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Abstract
Purpose—The objective of this study was to identify risk factors ascertained at baseline that
were associated with prevalence and incidence of fractures at advanced age among Japanese-
American men.

Methods—The present study used data from Honolulu Heart Program (HHP) and Honolulu-Asia
Aging Study (HAAS). The HHP was a prospective study with primary focus on risk factors for
cardiovascular diseases and stroke. A cohort of 8,006 men of Japanese ancestry aged 45–68
residing on Oahu was recruited in 1965, and followed through 1999. The HAAS started in 1991 in
conjunction with the HHP with a focus on age-related health conditions. Self-reported cumulative
prevalence of hip, spine and forearm fractures was ascertained in 1991–1993 among 3,845 men
aged 71–93. Incidence was obtained during the follow-up period (1994–1999) among 2,737 men
aged 74–98. Poisson regression models were used to determine multi-variable adjusted prevalence
and incidence ratios for fracture.

Results—Baseline age was directly and inversely associated with cumulative incident spine and
prevalent forearm fracture, respectively. Education was inversely and directly associated with
prevalent spine and forearm fracture, respectively. Body mass index (BMI) was independently and
directly, and upper arm girth was inversely associated with incident hip fracture. Height and
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Summary
Baseline risk factors were associated with fractures that developed after 29–31 years among Japanese-American men. One unit
increase in BMI, physical activity, and arm girth was associated with a 28%, and 7% increase and a 27% decrease in risk of hip
fracture, respectively.
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diabetic medication were directly associated with prevalent spine fracture. Physical activity and
pack-years of smoking were independently and directly associated with incident and prevalent hip
fracture, respectively.

Conclusions—These results indicated that multiple baseline demographic lifestyle and
anthropometric characteristics predict fracture risk at advanced age. In addition, associations
varied by fracture location.
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Introduction
Worldwide projections estimate that annual fracture cases will reach 2.6 million by 2025
and 4.5 million by the year 2050, compared with 1.66 million cases in 1990 [1]. In the U.S.,
the number of hip fractures is expected to triple as the aged population is expected to double
from 1990 to 2050. Although women have higher risk of fracture than men, men have higher
mortality rates following fracture than women [2]. There are limitations to using bone
mineral density (BMD) as a single risk predictor of fracture. These include the following
issues (1) the threshold of using BMD for fracture diagnosis might vary among men with
and without type 2 diabetes mellitus [3]; (2) there does not seem to be a consensus definition
of osteoporosis based on BMD in men [4]; and (3) there are ethnic differences in BMD in
men [5]. Although the World Health Organization Collaborating Center identified a
comprehensive set of modifiable risk factors for hip fracture in 2004, which included BMD
at the femoral neck, BMI, a prior fragility fracture, glucocorticoid exposure, a parental
history of hip fracture, smoking, excessive intake of alcohol, and rheumatoid arthritis [6],
whether these factors identified at middle age are associated with risk of fractures at
advanced age or whether risk factors may vary by fracture site is not clear.

The effects of some other factors on fracture risk have also been reported, such as advancing
age [7], educational level [8], grip strength [9], standing height [7, 10], dietary calcium
intake [11], coffee intake [12], milk consumption [13], blood glucose [14], diabetes mellitus
[15], and diabetic medication use [16, 17]. Although many risk factors have been identified
for fracture among different populations, little is known about the risk factors for fracture
among Japanese-American men. Therefore a comprehensive analysis of associations
between a wide variety of variables and several specific fracture sites would be useful for
fracture prevention in this specific ethnic group. In this study, multiple variables were
examined in a middle aged Japanese-American population in Hawaii, and the follow-up
investigations of multiple fractures were conducted after 26, 29, and 31 years from the
baseline to identify associations between possible risk factors and the occurrence of hip,
spine, and forearm fracture.

Methods
Study population

The data analyzed in this study were obtained from the Honolulu Heart Program/Honolulu-
Asia Aging Study. The Honolulu Heart Program was initiated in 1965 as a prospective
epidemiologic study to identify risk factors for cardiovascular diseases and stroke in the
population of Japanese-American men residing on the island of Oahu, Hawaii. The
Honolulu-Asia Aging Study started at examination 4 (1991–93) in conjunction with the
Honolulu Heart Program with a focus on various age-related health conditions. The data
collection methods of this study were described in a previous publication [18]. Briefly, a
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sample of 8,006 men of Japanese ancestry who were born during the period 1900–1919 was
identified from a roster of the selective service registry for the Hawaiian Islands during the
period 1940–1942, and were contacted and recruited for this study. The baseline data
collection was completed from 1965 to 1968 (Examination 1) with 8,006 participants aged
45 to 68 years. Participants were re-examined during the periods of 1967–1970 (examination
2, age range: 47–70), 1971–1974 (examination 3, age range: 51–74), 1991–1993
(examination 4, age range: 71–93), 1994–1996 (examination 5, age range: 74–96), and
1997–1999 (examination 6, age range: 77–99).

Among the 8,006 participants who were initially recruited, 3,845, 2,698 and 1,987
completed examination 4, 5 and 6 respectively. Because of the small number of cumulative
incident fractures identified at examination 5 and 6, the two examinations were combined to
calculate 6-year cumulative incidence during the period between each participant’s clinic
visit for examinations 4 and 6. Therefore the population at risk included three groups: men
who only completed examination 5, those who only completed examination 6, and those
who completed both examination 5 and 6 for a total of 2,737 participants (age range: 74–
98). Informed consent was obtained from the study participants. This study was approved by
the Institutional Review Board of the Kuakini Medical Center.

Fracture ascertainment
At examination 4, the participants were asked by an interviewer if they ever had fractures of
the hip, spine, or forearm. At examination 5 and 6, the participants were asked “Since last
exam, has a doctor told you that you had a fracture of the hip, spine, or forearm?” Each
fracture case was counted separately to calculate the prevalence or incidence for
examinations 4, 5 and 6, except for the combined follow-up (1994–1999). At exam 4, seven
men reported both hip and spine, three men reported both hip and forearm, and four men
reported both spine and forearm fracture at the same time. At exam 5, one man reported both
hip and spine fracture at the same time. At exam 6, one man reported both hip and spine, and
one man reported both spine and forearm fracture at the same time. When calculating the
cumulative incidence for the 6-year period after combining examinations of 5 and 6, only
the first fracture occurrence was counted. For example, one man developed hip fracture and
two men developed spine fracture at both examination 5 and 6, respectively, only the first
occurrence was counted. Traumatic fractures were not identified from questionnaires.

Cumulative incidence of forearm fracture was not analyzed because of the very small
number (n = 7) of cases identified from examinations 5 and 6.

Ascertainment of potential risk factors
Demographic, anthropometric, life style, dietary, and metabolic data were accessed from
baseline questionnaires and have been described elsewhere [19]. Educational level was
recorded as the highest number of years of school attended. BMI was calculated by dividing
weight in kilograms by the square of height in meters. Biacromial diameter, grip strength,
girth at the midpoint of the left upper arm, and standing height were measured by trained
research staff. Grip strength was tested using a dynamometer in both right and left arms, but
the dominant one was used for present analyses. Data collected on alcohol intake was based
on the usual monthly intake of wine, beer, and liquor, and was expressed as ounces per
month of ethanol using conversion factors for wine, beer, and liquor as specified in the
United States Department of Agricultural Handbook #8: 10% ethanol for wine, 3.7% for
beer, and 38% for liquor [20]. Dietary calcium intake was calculated from the food and
drink intake assessed from a 24-hour dietary recall [19]. A physical activity index was
similar to that used in the Framingham Heart Study and has been described in detail
previously [21]. Pack-years of smoking cigarettes was calculated as a summary
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measurement based on the amount and duration of cigarette smoking [22]. Also, smoking
status was classified into three categories: never, former, and current smoker at baseline.
Blood glucose was measured 1 hour after a 50-g glucose load. Coffee and milk intake were
obtained from the questionnaire and were categorized as follows: almost never, less than
two times a week, 2–4 times a week, almost daily, more than once a day. In addition, use of
diabetic medication was self-reported at baseline since the standard glucose tolerance
criteria employed by the World Health Organization (WHO) to define diabetes were
unavailable at that time [23].

Statistical analysis
The cumulative prevalence of fracture at exam 4 for various sites was computed by dividing
the number of participants who ever had fracture by the number at risk. The cumulative
incidence of fracture (at exam 5, exam 6, exam 5 or 6) was defined as the number of new
cases of fracture occurring during the respective follow-up period divided by the number of
participants at risk of developing fractures during the same period. Age-adjusted mean levels
of selected baseline (1965–1968) continuous variables and age-adjusted frequencies of
selected baseline categorical variables were compared by cumulative prevalent fracture
status (yes, no) at examination 4 and incident fracture status at examination 5 or 6 (yes, no).
To determine the independent association of potential baseline risk factors with fracture, a
multivariate Poisson regression model for a binary response variable was fit separately for
each fracture site. The response variables used were cumulative prevalent fracture
ascertained at exam 4 (yes, no) and incident fracture from examination 5 or 6 (yes, no). The
Poisson regression model was used to estimate the prevalence ratios (PRs) for cumulative
prevalent fracture and incidence ratios (IRs) for cumulative incident fracture.

The criteria for entry of a variable into the multivariate models were two sided P values of at
least 0.10 for comparisons of age-adjusted mean levels or proportions among groups with
and without fractures in the present study and a report of significant association with
fracture in at least one published epidemiologic study. Based on these criteria, biacromial
diameter was not eligible for entry into these models. Coffee consumption was collapsed
into two categories due to insufficient cell sizes. Multicollinearity analysis was conducted.
The variance inflation factor for each independent variable was less than 2.7. Missing data
for each variable was less than 5%. The analyses were performed using the SAS software
package 9. 2 (SAS Institute, Cary, NC).

Results
Among men who participated in examination 4 (1991–1993), their mean age at baseline was
52.7 years and mean height was 64.5 inches (Table1). The average educational attainment
among this cohort was 10.6 years, and 65% of the men were former or current smokers. The
men who participated in examinations 5 or 6 (1994–1999) had similar baseline
characteristics to those who participated in examination 4.

Self-reported cumulative prevalence of hip, spine, and forearm fracture as of examination 4
in 1991–1993 was 1.65%, 3.07%, and 4.29% respectively (with 63, 117, and 164 hip, spine,
and forearm fractures occurring, respectively) (Table 2). During the approximate three-year
follow-up period from examination 4 to 5, a total of 18, 17, and 3 men developed hip, spine,
and forearm fracture respectively, corresponding to an incidence of 0.67%, 0.63, and 0.11%,
respectively. During the subsequent three-year follow-up period, 16 hip, 28 spine, and 4
forearm fractures developed, and the corresponding incidence was slightly higher at 0.81%,
1.43%, and 0.2%, respectively. Over the combined approximate six years of follow-up from
examination 4 (1991–1993) to examination 6 (1997–1999), there were 33, 43, and 7
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cumulative incident hip, spine, and forearm fractures, respectively, and the corresponding
incidence was 1.21%, 1.57%, and 0.26%, respectively.

To identify potential risk factors for fracture, age-adjusted mean levels of candidate
variables among men who developed fracture were compared with those who remained free
of fracture (Table 3). Among Japanese-American men who had cumulative prevalent hip
fracture, mean BMI, hand grip strength, and girth of left upper arm values were significantly
smaller and pack-years of smoking was significantly higher than those without fracture.
Similarly, age-adjusted mean levels of education and BMI were significantly lower, pack-
years of smoking were significantly higher, and the proportions who were taking diabetic
medication were marginally higher for the Japanese men with cumulative prevalent spine
fracture than for those without fracture. The group with cumulative prevalent forearm
fracture had a significantly higher level of education and significantly lower grip strength
compared to the group without fracture. Over the approximate six-year follow-up period
from examination 4 to 6, girth of left upper arm was marginally smaller and alcohol intake
was about two-fold higher for men who developed hip fracture compared to those who were
free of fracture. The age-adjusted distribution of smoking status for the group who
developed hip fracture was marginally different from those free of fracture. The proportion
of men who took diabetic medication was more than two-fold higher in those who
developed a spine fracture than in those who did not.

After adjusting for the effects of each selected variable in the model, PR and IR analyses
(Table 4) illustrated that age at baseline was significantly and inversely associated with
cumulative prevalent forearm fracture, and was significantly and directly associated with
risk of incident spine fracture. A 10-year increase in age was associated with a 50% decrease
(PR = 0.50, 95% CI: 0.34 – 0.73) in cumulative prevalence of forearm fracture, and a 133%
increase (IR =2.33, 95% CI: 1.18 – 4.62) in cumulative incidence of spine fracture,
respectively. Education showed a significant independent inverse association with
cumulative prevalent spine (PR = 0.92, 95% CI: 0.86 – 0.99) and positive association with
incident forearm fracture (IR = 1.06, 95% CI: 1.00 – 1.13), respectively. BMI had a
significant direct association with incident hip fracture (IR = 1.28, 95% CI: 1.09 – 1.52).
Girth of left arm was independently and inversely associated with the risk of incident hip
fracture (IR = 0.73, 95% CI: 0.57 – 0.93). Standing height was positively associated with
cumulative prevalent spine (PR = 1.12, 95% CI: 1.03 – 1.22). Physical activity index was
independently and directly associated with incident hip fracture (IR = 1.07, 95% CI: 1.01 –
1.13). A 10 - pack-years increase in smoking was associated with 24% increase in hip
fracture prevalence (PR = 1.24, 95% CI: 1.08 – 1.42). Current smoking status at baseline
was inversely associated with prevalent hip fracture (PR = 0.34, 95% CI: 0.14 – 0.79).
Diabetic medication use was independently associated with cumulative prevalence of spine
fracture (PR = 2.31, 95% CI: 1.08 – 4.97).

Discussion
The present study assessed the associations of demographic, anthropometric, life style,
dietary, and metabolic factors at baseline (1965–1968) with cumulative prevalence identified
after 26 years and with cumulative incidence of fractures that occurred during a subsequent
6-year follow-up among middle-aged Japanese-American men. Multi-variable adjusted PR
and IR indicated that those factors collected from baseline were independently associated
with cumulative prevalence and cumulative incidence of fractures identified at advanced
age, respectively. These associations varied by fracture location. Age had an independent
inverse association with cumulative prevalent arm fracture, but an independent and direct
association with incident spine fracture. Education was inversely associated with cumulative
prevalence of spine fracture and directly associated with prevalence of forearm fracture.
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BMI had a strong direct association with risk of incident hip fracture. Arm girth had an
inverse association with incidence of hip fracture. Height, physical activity, and pack-years
of smoking were independently and directly associated with cumulative prevalence of spine,
incidence of hip, and prevalence of hip fracture, respectively. The cumulative prevalence of
forearm fracture was higher than that of hip and spine fracture in this cohort. Cumulative
prevalence of fracture would include fractures that may have occurred a number of years
ago when the participants were younger. In contrast, incidence of fractures was ascertained
only when they were much older.

It has been widely recognized that age is associated with an increase in risk of hip fracture
[7, 24]. However, in the present study, age at baseline was not associated with either
cumulative prevalence or incidence of hip fracture. Although these results did not indicate
that age at baseline was a risk factor for hip fracture, bone mineral content was found to be
inversely associated with age at assessment in a previous HHP study [25]. The non-
significant associations could be explained by residual confounders such as dietary protein
and mental health which were considered as risk factors in two previous prospective studies
[26, 27]. The associations of age with fracture for other sites are understudied to our
knowledge. Baseline age was independently associated with the incidence of spine fracture
in the present study, which was consistent with the result from White et al [24], but was
inconsistent with findings from the Framingham Heart Study [28]. This might be due to a
smaller sample size (n = 252) in the Framingham Study. A strong inverse association
between baseline age and cumulative prevalence of forearm fracture was also observed in
the present study (PR = 0.50, 95% CI: 0.34 – 0.73), which was inconsistent with two
previous studies [24, 26]. In the previous studies, the majority of participants were office
workers, whereas approximately 58.8% of the men in the current study had been laborers
working at sugarcane or pineapple plantations. The different occupations could account for
these inconsistent findings. These findings may indicate that age might be a stronger
contributor to risk of spine than hip fracture. Future studies that compare the attributable
fraction of age to the risk of hip and spine fracture are needed.

A limited number of studies have assessed the effects of education on fracture by site among
men. Wilson et al reported that lower educational level was a contributor to hip fracture risk
in their prospective study with 64.9% of participants being female. However this inverse
association was not observed for both prevalent and incident hip fracture in the present
study. The different association might be explained by the hormone replacement therapy
used among women which was associated with a 33% reduced hip fracture risk, since
women with a higher educational level in general were more likely to use hormone
replacement therapy [8]. The inverse association of educational level with cumulative
prevalent spine (PR = 0.92, 95% CI: 0.86 – 0.99) and positive association with cumulative
prevalent forearm fracture (PR = 1.06, 95% CI: 1.00 – 1.13) in the present analysis might be
explained by the participants’ occupations. Overall lower educational attainment of this
cohort compared with American men of similar age in 1965 (percentages with less than 9
years and greater than or equal to 16 years of education were 45.2% and 1.2% vs. 20.1% and
20.6%, respectively) [29] might have restricted their choices to less safe jobs. Additional
epidemiologic studies need to be conducted in different populations to explore how
occupational exposures are associated with fracture and whether the extent of these
associations varies by fracture location.

A strong positive association was found between midlife BMI and the risk of hip fracture at
advanced age in the present study. One unit increase in BMI was associated with a 28%
increase in the incidence ratio of hip fracture. This finding was consistent with Nielson el
[30] who reported that obesity (BMI ≥ 30 kg/m2) was associated with the risk of hip fracture
among men with mean age of 73.6 years, having obesity prevalence of 21.0%. In the present
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study, the prevalence of obesity was 34.7% when the BMI cut-off point for obesity (BMI ≥
25 kg/m2) was used [31] among this younger cohort (mean age: 52.7±4.7 years). Although
increased BMI may be associated with an increase of BMD [30] which is a primary
determinant for fracture [32], Asian populations may have a high percentage of body fat at a
relatively low BMI [33]. In addition, cross-sectional associations of C- reactive protein
(CRP) concentration with BMI have been seen among Japanese [34]. Elevated plasma CRP
seems to be a marker of the early stages of osteopenia [35]. A marginally significant inverse
association (PR = 0.97, 95% CI: 0.94 – 1.00, P = 0.076) was observed between grip strength
and cumulative prevalent forearm fracture in the present study which was consistent with
previous findings. For example, a previous HHP study reported that strenuous exercise was
positively related to bone mineral content of the os calcis and the distal ulna [25], and grip
strength has been reported as a marker of forearm bone mineral density (BMD) [36]. This
association was not observed for hip fracture which was consistent with the findings from
Lan et al [13] and for spine fracture which was consistent with the Framingham Study [28].
To our knowledge, the present study was the first to investigate the association between
upper arm girth and fractures. The independent and strong inverse association of this
variable with the risk of hip fracture might be explained by the exposure to excessive
workloads [37] early in life.

Tall stature has been reported to be a risk factor for hip fracture among relatively tall
populations. Men taller than 68 or 72 inches had increased risk of hip fracture [10].
Although the cohort in the present study was relatively short (mean height = 64 inches, only
one man was taller than 72 inches), increased height was also associated with cumulative
prevalence of spine fracture. Therefore, these associations might not be explained only by
the greater force when falls occurred from greater height [10]. There may be other
undiscovered underlying mechanisms related to the effects of increased body height on the
factors affecting bone strength, as Turner suggested that bone strength could be affected by
bone mass, bone tissue properties, or bone architecture [38]. However, the relationship
between body height and bone strength has not been reported to our knowledge.

In general, physical activity has been reported to decrease bone loss [39] and thus reduce the
risk of hip fracture [7]. However, in the present study, physical activity was independently
and positively associated with cumulative incidence of hip fracture. Men who were
physically active in middle age were more likely to maintain their physically active lifestyle
until advanced age. Household activities might be a major component of daily activity when
this cohort reached advanced age, and such activities have been reported to increase the risk
of fall among the elderly [40]. The lack of significant inverse associations in the present
study was consistent with results from the Framingham study [28]. These differences might
be due to the method of physical activity assessment. Physical activity was measured for all
activities combined in the present and the previous study. Different types of physical activity
have been reported to have different effects on fracture. High degrees of leisure-time
physical activity protected against hip fracture, but work-related physical activity was not
protective [7]. If the type of physical activity were available, it would be possible to evaluate
the differential effects on fracture risk.

The effect of smoking on fracture risk remains controversial in the literature and inconsistent
results have been reported for different fracture sites [7, 24, 28, 41]. There were few studies
with relatively large sample size that explored the association of pack-years of smoking with
cumulative prevalent fracture among men. Pack-years of smoking was independently
associated with cumulative prevalent hip fracture (PR = 1.24, 95% CI: 1.08 – 1.42) but was
not associated with incident hip fracture in the present study. Ward and Klesges reported a
significant inverse correlation of pack-years of smoking with hip and spine BMD after
adjustment for age and BMI [42]. The positive effects of smoking cessation or reducing the
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amount of smoking cigarettes on BMD [43] that could have occurred during a long period of
follow-up, might have diminished the association of pack-years of smoking with fracture in
the present study. The independent inverse association of current smoking status with
prevalent hip fracture needs to be interpreted with caution. Maybe current smokers at
baseline who had a prevalent hip fracture were more likely to give up smoking. In addition,
smoking status might be changed over the long period of follow-up. Therefore, the
association might be underestimated in this situation. Positive though not significant
associations of former and current smoking with incident hip and spine fracture were
observed in the present study. These results are consistent with findings from Ward et al that
smoking cessation might have a positive effect on BMD [42].

The association of diabetic medication use with fractures was investigated in the present
study. The direct association of diabetic medication with cumulative prevalence of spine
fracture was consistent with the previous studies [44, 45]. If these medications are involved
in bone metabolism, they would be expected to be also associated with prevalent fracture or
incident fracture at the other sites. However, these associations were not observed in the
present study.

Some limitations of the present study need to be considered. First, since traumatic fractures
could not be distinguished from low energy fractures (caused by a fall from standing),
misclassification bias might have occurred. Second, physical activity was not recorded
separately by different activity types, such as leisure time, occupational and household
activity. Therefore the influence of each type of activity on fracture could not be assessed. In
addition, those findings in Japanese-American men may not be generalizable to other
populations.

In conclusion, a number of risk factors assessed in middle age were associated with fracture
risk in advanced age. In addition, the risk factors varied by fracture location. Age was
directly associated with 6-year cumulative incident hip and spine fracture, but was
independently and inversely associated with cumulative prevalence of forearm fracture.
Education was inversely and positively associated with cumulative prevalence of spine and
forearm fracture, respectively. BMI and physical activity had positive associations with
incident hip fracture. Upper arm girth was independently and inversely associated with the
incidence of hip fracture. Pack-years of smoking was independently and directly associated
with cumulative prevalent hip fracture. Current smoking status at baseline was inversely
associated with prevalent hip fracture. Some selected candidate variables such as blood
glucose level, alcohol intake, dietary calcium, coffee, and milk consumption were not
statistically independently associated with fractures for all sites in the present analysis. The
mechanisms underlying the associations need to be explored in future studies.

Acknowledgments
This study has been supported by the Intramural Research Program of the National Institutes of Health, National
Institute on Aging (grants U01 AG019349 and R01 AG0–17155 S1), and National Heart, Lung, and Blood Institute
(grant N01 HC05102). The authors gratefully acknowledge the contributions of Ka-On Fong (Data deriving), Mr.
Ja Kook Gu and Ms. Anna Mnatsakanova (statistical programming).

The findings and conclusions in this article are those of the authors and do not necessarily represent the views of the
National Institute for Occupational Safety and Health or any other government agencies, and no official
endorsement should be inferred.

References
1. Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture. Osteoporos Int. 1997;

7:407–413. [PubMed: 9425497]

Ma et al. Page 8

Arch Osteoporos. Author manuscript; available in PMC 2013 February 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2. Holroyd C, Cooper C, Dennison E. Epidemiology of osteoporosis. Best Pract Res Clin Endocrinol
Meta. 2008; 22:671–685.

3. Schwartz AV, Vittinghoff E, Bauer DC, Hillier TA, Strotmeyer ES, Ensrud KE, Donaldson MG,
Cauley JA, Harris TB, Koster A, Womack CR, Palermo L, Black DM. Association of BMD and
FRAX score with risk of fracture in older adults with type 2 diabetes. JAMA. 2011; 305:2184–
2192. [PubMed: 21632482]

4. Kaufman JM, Goemaere S. Osteoporosis in men. Best Practice & Research Clinical Endocrinology
& Metabolism. 2008; 22:787–812. [PubMed: 19028357]

5. Araujo AB, Travison TG, Harris SS, Holick MF, Turner AK, McKinlay JB. Race/ethnic differences
in bone mineral density in men. Osteoporos Int. 2007; 18:943–953. [PubMed: 17340219]

6. Bonjour, P.; Clark, P.; Cooper, C.; Dawson-Hughes, B.; Laet, CD.; Delmas, P.; Johansson, H.;
Johnell, O.; Kanis, J.; Melton, J.; Miller, P.; Oden, A.; Toroptsova, N. [Accessed 15 September
2010] WHO Scientific group on the assessment of osteoporosis at primary health care level.
Summary meeting report. 2004. http://www.who.int/chp/topics/Osteoporosis.pdf

7. Trimpou P, Landin-Wilhelmsen K, Oden A, Rosengren A, Wilhelmsen L. Male risk factors for hip
fracture-a 30-year follow-up study in 7,495 men. Osteoporosis Int. 2010; 21:409–416.

8. Wilson RT, Chase GA, Chrischilles EA, Wallace RB. Hip fracture risk among community-dwelling
elderly people in the United States: a prospective study of physical, cognitive, and socioeconomic
indicators. Am J Public Health. 2006; 96:1210–1218. [PubMed: 16735617]

9. Meyer HE, Henriksen C, Falch JA, Pedersen JI, Tverdal A. Risk factors for hip fracture in a high
incidence area: a case-control study from Oslo, Norway. Osteoporosis Int. 1995; 5:239–246.

10. Hemenway D, Azrael DR, Rimm EB, Feskanich D, Willett WC. Risk factors for hip fracture in US
men aged 40 through 75 years. Am J Public Health. 1994; 84:1843–1845. [PubMed: 7977932]

11. Looker AC, Harris TB, Madans JH, Sempos CT. Dietary calcium and hip fracture risk: the
NHANES I Epidemiologic Follow-Up Study. Osteoporos Int. 1993; 3:177–184. [PubMed:
8338972]

12. Suzuki T, Yoshida H, Hashimoto T, Yoshimura N, Fujiwara S, Fukunaga M, Nakamura T, Yoh K,
Inoue T, Hosoi T, Orimo H. Case-control study of risk factors for hip fractures in the Japanese
elderly by a Mediterranean osteoporosis study (MEDOS) questionnaire. Bone. 1997; 21:461–467.
[PubMed: 9356741]

13. Lan TY, Hou SM, Chen CY, Chang WC, Lin J, Lin CC, Liu WJ, Shih TF, Tai TY. Risk factors for
hip fracture in older adults: a case-control study in Taiwan. Osteoporos Int. 2010; 21:773–784.
[PubMed: 19597907]

14. Holmberg AH, Nilsson PM, Nilsson JA, Akesson K. The association between hyperglycemia and
fracture risk in middle age. A prospective, population-based study of 22,444 men and 10,902
women. Journal of Clinical Endocrinology & Metabolism. 2008; 93:815–822. [PubMed:
18073298]

15. Vestergaard P, Rejnmark L, Mosekilde L. Diabetes and Its Complications and Their Relationship
with Risk of Fractures in Type 1 and 2 Diabetes. Calcified Tissue International. 2009; 84:45–55.
[PubMed: 19067021]

16. Meier C, Kraenzlin ME, Bodmer M, Jick SS, Jick H, Meier CR. Use of thiazolidinediones and
fracture risk. Arch Intern Med. 2008; 168:820–825. [PubMed: 18443256]

17. Vestergaard P, Rejnmark L, Mosekilde L. Relative fracture risk in patients with diabetes mellitus,
and the impact of insulin and oral antidiabetic medication on relative fracture risk. Diabetologia.
2005; 48:1292–1299. [PubMed: 15909154]

18. Kagan, A. The Honolulu Heart Program: An Epidemiological Study of Coronary Heart Disease
and Stroke. The Netherlands: Hardwood Academic Publicers; 1996.

19. Kagan A, Harris BR, Winkelstein W Jr, Johnson KG, Kato H, Syme SL, Rhoads GG, Gay ML,
Nichaman MZ, Hamilton HB, Tillotson J. Epidemiologic studies of coronary heart disease and
stroke in Japanese men living in Japan, Hawaii and California: demographic, physical, dietary and
biochemical characteristics. J Chronic Dis. 1974; 27:345–364. [PubMed: 4436426]

20. Kagan A, Yano K, Rhoads GG, McGee DL. Alcohol and cardiovascular disease: the Hawaiian
experience. Circulation. 1981; 64(SUPPL):III 27–III 31.

Ma et al. Page 9

Arch Osteoporos. Author manuscript; available in PMC 2013 February 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.who.int/chp/topics/Osteoporosis.pdf


21. Kannel W, Sorlie P. Some Health Benefits of Physical Activity- The Framingham Study. Arch
Intern Med. 1979; 139:857–861. [PubMed: 464698]

22. Chyou PH, Burchfiel CM, Yano K, Sharp DS, Rodriguez BL, Curb JD, Nomura AM. Obesity,
alcohol consumption, smoking, and mortality. Ann Epidemiol. 1997; 7:311–317. [PubMed:
9177115]

23. Burchfiel CM, Curb JD, Rodriguez BL, Yano K, Hwang LJ, Fong KO, Marcus EB. Incidence and
predictors of diabetes in Japanese-American men. The Honolulu Heart Program. Ann Epidemiol.
1995; 5:33–43. [PubMed: 7728283]

24. White S, Atchison K, Gornbein J, Nattiv A, Paganini-Hill A, Service S. Risk factors for fracture in
older men and women: The leisure world cohort study. Gend Med. 2006; 3:110–213. [PubMed:
16860270]

25. Yano K, Wasnich RD, Vogel JM, Heilbrun LK. Bone mineral measurements among middle-aged
and elderly Japanese residents in Hawaii. Am J Epidemiol. 1984; 11:751–764. [PubMed:
6609636]

26. Abel KM, Heatlie HF, Howard LM, Webb RT. Sex- and age-specific incidence of fractures in
mental illness: a historical, population-based cohort study. J Clin Psychiatry. 2008; 69:1398–1403.
[PubMed: 19193340]

27. Misra D, Berry SD, Broe KE, McLean RR, Cupples LA, Tucker KL, Kiel DP, Hannan MT. Does
dietary protein reduce hip fracture risk in elders? The Framingham Osteoporosis Study.
Osteoporos Int. 2011 Jan.22:345–349. [PubMed: 20442986]

36. Samelson E, Hannan M, Zhang Y, Genant H, Felson D, Kiel D. Incidence and risk factors for
vertebral fracture in women and men: 25-year follow-up results from the population-based
Framingham study. J Bone Miner Res. 2006; 21:1207–1214. [PubMed: 16869718]

29. U.S. Census Bureau. [Accessed 15 July 2011] Summary File 4 (SF 4) -Japanese alone: sex by age
by educational attainment for the population 18 years and over - Sample Data: PCT065. 2000.
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?
pid=DEC_00_SF4_PCT065&prodType=table

20. Nielson CM, Marshall LM, Adams AL, LeBlanc ES, Cawthon PM, Ensrud K, Stefanick ML,
Barrett-Connor E, Orwoll ES. BMI and fracture risk in older men: the osteoporotic fractures in
men study (MrOS). J Bone Miner Res. 2011; 26:496–502. [PubMed: 20814955]

31. Wen CP, David Cheng TY, Tsai SP, Chan HT, Hsu HL, Hsu CC, Eriksen MP. Are Asians at
greater mortality risks for being overweight than Caucasians? Redefining obesity for Asians.
Public Health Nutr. 2009; 12:497–506. [PubMed: 18547457]

32. McCloskey E. Preventing osteoporotic fractures in older people. Practitioner. 2011; 255:19–22. 2–
3. [PubMed: 21370710]

33. Yajnik CS, Yudkin JS. Appropriate body-mass index for Asian populations and its implications for
policy and intervention strategies. Lancet. 2004; 363:157–163. [PubMed: 14726171]

43. Saito I, Yonemasu K, Inami F. Association of body mass index, body fat, and weight gain with
inflammation markers among rural residents in Japan. Circ J. 2003; 67:323–329. [PubMed:
12655163]

35. Tomiyama H, Okazaki R, Koji Y, Usui Y, Hayashi T, Hori S, Yamashina A. Elevated C-reactive
protein: a common marker for atherosclerotic cardiovascular risk and subclinical stages of
pulmonary dysfunction and osteopenia in a healthy population. Atherosclerosis. 2005; 178:187–
192. [PubMed: 15585217]

36. Chan DC, Lee WT, Lo DH, Leung JC, Kwok AW, Leung PC. Relationship between grip strength
and bone mineral density in healthy Hong Kong adolescents. Osteoporos Int. 2008; 19:1485–1495.
[PubMed: 18373053]

37. Duyar I. Growth patterns and physical plasticity in adolescent laborers. Coll Antropol. 2008;
32:403–412. [PubMed: 18756889]

38. Turner CH. Biomechanics of bone: determinants of skeletal fragility and bone quality. Osteoporos
Int. 2002; 13:97–104. [PubMed: 11905527]

39. Wilsgaard T, Emaus N, Ahmed LA, Grimnes G, Joakimsen RM, Omsland TK, Berntsen GR.
Lifestyle Impact on Lifetime Bone Loss in Women and Men. Am J Epidemiol. 2009; 169:877–
886. [PubMed: 19174426]

Ma et al. Page 10

Arch Osteoporos. Author manuscript; available in PMC 2013 February 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=DEC_00_SF4_PCT065&prodType=table
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=DEC_00_SF4_PCT065&prodType=table


40. Chan BKS, Marshall LM, Winters KM, Faulkner KA, Schwartz AV, Orwoll ES. Incident fall risk
and physical activity and physical performance among older men - The Osteoporotic Fractures in
Men Study. Am J Epidemiol. 2007; 165:696–703. [PubMed: 17194749]

41. Roy DK, O'Neill TW, Finn JD, Lunt M, Silman AJ, Felsenberg D, Armbrecht G, Banzer D,
Benevolenskaya LI, Bhalla A, Bruges Armas J, Cannata JB, Cooper C, Dequeker J, Diaz MN,
Eastell R, Yershova OB, Felsch B, Gowin W, Havelka S, Hoszowski K, Ismail AA, Jajic I, Janott
I, Johnell O, Kanis JA, Kragl G, Lopez Vaz A, Lorenc R, Lyritis G, Masaryk P, Matthis C,
Miazgowski T, Gennari C, Pols HA, Poor G, Raspe HH, Reid DM, Reisinger W, Scheidt-Nave C,
Stepan JJ, Todd CJ, Weber K, Woolf AD, Reeve J. Determinants of incident vertebral fracture in
men and women: results from the European Prospective Osteoporosis Study (EPOS). Osteoporos
Int. 2003; 14:19–26. [PubMed: 12577181]

42. Ward KD, Klesges RC. A meta-analysis of the effects of cigarette smoking on bone mineral
density. Calcif Tissue Int. 2001; 68:259–270. [PubMed: 11683532]

43. Oncken C, Prestwood K, Kleppinger A, Wang Y, Cooney J, Raisz L. Impact of smoking cessation
on bone mineral density in postmenopausal women. J Womens Health (Larchmt). 2006; 15:1141–
1150. [PubMed: 17199455]

44. Mancini T, Mazziotti G, Doga M, Carpinteri R, Simetovic N, Vescovi PP, Giustina A. Vertebral
fractures in males with type 2 diabetes treated with rosiglitazone. Bone. 2009; 45:784–788.
[PubMed: 19527806]

45. Miazgowski T, Pynka S, Noworyta-Zietara M, Krzyzanowska-Swiniarska B, Pikul R. Bone
mineral density and hip structural analysis in type 1 diabetic men. Eur J Endocrinol. 2007;
156:123–127. [PubMed: 17218735]

Ma et al. Page 11

Arch Osteoporos. Author manuscript; available in PMC 2013 February 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Ma et al. Page 12

Tab1e 1

Baseline Characteristics (1965–1968) of Participants Who Were Examined in 1991 to 1993 and from 1994 to
1999, Honolulu Heart Program and Honolulu-Asia Aging Study (1965–1999).

Men participated in Exam 4 (1991–93)
(N = 3,845)

Men participated in Exam 5 and 6 (1994–99)
(N = 2,737)

Variable n Mean (SD) n Mean (SD)

Age (years) 3,845 52.7 (4.8) 2,737 52.1 (4.3)

Education (years) 3,843 10.6 (2.8) 2,735 10.8 (2.8)

BMI (kg/m2) 3,843 23.9 (2.9) 2,736 24.0 (2.8)

Biacromial diameter (cm) 3,842 38.1 (1.9) 2,736 38.2 (1.9)

Grip strength (kg) 3,842 39.5 (6.1) 2,735 39.9 (6.0)

Upper arm girth (cm) 3,844 28.1 (2.7) 2,736 28.3 (2.6)

Standing height (inches) 3,844 64.3 (2.3) 2,737 64.4 (2.2)

Alcohol (oz/month) 3,841 12.1 (21.2) 2,735 11.6 (20.5)

Dietary calcium (mg) 3,845 513.9 (310.4) 2,737 518.4 (311.0)

Physical activity index 3,827 32.9 (4.6) 2,722 32.7 (4.6)

Blood glucose (mg/dL) 3,832 151.9 (48.3) 2,730 149.5 (45.5)

Diabetic medication (%) 110 2.9 78 2.9

Smoking (pack-years)† 2,446 30.0 (20.0) 1,707 29.0 (19.9)

Smoking (%)

      Never 1,344 35.0 993 36.3

      Former 1,101 28.6 783 28.6

      Current 1,399 36.4 960 35.1

Coffee (%)

      Never 305 7.9 224 8.2

      ≤ twice a week 162 4.2 101 3.7

      2–4 times a week 123 3.2 86 3.1

      Almost daily 1,566 40.7 1,122 41.0

      > once a day 1,689 43.9 1,204 44.0

Milk (%)

      Never 840 21.9 584 21.3

≤ twice a week 1,398 36.4 985 36.0

    2–4 times a week 355 9.2 264 9.7

      Almost daily 986 25.6 714 26.1

      > once a day 266 6.9 190 6.9

Note: values are means and standard deviations for continuous variables and percentages for categorical variables.

†
pack-years of smoking was calculated only for former and current smokers.
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