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Low Serum 25-Hydroxyvitamin D Levels Associated With Falls
Among Japanese Community-Dwelling Elderly
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ABSTRACT: Previous studies have shown that low serum 25-hydroxyvitamin D [25(OH)D] level is a risk
factor for falls among the elderly in European and North American populations. We used a cross-sectional
community-based survey to study the association of serum 25(OH)D level and falls among Japanese com-
munity-dwelling elderly. A total of 2957 elderly persons (950 men and 2007 women) 65-92 yr of age who
participated in mass health examinations for the prevention of geriatric syndrome for the elderly underwent
an interview, blood analysis, and physical performance testing. Experience of falls over the previous year was
assessed in an interview. Physical performance tests of handgrip strength, stork standing time with the eyes
open, and normal waking speed as risk factors for falls among the elderly were conducted. Serum albumin and
25(OH)D concentrations were analyzed. Mean 25(OH)D concentration was significantly lower in women than
in men (p < 0.001). Women showed a significant decline of 25(OH)D level with increased age (p < 0.001).
There was also a significant difference in the prevalence of 25(OH)D insufficiency [25(OH)D level < 20 ng/ml]
between the sexes (p < 0.001). The rate of falls was significantly higher in the lowest quartile of 25(OH)D level
in women (p = 0.02) and in women with 25(OH)D insufficiency (p = 0.001). Women also showed significant
declines in all three fall-related physical performance tests. Multiple logistic regression analysis showed sig-
nificant and independent associations between 25(OH)D level and experience of falls in women only (p =
0.01). Low 25(OH)D level was significantly associated with a high prevalence of falls in Japanese elderly
women because of their inferior physical performance. Low serum 25(OH)D levels appear preventable and

easily treated; there is an evident need for greater awareness to screen and thus prevent this condition.
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INTRODUCTION

HE IMPORTANCE OF vitamin D for skeletal health is well

known.”' Through the regulation of calcium and
phosphorus levels in the blood by promoting their ab-
sorption from food in the intestines, vitamin D promotes
bone formation and mineralization for the development of
a strong skeleton. Vitamin D deficiency, which can re-
sult from inadequate intake coupled with inadequate sun-
light exposure, plays an important role in the develop-
ment of osteoporosis because of the induction of a second-
ary hyperparathyroidism that mobilizes calcium from the
bone.

Vitamin D deficiency results not only in impaired bone
mineralization, but also in myopathy in the elderly. % It
has also been shown recently to be associated with a decline
of muscle strength,”"® sarcopenia,” and functional limi-
tations and disability,®® and probably because of these
phenomena, with falls in the elderly.”'") We have studied
and reported that concomitant low serum 25-hydroxy-
vitamin D [25(OH)D] and albumin were associated with
decreased objective physical performance among Japanese
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community-dwelling elderly from a nutritional point of
view.'* However, falls were not taken into account in the
previous study.

The aim of this study was to investigate the association
between serum 25(OH)D levels and falls, and the associ-
ated physical performance among community-dwelling
Japanese elderly who in some previous studies have been
reported to have stronger muscle strength and lower fall
rates than whites."*'*) We hypothesized that low 25(OH)D
levels (1) correlate with poor muscle strength, balance, and
walking capability and (2) are consequently associated
with the occurrences of falls among community-dwelling
Japanese elderly.

MATERIALS AND METHODS
Subjects

The participants were 2957 residents (950 men and 2007
women) =65 yr of age living in Itabashi ward in Tokyo,
Japan, who had participated in mass health checkups for
the community elderly (Otasha-Kenshin) conducted in Oc-
tober/November 2004 and 2005. Otasha-Kenshin, which
means “health checkups for successful aging” in Japanese,
is a comprehensive mass health examination for commu-
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nity-dwelling elderly that aims to prevent “geriatric syn-
drome” including falls and fractures, incontinence, poor
oral health, mild cognitive impairment, depression, and un-
dernutrition. The overall aim is to prevent the loss of inde-
pendence and the need for long-term care in later life. De-
tails of Otasha-Kenshin, including participant details,
investigation methods, and its contents, have been de-
scribed in our earlier papers."*'” None of the subjects
analyzed in this study had a history of malignant discases,
current treatment of vitamin D, chronic renal failure, or
other serious diseases affecting vitamin D regulation. All
participants were essentially ambulatory, lived indepen-
dently in their homes, and had sound functional capacity.
Participants provided written informed consent to partici-
pate in the study, which was approved by the Institutional
Review Board and Ethic Committee of the TMIG (Ac-
cepted No, 5, July 1, 2004).

Data collection

Interviews were conducted to assess the age, physical ac-
tivity, and chronic disease conditions of subjects. History of
chronic diseases was self-reported and included hyperten-
sion, stroke, heart disease, diabetes, and renal failure. Heart
disease included angina pectoris, acute myocardial infarc-
tion, congestive heart failure, and various arrhythmias, Re-
nal failure was defined as chronic renal failure under treat-
ment including hemodialysis, which can affect the
regulation and metabolism of serum vitamin D levels.

We also assessed fall experience over the previous year.
A fall was defined as an unintentional change in position
resulting in coming to rest at a lower level or on the ground.
The subjects were asked about their falls in the same man-
ner as in our previous study.®® That is, they were asked the
question, “Have you experienced any falls during the pre-
vious 12 months?” Those who reported one or more falls
were asked about the circumstances and conseguences of
each fall (i.e., the time, reason and place of the fall, the
presence or absence of injury, and whether they visited a
doctor).

Previous population-based studies have confirmed that
physical performance characteristics, including those based
on handgrip strength, stork standing time with the eyes
open, and normal walking speed, are risk factors for falls
among the community elderly in Japan."**" Moreover,
these three variables have also been confirmed by a covari-
ance structure model as the essential factors underlying
physical performance measures for Japanese elderly living
in a community.®"

Handgrip strength

The peak handgrip force (kg) of each hand was measured
by Smedley’s hand dynamometer (Yagami, Tokyo, Japan).
The test was performed twice, and the higher of the two
measurements made on the dominant hand was recorded.,

Stork standing

While standing on a square (0.4 x (0.4 m), each subject
stood on one foot while watching a point set at eye level
1 m away and tried to maintain this posture, A stopwatch
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measured the duration in seconds, up to a maximum of 1
min, and the longer of two attempts was recorded.

Normal walking speed

A flat walking path of 11 m was marked with tape at the
3- and 8-m points. A stopwatch measured the time taken to
walk 5m, from the time when a foot first touched the
ground after the 3-m line to when a foot touched the
ground after the 8-m line, The participants were asked to
take the test by walking at their normal or preferable speed.
The test was repeated and the faster speed recorded.

Because of the possibility of a high correlation among the
three physical performance tests, after confirmation by
Pearson's correlation coefficient (r), normal walking speed
was selected as the representative independent variable for
the multiple logistic regression model.

Measurement of serum levels of albumin and
25(0OH)D

Blood samples were collected in a nonfasting state and in
asitting position. Analyses were carried out centrally in one
laboratory (Special Reference Laboratories, Tokyo, Ja-
pan). Serum 25(OH)D levels are commonly used as a mea-
sure of vitamin D status,”*?%) and these were measured
with an RIT 2 kit (Dia Sorin, Stillwater, MN, USA). The
RIT 2 method is based on an antibody specific to 25(OH)D;
using this method, the CV was <1%. We summarized the
serum 25(OH)D levels of these subjects into quartiles, and
used the 25 percentile cut-off to compare groups of subjects
with higher and lower 25(OH)D. Lower serum 25(OH)D
was defined as 25.0 ng/ml (62.5 nM) or below for men and
21.0 ng/ml (52.5 nM) or below for women, For a definition
of vitamin D insufficiency, based on studies performed in
the United States and Australia®®*~*® showing that a serum
25(OH)D level of at least 15-20 ng/ml is needed to achieve
optimum PTH levels, we defined a 25(OH)D level of <20
ng/ml as insufficiency.

Statistical analysis

All data were analyzed with SPSS software for Windows,
version 13.0 (SPSS, Chicago, IL, USA); the level of signifi-
cance was set at 5%.

Means and SDs (for continuous variables) along with
proportions (for categorical variables) were calculated for
all participants. Differences between men and women were
assessed using (-tests for continuous variables and y” tests
for categorical data. Differences in serum 25(OH)D levels
were analyzed among the four age groups by one-way
ANOVA in both sexes. Furthermore, comparisons of fall-
related variables by 25(OH)D level were performed using
analysis of covariance (ANCOVA) controlled for age in
continuous variables, and Mantel-Haenszel x* tests were
used 10 adjust for age in categorical variables in both sexes,

To analyze the association of serum albumin and
25(0OH)D level with physical performance (i.e., handgrip
strength, stork standing time with the eyes open, and nor-
mal walking speed), multiple regression analysis was con-
ducted with age adjustment. To study the association of
falls and 25(OH)D levels, logistic regression analysis was
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TABLE 1. CHARACTERISTICS OF STUDY PARTICIPANTS

Characteristics Male (n = 950} [Min-Max] Female (n = 2007) [Min-Max] P

Age (yr, mean + SD) 745+ 5.1 [65-89] 754247 [65-92] <0.001*
Fall experience over the previous year (yes, %) 103 (10.8) 372(185) <0.001"
Hand grip strength (kg, mean + SD) 314266 [10-52) 188+46 [1-38]  <0.001*
Stork standing time with eyes open (s, mean + SD) 31+225 [1-95] 358+233 [1-88] 0.152*
Normal walking speed (m/s, mean = SD) 123+026 [0.40-2.08) L18+ 029 [0.15-2.00] <0.001*
Serum albumin (g/dl, mean + SD) 435+ 023 [3.4-5.0] 431 021 [3.3-5.0] <0.001+*
Serum 25(OH)D level (ng/ml, mean + SD) 285+50 [8-42] 24249 [9-38] <0.001*
Age group ()

65-69 (173)284 £ 45 (163) 26.8 + 3.8

70-74 (314)285+53 (763) 242 £ 4.6

75-79 (320)28.6 + 49 (675)24.0+5.1

80+ (143)284+55 p = 097" (406) 23.6 5.3 p < 0.001°
Quartile [cut-off value of 25(0H)D for each percentile] (ng/ml) (ng/ml)

25 percentile 250 21.0

50 percentile 29.0 24.0

75 percentile 320 280
Insufficient (<20 ng/ml, %) 48 17.7 <0.0m'

* Student's r-test for i tables t males and femal

T test for categori fables b males and females.

# ANOVA in both males and females.

conducted using “fall experience over the previous year” as
a dependent variable and other variables [age, physical per-
formance test, serum albumin, and 25(OH)D levels] as in-
dependent variables.

RESULTS

The basic characteristics of the subjects, including age,
handgrip strength, stork standing with the eyes open, nor-
mal walking speed, serum albumin level, and 25(OH)D
level, are shown in Table 1. Mean ages were 74.5 + 5.1 yrin
men and 75.4 + 4.7 yr in women (p < 0.001), Concerning fall
experience, the numbers (percentage) of individuals who
experienced a fall over the previous year were 103 (10.8%)
in men and 372 (18.5%) in women. The prevalence of falls
was significantly higher in women than men (x> = 2830,
p < 0.0001). The number of falls varied from one to five.
Sixty-one men (59.2%) and 259 women (69.8%) had expe-
rienced only one fall, whereas 42 men and 113 women had
recurrent falls of two or more times. The predominant
cause of falling was “tripping” in both sexes, followed by
“slipping” and “missing a step.” The consequences of fall-
ing, that is, the conditions of injury, were clearly different
between men and women. Although “bruise™ (38.7%) and
“seratch” (26.1%) were frequent among women, “no in-
jury” accounted for nearly one half (44.7%) of men.

The mean 25(OH)D concentrations were 28.5 + 5.0 ng/ml
in men and 24.2 + 4.9 ng/ml in women (p < 0.001). Only in
women was there a significant decline of 25(OH)D concen-
tration with increasing age by ANOVA (p < 0.001). Forty-
six (4.8%) men and 356 (17.7%) women had a 25(OH)D
level of <20 ng/ml (50 nM; p < 0.001).

Comparisons of the rate of fall experience over the pre-
vious year, average number of falls, physical performance
tests, and serum albumin levels are shown in Table 2. Sub-
Jects who were judged as not appropriate for the tests be-

cause of high blood pressure, heart failure, lumbago, knee
pain, etc,, were excluded from the physical performance
tests. Thus, the total number of subjects who underwent the
physical performance tests was 2837 (917 men and 1921
women) in the handgrip strength test, 2519 (792 men and
1727 women) in the stork standing test, and 2044 (455 men
and 1589 women) in the normal walking speed test. First,
comparisons were conducted between the lowest quartile
group (=25.0 ng/ml in men and =21.0 ng/ml in women) and
the higher groups. Both hand grip strength and stork stand-
ing time were significantly different in men, and all of the
measurements were significantly different in women. Fur-
thermore, for women only, the rate of fall experience and
average number of falls were significantly higher in the low-
est quartile group compared with the other groups (p =
0.02 for the rate and p = 0.021 for the number). Second,
comparisons were conducted between the 25(OH)D insuf-
ficiency group (<20 ng/ml) and the normal group (=20 ng/
ml). Hand grip strength and serum albumin level in men,
and all measurements except hand grip strength in women,
were significantly different between these two groups.
Stork standing time, normal walking speed, and serum al-
bumin level were significantly lower in the 25(OH)D insuf-
ficiency group. As for rate of fall experience and average
number of falls, only women showed that the 25(0OH)D
insufficiency group had a significantly higher rate (p =
0.001) and average number (p = 0.006) of falls than the
normal group.

Table 3 shows the associations of serum concentrations
of albumin and 25(OH)D with physical performance tests
by multiple regression models adjusted for age. Serum
25(0OH)D level showed significant association with all three
variables in the physical performances of both men and
women. However, serum albumin level showed significant
association only with handgrip strength in both sexes.

Calculations of Pearson's correlation coefficient (r) were
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TaBLE 2. SERUM 25(OH)D LEVEL AND CHARACTERISTICS FOR MALES AND FEMALES
Male Female
Lower Higher Lower Higher
(S25.0 ng/ml) (2260 ng/ml) (S21.0 ng/ml)  (222.0 ng/mi)
Characteristics fn = 249) {n=701) P fn = 576) n=1431) p
Fall expenience over the previous year
(yes, n, %) 27 (10.8) 76(10.8) 0.938% 129 (224) 243 (17.0) 0.020*
Average number of falls (times, mean = SD) 2124 1.7£1.1 0422' 16=12 14208 0.021%
Hand grip strength (kg, mean + SD) 05+6.7 31765 0.020% 179 +46 19246 0.002"
Stork standing time with eye open
(5. mean + SD) H6=2205 382+225 0046 3172235 37.7+£230 <0001
Normal walking speed (m/s, mean + SD) 1.19 £ 0.26 125026 0061 112028 1212027 <0.001'
Serum albumin (g/dl, mean + SD) 434024 435026 0616 428023 433021 <0.001"
Insufficiency Normal Insufficiency Normal
(<20.0 ng/ml) (2200 ng/ml) (<20.0 ng/ml)  (220.0 ngiml)
(n = 46) (n = 904) P (n = 356) {n = 1651) P
Fall experience over the previous year
(ves, n, %) 3(6.5) 100(11.1)  0454*  92(258) 280 (17.0) 0.001*
Average number of falls (times, mean + SD) 27+06 18215 0338" 17+13 14215 0.006"
Hand grip strength (kg, mean + SD) 285+ 6.4 315+65 0.003" 181 +47 19046 0.420"
Stork standing time with eye open
(s, mean + SD) 31.4+229 375+ 225 0124 298:+229 3722232 <0001
Normal walking speed (m/s, mean = SD) 116 £ 0.79 1242026 0138  111:029 1.20£027  <0.001"
Serum albumin (g/dl, mean + SD) 427+026 435+ 022 o027 427+023 432:021 <0002
* The Mantel-H 17 test adjusted for age.
"TANCOVA adjusted for age.

TABLE 3. ASSOCIATION OF SERUM ALBUMIN AND 25(0OH)D Levers Wrth PHYSICAL PERFORMANCE FOR MALES AND FEMALES

Handgrip strength Stork standing time Normal walking speed
B SE P B SE P B SE P

Men

Albumin 0.096 0.852 0.001 0.002 3.644 0947 0.025 0,053 0.576

25(0H)D 0.067 0.037 0.020 0.075 0.152 0.030 0.111 0.002 0.m2
Women

Albumin 0.109 0.459 <0.001 0.037 2.502 0.106 0.045 0.030 0.051

25(OH)D 0.062 0.020 0.003 0.109 0.105 <0,001 0.143 0.001 <0,001

Values are adjusted for age. p values are derived from

B, standardized regression coefficient,

carried out to confirm the correlation among the three
physical performance tests. The results showed high and
significant intercorrelation for these three variables; corre-
lation coefficients were from 023 (handgrip strength and
stork standing time) to (.35 (stork standing time and nor-
mal walking speed) in men and from 031 (handgrip
strength and stork standing time) to 0.47 (stork standing
time and normal walking speed) in women, and all were
significant at p < 0.001. Therefore, we adopted only “nor-
mal walking speed™ 1o represent the physical performance
lests as well as the independent variable for the final mul-
tiple logistic regression model.

Table 4 shows the associations of fall experience over the
previous year with normal walking speed, serum albumin,
and 25(OH)D levels by multiple logistic regression models
with age adjustment. Normal walking speed (unit = 0.1
m/s) showed a significant protective effect against falls in

TasLe 4. MuLTIPLE LoGisTic REGRESSION MODEL OF FACTORS
ASSOCIATED WiTH FALL EXPERIENCE OVER THE
PREVIOUS YEAR

Male Female
Risk factor OR 9% ClI p OR 95%ClI p
Age (yr) 102 095110 NS 102 0.99-1.06 NS
Normal walking
speed (0.1 m/s) 087 077-097 0.015 092 0.88-0.97 0.001
Albumin (g/dl) 169 045-633 NS 160 0.88-290 NS

25(0H)D (ng/ml) 1.00 095-1.06 NS 097 0.94-099 0.010

Dependent variable was “fall experience over the previous year” (yes =
1,no = D).

The unit of normal walking speed was transferred from meters per sec-
ond to 0.1 m/s in this final multiple logistic regression model.

NS, not significant.
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both men (OR = 0.87, 95% Cl = 0.77-0.97) and women
(OR = 0.92, 95%CI = 0.88-0.97). Serum 25(OH)D level
(unit = 1 ng/ml) also had a significant and independent
protective effect for falls found only in women (OR = 0.97,
95% CI = 0.94-0.99, p = 0.01).

DISCUSSION

Maintenance of physical performance in old age is an
important factor not only for a healthy and independent life
in the community but also a way to prevent falls that can
lead to a marked decline in activities of daily living (ADLs),
A national survey in Japan has shown that the annual fre-
quency of falls is >20% in those >65 yr of age and that
~10% of these falls result in fractures,*”

This study showed that the proportion of people who
reported falls in the previous year increased with age and
that falls were more common in women than in men.®”
These findings are consistent with the results of other stud-
ies of falls among community-dwelling elderly.®*=? Aoy-
agi et al.®® reported that the proportion of falls in the
previous year after age standardization for Japanese was
about one half of that of whites. Furthermore, the incidence
of hip fracture among Japanese elderly was found to be
much lower than that reported for whites in North America
and Europe.®* This difference is probably partly the result
of the lower fall rate among Japanese, suggesting that both
ethnicity (genetics) and lifestyle (environmental) factors
may be involved."* Recently, some studies have shown
that lower serum vitamin D level is a risk factor for falls and
fall-associated physical performance among the elder-
ly.#103% At present, however, there are few studies on the
association between serum 25(OH)D level and falls in
Japanese community elderly, whose frequency of falls
is less than that observed in Europe and the United
States, (5513

In this study, we found that there were significant sex
differences of 25(OH)D level on average and in a pattern of
decline along with aging; namely, women had significant
lower serum 25(OH)D levels at any age group and showed
remarkable declines with aging. One of the reasons for this
sex difference may be general inactivity and lower intake of
vitamin D from daily food among Japanese elderly women
compared with men. One Japanese national survey showed
that, compared with 39.1% of men, 32.6% of women en-
gage in physical activity for at least 30 min two or more
times a week.®® Our previous study also reported that
women had significantly lower rates of regular sports activ-
ity than men (13.8% versus 21.5%).”” Furthermore, we
recently reported that one of the significant predictors for
cessation of regular activity was “female sex” as well as
“smoking” and “slow walking speed” from a population-
based, 2-yr follow-up study.”® The national survey also
showed that women took smaller amounts of vitamin D
than men (8.6 = 9.0 versus 8.9 = 10.0 pg/d on average). In
particular, for elderly respondents =70 yr of age, the aver-

age intake of vitamin D in women (8.6 = 9.0 pg/d) was much
less than that in men (10.3 + 10.1 pg/d).”® These factors of
physical inactivity and lower intake of daily vitamin D in
elderly women may have caused their observed higher fre-
quency of 25(OH)D insufficiency compared with men. It is
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known that the main source of vitamin D in humans is
considered to be through the skin, where vitamin D is pro-
duced during exposure to UVB sunlight.“*4% [n our study,
to avoid any seasonal variation of serum 25(OH)D, data
collection was carried out only during autumn (October/
November), which meant that serum 25(0OH)D levels
would be almost stable and at an average throughout the
year among a normal Japanese population.“"’

The range of serum 25(OH)D levels was 842 ng/ml in
men and 9-38 ng/ml in women. Although it is still uncer-
tain what an optimal 25(OH)D level is, it has been sug-
gested that the range of 25(OH)D levels should be 32-100
ng/ml, with a lower limit somewhere between 15 and 36
ng/mL“**% In this study, we defined a 25(OH)D level of
<20 ng/ml as insufficiency. From this, we judged that the
prevalence of 25(OH)D insufficiency was significantly pre-
dominant in women (17.7%) compared with men (4.8%;
P < 0.001). Studies concerning the prevalence of 25(0OH)D
insufficiency in various populations have been challenged
because of the lack of standardization of assays and differ-
ent cut-off points.**’ A comparison of serum 25(0OH)D
level between hip fracture patients and nonhip fracture con-
trols in Japan showed that average serum 25(OH)D con-
centrations were significantly different: 17.8 ng/ml in hip
fracture patients and 25.8 ng/ml in nonhip fracture con-
trols.“® Furthermore, 62% of the hip fracture patients
(N = 50) had 25(OH)D insufficiency, defined as having a
serum 25(OH)D concentration <20 ng/ml. In this context,
the elderly whose 25(OH)D levels were <20 ng/ml can be
considered to be in insufficiency and at high risk of a hip
fracture, which indeed has increased sharply during last two
decades in Japan.“®

In comparisons of serum 25(OH)D levels and fall-
associated variables between the group of participants in
the lowest quartile and the groups of the three other higher
quartiles of serum 25(OH)D level, all variables but normal
walking speed in men were significantly lower in the lower
25(OH)D group than in the higher group. Our findings are
consistent with the results from a Swedish population-based
study of 986 community-living elderly women™” that
showed that the lower 25(OH)D group was significantly
correlated with inferior gait speed, inferior balance test, and
lower knee extension/flexion strength results, all of which
are fall-associated variables.

The rate of fall experience over the previous year by
serum 25(0OH)D level was significantly different only in
women [i.e., 22.4% in the lower 25(OH)D group and 17.0%
in the higher group (p = 0.02) and also 25.8% in the in-
sufficiency group and 17.0% in the normal group (p =
0.001), respectively]. The average numbers of falls were
also significantly different between the lower and higher
groups (p = 0.021) and between the insufficient and normal
groups (p = 0.006), respectively. This finding that lower
serum 25(0OH)D level or 25(OH)D insufficiency status is
associated with falls among elderly women is consistent
with many previous studies.**'" However, there is a con-
troversy about which type of vitamin D [ie., 25(0H)D or
1,25(0H),D,] is associated with fall risk. Faulkner et al.,*
who examined the relationship of vitamin D supplementa-
tion and the serum concentration of vitamin D metabolites
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with falls in older white. community-dwelling women (n =
389) in the Unites States, reported that only the higher
serum 1,25(0OH),D, concentration was associated with a
lower fall risk but that 25(OH)D concentration was not
associated with falls, In our study, as one of the study limi-
tations, serum 1,25(OH), D, was not assessed in the partici-
pants undergoing the mass health examination.

Further analysis on the association of serum albumin and
25(OH)D levels with the fall-associated variables in this
study showed that only serum 25(OH)D level had a signif-
icant association with all three fall-associated variables in
both sexes. On the other hand, serum albumin had a sig-
nificant association only with handgrip strength in both
sexes. The mechanism connecting serum albumin and
muscle mass or power is not clear.**” However, serum
albumin concentration may be a marker of the protein sta-
tus of an individual, with lower values indicating a dimin-
ished protein reserve and stimulated catabolic processes
leading to muscle break down and also muscle strength
decline.”*” Thus, low serum albumin, even within a normal
range, is independently associated with weaker muscle
strength and future decline in older men and women. 152

Serum 25(OH)D concentration is an important determi-
nant of muscle mass and sarcopenia. In an observational
study of community-dwelling elderly in the Netherlands,
incident sarcopenia, defined as a minimum of 40% decline
in muscle strength and 3% decline in muscle mass, was
found to be twice as likely among 25(OH)D-deficient el-
derly [25(OH)D level < 10 ng/ml] than among elderly with
a 25(0OH)D level of >20 ng/mL“” With respect to the role of
vitamin D in muscle strength, the majority of the actions of
vitamin D are mediated through 125(OH),D, binding to
nuclear vitamin D receptor (VDR) that can directly modu-
late the transcription of the gene possessing a functional
binding site for VDR in its regulatory region.®** There-
fore, muscle strength seems to be influenced by the VDR
genotype in the muscle cell. With the use of specific restric-
tion endonucleases, several VDR polymorphisms have
been determined. In nonobese, older women, a 23% differ-
ence in quadriceps strength and a 7% difference in grip
strength between two homozygote types of a restriction site
have been found.®* The action of vitamin D is affected by
allelic variance of the VDR. A genomic study on VDR
polymorphism has shown that Japanese women had much
lower frequency of homozygote BB (1.4%) than white
women (16.7%).°* In this context, if the VDR polymor-
phism affects not only the BMD but also muscle strength of
elderly women, Japanese women in general may have an
advantage with respect to their lower frequency of falls and
associated hip fractures.

As for the association of serum 25(OH)D level and fall
experience over the previous year by multiple logistic re-
gression models, even after the adjustment of other fall-
associated variables, serum 25(OH)D level was indepen-
dently associated with falls in women as well as normal
walking speed in this study. A considerable number of
population-based studies have also been conducted on
walking ability in relation to the occurrence of falls in the
elderly. " Increased body sway, uneven distances, and
uneven timing during walking were identified as risk factors
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for falls.®'*® The authors have previously reported that
both fall experience over the previous year and a decline in
walking speed were very strong predicators of the occur-
rence of frequent falls in a 5-yr follow-up cohort study
among Japanese community-living elderly.®*® Muscle func-
tion or strength as the single most important component for
walking ability has been consistently identified as a risk
factor for hip fractures as a consequence of falls in the
elderly. Subclinical 25(OH)D insufficiency is also consid-
ered to be an important risk factor for hip fractures in el-
derly people in both white®™*" and Japanese® popula-
tions. We have suggested that elderly women with lower
25(OH)D levels and with a significant decline in their fall-
associated variables tend to decline in walking capability
and be more vulnerable to falls even in elderly populations
of Japanese women, whose fall rate has been reported to be
low.

A relevant issue regarding the role of 25(0OH)D in physi-
cal performance is that vitamin D supplementation has
been reported to be significantly effective in maintaining or
improving physical performance and preventing falls
among the elderly. In a recent randomized and multiple-
dose study, Broe et al.“” reported that a high dose of vi-
tamin D (800 TU/d) reduced the risk of falls dramatically by
72% lower (adjusted-incidence rate ratio) than participants
taking a placebo over the same 5-mo period in a nursing
home. However, the question of which type of vitamin D
supplementation (i.c., either cholecalciferol or calciferol) is
more effective at reducing falls among community-living
elderly is still controversial. The association of vitamin D
supplementation with better physical performance related
to the risk of falls and/or reduced falls is unclear at present.
For example, a meta-analysis of five randomized controlled
trials provided some evidence that vitamin D supplemen-
tation might reduce falls,"” whereas the results of a second
meta-analysis of four randomized controlled trials of vita-
min D found no such evidence.%

Ouwr findings suggesting that there are significant rela-
tionships between serum 25(OH)D and fall-associated
physical performance and with falls themselves could pro-
vide guidance about how to prevent falls and fractures, par-
ticularly hip fractures resulting from falls among commu-
nity-living elderly. Two such countermeasures are to
improve muscle strength, especially in the lower extremi-
ties, and 1o enhance balance ability.”*® For example,
from a randomized controlled exercise intervention trial for
Japanese community-dwelling elderly, we have proven that
a moderate exercise intervention program in addition to a
home-based program significantly improved fall-associated
variables and, consequently, decreased the incidence of falls
for 1.5 yr after the intervention.®”

Another countermeasure would be to maintain a high
level of serum 25(OH)D by adequate intake of foods con-
taining vitamin D, supplementation, and exposure to sun-
light. Incidentally, fish consumption seems to play an im-
portant role in maintaining adequate vitamin D nutrition
among elderly Japanese.™” In general, these countermea-
sures seem to be consistent with the traditional Japanese
lifestyle. Our earlier study using risk factor analysis of hip
fractures in elderly Japanese showed that such a traditional
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Japanese lifestyle, including living on Japanese tatami mats
and eating fish daily, was strongly associated with a de-
crease in the risk of hip fractures.™ Living on Japanese
tatami mats, including futon-style bedding, seems have
greal benefits for preventing falls and hip fractures by con-
tinuously strengthening the muscles of the hip girdle and
lower extremities by sitting, squatting, and frequent stand-
ing over the course of many years. Furthermore, consump-
tion of dark-meat fish, which is rich in vitamin D, also seems
to be beneficial for maintaining adequate 25(OH)D levels
in the elderly, especially in the winter season.®”

Before detailing our final conclusions, some limitations
of our study must be considered. (1) The subjects analyzed
were not selected randomly from the study population; as
well, they were relatively healthy elderly persons who were
able to travel from their homes to the health checkup
venue. As a result, elderly persons with lower physical func-
tional capacity were excluded. (2) Plasma 125(0H),D,,
albumin-corrected calcium, and PTH, which would provide
information on the extent of any primary vitamin D defi-
ciency, 4870 and creatine clearance that may affect the
metabolism of vitamin D through the kidney,”" were not
assessed in this study. It is well known that increased secre-
tion of PTH is associated with decreased serum 25(OH)D
levels, which may commonly occur in the elderly. However,
according to a survey on the nutritional status of vitamin D
among Japanese community-dwelling elderly, Nakamura et
al.7 reported that only 1.8% of the subjects had elevated
intact PTH levels. (3) We did not analyze the genotype of
the VDR that could influence muscle sirength and, likely,
the fall rate as well. (4) This study was cross-sectional and
therefore did not provide cause/effect relationships, al-
though we showed a significant correlation between physi-
cal performance and serum 25(OH)D levels in Japanese
community-dwelling elderly. Therefore, a longitudinal fol-
low-up study and controlled clinical trials would seem nec-
essary to confirm the role of serum 25(OH)D in falls and its
association with the physical performance of the elderly.

In conclusion, our findings showed that a lower serum
25(OH)D level was significantly associated with fall expe-
rience over the previous year and with fall-associated vari-
ables in Japanese women whose fall rate has been reported
to be about one half that of white women. This indicates
that serum 25(OH)D level has a common and positive re-
lationship with the occurrence of falls in elderly women,
and probably beyond any genetic background represented
by VDR phenotype differences and anthropometric and
nutritional differences.

Muscle weakness or sarcopenia, frailty, and falls, all of
which can be frequent among the elderly and therefore are
often categorized as geriatric syndrome, have a major im-
pact on the elderly in terms of both morbidity and mortal-
ity. The connections between these items related 1o geriat-
ric syndrome and 25(OH)D has been well established by
many population-based epidemiological studies including
this one. Such geriatric syndromes could be prevented by
both exercise interventions and adequate levels of serum
25(0OH)D; these would help maintain good physical perfor-
mance and functional capacity for a high quality of life
among community-dwelling elderly,
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Abstract  Although patients with type 2 diabetes show no
bone mineral density (BMD) reduction, fracture risks are
known to increase. It is unclear why the patients have an
increased risk of fracture despite sufficient BMD. We
investigated the relationships of body mass index (BMI),
HbA,, and urinary C-peptide (uC-peptide) versus BMD,
bone metabolic markers, serum adiponectin, and prevalent
vertebral fracture (VF). A total of 163 Japanese type 2
diabetic men were consecutively recruited, and radio-
graphic and biochemical data were collected. BMI was
positively correlated with BMD at the whole body, lumbar
spine, and femoral neck (P < 0.05) and negatively corre-
lated with osteocalcin and urinary N-terminal cross-linked
telopeptide of type-1 collagen (uNTX) (P < 0.01). HbA,.
was negatively correlated with osteocalein (P < 0.01) but
nol BMD at any site. Subjects were classified into four
groups based on BMI and HbA . (group LL BMI < 24 and
HbA . <9, group LH BMI < 24 and HbA,, = 9, group
HL BMI = 24 and HbA,. < 9, group HH BMI 2 24 and
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HbA,. = 9). Serum adiponectin, osteocalcin, and uNTX
were lower and the incidence of VF was higher despite
sufficient BMD in the HH group. Multivariate logistic
regression analysis adjusted for age, duration of diabetes,
uC-peptide, and estimated glomerular filtration rate showed
that the HH group was associated with the presence of a
VF and multiple VFs (odds ratio [OR] = 3.056, 95%
confidence interval [CI] 1.031-9.056, P = 0.0439, and
OR = 5.415, 95% CI 1.126-26.040, P = 0.0350, respec-
tively). Combination of obesity with hyperglycemia was a
risk factor for VF despite sufficient BMD in diabetic men.

Keywords Type 2 diabetes mellitus - Body mass index -
HbA,. - Vertebral fracture - Bone turnover

The number of patients with diabetes mellitus and osteo-
porosis is rapidly increasing in industrialized countries
where Western-style aging societies are prevalent. The
relationship between diabetes and osteoporotic fractures is
becoming increasingly recognized [1]. Both vertebral and
hip fractures are most important osteoporotic fractures
because they frequently occur and enhance the mortality of
elderly people as high as six- to ninefold [2, 3]. The
mortality increase is more prominent in men than in
women [2], and absolute risk of subsequent fracture after
an initial one in men is higher than or similar to that in
women [4]. Therefore, it is no less important to predict the
risk of vertebral and hip fractures in diabetic subjects than
in their nondiabetic counterparts, especially in men.
Previous studies have shown that type 1 diabetes is
associated with a decrease in bone mineral density (BMD)
and an increased risk of osteoporotic hip and other frac-
tures [5, 6]. In contrast, although patients with type 2
diabetes show no BMD reduction, fracture risks are known
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10 increase approximately up 1o 1.5-fold a1 the hip, proxi-
mal humerus, forearm, and foot not only in women [6-8]
but also in men [6, 7). However, 1t is unclear why patients
with type 2 diabetes have an increased risk of fracture
despite normal BMD. Hyperglycemia in type 2 diabetes
might be associated with factors that influence bone
strength and quality independent of BMD. Several exper-
iments using cultured osteoblasts showed that high glucose
and/or increased advanced glycemic end products (AGEs)
impaired mineralization or osteocalcin production in the
cells [9, 10], suggesting that hyperglycemia may cause
diminished bone formation.

Body weight is known to impact bone wrnover and to be
positively correlated with BMD, and higher weight/body
mass index (BMI) therefore reduce risks for vertebral and hip
fractures in nondiabetic subjects [11, 12]. Previous studies
have shown that BMD is closely related to body weight [13]
and that change in spinal BMD is related to baseline BMI
| 14]. On the other hand, type 2 diabetes is caused by obesity-
induced insulin resistance and is therefore strongly associ-
ated with obesity, and some studies have indicated that
patients with the disease also have high BMD equivalent to
nondiabetic obese counterparts [1]. However, it is unclear
whether or not obese patients with type 2 diabetes would also
be al reduced risk for fractures as seen in nondiabetics.

Insulin stimulates proliferation of osteoblasts [15] and
increases indices of bone formation such as insulin-like
growth factor-1 [16] and bone morphogenetic protein [17]
when administered locally over bone [18], Previous studies
have shown that circolating insulin concentration is the
principal determinant of BMD at the femoral neck and
lumbar spine [19]. Although obese diabetic patients have
insulin resistance that blunts the hypoglycemic effect of the
hormone and causes its compensatory oversecretion, other
hormonal actions are kept intact, and increased circulating
insulin may exert anabolic actions on bone [20]. A previous
study has shown that insulin resistance, which was esti-
mated from an intravenous glucose tolerance test, was
significantly and positively correlated with BMD [21].
Thus, high BMD is a very consistent finding across a wide
range of hyperinsulinemic states, including obesity and
type 2 diabetes [22]. However, it is unclear whether or not
this beneficial effect of hyperinsulinemia on BMD also
prevents [ractures in patients with type 2 diabetes.

In this study, to examine these issues, we selected serum
HbA,., BMI, and urinary C-peptide (uC-peptide) as
markers for hyperglycemia, obesity, and residual insulin
secretion, respectively, in Japanese men with type 2 dia-
betes. We investigated the relationship between each of
these parameters and BMD, bone metabolic markers,
serum adiponectin levels, and the presence of vertebral
fractures. We found that combination of obesity with
hyperglycemia predisposes type 2 diabetic men to vertebral
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fractures in spite of normal BMD, possibly through low
bone tumover and resultant bone fragility.

Subjects and Methods
Subjects

The subjects in this study were 163 Japanese men with type
2 diabetes aged 25-83 years (mean 57.7). We consecutively
recruited subjects who visited Shimane University Hospital
for education, evaluation, or treatment of diabetes. Subjects
agreed o participate in the study and gave informed con-
senl. This study was approved by the institutional review
board of our institution, Nobody had hepatic or renal dys-
function or nputritional derangements that might cause
changes in bone metabolism. We excluded patients with
anemia (hemoglobin < 12.0 g/dL) becanse HbA,. values
might be influenced by anemia. Twenty-six patients had
received insulin treatment and 61 patients had taken oral
hypoglycemic agents (sulfonylurea, 55; metformin, 23;
alpha-glucosidase inhibitor, 18). All subjects were free of
drugs known to influence bone and calcium metabolism like
vitamin D and bisphosphonate as well as thiazolidinedione
until the time of the present study.

Radiography

Lateral X-ray films of the thoracic and lumbar spine were
taken al the same week as serum collection. The anterior,
central, and posterior heights of each of the 13 vertebral
bodies from Thd to L4 were measured. A vertebral fracture
was diagnosed if at least one of three height measurements
along the length of the same vertebrae had decreased
by >20% compared 1o the height of the nearest uncom-
pressed vertebral body [23]. Multiple vertebral fractures
were identified as two or more vertebral fractures. None of
the subjects had a history of serious trauma.

BMD and Biochemical Measurements

BMD values of the whole body (W), lumbar spine (L).
femoral neck (F), and one-third of the radius (1/3R) were
measured by dual-energy X-ray absorptiometry (QDR-
4500; Hologic, Waltham, MA). The same operator tested
all of the subjects during the study to eliminate operator
discrepancies. The coefficients of variation (precision) of
measurements of the lumbar spine, femoral neck, and mid-
radius by our methods were 0.9%, 1.7%, and 1.9%,
respectively. Z score indicates deviation from the normal
age- and sex-matched mean in standard deviation (SD).
After overnight fasting, serum was collected. Biochemi-
cal markers were measured by standard biochemical
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methods. Estimated glomerular filtration rate (¢GFR) was
calculated using the equation reported in the clinical practice
guidelines for diagnosis and treatment of chronic kidney
disease [24] as follows: 0.741 x 175 x age'o'm x serum
creatinine "™ HbA,. (normal range 4.3-5.8%) was
determined by high-performance liquid chromatography
(HPLC), as previously described [25-27]. Bone-specific
alkaline phosphatase (BAP) in serum and C-peptide in urine
pooled for 24 hours (uC-peptide) were measured by enzyme
immunoassay (EIA) and chemiluminescent EIA (CLEIA),
respectively. Serum osteocalcin and urinary N-terminal
cross-linked telopeptide of type-I collagen (UNTX) were
measured by radioimmunoassay (RIA) and enzyme-linked
immunosorbent assay (ELISA). Total adiponectin and high—
molecular weight (HMW) adiponectin were measured by
ELISA kits (Otsuka Pharmaceuticals, Tokyo, Japan, and
Fujirebio, Tokyo, Japan, respectively) as indicated by the
manufacturers. The coefficients of variation of measure-
ments of total adiponectin and HMW adiponectin by each
ELISA kit were 3.1% and 2.0%, respectively.

Statistical Analysis

Data were expressed as mean =+ SD. Because serum total
and HMW adiponectin showed a markedly skewed distri-
bution, logarithmic (log) transformation of these values was
carried out before performing correlation and regression
analysis. Statistical significance between two groups was
determined using the Mann—Whitney U-test. Simple, mul-
tiple, and logistic regression analyses were performed using
the slatistical computer program StatView (Abacus Con-
cepls, Berkely, CA). P < 0.05 was considered significant.

Resulis

Baseline Characteristics of Subjects and Comparison
of Parameters Among Those with and without
Vertebral Fractures

Baseline characteristics of subjects are shown in Table 1.
We compared these paramelers among subjects with a
vertebral fracture, with multiple vertebral fractures, and
without vertebral fractures and found no significant dif-
ferences among them (data not shown).

Relationship of BMI, HbA,,, and uC-Peptide Versus
BMD, Bone Metabolic Markers, and Serum
Adiponectin Levels

We selected BMI, HbA,,, and uC-peptide as markers for
obesity, hyperglycemia, and endogenous insulin secretion,
respectively. Since our simple regression analysis showed

Table 1 Baseline characteristics of subjects

Number of subjects 163
Age (years) 5.7+ 128
Diabetes duration (years) 98 £8.7
Body weight (kg) 65.2 4 134
Height (¢m) 165.6 + 7.0
BMI (kg/m®) 23.7+£39
FPG (mg/dL) 176 + 64
HbA . (%) 94 +28
Creatinine (mg/dL) 0.74 £0.12
eGFR (mL/min/1.73 m*) 83.9 £ 17.6
uC-peptide (pg/day) 68.7 + 488
BAP (U/L) 26,7 + 10.5
Osteocalcin (ng/mL) 50422
uNTX (asMBCE/mM-Cr) 351 £17.6
Total adiponectin (ug/mL) 5.08 £ 297
HMW adiponectin (pg/mlL) 5.00 + 4.00
W-BMD (g/em’) 1.081 £ 0.106
L2-L4 BMD (g/cm?) 1.043 £ 0175
T score -0.03 & 1.46
Z score 0.44 £ 1.06
F-BMD (g/cm?) 0.781 + 0.122
T score ~0.65 £ 0,96
Z score 0.25 + 0.99
1/3R-BMD (g/em®) 0.726 + 0.067
T score ~1.70 & 1.20
Z score ~0.80 & 1.05
Number of subjects with vertebral fracture 39

Number of subjects with multiple vertebral fractures 14
FPG, fasting plasma glucose

that BMI, HbA ., and uC-peptide were affected by age and
renal function (data not shown), multiple regression anal-
yses were performed with BMI, HbA,., and uC-peptide
adjusted for age, duration of diabetes, and eGFR as inde-
pendent variables versus BMD at each skeletal site, bone
metabolic markers, or serum adiponectin levels as depen-
dent variables (Table 2). BMI was significantly and
positively correlated with W-, L-, and F-BMD (P =
0.0070, P = 00128, and P < 0.0001, respectively) but not
with 1/3R-BMD. BMI was also significantly and nega-
tively correlated with osteocalcin, uNTX, and log(total
adiponectin) (P = 0.0070, P = 0.0002, and P = 0.0359,
respectively) and tended to be negatively correlated with
log(HMW adiponectin), HbA,_ was significantly and neg-
atively correlated with osteocalcin (P = 0.0022) but not
with BMD at any site, any other bone metabolic markers,
or serum adiponectin levels, On the other hand, uC-peptide
was not correlated with BMD at any site or any bone
metabolic markers, except for a negative correlation with
log(total adiponectin).
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Table 2 Cormelations of BMI, HbA,_, and urinary CPR versus BMD
at each site, bone metabolic markers, or serum adiponectin levels

BMI HbAlc uC-peptide
r ' r P r r

W’ABMDi 0.237 00070 0018 0.8354 0.032 07132
(g/em”)

L2-14 EMD 0215 00128 —0.078 03577 0.070 04126
iglem=)

F-BMD‘ 0.379 <0.0001 —0.079 02898 0.085 02621
(glem”)

IL’-R—B!Q‘D 0.068 04113 0.115 0.1657 0004 0.9609
(glem®)

BAP (U/L) 0.072 04186 0.036 0.6775 0.065 04512

Osteocalein ~0.250 00070 —0.285 0.0022 -0.001 09951
(ng/ml.)

uNTX -0.314 00002 -0.013 0.8702 —0.034 0.6687
(nMBCE/
mM-Cr)

Logitotal -0.211 00359 0.09 03345 —0305 0.0034
adiponectin)

Log(HMW -0.192 00649 0.098 03572 -0.161 0.1279
adiponectin)

Multivariate regression analysis was performed between BMI,
HbAle, and uC-peptide adjusted for age, duration of disbetes, and
eGFR s independent varizbles and BMD at each skeletal site, bone
marker, or serum adiponectin levels as dependent variables

Comparison of Various Variables Among Four Groups
Classified by BMI and HbA,.

Next, since these results showed that BMI and HbA,., but
not uC-peptide, were significantly and independently
associated with serum osteocalcin levels, we compared
demographic and biochemical parameters including bone
metabolic markers and serum adiponectin concentrations
as well as BMD values at each skeletal site among four
groups classified by BMI and HbA , (group LL BMI < 24
and HbA,. <9, group LH BMI <24 and HbA, =9,
group HL BMI = 24 and HbA . < 9, group HH BMI = 24
and HbA,. = 9) (Table 3). There were no significant dif-
ferences in age or duration of diabetes among the groups.
Absolute values and Z scores of L-BMD in group HL and
F-BMD in groups HL and HH were significantly higher
than those in group LH (at least P < 0.05). Absolute values
of L-BMD in group HL and absolute values and Z score of
F BMD in group HH were significantly higher than those in
group LL (at least P < 0.05). Serum osteocalcin level in
group HH was significantly lower than that in group LL
(P < 0.01). Moreover, uNTX in groups HL and HH were
significantly lower than those in groups LL and LH (at least
P < 0.05). Serum levels of total and HMW adiponectins in
group HH were lower than those in group LH (P < 0.05),
and HMW adiponectin in group HL was lower than that in
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group LH (P < 0.05). The prevalence of vertebral fractures
was highest in group HH despite sufficient BMD.

Multivariate logistic regression analysis was performed
with the presence of a vertebral fracture or multiple ver-
tebral fractures as a dependent variable and each group
adjusted for age, duration of diabetes, uC-peptide, and
eGFR as independent variables (Table 4). Group HH was
significantly associated with the presence of a vertebral
fracture and multiple vertebral fractures (P = 0.0440 and
P = 0.0354, respectively).

Discussion

In this study, combination of obesity with poor glycemic
control in men with type 2 diabetes was significantly asso-
ciated with the presence of vertebral fractures in spite of
sufficient BMD. Multiple regression analysis showed that
BMI was negatively correlated with serum osteocalcin and
uNTX levels and that HbA . was negatively correlated with
serum osteocalcin level. Moreover, these bone metabolic
markers were lower in the group with higher BMI and higher
HbA,. (HH group), suggesting that low bone wrnover,
especially suppression of bone formation, may cause bone
fragility that is not defined by BMD and may be linked to
vertebral fractures in the obese and hyperglycemic group.

The present study showed that HbA,. level was not
correlated with BMD and was not different between
patients with or without vertebral fractures. In contrast,
HbA,. level was negatively correlated with serum osteo-
calcin level but not with BAP. Although a few studies
demonstrated that glycemic control estimated by HbA,_
was associated with BMD or bone fractures [5, 8], meta-
analysis of accumulating studies has shown that HbA,.
level was not significantly associated with BMD or fracture
incidence [6]. In previous studies, we have also shown that
HbA . levels in postmenopausal women with type 2 dia-
betes were not significantly different between those with
and without vertebral fractures [25-27]. On the other hand,
several studies have indicated that hyperglycemia induced
a low wmover bone with osteoblast dysfunction and caused
suppression of the serum osteocalcin level [28, 29].
Gerdhem et al. [29] showed that serum osteocalcin level,
but not BAP, was lower in diabetic women after correction
for covariance of body weight and serum creatinine.
Okazaki et al. [30] showed that serum osteocalcin level
was low before treatment and elevated after weatment of
diabetes, while BAP was reduced. Previous in vitro studies
have shown that chronic hyperglycemia increased the
activity and expression of alkaline phosphatase while it
decreased osteocalcin expression and cellular calcium
uptake [31], explaining the discrepancy in serum levels of
osteocalcin and BAP in the clinical studies.
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Table 3 Comparison of various variables among the four groups classified by BMI and HbA,.

1L LH HL HH

Number of subjects 43 47 35 38
Age (years) 609 £ 11.1 56.3 £ 105 579 £ 15.1 557+ 146
Disbetes duration (years) 103 £ 86 102 £89 8178 103 £ 9.6
BMI 214 +17 08+ 1.9 21.2 & 2 geemitt 267 £ 3.5%ee 11T
FPG 138 & 35 224 & 61eeeiH 123+ 25 210 o= S4eeitd
HbA,, 14+£10 11.6 & 2. 3wemiil 71412 111 & 2.4%es33
uC-peptide 61.5 £ 61.1 6154 41.1 779 + 484 78,1 & 405
Creatinine 0.76 £ 0.12 0.69 & 0.11%* 0.80 £ 0.12'" 0.74 £ 0,121
¢GFR 80.3 £ 165 91.8 + 17.9%= 769 £ 154" 848 £ 17.1°
BAP 27.6 £ 15.1 273483 246474 271 £ 9.0
Osteocalcin 58422 51427 5018 41 & L6%*
uNTX 415 4 247 385 £ 156 27.8 £ 107+~ 308 & 122"
Total adiponectin 5.68 + 387 5.78 4299 4.58 £ 2.50 404 £ 1.62
HMW adiponectin 543 + 4.57 6.58 £493 398 + 235! 3161 + 2.46'
W-BMD 1,058 &+ 0.113 1.064 4 0.092 1.104 £ 0.117 1.106 £ 0.099
L2-L4 BMD 1.025 + 0.190 1.005 =+ 0.160 1.119 £ 0169+ 1.037 £ 0.163

Z score 0.37 £ 1.11 0.20 + 1.07 0.86 + 0.98' 041 + 099
F-BMD 0,762 + 0.129 0.735 £ 0.097 0.805 £ 0.122' 0.838 £ 0.118%=

Z score 0.20 £ 1.0 ~0.20 + 0.94 0.52 + 0.88" 0.64 + 0,90+
1/3R-BMD 0.706 £ 0.066 0.730 = 0.060 0.724 £ 0.067 0.740 £ 0.075

Z score ~0.99 £ 1.09 ~0.80 + 0.95 ~0.76 £ 1.11 0,67 £ 1.13
Vertebral fracture 8 (18.6%) 10 (21.3%) 8 (22.9%) 13 (34.2%)
Multiple vertebral fractures 3 (7.0%) 4 (8.5%) 0 (0.0%) 7 (18.4%)

FPG, fasting plasma glucose

Group LL BMI < 24 and HbA, <9, group LH BMI < 24 and HbA,. = 9, group HL BMI = 24 and HbA,. < 9, group HH BMI = 24 and

HbA, =9

*P <005 % P<001,*** P <000l versus LL; ' P < 0.05, "' P < 001, " P < 0.001 versus LH: ¥ P < 0,05, ¥ P <005, ¥ p < 0.001

versus HL

Table 4 Associations between the presence of vertebral fractures and
the four groups classified by BMI and HbA,, in men with type 2
dinbetes

OR (95% CI) P

Presence of a vertebral fracture

Group LH 1.362 (0.443-4.189) 0.5898

Group HL 1.457 (0.463-4.586) 0.5197

Group HH 3.051 (1.030-9.035) 0.0440
Presence of multiple vertebral fractures

Group LH 1.848 (0,343-9.964) 0.4748

Group HL 1.722 (0.303-9.794) 0.5398

Group HH 5.353 (1.121-25.557) 0.0354

Multiple logistic regression analysis was performed with the presence
of either a vertebral fracture or multiple vertebral fractures as a
dzpendenvlmblemdmchofprwpschmﬁedbyBMIM
HbA;, adjusted for age, diab i uC-p , and eGFR as
independent variables

The OR of each group was calculated by comparison with group LL

Obesity is known to suppress both bone formation and
resorption and to be positively associated with BMD. A
large clinical study on Danish postmenopausal women
showed that subjects in the highest tertiles of percentage of
body fat or BMI had up to 12% higher BMD at baseline
and a more than twofold lower 2-year bone loss compared
with women in the lowest tertiles [32]. Women with a
higher percentage of body fat or BMI had lower baseline
levels of uNTX and serum osteocalcin [32]. On the other
hand, weight loss over 6-8 months resulted in increases in
indices of bone resorption marker expression, deoxypyri-
dinoline and hydroxyproline, of up to 50% [33], suggesting
that body weight directly influenced bone resorption and
bone turnover, The present findings also showed that BMI
was strongly and negatively correlated with serum osteo-
calcin and uNTX and strongly and positively correlated
with BMD. These findings suggest that obesity induces low
bone wrnover through suppression of both osteoblastic and
osteoclastic activities. Combination of hyperglycemia with
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obesity could enhance the suppression of serum osteocalcin
level and may accelerate reduction in bone formation rate.

Adipocytokines, which are secreted from adipocytes, are
known to influence bone metabolism. Adiponectin is one of
the adipocytokines specifically and highly expressed in
visceral, subcutaneous, and bone marrow fat depots [34].
Several studies have demonstrated that circulating adipo-
nectin  concentrations are decreased in patients with
obesity, diabetes, and cardiovascular disease [35] and
inversely associaled with obesity [35. 36] as well as insu-
lin-resistance paramelers [36]. Recently, we and other
researchers have shown that cultured osteoblasts have an
adiponectin receptor and that their proliferation, differen-
tiation, and mineralization are enhanced by adiponectin,
showing that adiponectin could stimulate bone formation
[37]. In animal studies, Oshima et al. [38] showed that
adiponectin adenovirus—treated mice increased trabecular
bone mass in vivo and that administration of adiponectin
enhanced bone formation and suppressed bone resorption
in vitro. Moreover, in a clinical study, Richards et al. [39]
showed that serum adiponectin was positively correlated
with serum osteocalcin in a large population of women.
Thus, adiponectin appears to enhance osteoblastogenesis
and bone formation, and reduction in its plasma concen-
tration induced by combination of obesity with
hyperglycemia may cause suppressed bone formation, We
actually observed that serum adiponectin concentrations
were lowest in the group with higher BMI and higher
HbA . (HH group), suggesting that serum hypoadiponec-
tinemia might be involved in the present findings of low
turnover bone in patients with obesity and hyperglycemia.

Although circulating insulin is considered to stimulate
osteoblastogenesis and enhance bone formation, the pres-
ent study showed that uC-peptide, as a surrogate marker for
residual insulin secretion, was not significantly associated
with BMD, bone metabolic markers, or serum adiponectin
levels in men with type 2 diabetes. We also found that its
level was not different between patients with or without
vertebral fractures. These findings are consistent with our
previous ones in women with type 2 diabetes, in which
there were no associations between serum fasting C-pep-
tide and BMD, bone metabolic markers, or vertebral
fractures [24-26]. However, subjects in these studies had
received several treatments including insulin administra-
tion. Therefore, we should be careful when making
conclusions about the relationship between capacity of
residual insulin secretion and bone metabolism.

Previous studies showed that hyperglycemia and AGEs
could impair parathyroid hormone (PTH) secretion [40—42]
and that vitamin D metabolism may also be disturbed by
hyperglycemia and insulin deficiency [43—45). Thus,
impaired PTH and vitamin D metabolism might he
involved in low turnover bone in diabetes, although we did
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not measure serum PTH and vitamin D levels in this study.
Further studies are needed to investigate whether these
hormone levels are associated with bone fractures in type 2
diabetes.

This study has some limitations. First, the sample size
was not large enough to make definite conclusions. Second,
we analyzed only subjects who visited Shimane University
Hospital, a tertiary center, for evaluation or treatment of
diabetes mellitus and osteoporosis. Therefore, the patients
enrolled in this study might have relatively severe states of
the disorders and might not be representative of Japanese
men with the disorders. Consequently, assessment of larger
numbers of patients is necessary to determine the useful-
ness of BMI and HbA . for predicting the risk of vertebral
fractures. Third, the subjects in this study were only Jap-
anese. The capacity of insulin secretion and the degree of
obesity in Asians are known to be different from those of
Western people [46]. Therefore, we need to investigate
whether or not our findings are universal. Finally, longi-
tudinal studies are needed to investigate whether the
treatments of both obesity and diabetes can improve bone
fragility in type 2 diabetes.

In conclusion, we found that BMI was pegatively
associated with serum osteocalcin and uNTX and posi-
tively associated with BMD, while HbA,. level was
negatively correlated with serum osteocalcin but not with
BMD in diabetic men. Although BMI or HbA, . per se are
not associated with the presence of vertebral fractures, the
combination of higher values of both parameters was a risk
factor for vertebral fractures in spite of sufficient BMD.
Reduced bone turmover and resultant impairment in bone
quality in patients with obesity and hyperglycemia may be
involved in this observation.
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Abstract

Background: Although. adiponectin might be associated with bone metabolism, the relationships
between serum adiponectin and bone mineral density (BMD) as well as vertebral fracture in type 2
diabetes are still unclear.

Objective and methods: We Investigated the relationships between each of serum total and high
molecular weight (HMW) adiponectin versus BMD, bone markers, and the presence of vertebral
fractures in a total of 231 men and 170 post-menopausal women with type 2 diabetes,

Results: Multiple regression analysis adjusted for age, duration of diabetes, BMI, serum creatinine, and
HbA ;. showed that serum total adiponectin was negatively correlated with BMD at the total, lambar
spine, and femoral neck (r=—0.165. P<0.05: r=—0.187, P<0.05; and r= —0.136. P<0.05
respectively) and positively with urinary N-terminal cross-linked telopeptide of type-I collagen in men
(r=0.148, P<0.05), and that Serum HMW adiponectin was negatively correlated with BMD at the
lumbar spine (r=-0.146, P<0.05), Multivariate logistic regression analysis adjusted for the
parameters described above showed that total adiponectin was associated with the presence of
vertebral fractures in men (odds ratio (OR)=1.,396, 95% confidential interval (CI) 1.020-1.911 per
5.0, increase, P<0,05), and both total and HMW adiponectin were associated with moderate or severe
vertebral fractures (OR = 1.709, 95% CI 1.048-2.787 per s.n. increase, P<(0.05 and OR=1.810, 95%
CI 1.112-2.946 per .. increase, P<0,05 respectively), but not in post-menopausal women.
Conclusions: Serum adiponectin could be associated with BMD and turnover and clinically useful for
assessing the risk of vertebral fractures in type 2 diabetic men.

European Journal of Endocrinology 159 1-10

Introduction

Cumulative evidence has shown that there is a positive
correlation between bone mineral density (BMD) and
fat mass, suggesting that body fat and bone mass are
related to each other (1-3). Several studies on adipocyte
function have revealed that not only is adipose tissue
an energy-storing organ but also it secretes a variety of
biologically active molecules, which are named adipo-
cytokines (4). Adiponectin is one of the adipocytokines
specifically and highly expressed in visceral, s.c. and
bone marrow fat depots (5). It is also abundantly
present in plasma (6) and has been proposed to play
important roles in the regulation of energy homeostasis
and insulin sensitivity (7. 8). We and other researchers
have shown that osteoblasts have an adiponectin
receptor and that the proliferation, differentiation
and mineralization of osteoblastic cells are enhanced
by adiponectin, suggesting that adiponectin could also
influence bone metabolism (9, 10).

© 2008 European Society of Endocrinclogy

Several clinical studies have shown that serum
adiponectin level was negatively correlated with BMD
(11-15). while others showed no significant correlation
(16-19) or a positive correlation with BMD (20). On the
other hand, it is still unclear whether or not serum
adiponectin level is associated with bone fractures,
although, one cohort study showed no significant
correlation between serum adiponectin and fracture
risk (21). Thus, the relationships of serum adiponectin
with BMD and vertebral fractures need to be clarified
further to solve the discrepancy and the lack of data
respectively.

Although, patients with type 2 diabetes show no
apparent bone mass reduction compared with non-
diabetic subjects, their fracture risks are known to
increase approximately 1.5-fold at the hip, proximal
humerus, forearm, and foot (22-25). On the other
hand, two large-scale studies have shown that a risk for
vertebral fractures was not significantly higher in
patients with type 2 diabetes than in those without
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diabetes (22, 23). However, we found that lumbar BMD
was not associated with the presence of vertebral
fractures in the group, suggesting the insensitiveness
of BMD to assess their fracture risk (26). Thus, sarrogate
markers that supplement BMD and detect the fracture
presence are required. We have recently shown that
serum insulin-like growth factor-l and pentosidine
levels could be clinically useful for assessing the risk of
vertebral fractures independent of BMD in post-
menopausal women with type 2 diabetes (27, 28).
However, we found that these parameters were not
effective in the male counterpart, and thus some other
biochemical markers are needed to assess the fracture
risk in them.

Serum adiponectin may be a potential candidate for
assessing the risk of vertebral fractures in diabetic
men. Lenchik et al. showed that adiponectin exerted an
independent negative correlation with BMD in subjects
including 86% with type 2 diabetes (11). By contrast,
Tamura et al. showed that adiponectin was positively
correlated with BMD at the radius in diabetic patients
(20). The discrepancy between the two studies might be
partly because they lumped men and women together,
although serum adiponectin concentration is known to
be different between the sexes (29, 30).

Recently, the difference in molecular weight of
adiponectin is known to be important for its function.
Adiponectin exists in the circulation as a trimer (low
molecular weight (LMW)), a hexamer (medium mol-
ecular weight (MMW)), and a high molecular weight
(HMW) form. Previous study showed that only HMW
adiponectin could induce activation of AMP-activated
protein kinase (AMPK) in hepatocytes, while both of
total and HMW adiponectin could activate AMPK in
myocytes (30). On the other hand, some investigators
have indicated that LMW and HMW adiponectin
activated different signal transduction pathways via
changes in its oligomerization state (31). Thus,
biological activities among these isoforms of adiponectin
are still unclear, especially in bone cells.

In this study, to address these issues, we measured
serum total and HMW adiponectins in Japanese men
and post-menopausal women with type 2 diabetes, and
investigated the relationship of each of the hormonal
levels to BMD, bone metabolic markers, and the
presence of vertebral fractures separately in each sex.

Subjects and methods
Subjects

The subjects in this study were 231 men and 170 post-
menopausal women with tvpe 2 diabetes (age: mean
59.6 and 66.7 respectively). We consecutively recruited
subjects who visited Shimane University Hospital for
an education, evaluation, or treatment of diabetes. All
women had been without spontaneous menses for more
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than 1 vear. Nobody had hepatic or renal dysfunction.
disturbance of physical activity, or nutritional derange-
ments that might cause changes in bone metabolism.
Forty-one, 69, 24, and 34 men, as well as 45, 52, 35,
and 200 women had been taking insulin treatment.
sulfonylurea, metformin, and w«-glucosidase inhibitor
respectively. Subjects treated with thiazolidinedione
were excluded in this studv. All subjects were free of
drugs known to influence bone and calcium metabolism
like vitamin D. bisphosphonate, and estrogen replace-
ment therapy until the time of the present study.
Sixty-three (27%) men and 58 (34%) women had
diabetic retinopathy, while 132 (57%) men and 97
(57%) women had diabetic neuropathy. One hundred
and three (45%) men and 6 (4%) women were current
smokers, and 79 (34%) men and 3 (2%) women
consumed over 1 [//day of alcohol. This study was
cross-sectional and approved by the ethical review
board of our institution and complied with the Helsinki
declaration. All subjects agreed to participate in the
study and gave informed consent.

Radiography

Lateral X-ray films of the thoracic and lumbar spine
were taken at the same week of the serum collection.
The anterior, central, and posterior heights of each of
the 13 vertebral bodies from Th4-14 were measured. A
vertebral fracture was diagnosed if at least one of three
height measurements along the length of the same
vertebrae had decreased by > 20% compared with the
height of the nearest uncompressed vertebral body (32).
Vertebral fractures were classified as follows: mild, a
reduction of 20-25%; moderate, 25—40%: severe, more
than 40%. None of the subjects had a history of serious
trauma.

BMD and biochemical measurements

BMD values of the total (T), lambar spine (L), femoral
neck (F), and one-third of the radius (1/3R) were
measured by dual-energy X-ray absorptiometry (QDR-
4500; Hologic, Waltham, MA, USA). The same operator
tested all the subjects during the study to eliminate
operator discrepancies. The coeflicients of varation
(precision) of measurements of L-, F-, and 1/3R-BMD
by our methods were 0.9, 1.7, and 1.9% respectively,
Z score indicates deviation from the normal age- and
sex-matched mean in s.o.

Alter overnight fasting, serum and first-void urine
samples were collected. Biochemical markers were
measured by standard biochemical methods. Hemo-
globin A;. (HbA,.) was determined by HPLC.
Osteocalcin and urinary N-terminal cross-linked
telopeptide of type-1 collagen (UNTX) were measured
by RIA and ELISA respectively, as previously des-
cribed (33, 34). Serum HMW adiponectin levels were
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measured by an ELISA kit (Fujirebio, Tokyo, Japan) as
indicated by the manufacturer. In brief, 96 wells of a
microtiter plate were coated with anti-HMW adipo-
nectin MAB. One hundred pl of serum samples diluted
1:441 was placed in each of the 96 wells. The
MABconjugated with HRP was used as the detecting
antibody. Contents of wells were incubated for 30 min
with tetramethylbenzipine, After the reaction was
stopped, the absorbance was measured at 450 nm.
The coefficient of variation of measurements of HMW
adiponectin was 2.0%. Serum total adiponectin levels
were measured by another ELISA kit (Otsuka
Pharmaceuticals, Tokyo, Japan) as indicated by the
manufacturer. In brief, after boiling serum samples in
SDS bufler for 5min to convert all adiponectin to a
monomeric form, samples were analyzed with the
ELISA system to determine total adiponectin in serum.
The coeflicient of variation of measurements of total
adiponectin was 3.1%.

Statistical analysis

Data were expressed as mean + 5.0, Because serum total
and HMW adiponectin levels showed markedly skewed
distributions. logarithmic transformation (log) of these
values were carried out before performing correlation
and regression analysis. Statistical significance between
two groups was determined using Student's (-test.
Simple, multiple, and logistic regression analysis were

Table 1 Baseline characteristics of subjects.
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performed using the statistical computer program
StatView (Abacus Concepts. Berkeley, CA. USA).
P<0.05 was considered to be significant.

Results

Baseline characteristics of subjects

Table 1 compares the male and post-menopausal female
diabetic patients with respect to demographic and
biochemical parameters and BMD, Patient age, serum
total, and HMW adiponectins, osteocalcin, and uNTX
were significantly lower in the males than in the females
(P<0.0001). On the other hand, body height, body
weight, creatinine, absolute BMD at each site were
significantly higher in the males than in the females
(P<0.0001).

Relationship between each of serum total and
HMW adiponectin levels versus BMD at each
skeletal site and bone metabolic markers

Our simple regression analysis showed that serum total
and HMW adiponectin levels were significantly aflected
by age and body stature (Table 2). Thus, multiple
regression analyses were performed between each of
serum adiponectin levels versus BMD at each skeletal site
and bone metabolic markers adjusted for age, body mass
index (BMI), as well as duration of diabetes, serum

Men Postmenopausal women
Number of subjects 231 170 P
Age (years) 5964133 66.7+102 <0.0001
Diabetes duration (years) 10.7£9.0 123499 0.0619
Body height (cm) 165946.7 150.4 4 6.0 <0.0001
Body weight (kg) 6541158 554111.0 <0,0001
BMI (kg/m®) 236:47 245145 0.0563
HbAtc (%) 88426 84124 06918
Creatinine (mg/di) 0.80+0.18 0.64+0.17 <0.0001
Total adiponectin (ug/mi) 6.31:4.10 8.80+5.85 <0,0001
HMW adiponectin (ug/mi) 6261561 9.08:+7.32 <0.0001
Total BMD (g/em®) 1.080+0.113 0.926+0.114 <0.0001
L2-4 BMD (g/em?) 1.044 £0.189 0.881+0,190 <0,0001
T score -0.0311.58 -1.1241.1 <0.0001
Z 5000 0.48+1.16 0624122 02724
F Neck BMD (g/cm?) 0.78640.133 0.64310.131 <0.0001
T score -0.624+1.05 -1.33+1.20 <0.0001
Zscore 0.33::1.09 0.50+1.22 0.1507
1/3R BMD (g/em®) 0.712+0.069 0.53310.080 <0.0001
T score ~1.53+1.30 -2494+1.72 <0.0001
Z score -0.59+£1.15 0.623+1.50 <0,0001
Osteocalcin (ng/mi) 50+24 72429 <0.0001
uNTX (nMBCE/mM-Cr) 3261173 5491339 <0.0001
Vartabral fracture 80 (34.6%) 52 (30.6%) 0.4567
Vertebral fracture (moderate or severa) 19 (8.2%) 21 (12,4%) 0.2321
Osteopenia 52 (22.5%) 69 (40,5%) 0.5635
Osteoporosis 11 (4.8%) 31(18.2%) 0.1140

BM1, body mass index; FPG, mgmqmm.,wa,,m nmmmmmwb bone mineral density; L. lumbar; F, lemoral
of type-l

neck; 1/3R, one-third of the radius: uNTX, urinary N
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