%), who chose to go through the
exam according to individual’s interest, had BMD measure-
ments. Of these subjects, eleven women were pre-menopausal,
51 women had undergone a bilateral ovary resection, and the
remaining women had undergone menopause. A total of 7968
participants with complete records were included in the multi-
variate analysis. The baseline characteristics of the overall study
population are shown in Table 1 and the characteristics of sub-
jects in single-person households are shown in Table 2. Among

Overall Men Women
(n=8221) (n=3793) (n=4428)
Age (y) 62.5(0.15)  61.2(0.18)  63.8(0.18)
50-59 2880(46.0)  1406(51.3)  1474(40.5)
60-69 2925(29.8)  1346(29.2)  1579(30.3)
=70 2416(24.2)  1041(19.5)  1375(29.3)
Height (cm) 160.2 (0.13)  167.1(0.12) 153.2(0.12)
Weight (kg) 61.7(0.15)  66.5(0.22)  56.8(0.16)
Body mass index (kg/m?) 24.0(0.04) 23.8(0.06) 24.2(0.06)
Household income
Q4 (highest) 1603 (22.4) 849 (26.4) 754 (18.3)
Q3 1614 (21.1) 806 (22.3) 808 (20.0)
Q2 2094 (25.3) 980(25.4)  1114(25.3)
Q1 (lowest) 2785(29.3)  1103(24.3)  1682(34.3)
Missing or unknown 125(1.9) 55(1.6) 70(2.1)
Residential area
Urban 5487 (71.3)  2539(71.8) 2948 (70.9)
Rural 2734(28.7) 1254(28.2)  1480(29.1)
Marital status
Married 6282(77.6) 3467(91.2) 2815(63.9)
Separated or widowed 1916 (22.1) 315(8.5) 1601 (35.8)
Missing or unknown 23(0.3) 11(0.3) 12(0.2)
Education
College or higher 843(11.5) 647 (18.3) 196 (4.7)
Middle/high school 2979(39.7)  1760(48.6) 1219(30.7)
Primary school 4312 (47.7)  1349(32.1) 2963 (63.3)
Missing or unknown 87(1.1) 37(1.0) 50(1.2)

(Continued to the next)

SES and Osteoporosis Prevalence

the 8221 total subjects, 3793 (46.1%) were men and 4428
(53.0%) were women, while among the 927 single-person
household subjects, 196 (21.1%) were men and 731 (78.9%)
were women. In the overall study population, women were
more prevalent in the categories of elderly subjects, those with
a low household income, and those with a low level of educa-
tion. Moreover, while most of the men were married and co-
habitating with their spouses, a higher proportion of women
were living alone after being separated or widowed. However,
men were more prevalent in the categories of current smokers
and heavy drinkers. More women than men had a poor BMD
status, and about nine percent of women were being treated
with medication for osteoporosis. Single-person households
had a higher proportion of respondents who reported the low-

Overall Men Women
(n=8221) (n=3793) (n=4428)
Smoking
Never smoker 4635 (52.6) 616 (15.5)  4019(89.8)
Former smoker 956 (12.5) 890(23.2) 66 (1.7)
Current smoker 2563 (34.0) 2260 (60.5) 303(7.3)
Missing or unknown 67(1.0) 27(0.8) 40(1.1)
Drinking'
None 3397 (37.6) 940(22.2) 2457 (53.1)
Moderate 2112 (24.4) 738(17.3)  1374(31.6)
Heavy 2644 (37.0) 2088 (59.6) 556 (14.2)
Missing or unknown 68(1.0) 27(0.9) 41(1.1)
Exercise? (d/wk)
=3 1159 (15.2) 652 (18.6) 507 (11.9)
<2 830(11.4) 503 (15.2) 327 (7.6)
None 6148(72.2) 2604 (65.1)  3544(79.2)
Missing or unknown 84(1.2) 34(1.1) 50(1.4)
Bone mineral density status
Normal 2181(29.7) 1627 (45.6) 554 (13.8)
Osteopenia 3973(47.9) 1838(46.9) 2135(48.9)
Osteoporosis 2067 (22.4) 328(7.5) 1739 (37.3)
Osteoporosis treatment
Yes 165 (8.0) 6(1.8) 159(9.1)
Hormone replacement therapy
Yes - - 339(7.5)
No - - 1648 (40.5)
Missing or unknown 2441 (52.0)

Values are presented as mean (standard error) or number (%).

'Moderate: 1-2 drinks/sitting, heavy: over 3 drinks/sitting.

Physical activities such as work-related or sports activities including run-
ning or jogging, high-speed cycling, fast-paced swimming, soccer, basket-
ball, jump rope, squash racquets, tennis singles, or moving heavy loads that
involves the individuals under the pressure of fast-paced breathing than
usual daily activities.
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est quartile of household income, who lived in rural areas, who
were separated or widowed, who had a low level of education,
who were sedentary, and who had osteoporosis. This effect was
mainly due to the over-representation of women in this cate-
gory.

The pORs for osteoporosis prevalence in all subjects and in
single-person household participants are shown in Table 3, and
gender-specific pOR scores corresponding to different socio-
economic factors are shown in Table 4. Logistic regression
showed a significant positive association between marital sta-
tus and osteoporosis prevalence in the overall population but
not in single-person households, whereas a significant positive
association between residential area and osteoporosis preva-

Overall Men Women
(n=927) (n=196) (n=731)

Age (y) 68.3(0.4) 63.6(1.0) 69.9(0.4)

50-59 136 (22.7) 52 (43.9) 84 (15.3)

60-69 306 (27.5) 65 (25.5) 241(28.2)

=70 485 (49.9) 79(30.6) 406 (56.5)
Height (cm) 155.2(0.4)  166.0(0.5) 151.4(0.2)
Weight (kg) 57.9(0.4) 64.5(0.9) 55.7(0.4)
Body mass index (kg/m?) 24.0(0.1) 23.3(0.3) 24.2(0.1)
Household income

Q4 (highest) 45 (6.6) 23(16.1) 22(3.3)

Q3 49 (6.6) 18(11.7) 31(4.9)

Q2 162 (18.2) 41(23.5) 121 (16.4)

Q1 (lowest) 665 (68.0) 110(47.2) 555 (75.2)

Missing or unknown 6(0.5) 4(1.6) 2(0.2)
Residential area

Urban 544 (61.4) 117 (64.8) 427 (60.2)

Rural 383(38.6) 79(35.2) 304 (39.8)
Marital status

Married 62 (7.8) 40 (19.6) 22(3.8)

Separated or widowed 865 (92.1) 156 (80.4) 709(96.2)
Education

College or higher 40(5.4) 22 (13.1) 18(2.7)

Middle/high school 174 (22.6) 84 (46.0) 90 (14.6)

Primary school 704 (71.1) 89 (40.6) 615(81.7)

Missing or unknown 9(0.8) 1(0.3) 8(1.1)

(Continued to the next)
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lence was only found in single-person households. However,
while the above-mentioned associations of income and educa-
tion with osteoporosis were significant in the overall sample, a
gender-specific analysis showed that education was only a sig-
nificant factor among women and income was only a signifi-
cant factor among men. Moreover, after adjusting for age and
BMI, living in rural areas significantly increased osteoporosis
prevalence only among women in single-person households.

DISCUSSION

The objective of the present study was to determine the asso-
ciation between socioeconomic factors and osteoporosis preva-

Overall Men Women
(n=927) (n=196) (n=731)

Smoking

Never smoker 648 (64.9) 27(12.0) 621(83.1)

Former smoker 57(7.8) 42(23.9) 15(2.2)

Current smoker 215(26.4) 126 (63.5) 89(13.6)

Missing or unknown 7(0.9) 1(0.5) 6(1.0)
Drinking'

None 513 (52.7) 56 (25.7) 457 (62.0)

Moderate 222 (22.6) 42 (18.8) 180 (23.9)

Heavy 184 (23.8) 98 (55.5) 86 (12.9)

Missing or unknown 8(0.9) 0(0.0) 8(1.2)
Exercise? (d/wk)

>3 100(10.5) 30(15.3) 70(8.8)

<2 70(9.8) 22 (16.7) 48(7.3)

None 747 (78.2) 142 (66.2) 605 (82.4)

Missing or unknown 10(1.5) 2(1.8) 8(1.5)
Bone mineral density status

Normal 107 (13.4) 68 (36.4) 39(5.5)

Osteopenia 411 (45.3) 101 (52.3) 310(42.9)

Osteoporosis 409 (41.3) 27 (11.3) 382(51.7)
Osteoporosis treatment

Yes 28(6.8) 0(0.0) 28(7.3)
Hormone replacement therapy

Yes 27 (4.0)

No 245(39.9)

Missing or unknown 459 (56.0)

Values are presented as mean (standard error) or number (%).

'Moderate: 1-2 drinks/sitting, heavy: over 3 drinks/sitting.

Physical activities such as work-related or sports activities including run-
ning or jogging, high-speed cycling, fast-paced swimming, soccer, basket-
ball, jump rope, squash racquets, tennis singles, or moving heavy loads that
involves the individuals under the pressure of fast-paced breathing than
usual daily activities.
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lence in the national population overall and in single-person
households in particular. The different gender distribution of
study subjects across the demographic variables included in the
present study corresponds closely to the results of earlier stud-
ies investigating the prevalence and risk factors of osteoporosis,
such as a Korean prospective cohort study [21] and a study
based on the Korean Community Health Survey [20]. Women
tended to comprise the more vulnerable population with re-
gard to income, education, and exercise status, while men were
over-represented in groups showing unhealthy smoking and
drinking behavior. The positive effect of married couples in re-
ducing osteoporosis prevalence was significant in the adult
population. This corresponds with many other studies of associ-

Overall' Single-person

(n=7968) " h‘(’:"s:eg';,';')d'

Age

50-59 2821 1.00 133 1.00

60-69 2835 3.07(2.54,3.72) 300 5.58(3.00,10.37)
=70 2312 9.63(7.97,11.64) 469 14.94(7.94, 28.10)
p for trend <0.001 <0.001
Household income

Q4 (highest) 1592 1.00 44 1.00

Q3 1598 1.21(0.93,1.56) 49 1.49(0.40,5.61)
Q2 2057 1.25(1.00,1.56) 160 2.00(0.67, 6.00)
Q1 (lowest) 2726 152(1.24,1.87) 649 2.67(0.40,5.61)
p for trend <0.001 0.02
Residential area

Urban 5296 1.00 527 1.00

Rural 2672 1.06(0.91,1.24) 375 1.63(1.19, 2.20)
p-value 0.47 0.002
Marital status

Married 6141 1.00 61 1.00
Separated or widowed 1827 2.45(2.12,2.84) 841 2.14(0.93, 4.91)
p-value <0.001 0.07
Education

College or higher 829 1.00 39 1.00

Middle-high school 2924 1.80(1.30,2.50) 171 1.33(0.34,5.22)
Primary school 4215 4.16(3.06,5.65) 692 3.97(1.03, 15.26)
p for trend <0.001 <0.001

(Continued to the next)
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ations between fracture risk and marital status [13], and can be
explained by the social support provided by marriage, which
may influence health behaviors and inculcate a greater aware-
ness of the other partner [22].

However, household income was only significantly associat-
ed with osteoporosis prevalence in men. This is in close agree-
ment with the relationship between SES and obesity [23], but
is distinct from dyslipidemia, which exhibits an association with
low income only in women [24], and diabetes, which is not as-
sociated with income level in either gender [25]. In the case of
income level and osteoporosis, the results of the present study
differ from previous studies reporting that women with lower
incomes had a higher risk of osteoporosis, resulting from their

Single-person

1
" ey 0 Mousehold
Smoking
Never smoker 4522 1.00 636 1.00
Former smoker 941 0.19(0.14, 0.26) 57 0.30(0.14, 0.64)
Current smoker 2505 0.27(0.23,0.33) 209 0.63(0.41,0.97)
p for trend <0.001 0.01
Drinking?
None 3305 1.00 502 1.00
Moderate 2065 0.74(0.62,0.88) 219 0.85(0.55,1.32)
Heavy 2598 0.29(0.23,0.35) 181 0.45(0.27,0.75)
p for trend <0.001 0.004
Exercise® (d/wk)
>3 1143 1.00 99 1.00
<2 817 0.94(0.69,1.28) 70 1.17(0.51, 2.66)
None 6008 1.42(1.14,1.77) 733 1.05(0.59, 1.86)
p for trend <0.001 0.96
Body mass index*
Underweight 263 2.23(1.50,3.31) 37 263(0.79,8.73)
Normal weight 2834 1.00 317 1.00
Overweight 2101 0.67(0.56,0.79) 195 0.66(0.43,1.02)
Obese 2770 0.53(0.45,0.62) 353 0.50(0.35,0.73)
p for trend <0.001 <0.001

Values are presented as odds ratio (95% confidence interval).

'Adjusted for age as a continuous variable with quadric term included.
"Moderate: 1-2 drinks/sitting, heavy: over 3 drinks/sitting.

*Physical activities such as work-related or sports activities including run-
ning or jogging, high-speed cycling, fast-paced swimming, soccer, basket-
ball, jump rope, squash racquets, tennis singles, or moving heavy loads that
involves the individuals under the pressure of fast-paced breathing than
usual daily activities.

“According to the Asian criterion of body mass index, underweight (<18.5
kg/m?), normal weight (18.5-22.9 kg/m?), overweight (23.0-24.9 kg/m?), and
obese (=25.0 kg/m?).



Jungmee Kim, et al.

Overall (n=7968)

Men (n=3688)
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Women (n=4280)

OR (95% CI)' OR (95% CI)? OR (95% CI)* OR (95% CI)' OR (95% CI)* OR (95% CI)*

Income

Q4 (highest) 1.00 1.00 1.00 1.00 1.00 1.00

Q3 0.99(0.54, 1.82) 0.84(0.44, 1.58) 0.83(0.43, 1.60) 1.22(0.87,1.71) 1.20(0.85, 1.71) 1.11(0.78, 1.59)

Q2 1.76 (1.07, 2.89) 1.41(0.83, 2.41) 1.35(0.77, 2.36) 1.10(0.82, 1.49) 1.11(0.82,1.51) 0.99(0.72,1.35)

Q1 (lowest) 2.36(1.41,3.97) 1.86(1.07,3.22) 1.71(0.94, 3.13) 1.20(0.90, 1.60) 1.20(0.89, 1.61) 1.02 (0.76, 1.38)

p for trend <0.001 0.003 0.01 0.38 0.35 0.89
Education

College or higher 1.00 1.00 1.00 1.00 1.00 1.00

Middle/high school 1.40(0.82, 2.38) 1.36(0.78, 2.38) 1.20(0.67, 2.16) 1.21(0.75, 1.95) 1.45(0.91, 2.30) 1.49(0.93, 2.38)

Primary school 1.91(1.13, 3.22) 1.56 (0.91, 2.68) 1.25(0.68, 2.30) 1.68(1.03,2.73) 2.17(1.35, 3.50) 2.25(1.38, 3.67)

p for trend 0.005 0.08 0.47 0.002 <0.001 <0.001
Residential area

Urban 1.00 1.00 1.00 1.00 1.00 1.00

Rural 1.27(0.91, 1.76) 1.08(1.77,1.53) 1.03(0.72,1.47) 1.03(0.84, 1.27) 1.00(0.82,1.22) 0.92(0.75,1.13)

p-value 0.16 0.65 0.86 0.75 0.98 0.42
Single-person Men (n=188) Women (n=714)

household (n=302) OR(95%CI'  OR(95%CIF  OR(95% CIf OR(95%CI'  OR(9%CIZ  OR (95% CIF
Income

Q4 (highest) 1.00 1.00 1.00 1.00 1.00 1.00

Qa3 3.10(0.24,39.40)  1.98(0.11,37.13)  1.78(0.06, 52.33) 1.27(0.25, 6.52) 1.15(0.19,7.09) 0.83(0.13,5.41)

Q2 3.99(0.37,43.30)  2.86(0.19,43.10)  2.96(0.17,52.75) 1.34(0.36, 5.08) 1.52(0.39, 6.00) 1.00(0.23, 4.46)

Q1 (lowest) 345(0.32,37.36)  1.87(0.12,29.58)  2.13(0.13, 34.85) 1.62(0.43, 6.09) 1.88(0.47,7.47) 1.07(0.22,5.12)

p for trend 0.48 0.91 0.79 0.37 0.24 0.78
Education

College or higher 1.00 1.00 1.00 1.00 1.00 1.00

Middle-high school 1.12(0.19, 6.70) 1.00(0.19, 5.25) 1.11(0.23, 5.30) 1.28(0.20, 8.14) 1.83(0.27,12.35)  1.49(0.26, 8.61)

Primary school 1.12(0.17, 7.25) 1.04(0.20, 5.52) 1.24(0.27, 5.69) 294(0.48,17.91) 4.44(0.70,28.26)  3.33(0.60, 18.38)

p for trend 0.93 0.94 0.96 0.02 0.007 0.02
Residential area

Urban 1.00 1.00 1.00 1.00 1.00 1.00

Rural 1.04(0.40, 2.68) 1.18(0.44, 3.15) 1.13(0.36, 3.51) 1.74(1.19, 2.54) 1.59(1.05, 2.43) 1.48(0.94, 2.31)

p-value 0.94 0.75 0.84 0.005 0.03 0.09

'Adjusted for age as a continuous variable with quadric term included.

?Adjusted for age as a continuous variable with quadric term included and body mass index as a continuous variable.
*Adjusted for age, body mass index, marital status, household income, education, residential area, smoking, drinking, and exercise.

older age and lower height, which indicated poor nutrition [11].
However, a pattern in which people with lower incomes were
older and shorter also occurred among the men in our study
subjects. The relationship between income and osteoporosis
risk in men is a subject of controversy. Although some studies
have shown a positive relationship between income and BMD
in men [18,26], one study in New Zealand has reported an in-
verse relationship [27], and other studies have found no rela-

tionship [28,29]. Two studies carried out in Korea also found
different patterns. One study was based on a rural area with an
age group ranging from 40 to 79 years and showed no rela-
tionship between income and BMD among men [21], while an-
other study, drawing on an age group from 19 to 95 years,
showed a positive relationship between income and BMD
among men [18]. It has been suggested that the relationship
between SES and BMD varies according to age [30]. The present
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study uniquely assesses the national adult population aged 50
years or older and thereby fully presents the remarkably differ-
ent gender-specific patterns found in the association between
SES and osteoporosis. In addition, among the referenced stud-
ies above, the study from New Zealand uniquely categorized
SES by using occupations as a proxy for education and income,
while the rest studies evaluated monthly income at the time of
interview. Also, in the former study, majority of low SES popula-
tion were involved in manual labor which could enhance bone
health. This could be one reason for the different results.
Although a correlation between education and osteoporosis
was only found among women in one previous study [14], such
an association was found in both genders in a Korean cohort
study and another KNHANES study [21,31]. However, education
was only significantly associated with osteoporosis in women in
the present study. Similarly, various disparities in the relation-
ship of income and education with diabetes were seen in a pre-
vious study using the KNHANES database [32]. However, in that
study, various health care processes and the health outcomes of
diabetes were analyzed separately, and education was ultimate-
ly shown to be associated with both categories, whereas income
was only associated with health outcomes. Some of the reasons
suggested for this discrepancy were the lowered financial barri-
ers to physician visits due to the Korean national health insur-
ance system and the suboptimal health behaviors of the poor,
which lead to worse health outcomes. However, the present
study was not able to incorporate the presence of a BMD test,
which is a typical health care process involved in osteoporosis
management, as a dependent variable, since the disease status
of the study population was defined through BMD. Moreover,
among unhealthy behaviors, lower income was not associated
with smoking, but was associated with alcohol consumption in
this study population (Mantel-Haenszelchi-squared p=0.724,
p<0.0001, respectively). Therefore, planned interventions tar-
geting osteoporosis management should take into account the
social background of gender disparities with regard to the rela-
tionship of income and education with osteoporosis prevalence.
Moreover, the causality between education and health be-
haviors is an area in which various hypotheses and explanations
have been proposed. Koreans with good self-perceived health
status are known to be less likely to be aware of their osteopo-
rosis status and less likely to receive treatment [31]. However, in
this study population, unhealthy behavior regarding smoking
and alcohol consumption was unexpectedly correlated with
lower osteoporosis prevalence, and current smokers and heavy

SES and Osteoporosis Prevalence

drinkers were found to have better self-perceived health status
and higher education levels (Mantel-Haenszelchi-squared
p<0.0001 in both cases) than people with healthy behaviors. In
light of these findings, it might be more important to develop
strategies for translating intentions into actions that are moti-
vated by one’s awareness of the disease, rather than focusing
on specific health knowledge, discount rate, or value of the fu-
ture, because all of those traits are known to correlate with edu-
cation [33]. Therefore, health promotion programs for chronic
diseases, especially silent diseases with low treatment rates,
such as osteoporosis, must be planned to motivate people ac-
cording to their knowledge level.

Living in rural areas was only significantly associated with os-
teoporosis in women belonging to single-person households.
In a Korean study of low-income women, women in urban ar-
eas were more likely to have low physical activity, higher levels
of smoking, alcohol consumption, and higher fracture rates
[34]. However, the rural residents of single-person households
in our data had higher proportions of current smoking, absti-
nence from alcohol consumption, and lack of exercise. Since
drinking was inversely associated with osteoporosis prevalence
among single-person households, the population-wide distri-
bution of health behaviors may be one explanation for the sig-
nificantly higher osteoporosis risk found in rural areas. In addi-
tion, it is possible that this population can exhibit a lack of exer-
cise due to either the presence of severe comorbidities or a lack
of environmental support for exercise, and it is also likely that
some members of this population perform significant physical
work that was not counted as exercise. The reason that this as-
sociation was not significant in men may be explained by the
small number of men belonging to single-person households
living in rural areas. It has also been reported that osteoporosis
medication adherence is lower in rural areas [17]. In light of the
above findings, rural residents, those especially living alone,
need additional attention in osteoporosis management.

The major strength of this study is the representative sample
provided by the KNHANES database, which is a nationwide sur-
vey performed by trained staffs who have completed training
courses. The “KCDC” and related academic societies have man-
aged external quality control regarding survey administration,
data collection, laboratory analysis, and data processing in ad-
dition to internal quality control processes. Also, this study is
unique in that it also focuses on the health problems of single-
person households, who are at risk of many silent diseases.
However, the present study also has some limitations. One limi-
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tation is the cross-sectional nature of the study design, which
limits the ability to draw causal inferences and assess time-
varying effects based on its results, since childhood SES can
also influence BMD [35]. Second, the measurement of income
used is different from that used in some other studies. It is
known that when household income is used directly, the rela-
tive poverty rate is exaggerated. In this study, monthly house-
hold income was transformed using the square-root equiva-
lence scale, which divides household income by the square
root of the family size. However, the consumption level of a
family can vary according to the age group of the family mem-
bers, which represents a possible complication that was not
considered in the equivalence scale used in this study. More-
over, the number of one-member families has increased re-
cently in Korea, which makes it difficult to apply the equiva-
lence scale. Third, other risk factors for osteoporosis, such as di-
etary factors or reproductive history, were not considered.
However, these factors have reported to have a relatively small
impact on osteoporosis overall [36], and it was not necessary to
consider menopausal status, although it is a potentially impor-
tant factor, because the vast majority of the women included in
this study were either menopausal or had undergone bilateral
ovary resection.

In conclusion, while osteoporosis was more likely among
women with a lower level of education, it was more prevalent
among men with a lower household income after adjusting for
SES and health behaviors. However, rural residency was a risk
factor for osteoporosis in women belonging to single-person
households after adjusting for age and BMI. Optimal health ser-
vice plans for each vulnerable population group are required in
order to maximize the effect of interventions designed to im-
prove bone health and eventually prevent fractures. As well, the
rural or urban character of residential areas should be taken into
account when planning osteoporosis management for individ-
uals belonging to single-person households.
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