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Abstract

Summary—To determine whether there are race/ethnic differences in bone mineral density
(BMD) by fracture history in men aged 65 and older, we performed cross-sectional analysis in five
large independent cohorts. Low BMD was associated with a higher prevalence of fracture in all
cohorts and the magnitude of the BMD differences by fracture status was similar across groups.

Introduction—We aimed to determine whether there are race/ethnic and geographic differences
in bone mineral density (BMD) by fracture history in men aged 65 and older.

Method—The datasets included the Osteoporotic Fractures in Men (MrOS) Study (5,342 White,
243 African-American, 190 Asian, and 126 Hispanic), MrOS Hong Kong (1,968 Hong Kong
Chinese), Tobago Bone Health Study (641 Afro-Caribbean), Namwon Study (1,834 Korean), and
Dong-gu Study (2,057 Korean). The 2 Korean cohorts were combined.

Results—The prevalence of self-reported non-traumatic fracture was US white, 17.1%; Afro-
Caribbean, 5.5%; US African-American, 15.1%; US Hispanic, 13.7%; US Asian, 10.5%; Hong
Kong Chinese, 5.6% and Korean, 5.1%. The mean differences in hip and lumbar spine BMD
between subjects with fracture and without fracture were statistically significant in all cohorts
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except US African American and US Asian men. There was a significant race/ethnic interaction
for lumbar spine BMD by fracture status (p for interaction=0.02), which was driven by the small
number of Hispanic men. There was no interaction for femoral neck or total hip BMD. There were
no significant race/ethnic differences in the odds ratio of fracture by BMD.

Conclusions—Low BMD was associated with a higher prevalence of fracture in all cohorts and
the magnitude of the BMD differences by fracture status was similar across groups suggesting
homogeneity in the BMD-fracture relationship among older men.
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Introduction

Osteoporotic fractures are an important public health problem in older men. Previous
research has shown that there are considerable geographic variations in fracture rates [1-3].
Many studies in the US also report that hip fracture rates among older African-American,
Asian, and Hispanic men were lower than rates among Caucasian men [4-11]. The exact
reasons for these geographic and race/ethnic variations are not understood.

There are also substantial differences in age-adjusted BMD across race/ethnic groups and
countries [1, 12, 13]. Understanding race/ethnic and geographic differences may help inform
the design of clinical and public health interventions and policies to reduce disparities in
fracture. However, there is insufficient data regarding the relationship between BMD and
fracture risk across race/ethnic groups in men. Most studies have been conducted on
Caucasian men and few have been conducted in Asian men or men of African ancestry. The
aim of our study was to determine whether there are race/ethnic differences in BMD by
fracture history in men aged 65 and older. We hypothesized that the magnitude by the
differences in BMD among men by fracture status will be similar across race/ethnic and
geographic area. This hypothesis is consistent with the assumption in the Fracture Risk
assessment tool (FRAX) that the relationship between risk factors and fracture is similar
irrespective of race/ethnicity and country [14, 15].

Materials and Methods

Subjects

We used a cross-sectional design. The datasets included the Osteoporotic Fractures in Men
(MrOS) Study, MrOS Hong Kong, Tobago Bone Health Study, Namwon Study, and Dong-
gu Study. For all race/ethnic groups, we restricted analyses to men aged 65 and older.

The MrOS Study enrolled 5,994 men aged 65 or older at six US clinical settings in
Birmingham, AL; Minneapolis, MN; the Monongahela Valley near Pittsburgh, PA; Palo
Alto, CA; Portland, OR; and San Diego, CA from March 2000 to April 2002 [16, 17]. Of
those, 5,362 were self-reported as White, 244 as African-American, 191 as Asian, 126 as
Hispanic, and 71 men as other ethnicity. The MrOS Hong Kong Study enrolled 2,000
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Chinese men aged 65-92 between August 2001 and February 2003 [18]. All were Hong
Kong residents of Chinese ethnicity.

In the Tobago Bone Health Study, we used the second visit survey data, because data about
fracture was not obtained at the baseline survey. 2,652 men aged 40 or older were enrolled
on the Caribbean Island of Tobago in the baseline survey during 2000-2004 [19]. 2,476 men
(1,748 revisitors and 451 new participants) were enrolled at a second visit during 2004—
2007. Of those, 720 Afro-Caribbean men were aged 65 and were of African ancestry (all
four grandparents of African ancestry).

The Dong-gu Study is an ongoing prospective study designed to investigate the prevalence,
incidence, and risk factors for chronic disease in an urban population. From 2007 to 2010,
34,040 eligible subjects aged =50 years, and who resided in the Dong-gu district of Gwangju
Metropolitan City in South Korea, were invited to participate by telephone. A total of 9,260
subjects were enrolled (response rate: 27.2%; 3,713 male and 5,547 female). Of those, 2,094
men aged 65 and older were 65 and older with BMD and included in the analysis.

The Namwon Study enrolled 10,667 subjects (4,201 men and 6,466 women) in the baseline
survey from 2004 to 2007 and 8157 subjects (3231 men and 4926 women) were studied in a
follow-up examination from October 2007 to February 2012. 6135 subjects had BMD
measurements in the baseline survey and 7926 subjects at the follow-up survey. We used the
follow-up survey data (BMD, fracture history, covariates) if there was no BMD data in the
baseline survey. Of those, 1,910 men were aged 65 and older with BMD; 990 from baseline
survey data and 853 from follow-up survey data.

We restricted analyses to men aged 65 and older who had BMD at the femoral neck, hip,
and lumbar spine with complete age, weight, height, smoking and alcohol intake data. The
final dataset included 5,342 US White, 243 African-American, 190 US Asian, 126 US
Hispanic men from the MrOS Study, 641 Afro-Caribbean men, 1,968 Hong Kong Chinese
men, 2,057 Korean men from Dong-gu Study, and 1,834 Korean men from Namwon Study.

Determination of bone mineral density

Femoral neck, total hip, and total lumbar spine BMD (gram per square centimeter) were
measured using Hologic QDR 4,500-W densitometer (Hologic Inc, Bedford, MA) in the
MrOS Study, the MrOS Hong Kong Study, and the Tobago Bone Health Study. The Lunar
Prodigy (GE, Madison, WI) was used in the Dong-gu Study and the Namwon Study. Dong-
gu Study and Namwon Study used the same machine and the same procedure.

Details on the cross-calibration procedure have been published [12]. Briefly, from 2002 to
2005, the Musculoskeletal and Quantitative Imaging Research Group at the University of
California, San Francisco (UCSF), carried out cross-calibration studies using the Hologic
spine, femur, and block phantoms for the scanners used in the MrOS Study (US sites; 2000),
the MrOS Hong Kong Study (2002), and the Tobago Bone Health Study (2004). UCSF also
carried out a cross-calibration procedure using the same phantoms for the scanner of the
Namwon Study and Dong-gu Study. Since the sites included Lunar and Hologic scanners,
BMD parameters were standardized (converted to sSBMD) according to the formulas
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published by Hui et al. [20] and Lu et al. [21]. Corrections for any statistically significant
differences across scanners were then applied to participant spine, total hip, and femoral
neck BMD values.

Assessment of fractures

In the MrOS Study, MrOS Hong Kong Study and the Tobago Bone Health Study,
participants were asked if they had a fracture since age 50. In the Korean cohorts,
participants were asked if they had ever had a non-trauma fracture. Because we had
information on the age the fracture occurred, we considered a fracture history positive if
they had a fracture since age 50 in the Korean cohorts. All fracture sites (hip, wrist, skull/
face, cervical, thoracic and lumbar vertebrae; shoulder; arm; hand/finger; rib/chest/sternum;
pelvis/tailbone; leg; and ankle/foot/heel/toe) were included in this study. We only
considered prevalent fractures that occurred with minimal or no trauma (fall from standing
height or less).

Other measurement

Information on covariates was collected at the same time as the BMD and fracture history
assessment. Smoking status was categorized as never smoker, former, or current smoker.
Current alcohol consumption was categorized as nondrinker and current drinker. Body
weight was measured in subjects wearing indoor clothing or light gown without shoes using
a calibrated Inbody 520 (Biospace Co. Korea) in Dong-gu Study, a calibrated Inbody 3.0
(Biospace Co. Korea) in the Namwon Study, a calibrated digital scale in one site (Portland)
of the MrOS Study and calibrated balanced beam scales in the other five sites of MrOS
Study, the MrOS Hong Kong Study and the Tobago Bone Health Study. Standing height
was measured using a stadiometer in each study.

Statistical analysis

We compared baseline characteristics of men with and without a history of fracture by
Student's t-test and chi-square test. We combined the 2 Korean cohorts because there was no
significant heterogeneity in the results. We performed analyses in the pooled dataset. The
age-adjusted prevalence of previous fracture was calculated based on a logistic regression
model. Linear regression analysis was used to estimate the difference in BMD between
subjects with a positive fracture history and those without a fracture within each race/ethnic
group. Logistic regression was used to examine the association of BMD with fracture within
each race/ethnic group. The odds ratio was presented for a 1-SD decrement in BMD. We
used the SD of US white men in MrOS to compare the ethnic difference using the same SD.
Standard deviations for lumbar spine, femoral neck, and total hip were 0.19, 0.13 and 0.14
glem?, respectively. In all models, we adjusted for age, body weight, height, smoking status
(ever smoker/never smoker) and alcohol use (nondrinker/current drinker). We added
interaction terms between ethnicity and fracture status in linear regression models and
between ethnicity and BMD in logistic models. Discrimination of the three BMD
measurement sites for fracture was assessed using receiver operating characteristic (ROC)
analysis. ROC curve was based on the fitted logistic regression model including only BMD
and BMD and covariates (age, weight, height, history of smoking and current alcohol
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consumption). Area under curve (AUC) for three BMD measurement sites was computed
using the method of Hanley and McNeil[22]. All statistical analyses were conducted with
STATA 12 software (STATA Corp, Texas, US).

The age adjusted proportion of men with a history of non-traumatic fracture was US white,
17.1%; Afro-Caribbean, 5.5%; US African-American, 15.1%; US Hispanic, 13.7%; US
Asian, 10.5%; Hong Kong Chinese, 5.6% and Korean, 5.1% (Fig. 1). Table 1 shows
baseline characteristics of men with and without history of fracture. Mean age (years) of the
US white, Afro-Caribbean, US African-American, US Hispanic, US Asian, Hong Kong
Chinese, and Korean was similar (71.2 to 73.8). Men with a history of fracture tended to be
older than those without a fracture history but the difference was statistically significant only
for US Whites and Koreans. Body weight varied markedly across cohorts, ranging from a
low of about 63 kgs in the Koreans and Chinese from Hong Kong to a high of 85-90 kgs in
African Americans. Of interest, African American men who reported a fracture had
significantly higher body weight and greater height than men who did not report a fracture
but there were no differences in body weight or height by fracture status in the other cohorts.
US White, African American and Afro-Caribbean men tended to be taller than the Asian or
Hispanic men.

Unadjusted lumbar spine BMD was greatest in men of African origin, followed by
Caucasian, Asian and Hispanic men. Korean and Chinese men had the lowest spine BMD.
Similar patterns were observed for total hip BMD except US Asian men had BMD more
similar to Korean and Chinese men. Femoral neck BMD was almost 1SD higher in Afro
Caribbean men compared with African American men. Femoral neck BMD was similar in
US Caucasian, Hispanic and Korean men with lowest values in US Asian and Hong Kong
Chinese men. BMD was significantly lower in men who had a history of fracture among US
white, Afro-Caribbean, US Hispanic, Hong Kong Chinese, and Korean. The prevalence of
smoking varied from a low of about 30% in Afro Caribbean men to a high of >80% in
Korean men and smoking tended to be more common among men with a positive fracture
history. Alcohol consumption also varied with the lowest prevalence among Hong Kong
Chinese and highest among US Hispanic men, but with little difference across the cohorts by
fracture status.

Figure 2 shows the fitted quadratic regression line between age and BMD by race/ethnic
groups. There were significant ethnic differences with respect to the pattern of the difference
in BMD with increasing age. Lumbar spine BMD increased with age with highest slope in
US African-Americans and lowest slope in Koreans while femoral neck BMD decreased
with age with highest slope in Tobago Afro-Caribbean and lowest slope in US African-
American.

Multiple adjusted BMD differences between subjects with and without fracture are shown in
Figure 3 (for age, weight, height, smoking and alcohol).
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The mean differences in hip and lumbar spine BMD between subjects with and without
fracture were significant in all cohorts except US African American and US Asian men with
the largest differences for US Hispanic and Afro-Caribbean men. There was a significant
race/ethnic interaction for lumbar spine BMD by fracture status (p for interaction=0.02), but
not for femoral neck (p for interaction=0.16) or total hip BMD (p for interaction=0.20). We
excluded the US Hispanic men from this analysis and the interaction term was no longer
significant.

The odds ratio of fracture for 1 SD decrease in BMD is shown in Figure 4. US Hispanic and
Afro-Caribbean men seemed to have a higher odds of fracture per SD decrease in BMD than
the other groups but the interaction terms were not significant. Similar findings were
observed for the total hip and femoral neck.

Discussion

Fracture history is an important and consistent risk factor for future fracture. A meta-
analysis reported that a previous fracture was associated with a significantly increased risk
of an osteoporatic fracture (RR=1.86; 95% CI = 1.72 — 2.01) [23]. These consistent
associations have led to the incorporation of fracture history as a risk factor in the WHO
fracture risk assessment (FRAX) tool.

Kanis et al. [3] reported that there was approximately a 10-fold range in hip fracture
incidence worldwide. The factors that may contribute to the variation are unknown. In our
study, there was a substantial difference in prevalence of fracture across race/ethnic groups.
The highest age-adjusted prevalence of self-reported fracture was observed in US Whites,
followed by US African-Americans, US Hispanics, US Asians, Tobago Afro-Caribbean,
Hong Kong Chinese, and Koreans. These results are consistent with previous reports
showing that older white men have higher hip fracture rates than other ethnic groups within
the United States [4-11]. In this study, US Asians had a higher prevalence of fracture than
Koreans or Hong Kong Chinese. This may reflect a change in risk in immigrant populations
or reflect the heterogeneity of Asian ancestry.

We previously reported that Afro-Caribbean men had the highest level of total hip BMD,
followed by African-American men, US Hispanic, US Caucasian, US Asian, Hong Kong
Chinese, and Korean men [12]. In the present study, we extended these findings to test
whether the magnitude of the differences in BMD between men with a previous fracture
compared with men without a previous fracture were similar across race/ethnicity. We found
that BMD differences by fracture status were similar across race/ethnic. Thus, despite large
differences in the prevalence of fracture and in the characteristics of the men, the
associations between BMD and fracture status were remarkably similar. Our study is limited
to areal BMD measures. It’s possible that ethnic differences in volumetric BMD, bone
geometry or microarchitecture could differentiate fracture risk by ethnicity to a larger
degree. Indeed, several studies have reported major race/ethnic differences in bone strength
and structure [24-28]. In a cross-sectional analysis of 1,190 randomly-chosen black,
Hispanic and white community-dwelling men, Travison et al. reported that Hispanic men
tended to have lower hip strength compared with White or Black men and experienced the
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sharpest age-related declines [28]. However, confidence intervals were wide reflecting the
small sample size of Hispanic and black men. In MrOS, Asian men had similar areal BMD
to Caucasian men but had significantly higher volumetric BMD [29].

The odds of previous fracture for 1 SD decrease in BMD ranged 1.26-2.93 at the lumbar
BMD and 1.12-2.15 at the femoral neck BMD. In a meta-analysis from 11 prospective
cohort studies in women, Marshall et al [29] reported that the relative risk of all fracture for
1 SD was 1.5 (1.4-1.7) and 1.6 (1.4-1.8) for lumbar spine and hip, respectively. In another
meta-analysis from 12 prospective cohort studies, half of which included men, Johnell et al
[30] reported that the risk of osteoporotic fractures increased similarly in men (1.60 per SD
decrease in femoral neck BMD (95% CI = 1.43-1.79)) and in women by 1.53 per SD (95%
Cl = 1.46-1.62) and the gradient of risk increased with age. They did not provide study-
specific risk ratios although they reported there was a low grade of heterogeneity for hip
fracture, but heterogeneity was marked for other fracture outcome. Most of the studies
included in these meta-analyses were conducted in Caucasians, with only one study in
Asians.

To our knowledge, there were three multiethnic cohort studies to evaluate race/ethnicity
difference in the BMD fracture relationship in women. In these studies, there was no a
significant race/ethnicity difference in the BMD fracture relationship. The National
Osteoporosis Risk Assessment (NORA) study, observational study of postmenopausal
women in the United States, reported that the relative risk of all fracture for 1 SD in T score
was 1.54 (1.48-1.61) [31]. However, this study had a limitation in that they used peripheral
BMD or ultrasound measurements. In the Study of Osteoporotic Fracture (SOF), in Black
women and White women, respectively, the relative risk of nonspinal fracture for 1 SD
decrease in BMD was 1.23 (0.92-1.65) and 1.42 (1.33-1.52) for the total hip and 1.20
(0.93-1.55) and 1.42 (1.32-1.52) for the femoral neck [32]. In the Women’s Health
Initiative study, age-adjusted relative risk for fracture for 1 SD decrease in BMD was 1.42
(1.34-1.51), 1.24 (1.05-1.46), and 1.46 (1.11-1.92) for the total hip and 1.30 (1.24-1.37),
1.31 (1.11-1.54) and 1.16 (0.90-1.50) for lumbar spine in White, Black, and Hispanic
women, respectively [33]. Although we studied prevalent fractures, the odds ratios for most
of the groups except Hispanics were within the range of relative risks reported in these meta-
analyses.

The magnitude of the SD can influence the gradient of risk. The meta-analysis by Marshall
et al. [29] used the 1 SD decrease in bone density below the age adjusted mean, but, did not
present the value of 1 SD. Another meta-analysis by Johnell et al. [30] used the SD of the
young female reference range aged 20-29 years (femoral neck, 0.137; total hip, 0.144)
which are similar to our SDs for femoral neck (0.13 g/cm?), and total hip (0.14 g/cm?).
However, our SD for lumbar spine (0.19 g/cm?) is higher than SD of the young female
reference range aged 2029 years of NHANES 2005-2008 (0.115 g/cm?). Thus, in present
study, the estimated gradient of risk of lumbar spine is likely to be overestimated, compared
with the meta-analysis by Marshall et al.

There were marked differences in several characteristics across the race/ethnic groups,
especially body weight. The mean body weight in the Hong Kong Chinese and Koreans was
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20-30 kg less than US white and Black men. These differences could contribute to
differences in BMD. In addition, smoking prevalence also varied across the cohorts with a
higher prevalence of current smoking in the Asian cohorts. Of importance, however, we
adjusted for these factors and the observed differences in BMD were independent of these
lifestyle differences.

Our study has several potential limitations. First, because of our cross-sectional study
design, we cannot establish causal associations between low BMD and fracture. Second,
because of the relatively small sample size and low prevalence of fracture, our statistical
power was low and we were not adequately powered to assess interaction in the logistic
regression model. Third, we relied on self-reported information on fracture and the validity
of this measure in our study cohorts is not known. However, several studies have suggested
moderate to excellent agreement between self-reported fracture information and medical
records [34, 35]. Fourth, we were unable to examine specific sites of fracture. This could
lead to a bias if there was a significant difference in the proportions of specific sites of
fracture across the cohorts. Fifth, information on alcohol consumption varied in each cohort.
To harmonize across the cohorts, we limited our alcohol information to note if they drank
alcohol or not. Sixth, all densitometers used in this study were the fan beam scanners, but
the BMD results were converted to SBMD using the equations for pencil beam scanner. Fan
et al. [36] reported that the SBMD values using the equation for pencil beam scanner had a
significant difference of 3-4% in the spine between GE-lunar and Hologic fan-beam
systems but there is no evidence that this difference would differ by race/ethnicity. Finally,
we had no information on specific ethnic subgroups of Asians or Hispanics in the US.

In conclusion, our data show that the prevalence of fracture varies greatly among older men
with the highest prevalence in US White men and lowest observed in Afro-Caribbean and
Asian men. Low BMD was associated with a higher prevalence of fracture in all cohorts and
the magnitude of the BMD differences by fracture status was similar across groups
suggesting homogeneity in the BMD-fracture relationship among older men. Prospective
studies are needed to further our understanding of the race/ethnic differences in fracture
causation.
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Figure 1.
Age-adjusted proportion (%) and 95% confidence intervals of men reporting a prevalent

fracture according to race/ethnic groups
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Figure 2.
Quadratic regression line between age and BMD according to race/ethnic groups. A Lumbar

spine BMD; B Femoral neck BMD. Data were adjusted for weight, height, history of
smoking, current alcohol consumption and interaction term between age and ethnicity.
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Measurement site Study Mean difference (95% CI)
Lumbar spine US White - -0.05(-0.07,-0.04)

Tobago Afro-Caribbean — -0.10(-0.16,-0.04)
US African-American S GE— -0.09 (-0.16,-0.03)
US Hispanic A -0.20(-0.29,-0.11)
UA Asian . -0.07 (-0.15,0.02)
Hong Kong — -0.03 (-0.07, 0.00)
Korean — -0.04 (-0.07,-0.01)
P for interaction =0.02
Femoral neck US White -+ -0.04 (-0.05, -0.03)
Tobago Afro-Caribbean — ¢ -0.07 (-0.12,-0.03)
US African-American — -0.04 (-0.08, 0.00)
US Hispanic —— -0.10(-0.16, -0.04)
UA Asian — -0.03 (-0.09, 0.03)
Hong Kong s -0.03 (-0.06, -0.01)
Korean —— -0.03 (-0.04,-0.01)
P for interaction =0.16
Total hip US White * -0.05 (-0.05, -0.04)
Tobago Afro-Caribbean — -0.07 (-0.11,-0.03)
US African-American —— -0.05 (-0.09, -0.00)
US Hispanic — -0.11(-0.17,-0.05)
UA Asian — -0.04 (-0.09, 0.02)
Hong Kong — -0.04 (-0.06, -0.02)
Korean —— -0.03 (-0.05, -0.01)
P for interaction =0.18
| [ \
-0.3 -0.2 -0.1 0
Figure 3.

Differences in mean BMD (g/cm?) (95% confidence interval) between men with and
without prevalent fracture adjusted for age, weight, height, history of smoking, current
alcohol consumption and interaction term between ethnicity and fracture status.
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Measurement site Study Odds ratio (95%
Lumbar spine US White * 1.37 (1.27, 1.48)

Tobago Afro-Caribbean e 1.66 (1.17, 2.34)
US African-American —— 1.31 (0.96, 1.79)
US Hispanic * 2.93 (1.51, 5.67)
UA Asian — 1.41 (0.84, 2.36)
Hong Kong - 1.27 (1.03, 1.55)
Korean - 1.26 (1.08, 1.45)

P for interaction =0.23
Femoral neck US White * 1.42 (1.31, 1.53)
Tobago Afro-Caribbean — 1.54 (1.14, 2.08)
US African-American —— 1.12 (0.84, 1.49)
US Hispanic — 2.15(1.14, 4.06)
UA Asian — 1.22 (0.73, 2.05)
Hong Kong —— 1.45(1.17, 1.80)
Korean AS 1.33(1.13, 1.56)

P for interaction =0.49
Total hip US White - 1.55 (1.43, 1.69)
Tobago Afro-Caribbean —— 1.67 (1.21, 2.30)
US African-American —— 1.20 (0.89, 1.63)
US Hispanic * 2.45 (1.23, 4.90)
UA Asian —— 1.39 (0.78, 2.47)
Hong Kong —— 1.57 (1.27, 1.95)
Korean RS 1.48 (1.25, 1.77)

P for interaction =0.55

l
2 3
Figure 4.

Odds ratio (95% confidence interval) of prevalent fracture for 1 standard deviation decrease
in bone mineral density adjusted for age, weight, height, history of smoking, current alcohol
consumption and interaction term between ethnicity and BMD. Standard deviations for
lumbar spine, femoral neck, and total hip were 0.19, 0.13 and 0.14 g/cm?, respectively.
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