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Objective: To study the association between vitamin D deficiency and muscle strength, muscle 
pain and functional limitations in a general multiethnic adult population in the Netherlands.

Design: A cross-sectional study was performed among 596 adults (aged 18-65 years).

Methods: A random sample was drawn from ten general practices, stratified according to 
gender and ethnicity. Vitamin D deficiency (VDD) was defined as serum 25(OH)D <25 nmol/l. 
Muscle strength was measured using hand grip strength (kilograms) and chair stand test 
(seconds). Muscle pain and functional limitations were assessed using a questionnaire and 
recoded into dichotomous variables (yes/no). Associations were adjusted for gender, age, 
BMI and ethnic group.

Results: Hand grip strength was lower among VDD men (Beta =-2.53; 95% CI = -5.32 – 0.27), 
although not significantly; there was no association among women (Beta =0.69; -0.76 – -2.13). 
Chair stand test was not associated with VDD (Beta =0.16; -1.54 – 1.86). Among Western (OR 
=4.96; 0.98 – 25.15) and Turkish/North African (OR =1.28; 0.68 – 2.43) populations, muscle pain 
in the upper legs was more often reported in the VDD group, although it was not significant in 
both groups. Among the Black population, muscle pain in the upper legs was significantly less 
often reported in the VDD group (OR =0.41; 0.18 – 0.97). There was no association between 
VDD and self-reported muscle pain in the shoulders. Functional limitations tended to be less 
often reported among the VDD population (OR =0.68; 0.45 – 1.03).

Conclusions: There was no unambiguous association between serum 25(OH)D concentration 
and muscle-related outcomes. Therefore, the results of this study do not support the 
recommendation to raise serum 25(OH)D in the general multiethnic population to optimize 
muscle-related health.
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Introduction

Vitamin D deficiency affects calcium metabolism and bone health. It may lead to rickets in 
children and osteomalacia in adults, both of which are associated with muscle weakness. It is 
common among the elderly, especially the institutionalized elderly, and among non-western 
immigrant populations.1-4 Vitamin D3 is produced in the skin through exposure to sunlight. 
Fatty fish is another natural source of vitamin D3. Vitamin D3 is hydroxylated in the liver into 
25-hydroxyvitamin D (25(OH)D); serum 25(OH)D concentration is used as a clinical measure 
of vitamin D status.
Laboratory, epidemiological and clinical studies suggest that vitamin D might play a role in 
muscular strength.5 This relationship could be explained by both a genomic and a non-genomic 
pathway.6-8 A reduction in muscle strength can lead to functional impairment, increased need 
for assistance in activities of daily living, increased risk of falls and fractures, and mortality.6

In the elderly, muscle strength decreases with the presence of vitamin D deficiency.9 Pfeifer 
et al. reported in their review that serum 25-hydroxyvitamin D (25(OH)D) <50 nmol/l increased 
body sway and <30 nmol/l decreased muscle strength.10 Changes in gait, difficulties in rising 
from a chair, inability to ascend stairs and diffuse muscle pain are the main clinical symptoms 
of osteomalacic myopathy.10 
The association between vitamin D and muscle strength, muscle pain and functional limitations 
has not yet been studied in a general adult multiethnic population. In most studies among 
adult non-western populations, subjects were selected based on muscle-related complaints, 
(severe) vitamin D deficiency or both.11-16 Two studies were done in a general population, but 
these were both based on one specific ethnic group (Asian and East African).17 18 We have 
performed a study on the prevalence of vitamin D deficiency in a multiethnic adult population 
in the Netherlands.2 To get more insight into the clinical relevance of the high prevalence of 
vitamin D deficiency found in this population, we analyzed the association between vitamin D 
deficiency and muscle strength, muscle pain and functional limitations.

Methods

We performed a cross-sectional study among multiple ethnic groups in the Netherlands 
(latitude 52ºN).1 A random sample of 2,397 individuals (aged 18-65 years) was drawn from 
patient files of ten general practices in four large cities (Amersfoort, Amsterdam, Haarlem and 
The Hague). Almost all residents of the Netherlands are registered in a general practitioner’s 
patient file, making this a suitable means of drawing a representative population sample. 
The sample was stratified according to gender and ethnicity: indigenous Dutch, Turkish, 
Moroccan, Surinamese Creole, Surinamese South Asian and sub-Saharan African (each 
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category of equal size). Subjects who had received vitamin D treatment within six months 
(oral) or one year (injection) of the study starting, or who were unable to participate due to 
their mental condition, were excluded. Women who reported being pregnant were excluded 
from the analysis.
The subjects were invited to participate in the study through a letter from their general 
practitioner written in Dutch and – for non-Dutch ethnic groups – also in Turkish, English or 
French. Several actions were taken to increase response rates: a reminder by telephone (or 
by mail when the telephone number was not known); a 15 euro remuneration for participants 
who completed all measurements; a press release to local newspapers; posters in the waiting 
rooms of participating general practices; and a personal recommendation by the general 
practitioners to individuals in the sample who came for consultation for other reasons.
The study protocol was approved by the Medical Ethics Committee of the Haaglanden Medical 
Centre (Medisch Centrum Haaglanden), and all participants gave written informed consent.

Measurements
Data collection took place between September 2003 and June 2005; each participant was 
measured once within this period. The sample was divided evenly over the four seasons in 
terms of gender and ethnic groups. Participants were asked to complete a questionnaire 
relating to general characteristics, exposure to sunlight and dietary habits. To calculate body 
mass index (BMI, kg/m2), height and weight were measured in the general practice.
In selecting the sample, ethnicity was based on the general practitioner’s judgment as each 
individual’s country of birth – and those of his/her parents – were not known. For the analysis, 
however, ethnic group was assigned according to the participant’s country of birth and 
those of both parents as provided in the questionnaire. Only if both parents were born in the 
Netherlands was the participant considered to be indigenous Dutch.19 Some participants (9%) 
appeared to be from ethnic groups other than the six selected for the study. Ethnic groups 
were combined according to skin type: Western (e.g. indigenous Dutch); Turkish and North 
African (e.g. Moroccan); Asian (e.g. Surinamese South Asian); and Black (e.g. Surinamese 
Creole and sub-Saharan African). The Surinamese South Asian population originated in India 
and had been living in Suriname for three or four generations prior to immigrating to the 
Netherlands.
Blood samples were taken and centrifuged, the serum kept frozen at -20°C until used. Serum 
25-hydroxyvitamin D (serum 25(OH)D) was measured in duplicate by radioimmunoassay 
(Diasorin, Stillwater, MN, USA). The inter-assay coefficient of variation was 15% at 30 nmol/l and 
10% at 60 nmol/l. Serum parathyroid hormone (PTH) was measured by chemoluminescence 
assay (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). The inter-assay coefficient 
of variation was 12 % at 1.24 pmol/l and 8 % at 59.2 pmol/l.
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Vitamin D deficiency was defined as serum 25(OH)D of less than 25 nmol/l, vitamin D 
insufficiency as serum 25(OH)D greater than or equal to 25 and less than 50 nmol/l, and 
vitamin D sufficiency as serum 25(OH)D greater than or equal to 50 nmol/l.20 Higher thresholds 
are sometimes recommended, but these are mainly based on studies performed among the 
elderly, and the thresholds might be age-dependent.21 22 
Muscle strength was measured using hand grip strength and chair stand test. Hand grip 
strength (kilograms) was measured using a grip strength dynamometer (Takei TKK 5001, 
Takei Scientific Instruments Co. Ltd, Tokyo, Japan). The coefficient of variation was 5%. Of 
two measurements of each hand, we used the maximum value for analysis. For the chair 
stand test, participants were asked to stand up from and sit down again on a standard chair 
without using their arms. Time (seconds) was measured from the start until the fifth time 
standing, and transformed into the number of seconds less than the minute for analysis. This 
transformation does not affect the magnitude or confidence interval of the association, but 
results in a negative beta to represent a lower muscle strength.
Muscle pain was assessed using a questionnaire. Muscle pain in the upper legs when sitting 
quietly and when walking a short distance were identified using answer categories of ‘no’, 
‘yes, but not always’ and ‘yes, (almost) always’. Muscle pain in the shoulders was questioned 
by asking whether the respondent had experienced muscle pain in the past 14 days (yes/no).
Functional limitations were also assessed through a questionnaire. Difficulties with standing 
up from a chair, climbing stairs and walking a few hundred metres were questioned using 
answer categories of ‘no difficulties’, ‘some difficulties’, ‘a lot of difficulties’ and ‘only with 
the help of others’.

Statistical analysis
Associations between vitamin D deficiency (VDD) and hand grip strength, and VDD and 
chair stand test, were estimated using linear regression. As the prevalence of respondents 
self-reporting muscle pain in the upper legs across the separate categories was low, these 
values were aggregated into one dichotomous variable: having or not having self-reported 
muscle pain. Likewise, the prevalence of self-reported functional limitations was low across 
the separate categories. Therefore, these values were also dichotomised into single yes/no 
variables. Associations of VDD with self-reported muscle pain and self-reported functional 
limitations were assessed using logistic regression. 
As men are generally stronger than women, we tested whether the association between 
vitamin D status and muscle strength varied according to gender by adding an interaction 
term to the model. As an association between vitamin D status and muscle related outcomes 
have been found among the elderly, we tested whether the association varied according to 
age by adding an interaction term to the model. Furthermore, ethnic differences may exist 
in the associations between vitamin D status and muscle related outcomes. Therefore, we 
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tested whether the interaction term of ethnic group was significant for each association. 
Where an interaction term was significant, we stratified the analysis according to the variable. 
The associations were adjusted for gender, age, BMI and ethnic group (if applicable). 
Because several thresholds are used in literature to assess the association between serum 
25(OH)D and muscle-related outcomes, we also performed our analyses using thresholds of 
50 nmol/l (also referred to as vitamin D insufficiency), and 15 nmol/l. The number of cases with 
much lower or higher serum 25(OH)D concentrations was insufficient to assess associations 
at higher or lower thresholds.
SPSS version 15.0 was used for all analyses.

Results

Of the 2,397 people invited, 677 (28 %) participated. 1,027 non-participants failed to respond 
and proved uncontactable; some non-respondents were not known at the address held in the 
general practice files (ghost patients), and therefore could not be considered to be part of the 
initial sample. As such, the actual participation rate is somewhere between 28% (677/2,397) 
and 49% (677/(2,397-1,027)). Furthermore, we excluded data from 81 participants: 61 because 
relevant data was missing (serum 25(OH)D in 58 cases, ethnic group in 3), 17 women were 
pregnant and three subjects appeared to be outside the age range of 18-65 years. Thus, data 
from 596 respondents (234 men and 362 women) were available for analysis.
Characteristics of the participants are presented in Table 1. There were more female than 
male participants. More than one third of the participants were of Turkish or North African 
origin. The majority were overweight or obese, and a quarter had a very low education 
(primary school or less). The median serum 25(OH)D concentration was 32 nmol/l, and 74% 
had a serum 25(OH)D concentration below 50 nmol/l. Twenty-five percent of the western 
participants had a serum 25(OH)D concentration below 50 nmol/l, whereas this percentage 
was above 80 among the non-western participants. Serum PTH concentration was elevated 
in 36 participants (≥11 pmol/l). Median PTH concentrations were significantly higher (p <0.001) 
among vitamin D deficient participants (6.9 pmol/l) compared to non-deficient participants 
(5.5 pmol/l). Self-reporting of muscle pain in the upper legs (43%), muscle pain in the shoulders 
(53%) and functional limitations (47%) were all highly prevalent.
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Table 1. Characteristics of participants
% (n) or median (25th - 75th percentiles)

N 596
% Male 	 39 (234)
Age (years) 	 41 (33-50)
Ethnicity1

% Western 	 19 (110)
% Turkish/North African 	 36 (214)
% Asian 	 19 (111)
% Black 	 27 (161)

Body mass index (BMI)
% Normal or underweight (BMI < 25 kg/m2) 	 36 (216)
% Overweight (BMI 25-30 kg/m2) 	 38 (228)
% Obesity (BMI ≥ 30 kg/m2) 	 25 (149)

Educational level2

% Very low education 	 24 (128)
% Low education 	 29 (154)
% Middle 	 35 (190)
% High 	 12 (66)

Season
% Measurements in spring 	 27 (161)
% Measurements in summer 	 21 (124)
% Measurements in autumn 	 29 (170)
% Measurements in winter 	 24 (141)

Serum 25(OH)D (nmol/l) 	 32 (21-50)
% serum 25(OH)D < 25 nmol/l, total group 	 33 (197)

Among Western 	 6 (7)
Among Turkish/North African 	 38 (81)
Among Asian 	 50 (55)
Among Black 	 34 (54)

% serum PTH ≥ 11 pmol/l 	 6 (36)
Hand grip strength (kg)3 	 34 (28-45)
Chair stand test (sec)4 	 13 (10-17)
% with self-reported muscle pain in the upper legs5 	 43 (252)
% with self-reported muscle pain in the shoulders6 	 53 (308)
% with self-reported functional limitations7 	 47 (276)

1  Western: Dutch and other; Turkish/North African: Turkish, Moroccan and other; Asian: Surinamese 
South Asian and other; Black: Surinamese Creole, sub-Sahara African and other;

2  n = 58 missing values; very low = primary school or less; low = secondary education or primary 
vocational education; middle = high school or secondary vocational education; high = higher vocational 
education or university; 

3  highest value of two measurements of both hands; 
4  five times standing up from a chair without the use of arms; 
5  based on two questions (pain while sitting and pain while walking a short distance); 
6  based on one question (pain in the last 14 days); 
7  based on three questions (standing up from a chair, climbing stairs, walking a few hundred meters).
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The associations between muscle strength measures and serum 25(OH)D are presented in 
Table 2. The interaction term for gender was significant for the association between VDD 
and hand grip strength, indicating a different association according to gender. Therefore, we 
stratified this analysis according to gender. Vitamin D deficiency (VDD) was associated with 
a lower hand grip strength among men in the crude analysis (Beta =-3.92, 95% Confidence 
Interval -6.66 – -1.19), and when adjusted for age and BMI (Beta =-4.29, 95% CI -7.01 – -1.56). 
This association was no longer significant after adding the adjustment for ethnic group (Beta 
=-2.53, 95% CI -5.32 – 0.27). VDD was not associated with the chair stand test (gender, age, BMI 
and ethnicity adjusted Beta =0.16, 95% CI -1.54 – 1.86).

Table 2. Association between vitamin D deficiency (serum 25(OH)D <25 nmol/l) and muscle strength 

in a multiethnic population in the Netherlands (n=596, aged 18-65 years)
Crude Beta1 (95% CI) Adjusted Beta1 (95% CI) 2 Adjusted Beta1 (95% CI) 3

Hand grip strength 4

Total group (n=591) -2.35 (-4.39 – -0.32) -1.87 (-3.24 – -0.49) -0.51 (-1.89 – 0.88)
   Men (n=231) -3.92 (-6.66 – -1.19) -4.29 (-7.01 – -1.56) -2.53 (-5.32 – 0.27)
   Women (n=360) -0.15 (-1.64 – 1.34) -0.47 (-1.94 – 0.99) 0.69 (-0.76 – 2.13)
Chair stand test 5

Total group (n=586) -0.14 (-1.82 – 1.55) -0.42 (-2.06 – 1.23) 0.16 (-1.54 – 1.86)

1  negative beta implies lower strength among vitamin D deficient individuals;
2  adjusted for gender, age and BMI;
3  adjusted for gender, age, BMI and ethnic group;
4  highest value of three measurements on both hands, in kilograms;
5  five times standing up from a chair without the use of arms, in number of seconds below the minute.

The associations of vitamin D status with self-reported muscle pain and functional limitations 
are presented in Table 3. The interaction term for ethnic group was significant for the 
association between VDD and self-reported muscle pain in the upper legs, indicating a 
different association according to ethnic group. Therefore, this analysis was stratified 
according to ethnic group. After adjustment for gender, age, BMI, and ethnic group, VDD was 
associated with less self-reported muscle pain in the upper legs among the Black group (Odds 
Ratio 0.41, 95% CI 0.18 – 0.97). Although not significantly, VDD was tended to be associated 
with more muscle pain in the upper legs among the Western (OR 4.96, 95% CI 0.98 – 25.15) 
and Turkish/North African (OR 1.28, 95% CI 0.68 – 2.43) populations. VDD was not associated 
with self-reported muscle pain in the shoulders (OR 0.99, 95% CI 0.67 – 1.44), and tended to be 
associated with less self-reported functional limitations (OR 0.68, 95% CI 0.45 – 1.03).
Using the higher threshold of 50 nmol/l for serum 25(OH)D, or the lower threshold of 15 
nmol/l, led to similar results. Although the strength of the associations varied according to 
measurement or subgroup, these were small and mainly non-significant (data not shown).
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Table 3. Association between vitamin D deficiency (serum25(OH)D < 25 nmol/l) and self-reported 

muscle pain and functional limitations in a multiethnic population in the Netherlands (N=596, 18-65 

years)
Crude OR1 (95% CI) Adjusted OR1 (95% CI)2 Adjusted OR1 (95% CI)3

Self-reported muscle pain in upper legs4 (yes/no)
Total group (n=588) 1.20 (0.85 – 1.69) 1.22 (0.85 – 1.76) 0.92 ( 0.62 – 1.38)

Western (n=109) 5.14 (1.07 – 24.77) 4.96 (0.98 – 25.15) -5

Turkish/North African (n=210) 1.38 (0.77 – 2.48) 1.28 (0.68 – 2.43) -
Asian (n=111) 0.62 (0.29 – 1.32) 0.61 (0.27 – 1.40) -
Black (n=158) 0.47 (0.21 – 1.03) 0.41 (0.18 – 0.97)* -

Self-reported muscle pain in shoulders6 (yes/no)
Total group (n=582) 1.25 (0.88 – 1.77) 1.22 (0.86 – 1.75) 0.99 (0.67 – 1.44)
Self-reported functional limitations7 (yes/no)
Total group (n=592) 0.99 (0.70 – 1.39) 0.97 (0.67 – 1.41) 0.68 (0.45 – 1.03)

1  OR >1 implies more muscle pain or limitations among vitamin D deficient individuals;
2  adjusted for gender, age and BMI;
3  adjusted for gender, age, BMI and ethnic group;
4  based on two questions (pain in upper legs while sitting, pain in upper legs while walking a short 

distance);
5  ethnic group is redundant due to the stratification;
6  based on one question (pain in the shoulders in the last 14 days);
7  based on three questions (difficulties with standing up from a chair, difficulties with walking the 

stairs, difficulties with walking a few hundred meters).

Discussion

The associations between vitamin D deficiency and muscle strength, self-reported muscle 
pain and self-reported functional limitations were small and mainly non-significant, in this 
adult multiethnic population. The similar results when using alternate thresholds strengthen 
the conclusion that there are at most weak associations between serum 25(OH)D and muscle-
related outcomes in this study population.
Two other cross-sectional studies among adult non-western participants failed to find an 
association between muscle strength and serum 25(OH)D concentrations.17 18 However, 
treatment of vitamin D deficiency improved muscular strength among severe vitamin D 
deficient adult Arab women in Denmark and among immigrant teenage girls with physical 
complaints such as low back pain, leg pain and muscle weakness.15 23 As the adult Arab 
women in Denmark (n=55) were extremely deficient, with a mean serum 25-hydroxyvitamin 
D concentration of only 6.7 nmol/l,15 this might imply that the association between serum 
25(OH)D and muscle strength can only be observed among the most severely deficient 
individuals. However, when we performed our analysis using a threshold of 15 nmol/l, we 
found no association between serum 25(OH)D and muscle strength, pain or limitations (data 
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not shown). Analyses with even lower thresholds could not be performed in this study as the 
number of participants with such extreme vitamin D deficiency was too small.
Some studies among non-western adult and teenage populations have found associations 
between musculoskeletal pain and low serum 25(OH)D concentrations,13 16 23 while other 
studies have not.11 18 The number of subjects in one study that reported such an association 
was very low (three).23 Another study that reported an association did not have a control 
or reference group, and could therefore only observe low serum 25(OH)D concentrations 
in a group of patients with persistent musculoskeletal pain.13 Another study only found 
the association within a part of the population; this study was among 33 individuals with 
complaints and vitamin D deficiency. A reduction in complaints of musculoskeletal pain 
was found after treatment with vitamin D, but one third did not respond to treatment.16 
Furthermore, female relatives of immigrant teenage girls with physical complaints were also 
found to have vitamin D deficiency, while they did not have physical complaints.23

With aging, a reduction of muscle mass and muscle strength is found to occur.24 In the elderly, 
there is evidence for a role of vitamin D in muscle-related health, e.g. in the prevention of 
falling.5-7 An association between 25(OH)D and lower-extremity functions was also found 
in an elderly multiethnic population. The association between serum 25(OH)D and muscle-
related health might only exist in the elderly, which could be explained by a decrease in 
vitamin D receptor expression with age.25 In our analysis, age did not significantly modify 
the association between vitamin D deficiency and muscle-related outcomes. However, this 
does not rule out interaction. E.g., repeating the analysis with 50 nmol/l as threshold, the 
association between vitamin D insufficiency and lower muscle strength was significantly 
stronger among the participants above 40 years compared to the younger ones.
Khadilkar et al., studied the association between serum 25(OH)D and musculoskeletal 
symptoms in girls living in the United Kingdom or India.26 Despite a high prevalence of vitamin 
D deficiency in both countries, the musculoskeletal symptoms were more prominent in the 
Indian girls, which was attributed to their low calcium intake. A high intake of calcium in 
our study population might therefore explain why we did not observe a clearer association 
between serum 25(OH)D and muscle strength, pain or limitations. We did not estimate the 
actual calcium intake, but except for the Surinamese Creoles who had a lower intake, the 
intake of milk products was about one portion a day in the non-western groups of our study.2

Although serum 25(OH)D concentrations were low in a large part of this study population 
(33% was vitamin D deficient), the serum PTH concentrations were increased in a smaller part 
(6% with raised PTH concentrations). Many parallels exist between the muscular effects of 
hypovitaminosis D and hyperparathyroidism.10 We have no data to investigate the separate 
roles of serum 25(OH)D and PTH. However, adjustment for serum PTH concentrations did 
not change the associations between serum 25(OH)D concentrations and the muscle-related 
outcomes (data not shown).
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The low participation rate (28-49%) could have introduced selection bias. However, we 
have no indications that particular subgroups of individuals with low or high vitamin D 
concentrations – with low or high muscle strength, or low or high prevalence of self-reported 
pain or functional limitations – had lower response rates compared to others, making a 
selection bias improbable.
We did not adjust for physical activity, as there was no reliable measure for physical activity 
included in this study.
In populations including large groups of non-western immigrants, the prevalence of low serum 
25(OH)D concentrations will be high, and a public health intervention to raise serum 25(OH)
D concentrations may be relevant. In this cross-sectional study we found minor associations 
between vitamin D deficiency and muscle-related outcomes. Therefore, the results of this 
study do not support the hypothesis that a recommendation to raise serum 25(OH)D in the 
general multiethnic population to optimize muscle-related health. Such an increase might be 
mainly important in populations with severe vitamin D deficiency, low calcium intake or the 
elderly. General practitioners should recognize muscle-related complaints and relate these 
to the possibility of vitamin D deficiency. Researchers should aim, through future studies, 
to determine what characteristics predict the risk of muscle-related complaints among 
adults with low serum 25(OH)D concentrations, with special attention paid to differences 
between ethnic groups, or study the effects of raising serum 25(OH)D concentrations in an 
intervention study.
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