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Abstract
Summary This study, on the association between vitamin D
status and physical performance and its decline, shows that
vitamin D status is associated with physical performance in
several older age groups. However, vitamin D status does
not predict a decline in physical performance in individuals
aged 55–65 years.
Introduction Previous research in the Longitudinal Aging
Study Amsterdam (LASA) showed an association of vita-
min D status with physical performance and its decline in
persons aged 65 years and older. The current study aims to

determine these associations in younger individuals and to
replicate previous research of LASA.
Methods Data from three independent cohorts were used: two
cohorts of LASA (LASA-II with measurements in 2002
(n0707) and 2009 (n0491), LASA-I-2009 (n0355)) and the
baseline measurement of the B-Vitamins for the Prevention of
Osteoporotic Fractures (B-PROOF) study (n02,813). Partici-
pants performed three tests (walking test, chair stands, and
tandem stand; range total score 0–12), except in LASA-II-
2002 (only walking and chair stands tests; range total score
0–8). Multiple linear and logistic regression were used to assess
whether vitamin D status was associated with total physical
performance and its decline, respectively.
Results The mean age of the participants was 60.0 (SD 3.0),
65.9 (2.9), 78.4 (5.3), and 74.4 (6.8) years for LASA-II-2002,
LASA-II-2009, LASA-I-2009, and B-PROOF, respectively.
Vitamin D status was not predictive of a clinical decline in
total physical performance score in the LASA-II-2002 cohort
(aged 55–65 years). After adjustment for confounding, partic-
ipants with serum 25(OH)D<50 nmol/L scored 0.8 (95 %
confidence interval 0.4–1.2), 0.9 (0.3–1.5), 1.5 (0.8–2.3), and
0.6 (0.3–0.9) points lower on total physical performance than
participants with serum 25(OH)D≥75 nmol/L.
Conclusion Our study confirmed that serum 25(OH)D is
associated with physical performance. However, vitamin D
status did not predict a clinical decline in physical perfor-
mance in individuals aged 55–65 years.

Keywords Decline in physical performance . Older
individuals . Physical performance . Vitamin D deficiency

Introduction

Vitamin D deficiency is highly prevalent in the older popu-
lation. The prevalence in Western countries ranges from 0 to
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90 %, depending on country, age, lifestyle, used definition
of deficiency, and method used for vitamin D determination
[1, 2]. The classical function of vitamin D is to increase
calcium absorption from the gut to stimulate the minerali-
zation of bone. Lately, however, vitamin D has been pro-
posed to play a role in the function of many other tissues, for
instance, in muscle tissue, and its function is related to
physical performance [3]. Nevertheless, epidemiologic stud-
ies addressing the potential relationship between vitamin D
status and physical performance in older individuals have
shown contradictory results [4–13].

Previous analyses of data from the Longitudinal Aging
Study Amsterdam (LASA), an ongoing cohort study in a
representative sample of the aging Dutch population, demon-
strated an association between serum 25-hydroxyvitamin D
(25(OH)D) and physical performance and its decline in 3 years
in persons aged 65 years and older [12]. Most other studies
which found a positive association, focussed on individuals of
65 years and older as well. Only few studies focussed on the
younger old, and in these studies, no association was found [4,
5]. Since a positive association was mainly found in older age
groups, potentially, the association is age dependent. The
previous LASA study suggests that younger persons may
have more skills to compensate for a low vitamin D-induced
decline in physical performance and that, therefore, an asso-
ciation may not be found in younger individuals [12]. Accord-
ingly, it is of interest to examine the relationship between
vitamin D status and physical performance in younger indi-
viduals and to determine whether vitamin D status predicts a
decline in physical performance.

This study had two different aims. The first aim was to
determine the association between vitamin D status and
physical performance and its decline in persons aged
55–65 years. Second, we aimed to replicate previous LASA
findings on the cross-sectional association between vitamin
D status and physical performance in older individuals in
two different cohorts aged 65–98 and 70–98 years, respec-
tively. The cross-sectional analyses were performed in the
two independent cohorts of LASA and in the baseline mea-
surement of the B-PROOF (B-Vitamins for the Prevention
of Osteoporotic Fractures) study. The longitudinal analyses
were performed in the second cohort of LASA.

Methods

Study participants

Data for this study were collected in LASA and the B-
PROOF study for the Prevention of Osteoporotic Fractures
(B-PROOF), which is a randomized double-blind placebo-
controlled trial on the effects of B vitamins on the preven-
tion of osteoporotic fractures. The sampling, data collection

procedures, and nonresponse data of LASA are described
elsewhere in detail [14, 15]. Briefly, a random age- and sex-
stratified sample was drawn from population registers of 11
municipalities in three different regions in the Netherlands.
At the start in 1992, 3,107 participants, aged 55–85 years,
were interviewed. An additional cohort, which consisted of
1,002 participants (aged 55–65 years), was started in 2002.
The study was approved by the Medical Ethics Committee
of the VU University Medical Center, and all participants
gave informed consent. Figure 1 shows the recruitment and
exclusion of participants of the first cohort of LASA
(LASA-I). The recruitment and exclusion of participants of
the second cohort (LASA-II) is shown in Fig. 2. Both
LASA-II-2002 and LASA-II-2009 are based on this second
cohort of LASA.

The sampling and data collection details of the B-PROOF
study are described elsewhere [16]. Briefly, the participants
(aged 65 years and older) were recruited mainly via popu-
lation registries. Participants were screened for plasma
homocysteine and only included if they had homocysteine
concentrations ≥12 μmol/L. In total, 2,919 participants were
included for baseline measurements and randomization,
which started at the end of 2008. All participants gave
written informed consent before the start of the study. For
the present study, only baseline data were used. Serum 25
(OH)D was measured in 2,879 participants and after exclu-
sion due to missing values for potential confounders or
physical performance (n066), the study sample consisted
of 2,813 individuals.

To answer the first research question, i.e., to determine
the association between vitamin D status and physical per-
formance and its decline in individuals aged 55–65 years,
LASA-II-2002 and the two following measurement cycles
were used. LASA-II-2002 consisted of 707 individuals.
Three and 6 years later, respectively, 639 and 561 of these
707 participants finished the performance tests. The second
question, the replication of the previous study, was an-
swered by using LASA-II-2009 (n0491, not shown in
Fig. 2. Vitamin D was not measured in all participants of
LASA-II-2009 and therefore, this study sample consisted of
less participants than the 6-years follow-up sample), the
baseline measurement of B-PROOF (n02,813) and LASA-
I-2009 (n0355).

Physical performance tests

Total physical performance score was calculated by the sum
of the scores of three individual tests and ranged from 0 to
12 points. The three performance tests were the following:
time taken to walk 3 m, turn 180°, and walk back 3 m as fast
as possible (walking test); time taken to rise five times from
a chair without using the hands as fast as possible (chair
stand test); and the ability to perform the tandem stand for
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10 s (with one foot behind the other and the heel of the first
foot directly touching the toes of the other foot) (tandem stand
test). The different study samples were divided into quartiles

to score the walking and chair stand tests (1 to 4 points
according to quartile number, based on baseline scores of all
cohorts separately). The fastest quartile received score 4, and

First cycle 1992-1993 
N = 3107, aged 55-85 years 

Seventh cycle: 2008-2009 
N = 985, aged 70-98 years 

Completed medical 
interview 
N = 761 

Deceased   N = 1615 
Refused   N = 302 
Too frail /  not contacted N = 205 

Deceased   N = 4 
Refused   N = 58 
Ineligible   N = 11 
Not contacted  N = 1 
Telephone interview  N = 150 

Refused blood test  N = 240 
No valid measurement N = 10 
Deceased   N = 5 
Not contacted /  out of area N = 116 
Incomplete performance test N = 27 
Missing potential confounders N = 8 LASA-I-2009 

N = 355 

Fig. 1 Recruitment and
exclusion of the participants of
the first cohort of LASA
(LASA-I-2009)

First cycle 2002-2003 
N =1002, aged 55-65 years 

Completed medical 
interview 
N = 919 

LASA-II-2002 
N = 707 

Three years of follow-up: 
2005-2006 

N= 639 

Six years of follow-up: 
2008-2009 

N= 547 + 14 = 561* 

Refused   N = 66 
Ineligible   N = 7 
Not contacted  N = 10 

Refused blood test  N = 161 
No measurement of 25(OH)D N = 20 
Incomplete performance test N = 19 
Missings potential confounders  N = 12 

Deceased   N = 11 
Refused   N = 8 
Ineligible   N = 3 
Not contacted  N = 4 
Incomplete performance test N = 42 

Deceased   N = 14 
Refused   N = 22 
Ineligible   N = 4 
Incomplete performance test N = 52 

Fig. 2 Recruitment and
exclusion of the participants of
the second cohort of LASA
(LASA-II-2002 and follow-up).
Asterisk (*): 14 participants,
who did not have complete
measurements at 3-years
follow-up, were included in the
6-years follow-up
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the participants who could not finish the test received score 0.
The scores for the tandem stand were distributed as follows:
unable (score 0), able to hold position for 4–9 s (score 2), and
able to hold position for at least 10 s (score 4). Unfortunately,
the tandem stand was not assessed in LASA-II-2002. At that
time point, we composed a total physical performance score
based on two tests, the walking and the chair stand tests, and
the maximum score ranged from 0 to 8 points.

Decline in physical performance

The Edwards–Nunnally index (EN index), which accounts for
regression to the mean, was used to determine whether a
decrease in physical performance score during 3- and-6 years
follow-up was a clinically significant decline [17, 18]. Confi-
dence intervals were created and these were used to classify the
change as improved, stable, or declined. Afterwards, a dichot-
omization into decline or no decline was made. The follo-
wing formula was used for the EN index: X2 < or >
a � X1 �Mð Þ þM � �1:96� SEð Þð Þð Þ, with the following

parameters: X10 the physical performance score at baseline,
X20score at follow-up,M0mean score of the group at baseline,

and SE ¼ SD� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1� að Þp
� �

[18].

Measurement of serum 25(OH)D

Morning blood samples were drawn in LASA-II-2002. Par-
ticipants were only allowed to take tea and toast, but no
dairy products. In LASA-I-2009 and LASA-II-2009, fasting
blood samples were obtained. Participants were not allowed
to take any food or drinks except water from midnight. The
samples were centrifuged and stored at −20 °C until deter-
mination in 2010/2011. Morning blood samples of the
B-PROOF participants were drawn; participants were fasting
or had a light breakfast. Samples were stored at −80 °C until
determination in 2011/2012. Serum 25(OH)D was measured
in the LASA-samples by a competitive protein binding
assay (DiaSorin, Stillwater, MN, USA). The interassay coef-
ficient of variation was 10 % at the level of 30 nmol/L and
65 nmol/mL. Serum 25(OH)D was measured in the
B-PROOF study by isotope dilution–online solid-phase
extraction liquid chromatography–tandem mass spectrometry
(ID-XLC-MS/MS) [2]. In short, 25(OH)D was released from
its binding protein(s) and a deuterated internal standard (25
(OH)D3-d6), was added. Samples were extracted and ana-
lyzed by XLC-MS/MS (a Symbiosis online SPE system
(Spark Holland, Emmen, the Netherlands) coupled to a Quat-
tro Premier XE tandem mass spectrometer (Waters Corp.,
Milford, MA, USA)). The interassay coefficient of variation
was 9 % at the level of 25 nmol/L and 6 % at the level of
63 nmol/L. All analyses were performed in the Endocrine
Laboratory of the VU University Medical Center.

Potential effect modifiers

Potential effect modifiers were age, gender, and physical
activity. Vitamin D deficiency is more common in older
individuals [1] and physical activity may associate with
physical performance [19]. Therefore, vitamin D may have
less influence on physical performance in active individuals
than in inactive individuals.

Potential confounders

Potential confounders were age, gender, level of education,
degree of urbanization, body mass index (BMI), alcohol use,
smoking, chronic diseases, physical activity, season of blood
collection, and serum creatinine. Data on age and sex were
derived from population registries. Education level was con-
verted into years of education, and subsequently divided into
three categories: low (≤9 years), intermediate (10–12 years),
and high level (>12 years). Degree of urbanization was
assessed by the division of Statistics Netherlands, which rec-
odes the postal codes into five categories, based on the number
of addresses per square kilometer [20]. BMI was calculated as
weight in kilograms divided by height in square meters. Smok-
ing (never, former, and current smoker) and alcohol consump-
tion (none, light, moderate, and (very) excessive drinker) were
based on self-report. Classification of alcohol use was based on
the number of days per week alcohol was consumed and the
number of drinks per time [21]. The number of chronic diseases
was obtained by self-report, using questions on seven major
diseases: chronic obstructive pulmonary disease, cardiac dis-
ease, peripheral arterial disease, diabetes mellitus, stroke, can-
cer, and rheumatoid arthritis/osteoarthritis. The number of
chronic diseases was less extensively assessed in B-PROOF;
only kidney disease, cardiac disease, diabetes mellitus, and
transient ischemic attack/stroke were available for 1,864 indi-
viduals. Physical activity was assessed using the LASA Phys-
ical Activity Questionnaire, which is a validated questionnaire
about the duration and frequency of activities during the past
2 weeks [22]. Season of blood collection was dichotomized
into summer (April–September) and winter (October–March).
Creatinine level wasmeasured in LASA using the Jaffe alkaline
picrate reaction with a Hitachi 747 analyzer (Roche Diagnos-
tics, the Netherlands) and in B-PROOF using the enzymatic
colorimetric Roche CREA plus assay.

Statistical analysis

Serum 25(OH)D was divided into three categories: <50,
50–75, and ≥75 nmol/L, the latter serving as the refer-
ence group for all analyses. In the Netherlands, the
advised minimum level of serum 25(OH)D for older
persons is 50 nmol/L and this is also according to the
guidelines of the Institute of Medicine [23]. The level of
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75 nmol/L is the required level according to the guide-
lines of the Endocrine Society [24]. For the cross-
sectional analyses, which aimed to determine whether
vitamin D status is associated with physical performance,
multiple linear regression analyses were used. Assump-
tions of linear regression analysis were tested by normal
probability plots and histograms. To determine whether a
decline in physical performance could be predicted by
serum 25(OH)D, multiple logistic regression analyses
were used. Ordinal logistic regression analyses were used
to assess which of the physical performance tests was
most strongly associated with vitamin D status. Assump-
tions of ordinal logistic regression were tested by the test
of parallel lines. To succeed this test, the scores 0 and 1
(or scores 0 and 2 in case of the tandem stand) were
combined in one group. To test whether the tandem stand
was associated with serum 25(OH)D, multiple logistic
regression was used. All continuous variables were tested
on linearity. Only BMI had a nonlinear relationship with
physical performance, and we divided BMI into three
categories: low weight (BMI <20 kg/m2), normal weight
(20 kg/m2≤BMI <25 kg/m2), overweight (25 kg/m2≤
BMI <30 kg/m2), and obese (≥30 kg/m2). For all cohorts,
the potential confounders were added one by one to the
univariable model. Parameters, which gave a change in
the regression coefficient of more than 10 %, were added
to the models. The confounders which were identified in
the cross-sectional analyses, were also included in the
longitudinal analyses. To test for interaction, age and phys-
ical activity were dichotomized around the median, and a P
value <0.1 was considered statistically significant. For all
other analyses, a P value <0.05 was considered significant.
Two sensitivity analyses were performed. First, because
information on over-the-counter vitamin D use was not
available for all participants, the use of vitamin D supple-
ments was only added to the fully adjusted models for
LASA-I-2009 and LASA-II-2009. In B-PROOF, the number
of chronic diseases was only added to the fully adjusted
models because data were only available for part of the
participants. All analyses were performed using SPSS ver-
sion 15.0.

Finally, we used restricted cubic spline plots to esti-
mate an optimal cutoff point for serum 25(OH)D in the
relationship with physical performance. Cubic splines
are piecewise polynomial functions that are constrained
to join smoothly at points called knots. These spline
functions provide better insight into dose–response rela-
tionships compared with analyses using categorized
variables. Restricted cubic spline functions use all data
points to estimate the risk at each level of exposure, as
opposed to step functions using categorical variables,
which assume a constant risk within categories. Cubic
spline functions were tested in regression models at

three knots using spline plots and likelihood ratio tests.
All spline regression analyses were performed using R
version 2.15.0 [25].

Results

The baseline characteristics of the different cohorts are
shown in Table 1. A decline in physical performance,
defined using the EN index, was observed in 4.1 % of
the participants who were included in the 3-year follow-
up and in 7.3 % in the 6-year follow-up of the LASA-
II-2002.

Table 2 shows the results of multiple linear regres-
sion analyses of the association between serum 25
(OH)D and physical performance. In all cohorts, partic-
ipants with serum 25(OH)D <50 nmol/L had a signifi-
cantly lower physical performance compared with the
reference group, which consisted of participants with
serum 25(OH)D ≥75 nmol/L. In LASA-II-2002, serum
25(OH)D between 50 and 75 nmol/L was also associat-
ed with a significantly lower physical performance score
compared to the highest category, in the fully adjusted
model. In B-PROOF, age was a significant effect mod-
ifier (aged 65–73.4 years versus >73.4 years). In both
subgroups, the lowest vitamin D category (<50 nmol/L)
was associated with a lower physical performance score.
However, the effect was stronger in the oldest group
(−0.8 (95 % confidence interval −1.3, −0.4)) compared
to the youngest group (−0.3 (−0.6,−0.0)). Table 2 shows
the results for the total group. Figure 3 shows the
multivariable cross-sectional relationship between serum
25(OH)D and physical performance in B-PROOF. Up to
serum 25(OH)D levels of approximately 65 nmol/L,
physical performance score increased with increasing
serum 25(OH)D. A similar pattern was observed in the
LASA cohorts (data not shown).

Multiple logistic regression analyses of serum 25(OH)D,
as a predictor of clinical decline in physical performance
over 3- and 6-year periods in LASA-II-2002 and follow-up,
did not show significant results (Table 3). The odds ratios
(OR) for a decline in physical performance in 3 and 6 years,
respectively, were 3.4 (95 % confidence interval 0.7–16.0)
and 1.4 (0.5–3.7) in the fully adjusted models for serum 25
(OH)D <50 nmol/L versus serum 25(OH)D ≥75 nmol/L.

The results of ordinal logistic regression showed that
vitamin D status is associated with all separate tests (except
the tandem stand in LASA-II-2009 and LASA-I-2009) (data
not completely shown). Vitamin D was most strongly asso-
ciated with the walking test. The cumulative ORs were 2.0
(1.2–3.2), 2.9 (1.6–5.1), and 1.2 (1.0–1.5), indicating that
participants with serum 25(OH)D<50 nmol/L have 2.0, 2.9,
or 1.2 times higher odds for scoring one point lower on the
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walking test than participants of the highest serum 25(OH)D
category. None of the results changed materially in the

sensitivity analyses, after adding vitamin D use in LASA
and chronic diseases in B-PROOF (data not shown).

Table 1 Baseline characteristics of the study samples

LASA-II-2002 LASA-II-2009 LASA-I-2009 B-PROOF

N 707 (100) 491 (100) 355 (100) 2,813 (100)

Gender

Men 328 (46.4) 246 (50.1) 158 (44.5) 1,417 (50.4)

Women 379 (53.6) 245 (49.9) 197 (55.5) 1,396 (49.6)

Age (years) 60.0±3.0 65.9±2.9 78.5±5.3 74.4±6.8

Serum 25(OH)D (nmol/L) 56.7±20.3 69.6±21.6 59.3±20.5 55.7±24.6

<50 287 (40.6) 96 (19.2) 129 (36.3) 1,250 (44.4)

50–75 296 (41.9) 199 (40.5) 150 (42.3) 952 (33.8)

≥75 124 (17.5) 196 (39.9) 76 (21.4) 611 (21.7)

Body mass index (kg/m2)

<20 12 (1.7) 9 (1.8) 1 (0.3) 44 (1.6)

20–25 205 (29.0) 137 (27.9) 94 (26.5) 781 (27.8)

25–30 333 (47.1) 225 (45.8) 171 (48.2) 1,430 (50.8)

≥30 157 (22.2) 120 (24.4) 89 (25.1) 558 (19.8)

Smoking status

Never 170 (24.0) 136 (27.7) 120 (33.8) 950 (33.8)

Former 340 (48.1) 268 (54.6) 210 (59.2) 1,589 (56.5)

Current 197 (27.9) 87 (17.7) 25 (7.0) 274 (9.7)

Alcohol consumption

Nondrinker 57 (8.1) 41 (8.4) 55 (15.5) 375 (13.3)

Light drinker 321 (45.4) 252 (51.3) 210 (59.2) 1,510 (53.7)

Moderate drinker 252 (35.6) 162 (33.0) 79 (22.3) 820 (29.2)

(Very) excessive drinker 77 (10.9) 36 (7.3) 11 (3.1) 108 (3.8)

Number of chronic diseases 1 (0–1)a 1 (0–2)a 1 (1–2)a 0 (0–1)b

Physical activity (min/day) 147 (90–226) 152 (101–216) 131 (79–197) 129 (84–193)

Degree of urbanization (no. of addresses/km2)

Rural (<500) 121 (17.1) 109 (22.2) 80 (22.5) 136 (4.8)

Low (500–1,000) 224 (31.7) 102 (20.8) 77 (21.7) 447 (15.9)

Moderate (1,000–1,500) 89 (12.6) 82 (16.7) 55 (15.5) 582 (20.7)

High (1,500–2,500) 144 (20.4) 103 (21.0) 84 (23.7) 1,075 (38.2)

Very high (>2,500) 129 (18.2) 95 (19.3) 59 (16.6) 573 (20.4)

Level of education

Low (≤9 years) 312 (44.1) 189 (38.5) 187 (52.7) 1,490 (53.0)

Moderate (10–12 years) 253 (35.8) 178 (36.3) 113 (31.8) 592 (21.0)

High (>12 years) 142 (20.1) 124 (25.3) 55 (15.5) 731 (26.0)

Season of blood collection

Winter 623 (88.1) 64 (13.0) 72 (20.3) 1,372 (48.8)

Summer 84 (11.9) 427 (87.0) 283 (79.7) 1,441 (51.2)

Creatinine (μmol/L) 90.5±20.8 80.5±16.6 87.1±27.3 84.0±18.2

Physical performance (0–12) – 8.6±2.4 7.5±3.1 8.0±3.2

Physical performance (0–8) 4.8±2.1 – – –

Values are means ± SD, number (percentage), or median (interquartile range)
a Chronic diseases from seven majors: chronic obstructive pulmonary disease, cardiac disease, peripheral arterial disease, stroke, diabetes mellitus,
rheumatoid arthritis/osteoarthritis, and cancer
b Chronic disease from four diseases: kidney disease, diabetes mellitus, cardiac disease, and transient ischemic attack/stroke, N01,864
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Discussion

This study showed that serum 25(OH)D <50 nmol/L was
strongly associated with lower physical performance in
individuals aged 55–65 years. However, vitamin D status
did not significantly predict a decline in physical perfor-
mance in this age group in contrast with previous findings in
an older cohort aged 65 years and older [12]. In addition, it
confirmed that vitamin D status was associated with phys-
ical performance in older (aged 65 years and older) and very
old (aged 70–98 years) population and that the physical
performance score increased with increasing serum 25
(OH)D until levels of 65 nmol/L. Furthermore, vitamin D
status was positively associated with all three performance
tests, i.e., the walking test, chair stands, and tandem stand,
but it was most strongly associated with the walking test.

The first aim of the current study was to evaluate the
association between vitamin D status and physical performance
and its decline in individuals aged 55–65 years. The authors of
the previous LASA study stated that their results might also
apply to younger individuals [12]. In the current study, it was
shown that vitamin D status was indeed also associated with
physical performance, cross-sectionally, in younger persons
aged 55–65 years. In addition, the previous study within LASA
showed that vitamin D status predicted a decline in physical
performance over 3 years in individuals aged 65 years and
older [12]. This is in line with one study on the Rancho
Bernardo cohort, which found that low serum 25(OH)D inde-
pendently predicted a decline in two individual performance
tests in older women (mean age 74.7 years) [26]. Other studies,
however, were not able to demonstrate a significant association
between vitamin D status and a decline in physical performance
in older persons [8, 11, 27, 28]. To the best of our knowledge,T
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Fig. 3 Physical performance in 2,813 individuals of B-PROOF in
relation to serum 25(OH)D. Adjusted for age, gender, BMI, degree of
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the present study is the first study which examined the predic-
tive value of vitamin D status in individuals younger than
65 years. Our study confirmed the hypothesis [12] that vitamin
D status does not predict a decline in physical performance in
younger individuals. However, the physical performance score
was calculated by summing up the scores of only two tests, and
the maximum physical performance score was 8 instead of 12
points. A lower maximal score, without balance data measured
by the tandem stand, may be less sensitive to score a decline in
the total score and only 4.1 % and 7.3 % of the participants
were classified as declining. In addition, there was a substantial
increase in mean serum 25(OH)D (57 nmol/L in 2002 versus
70 nmol/L in 2009. These values cannot be compared directly
because of different assays being used). Also, there was an
increase in the proportion of participants of whom blood was
taken in the summer. Therefore, it is possible that the observed
low proportion of participants with a decline in physical per-
formance is related to the fact that they were tested at a time
when vitamin D status had generally improved.

The information on the predictive value of vitamin D status
is of interest because it is known that physical performance
predicts mortality, nursing home admission, and fractures
[29–32]. Therefore, potential prevention programs supple-
menting vitamin D to prevent a decline in physical perfor-
mance may be considered. Based on the results of the current
and previous studies [12, 26], prevention strategies should be
aimed at individuals of 65 years and older. There is much
evidence for a role of vitamin D in muscle health [33]. How-
ever, the effect of prevention strategies is still questionable
because the results of several trials on the effect of vitamin D
supplements on physical performance are contradicting and
two systematic reviews on this topic were not conclusive [34,
35]. Since these first systematic reviews, the number of studies
on this topic has increased and a recent meta-analysis showed
a beneficial effect of vitamin D supplementation on balance
and muscle strength, but not on gait [36]. This discrepancy
may be explained by the fact that the studies that evaluated
gait were of lower quality and used lower doses of vitamin D

than studies on muscle strength and balance [36]. Therefore,
further studies with, for example, higher doses, are necessary
to draw a definite conclusion regarding the effect of vitamin D
supplements in preventing a decline in physical performance.
However, future trials should proceed with caution because a
high annual dose of vitamin D has been shown to increase the
risk of falls and fractures in older women [37].

The second aim of our study was to replicate previous
results of LASA, in which a significant relationship between
vitamin D status and physical performance in individuals of
65 years and older was observed [12] and we confirmed these
findings. The results of LASA-II-2009 (aged 62–72 years) and
B-PROOF (aged 65 years and older) showed that a lower
vitamin D status was associated with lower physical perfor-
mance. This is largely in line with the literature, since up till
now most studies have observed a significant relationship
between vitamin D status and physical performance [6–9,
13]. However, this was not the case for all studies [4, 5, 11].
These contradictory results may be partly explained by the
differences in used tests and in sample characteristics. For
instance, the studies with negative results included participants
with a wide age range (30–79 years [5] and 24–77 years [4]), or
were Moroccan [4], or only disabled women [11]. In addition
to this age group, the results of LASA-I-2009 demonstrated a
similar relationship for older individuals aged 70–98 years.

The differences in physical performance score between
participants with serum 25(OH)D <50 nmol/L and with serum
25(OH)D ≥75 nmol/L were 0.8, 0.9, 1.5, and 0.6 points,
respectively, in LASA-II-2002, LASA-II-2009, LASA-I-
2009, and B-PROOF. Studies on determining the meaningful
change in physical performance measures stated that the
smallest meaningful change is approximately 0.5 points on a
12-point scale and 1 point indicates substantial change [38,
39]. Although this meaningful change is based on an individ-
ual change over time, and not on differences between groups,
this could be used as an example of the clinical relevance of
our findings. Therefore, we may conclude that the observed
differences in our study are of clinical interest.

Table 3 Results of logistic regression analyses: odds ratios for decline in physical performance after 3- and 6-years follow-up (LASA-II-2002 and
follow-up)

Serum 25(OH)D category 3-years follow-up 6-years follow-up

Model 1a Model 2b Model 1a Model 2b

<50 nmol/L 3.3 (0.7–14.8) 3.4 (0.7–16.0) 1.4 (0.5–3.8) 1.4 (0.5–3.7)

50–75 nmol/L 1.8 (0.4–8.7) 2.1 (0.4–10.2) 1.3 (0.5–3.4) 1.3 (0.5–3.6)

≥75 nmol/Lc 1.0 1.0 1.0 1.0

Data are expressed as odds ratios (95 % CI)
a Adjusted for age and gender
b Adjusted for age, gender, BMI, chronic diseases, degree of urbanization, and level of education
c Reference group
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The current study has several limitations and strengths. The
main limitation is that the relationships might be underesti-
mated because the cohorts were relative healthy, partly because
in LASA, most participants had to visit the hospital for blood
collection. Furthermore, in LASA-II-2002, we were not able to
compute the physical performance score based on three tests
because the tandem test was not assessed in LASA-II-2002.
However, the results of the logistic regression analysis showed
that vitamin D status was not significantly associated with the
tandem test in LASA-II-2009, and therefore, this should not be
considered as a major problem. In addition, the results of the
different cohorts cannot be compared directly because of dif-
ferent assays used for the determination of serum 25(OH)D.
Finally, we had no information on the use of vitamin D supple-
ments and diet of all participants at all measurement cycles.
However, sensitivity analyses in LASA-I-2009 and LASA-II-
2009 showed no difference in results after adding the use of
vitamin D supplements to the models. The main strengths of
the current study are the large independent study samples and
the several age groups that were analyzed. In addition, the
study consists of two population-based samples and has a
prospective design. Moreover, the EN index, which accounted
for regression to the mean, was used to test for a decline in
physical performance rather than raw scores.

In conclusion, serum 25(OH)D lower than 50 nmol/L is
associated with lower physical performance both in persons
aged 55–65 years and in older age groups. A decline in
physical performance could not be predicted by vitamin D
status in individuals aged 55–65 years in contrast to previous
findings in individuals aged 65 years and older. Therefore,
prevention strategies, such as vitamin D supplementation,
may be considered in individuals above the age of 65 years.
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