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TABLE 2. SERUM 25(OH)D LEVEL AND CHARACTERISTICS FOR MALES AND FEMALES

Male Female
Lower Higher Lower Higher
(=250 ng/ml) (226.0 ng/ml) {=21.0 ng/ml) (=22.0 ng/ml)
Characterisacs (n = 249) fn=701) P (n = 576) (n=1431) p
Fall experience over the previous yeat
(ves, n, %) 27 (10.8) 76(10.8) 0938  129(224) 243 (17.0) 0.020°
Average number of falls (times, mean = SD) 21424 1711 0.422° 16+12 1408 0.021%
Hand grip strength (kg, mean = sD) 30.5 £ 6.7 31763 0,020% 17846 192246 0.002>
Stork standing time with eye open
(s, mean = SD) 46+225 382:225 0046 317=235 3772230  <0.001°
Normal walking speed (m/s, mean = SD) 119+ 026 125026  0.061° 1.12:028 1212027 <0001
Serum albumin (g/dl, mean = SD) 434024 435+026 0616"  428:023 433:021  <0.001
Insufficiency Normal Insufficiency Normal
(<20.0 ng/mi)  (220.0 ng/mi) (<20.0 ng/ml)  (220.0 ng/ml)
(n = 46) (n = 904) P {n = 356) (n = 1651) p
Fall experience over the previous year
(yes, n, %) 3(6.5) 100 (11.1) 0.454* 92 (25.8) 280 (17.0) 0.001*
Average number of falls (times, mean + SD) ~ 27£06 18+15 0.338" 1.7+13 14215 0.006"
Hand grip strength (kg. mean = SD) 285+64 315265 0003 181247 190+ 46 0.420%
Stork standing time with eye open
(s, mean + SD) 31.4+229 3754225 01247 298229 3722232 <0001
Normal walking speed (m/s, mean = sSD) 116+ 0.79 124 +026 0,138 111029 120+ 027 <0.001"
Serum albumin (g/dl, mean = SD) 427+026 435022 0027" 4272023 432£021  <0.002
* The Mantel-Haenszel * test adjusted for age.
T ANCOVA adjusted for age.

TABLE 3. ASSOCIATION OF SERUM ALBUMIN aND 25(OH)D LEVELS WiTH 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 0.947 0.025 0.053 0.576

25(0H)D 0.067 0.037 0.020 0.075 0152 0.030 0111 0.002 0.012
Women

Albumin 0.109 0.459 <0.001 0.037 2.502 0.106 0.045 0.030 0.051

25(0OH)D 0.062 0.020 0.003 0109 0.105 <0.001 0.143 0.001 <0.001-

Values are adjusted for age. p values are derived from multiple regression analysis.
B, standardized regression coefficient.

carried out to confirm the correlation among the three
physical performance tests. The results showed high and

significant intercor elation for these three variables; corre- TABLE 4. MuLTivLE LoGisTic REGRESSION MODEL OF FACTORS

AsSOCIATED WiTH FaLL EXPERIENCE OVER THE

lation coefficients were from 023 (handgrip strength and PREVIOUS YEAR
stork standing time) to 0.35 (stork standing time and nor- =
mal walking speed) in men and from 0.31 (handgrip Male Femuls

strength and stork standing time) to 0.47 (stork standing Risk factor ~OR 95% CI p OR 95%CI
time and normal walking speed) in women, and all were A
significant at p < 0.001. Therefore, we adopted only “nor- ge (yr)

i fik v Normal walking
mal walking speed” to represent the physical performance o004 (01 nys) 087 0.77-097 0015 092 088-097 0.001

tests as well as the independent variable for the final mul-  Ajpumin (g/dl) 169 045-633 NS 160 088-290 NS
tiple logistic regression model. ) 25(0H)D (ng/mi) 1.00 095-1.06 NS 097 0.94-099 0010

Table 4 shows the associations of fall experience over the
previous year with normal walking speed, serum albumin, Dependent variable was “fall experieace over the previous year” (yes =

and 25(OH)D levels by multiple logistic regression models it
% i " % ormal walking speed was transferred from meters per sec-
with age adjustment. Normal walking speed (unit = 0.1 ogd to 0.1 mss in this final multiple logistic regression model.

m/s) showed a significant protective effect against falls in NS, not significant.

P
102 095-1.10 NS 102 D99-106 NS
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both men (OR = 0.87, 95% CI = 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 lifz
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-
1y, (#1935 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. (6313

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%).%7 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 jg/d).®® These factors of
physical inactivity and lower intake of daily vitamin D in
elderly women may have caused their observed higher fre-
guency of 25(0OH)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. #*“% In 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(OH)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 8-42 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*~*3) 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(0OH)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 nisk 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(0OH)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(OH)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 growp (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(OH)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(OH)D or
1,25(0H),D4] 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(OH),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 2 normal
range, is independently associated with weaker muscle
strength and future decline in older men and women.*'~%

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(0OH)D-deficient el
derly [25(0OH)D level < 10 ng/ml] than among elderly with
a25(0OH)D level of >20 ng/mL" With respect 1o the role of
vitamin D in muscle strength, the majority of the actions of
vitamin D are mediated through 1,25(0H),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.*¢%9 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(0OH)D insufficiency is also consid-
ered 10 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(0OH)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(OH)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 IU/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.e., 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."®

Our 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 to 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(0OH)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

g
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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
great benefits for preventing falls and hip fractures by con-
tinucusly strengthening the muscles of the hip girdle and
lower extremities by sitting, squatting, and frequent stand-
ing over the course of many years. Furthermare, 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 1,25(OH),Ds,
albumin-corrected calcium, and PTH, which would provide
information on the extent of any primary vitamin D defi-
ciency,®*™ 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.™ 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 strength 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(0OH)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(0OH)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 to 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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