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Abstract Vitamin D supplements have been used to
prevent fractures. The effect may be mediated through
increased bone mass, but also through reduced falling
propensity. The aim of this study was to evaluate the
association between 25-hydroxy vitamin D levels
(250HD), fall-associated variables (including tests of
functional performance), and fracture in ambulatory
women. At baseline 250HD was measured in 986 wo-
men. Fall-associated variables were investigated at
baseline. Fractures were recorded during a 3-year
follow-up. Four percent of the women had 250HD
levels below 20 ng/ml (50 nmol/l), and 26% had 250HD
levels below 30 ng/ml (75 nmol/l). 250HD correlated
with gait speed (r = 0.17, P < 0.001), the Romberg
balance test (r = 0.14, P < 0.001), self-estimated ac-
tivity level (r = 0.15, P < 0.001), and thigh muscle
strength (r = 0.08, P = 0.02). During the 3-year fol-
low-up, 119 out of the 986 women sustained at least one
fracture. The Cox proportional hazard ratio (HR) (95%
confidence interval) for sustaining a fracture during the
follow-up was 2.04 (1.04-4.04) for the group of women
with 250HD below 20 ng/ml, in which 9 out of 43
women sustained a fracture. Thirty-two of the 256
women with 250HD levels below 30 ng/ml sustained a
fracture during the follow-up, with a non-significant HR
of 1.07 (1.07-1.61). This cohort of elderly, ambulatory
women had a high mean 250HD. A low 250HD was
associated with inferior physical activity level, gait speed
and balance. A 250HD level below 30 ng/ml was not
associated with an increased risk of fractures in this
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study. However, a subgroup of women with 250HD
levels below 20 ng/ml had a tendency to an increased
risk of fractures, which may be associated with an
inferior physical activity and postural stability.
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Introduction

With advancing age, the risk of sustaining a low-energy
fracture increases rapidly [1]. The risk increase is due to
a higher incidence of osteoporosis, but also to a higher
incidence of falls with higher age [1, 2]. The importance
of vitamin D for skeletal health is well known [3, 4], but
its possible association with fall-associated variables and
falls is less clear [4, 5].

Vitamin D deficiency has been suggested to play a
role in the development of osteoporosis because of the
induction of a secondary hyperparathyroidism, which
mobilizes calcium from the skeleton [4]. Vitamin D
deficiency has been shown to be associated with myop-
athy in subjects of various ages [6, 7, 8, 9], with body
sway in osteoporotic [10] and fall-prone subjects [11],
and with falls in elderly, institutionalized subjects [12,
13].

Conversely, vitamin D supplementation has been
shown to prevent fractures, but contradictory results
exist [14]. It has been suggested that the anti-fracture
efficacy is primarily mediated through the effect on bone
mass that results from the vitamin D-mediated increase
in calcium absorption, which reverses the secondary
hyperparathyroidism and decreases a high bone
turnover rate [4]. However, in a recent meta-analysis
concerning randomized studies of vitamin D supple-
mentation in older community-dwelling or institution-
alized persons, falls were reduced in number [15], and
this result could be related to improved muscle function



1426

and reduced body sway because of vitamin D supple-
mentation [10, 12, 15].

The prevalence of vitamin D deficiency varies
depending on the population studied, vitamin D forti-
fication of foods, geographic location (latitude) and
season [3, 16]. However, consensus has not been reached
regarding the exact threshold level for vitamin D defi-
ciency (measured as serum 25-hydroxy vitamin D,
250HD) in relation to bone status [3, 4].

At present, there are few studies of the association
between 250HD levels and risk factors for falls and
fractures, also evaluating the outcome, of fractures
[17]. Our aim was to study the relation between
250HD and fall-associated variables at baseline and
the relation between 250HD and fractures during a 3-
year follow-up of elderly ambulatory women in Mal-
mo, Sweden. We hypothesized that low 250HD levels
(1) correlate with poor balance, muscle strength and
activity level and (2) are associated with a risk for
future fractures.

Subjects and methods
Individuals

From December 1995 to May 1999, 1,604 women,
picked randomly from the city files of Malmo, Sweden
(latitude 56° north), were invited to participate in the
Malmé Osteoporosis  Prospective Risk Assessment
(OPRA) study. Of the 1,604 women initially invited,
1,044 (65%) participated in the baseline investigation,
which took place all year round. All women were
75 years old (range 75.0-75.9) at the initial visit. The
reasons for non-participation have been described else-
where [18]. Basically, all the women attending were
ambulatory and living independently.

At baseline, all women answered an extensive ques-
tionnaire on their health and lifestyle. They were also
examined for balance, muscle strength and gait speed.
Venous blood samples were obtained at baseline, and
the sera stored at —80° C until analysis. The women were
followed for a mean of 3.0 years (range 2.9-3.4) after
baseline examination until a mean age of 78.2 years
(range 78.0-79.0). Fifty-five women died during the
follow-up period. The Ethics Committee of Lund Uni-
versity approved the study, and informed consent was
obtained from all subjects.

Methods

Vitamin D

The serum concentration of 25-hydroxy vitamin D
(250HD) was used as a measure of vitamin D status.
Baseline serum samples were available for 986 women.
Sampling times were recorded. All samples were taken,
non-fasting, between 8:00 a.m. and 12:45 p.m. The

250HD analysis was done with the Nichols Advantage
assay (Nichols Institute Diagnostics, Calif.), which uti-
lizes chemiluminescence detection. All samples were
analyzed at the same time. According to the manufac-
turer, the reference range is 10-68 ng/ml (25-170 nmol/
1), and the intra-assay coefficient of variation (CV) is less
than 10% for 250HD levels between 8.4 and 75.1 ng/ml
(21 and 188 nmol/l). The intra-assay CV was 8.7% in
this specific cohort as determined by duplicate mea-
surements in 37 individuals.

Parathyroid hormone

Serum concentration of parathyroid hormone (PTH)
was measured with the Elecsys PTH immunoassay
(Roche Diagnostics, Mannheim Germany) with a ref-
erence range of 1.6-6.9 pmol/l. Intra- and inter-assay
CVs were 1.6 and 5.7%, respectively.

Balance

A modified Romberg balance test was performed. It
consisted of four parts (standing on the right or left foot,
eyes open or closed) [19]. The time until balance was lost
was recorded (or maximum 30 s). A result less than 5 s
was considered a failed test and recorded as 0. Three
trials per test were allowed, the best was registered, and
all results were added to produce a score (minimum O,
maximum 120 s).

Gait

The women were asked to walk as fast as they could in
their ordinary shoes for 30 m with one turn. The time
taken was recorded in seconds (S) [19]. The gait speed
test was performed once.

Muscle strength

The thigh muscle strength was tested with a computer-
ized isokinetic dynamometer (Biodex Medical Systems,
Version 4.5.0, Biodex Corporation, Shirley, New York).
The best of three maximal isometric contractions in each
direction (knee flexion at 45° and knee extension at 90°)
of the right knee was recorded in Newton meter seconds
(NmS) [19].

Areal bone mineral density

Areal bone mineral density (aBMD) of the femoral neck
and lumbar spine (L II-L IV) was assessed by DXA
technique (Lunar DPX-L, Madison, Wis.). The preci-
sion of this DXA equipment as assessed by duplicate
measurements on healthy persons after repositioning has
been determined to be 1.6% at the femoral neck and
0.5% at the spine.



Questionnaire

The self-assessment questionnaire used at baseline in-
cluded questions on activity level, time spent outdoors,
medication, and fractures. The activity level was self-
assessed on a scale from one (bed rest only) to eight (still
working, no limitation of mobility) and has been de-
scribed elsewhere [20].

Fractures

The Malmé University Hospital is the only hospital in
the city where fractures are treated. All X-rays and X-
ray films are saved at the archive of the Radiology
Department, which was searched to identify any symp-
tomatic fractures sustained during the course of the
study. Fracture data were searched for all participants in
the OPRA study cohort using the Swedish personal
identification number, thereby capturing all women with
fractures examined radio-graphically at our hospital. In
addition, at the 1- and 3-year follow-ups (data available
for 994 and 907 of the participants, respectively) of the
OPRA study, the participants were asked to record any
incident fractures. Fractures not caused by low-energy
trauma, such as traffic accidents, fall from heights or
malignancies, were excluded from the analysis (n = 10).

Statistics

Spearman rank tests were used for correlations. A
multiple regression was used to determine the combined
influence of fall-associated and anthropometric variables
on 250HD. In addition, two different thresholds were
used to define 250HD deficiency, 20 or 30 ng/ml (50 and
75 nmol/l), as suggested by others [4, 21, 22, 23]. Dif-
ferences between groups were determined with ¢ -tests,
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Mann-Whitney U-tests or analysis of variance (ANO-
VA). The Cox proportional hazard ratio and the Kap-
lan-Meier survival analysis with log rank testing of
differences between groups above and below the 250HD
thresholds were applied with the objective of comparing
the association between 250HD levels and the occur-
rence of at least one low-energy fracture during the
follow-up. The level of significance was set to P < 0.05.

Results

Mean (£SD) 250HD for all women was 38.0£12.0 ng/
ml (95=+30 nmol/l). Forty-three (4.4%) women had a
250HD level of less than 20 ng/ml (50 nmol/l), and 256
(26%) women had a 250HD of less than 30 ng/ml
(75 nmol/l) (Fig. 1).

Fall-associated variables

Women with 250HD below either of the two 250HD
thresholds had a significantly lower self-assessed activity
level, inferior gait speed, poorer balance, and spent less
time outdoors than women with 250HD above the
thresholds (Table 1). Lower 250HD was correlated with
few hours spent outdoors/day (r = 0.16, P < 0.001),
inferior gait speed (r = 0.17, P < 0.001), inferior
Romberg balance test results (r = 0.15, P < 0.001),
lower self-estimated activity level (r = 0.15, P < 0.001),
lower knee extension strength (» = 0.08, P = 0.020) and
flexion strength (r = 0.07, P = 0.032). There was a
significant correlation between the 250HD levels and
self-assessed activity level in the ANOVA test (Fig. 2). A
possible threshold in the vicinity of 35 ng/ml (87.5 nmol/
) is suggested by Fig. 2. Lower 250HD was also

Table 1 Mean £ SD and differences (%) in fall-associated and anthropometric variables, areal bone mineral density (aBMD), parathyroid
hormone (PTH), and fracture (any type) for women below and above the two 250HD thresholds. Statistical comparisons were made with

t -tests unless otherwise stated

250HD level 250HD level

<20 ng/ml 220 ng/ml <30 ng/ml > =30 ng/ml

<50 nmol/L >50 nmol/l <75 nmol/l > =75 nmol/l

n =43 n =943 n =256 n =730

Mean +SD Mean +SD % P Mean +SD Mean+SD % P
BMI (kg/m?) 26.9+4.9 26.2+4.1 +3 0.310 26.9+4.7 26.0+3.9 +4 0.002
Weight (kg) 70.0+13.9 67.7+11.3 +3 0.205 69.4+12.8 67.3+10.9 +3 0.011
Height (m) 1.61+0.06 1.61+£0.06 0 0.521 1.60+0.06 1.61+0.05 0 0.196
aBMD femoral neck (g/cm?) 0.75+0.16 0.75+0.13 0 0.82 0.74+0.14 0.75+0.12 -1 0.43
aBMD spine (g/cm?) 1.01+0.16 1.00+0.19 +1 0.63 0.99+0.20 0.99+0.19 0 0.64
PTH (pmol/l) # 6.3+29 4.6+2.0 +37 <0.001 53+22 44+19 +20 <0.001
Hours outdoors/day 1.9+1.2 2.8+1.3 -34 <0.001 24+1.3 29+1.3 -16 <0.001
Activity level (1-8) * 4.8+1.6 5.7+1.0 -17 <0.001 54+1.3 58+1.0 -7 <0.001
30 m gait (S) * 29+10 24+9 +19 <0.001 27+12 24+7 +14 <0.001
Knee extension (NmS) 245+78 27079 -9 0.090 255+83 27377 -6 0.004
Knee flexion (NmS) 122+42 131+44 =7 0.242 124 +44 133+43 -7 0.009
Romberg balance (S) * 26+ 30 34424 -23 0.019 28425 35423 -19 <0.001
Fractures n (%) ° 9 (21%) 110 (12%) 0.039 32 (12%) 87 (12%) 0.70

*Mann-Whitney U-test; ®number of women with any type of fracture during the 3-year follow-up, P -value for log rank test
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Fig. 1 Distribution of 250HD levels in the cohort of 986 75-year
old Swedish women. To convert ng/ml to nmol/l, multiply by 2.5

correlated with high BMI (r = —0.15, P < 0.001) and
high body weight (r = —0.13, P < 0.001), but not with
body height (r = 0.04, P = 0.24). In a multiple
regression model, 5% of the variability in 250HD was
explained by the fall-associated variables and anthro-
pometric variables combined. There was no correlation
between sampling time of the day and 250HD levels
(r = —0.06, P = 0.056).

PTH correlated to hours spent outdoors/day (r =
—0.06, P = 0.044), gait speed (r = —0.07, P = 0.023),
Romberg balance test result (r = —0.12, P < 0.001) and
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Fig. 2 A significant association ( P < 0.001; ANOVA) between the
self-assessed physical activity level and 250HD levels was seen
(n = number of women). As suggested by the figure, a threshold
may exist between the 250HD level and activity level in the vicinity
of 35 ng/ml (87.5 nmol/l). To convert ng/ml to nmol/l, multiply by
2.5. 1 Bed rest only, cannot walk; 2 walking possible with human
support only; 3 walks with walking aid, only indoors; 4 walks with
walking aid, in- and outdoors; 5 no walking aid, walks indepen-
dently without limitation; 6 takes frequent or regular walks;
7 participates in physical activity more strenuous than walking
only; 8 still working, no limitation in mobility

self-estimated activity level (r = —0.11, P < 0.001), but
not to knee extension strength (r = —0.03, P = 0.26) and
flexion strength (r = —0.03, P = 0.27).

Fractures

After 3 years, 12% (119 out of 986 women) had
sustained a total of 159 low-energy fractures (29 hip, 28
wrist, 12 proximal humerus, 43 vertebral, and 47 other
fractures). Nine out of the 43 women (21%) with
250HD below 20 ng/ml (50 nmol/l) sustained at least
one fracture of any type vs. 110 out of the 943 women
(12%) with 250HD levels above 20 ng/ml. Women with
250HD levels below 20 ng/ml had an increased risk of
sustaining at least one fracture during the follow-up with
a Cox proportional hazard ratio (HR) (95% confidence
interval) of 2.04 (1.04-4.04) and a significant Kaplan-
Meier and log rank test (Fig. 3). Thirty-two out of the
256 women (12%) with 250HD levels below 30 ng/ml
(75 nmol/l) sustained at least one fracture of any type vs.
87 out of 730 (12%) women with a 250HD level above
30 ng/ml. The HR for at least one fracture for women
with 250HD Ilevels below 30 ng/ml was 1.01 (0.71-1.61),
a result that was non-significant also in the Kaplan-
Meier statistics (log rank test P = 0.70).

Mean levels of 250HD were highest in September
(40.4 ng/ml; 101 nmol/l) and lowest in February
(35.9 ng/ml; 89.8 nmol/l). The largest half-year differ-
ence was found between the periods November to April
and May to October (37.1 vs. 39.5 ng/ml; 92.8 vs.
98.8 nmol/l; P = 0.002). The fracture association was
independent of the season of baseline investigation (data
not shown).

Women taking vitamin D supplementation at base-
line (n = 55) had higher mean 250HD than women
without supplementation (44.4 vs. 37.7 ng/ml; 111 vs.
94.2 nmol/l; P < 0.001). Women taking vitamin D
supplementation had a significantly lower activity level
(P = 0.012), lower body weight (P = 0.003) and BMI
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Fig. 3 Kaplan-Meier curve for the occurrence of a fracture of any
type. Women with a 250HD level below 20 ng/ml (50 nmol/l) had
significantly more fractures than the others during the 3-year
follow-up



(P = 0.003) than the other women. The women with
vitamin D supplementation had a higher fracture inci-
dence than women without supplementation (21 vs.
12%:; log rank test P = 0.03).

Exclusion of the women with vitamin D supplemen-
tation did not significantly change the correlations be-
tween 250HD and the fall-associated variables or
between PTH and the fall-associated variables (data not
shown).

When women with vitamin D supplementation were
excluded from the fracture calculations, women with
250HD below 20 ng/ml (50 nmol/l) had a HR of 1.99
(0.97-4.02) for sustaining a fracture during the follow-
up when compared to the other women. The corre-
sponding HR for women with 250HD below 30 ng/ml
(75 nmol/l) was 1.10 (0.72-1.69).

Discussion

In this population-based cohort of Swedish elderly
ambulatory women, we found (1) that low 250HD
levels were correlated with inferior balance, gait speed
and activity level and (2) that 250HD levels below
20 ng/ml (75 nmol/I), but not below 30 ng/ml
(75 nmol/l), were associated with an increased risk of
fracture.

Women below either of the two 250HD thresholds
(20 or 30 ng/ml) had significantly inferior gait speed,
lower physical activity level and balance than women
above the thresholds, even though the correlations were
low. Low activity level and poor gait and balance are
important predictors for falls [24] and fractures [25].
Whether a low functional performance level is caused by
a low 250HD level was not possible to elucidate in this
cross-sectional study. Time spent outdoors differed sig-
nificantly between the groups and may explain part of
the association. However, an association between low
activity and low 250HD or low 1,25(OH), D have been
reported from earlier cross-sectional and case-control
studies [26, 27, 28, 29]. Furthermore, supplementation
with vitamin D has been reported to increase the func-
tional ability in subjects with very low baseline 250HD
levels (less than 15 ng/ml or 38 nmol/l) and 2.8 ng/ml
(7.1 nmol/l), respectively [9, 30]; however, contradictory
results exist [31]. A recent meta-analysis has shown a
preventive effect on falls with vitamin D supplementa-
tion [15], but these studies may have concerned indi-
viduals with lower baseline 250HD levels than in the
present study [10, 12, 15].

The question whether hypovitaminosis D itself or a
secondary hyperparathyroidism is the cause of an effect
on muscle tissue still has not been answered [4, 5, 13].
250HD and PTH are (negatively) correlated, and it is
difficult to distinguish any separate effects on muscle
function. In this study, the correlations between PTH
and the fall-associated variables were slightly lower or in
the same magnitude as between 250HD and the fall-
associated variables.
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Others have reported an association between a low
dietary vitamin D intake and hip fracture [32, 33]. Low
baseline levels of 1,25(OH), D, but not of 250HD, have
been reported to be associated with prospective hip
fractures [17]. In this study, women with 250HD levels
below 30 ng/ml (75 nmol/l) had inferior gait speed,
poorer balance and less physical activity than women
above this threshold, but their fracture risk was not in-
creased. A clinically important effect on fracture risk at
this threshold would have been possible to detect.
Considering the 250HD threshold of 30 ng/ml
(75 nmol/l) and the group sizes, a relative risk of frac-
ture of 1.6 would have been required to achieve a power
of 80% at a level of significance of 0.05.

In women with 250HD levels below 20 ng/ml
(50 nmol/l), albeit limited in number, a significantly
higher incidence of fractures was seen during the follow-
up compared to women with 250HD levels above
20 ng/ml (hazard ratio 2.04). In this study, we did not
find an association between baseline 2SOHD and bone
quality (as measured by aBMD). It can therefore be
speculated that an increased fracture risk may be due to
the association between low 250HD and fall-associated
variables. We wanted to examine the effect of vitamin D
levels irrespective of source. However, after exclusion of
women with vitamin D supplementation, the fracture
risk in this group was no longer significantly higher
(hazard ratio 1.99). The explanation for this is that the
exclusion of women in an already small group affects the
power of the study.

Women with poor results on neuromuscular function
tests who spend little time outdoors are likely to have
low 250HD levels. These women may benefit from
vitamin D supplementation. Fracture preventive effects
of vitamin D supplementation have been shown for
community-dwelling subjects with lower mean 250HD
than in this study [34, 35]. Whether supplementation in
general in this group of ambulatory women would be of
value is therefore not clear. The finding that the group of
women with vitamin D supplementation had a high
fracture risk is somewhat contradictory, but it is likely
that treatment had been started in fracture prone sub-
jects. Whether fracture risk was reduced or not in these
subjects cannot be determined from this study.

250HD levels may differ depending on the assay used
and have to be taken into account when thresholds are
discussed and studies are compared [36, 37, 38]. The
specific assay used in this study has previously been re-
ported to have a good correlation with 250HD levels
measured with high performance liquid chromatography
(r = 0.91) and a radioimmunoassay (r = 0.90) [39].

The definition of threshold levels for vitamin D
deficiency remains controversial. A threshold for
250HD deficiency of 20 ng/ml has been based on the
treatment effect of vitamin D on PTH-levels [21]. A
threshold for 250HD deficiency of approximately
30 ng/ml (75 nmol/l) has been suggested on the basis of
evidence of secondary hyperparathyroidism [22, 23]. A
reduction in fracture risk [34] and improvement in
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calcium absorption have been reported when 250HD
was increased from approximately 20 ng/ml (50 nmol/l)
to 30 ng/ml (75 nmol/l) [40]. Nevertheless, the existence
of a definite threshold level for vitamin D in relation to
PTH has been questioned [29].

The mean 250HD was high in comparison to other
studies [4, 16, 29]. There are some possible explanations
for this, besides assay differences. The women in the
study may represent a healthy section of the population
since 25% of the non-attendees (at baseline) refrained
from participating due to illness [18]. Of the attendees,
98% were regularly outdoors for more than 30 min per
day. Oil and low-fat milk products are commonly for-
tified with cholecalciferol in Sweden (between 3.8 and 10
microgram cholecalciferol/l); 74% consumed more than
11 of milk weekly, and 68% had a regular intake of
buttermilk or yogurt (at least once a week). In North
America and Scandinavia, higher 250HD values have
been reported for healthy elderly populations compared
to non-Scandinavian European countries, in which
individuals also have a lower intake of vitamin D [16,
22].

Women with 250HD levels below 20 ng/ml
(50 nmol/l) most likely represent a frailer section of the
population with less time spent outdoors, poorer results
on neuromuscular function tests, and a higher fracture
rate than other women. This group of women had a high
mortality rate, where 21% (9 women out of 43) died
during the 3-year follow-up, vs. only 5% among women
with 250HD levels above 20 ng/ml (50 nmol/l). Whe-
ther the low 250HD is the primary cause of the results
in this study is not possible to elucidate. Because of co-
morbidities, frail women may be vitamin D deficient, for
example, due to less time spent outdoors. The co-mor-
bidities may contribute importantly to poorer results on
indices of physical activity and neuromuscular function,
and subsequently an increased risk of falls, fracture and
mortality. Nevertheless, low 250HD levels are associ-
ated with a higher incidence of both fall-related variables
and fractures, suggesting a causal pathway.
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