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Abstract
Background: Insufficient serum vitamin D concentrations 
(50–75 nmol/L) are prevalent in 40–65% of patients who re-
quire total hip arthroplasty (THA). This could impair physical 
recovery after surgery. This study investigated the associa-
tion between preoperative vitamin D status and physical 
performance after THA. Additionally, postoperative changes 
in vitamin D concentrations were measured. Methods: We 
included 87 patients scheduled for elective THA and aged 
≥65 years. Three groups were recruited: patients classified 
as vitamin D deficient (< 50 nmol/L, n = 23), insufficient (50–
75 nmol/L, n = 32), or sufficient (> 75 nmol/L, n = 32). Serum 
25-hydroxyvitamin D3 (25[OH]D3) concentration and physi-
cal performance were measured perioperatively. Linear 

mixed models were used to examine differences between 
groups. Results: Change in physical performance over time 
was not affected by preoperative vitamin D status. In con-
trast, for physical activity, both vitamin D (p = 0.021) and 
time (p < 0.001) effect was seen: from 80.2 ± 25.8 to 58.1 ± 
17.8 min/day in the deficient group, 143.7 ± 19.8 to 92.9 ± 
11.5 min/day in the insufficient group, and 108.1 ± 20.9 to 
62.3 ± 12.9 min/day in the sufficient group. The Chair Stand 
Test, Timed Up and Go test, and 10-Meter Walking Test also 
improved significantly over time, but independent of vita-
min D status. An increase in 25(OH)D3 concentration 6 weeks 
postoperatively was correlated with improved hip function 
(Pearson’s r = –0.471, p = 0.018). Overall, serum 25(OH)D3 
declined with 32% one day after surgery (p < 0.001), to near-
ly return to baseline values 6 weeks later in all groups. Con-
clusion: Vitamin D status did not appear to affect physical 
recovery after THA. The drop in vitamin D after surgery de-
serves further investigation, but could possibly be explained 
by hemodilution. © 2018 The Author(s) 

Published by S. Karger AG, Basel
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Introduction

Hip prostheses are increasingly applied, due to an age-
ing population. In 2014, 189 hip replacement surgeries 
were performed per 100,000 habitants in Europe [1]. The 
number of surgeries increased with 25% between 2000 
and 2009 and this trend will continue in the next decades 
[2]. 

Total hip arthroplasty (THA) is the surgical procedure 
to replace the hip joint in patients with osteoarthritis or 
hip fracture. THA has a high success rate and provides 
pain relief, improvement of physical functioning, and 
better health-related quality of life [3–5]. Postoperative 
recovery of THA is mainly determined by muscle func-
tion around the hip [4]. 

Vitamin D is positively associated with muscle func-
tion, muscle strength, and physical performance [6–8]. 
Furthermore, a meta-analysis of 13 RCTs reported a 
beneficial effect of vitamin D supplementation (800–
100 IU/day) on measures of muscle strength and bal-
ance in individuals aged 60 years and older [9]. A meta-
analysis of 30 RCTs in individuals of all ages showed a 
significant positive effect of vitamin D supplementa-
tion  on muscle strength, which was most evident in 
people with a 25-hydroxyvitamin D3 (25[OH]D3) level 
< 30 nmol/L and in those who were older than 65 years 
[10]. Vitamin D plays a direct role on muscle quality via 
activation of the vitamin D receptors, which are in-
volved in muscle protein synthesis and muscle growth 
[6, 8]. Moreover, vitamin D is indirectly related to mus-
cle function via the calcium-phosphate balance [6, 8]. 
Calcium is involved in the contraction of muscle, 
whereas phosphate is required for the structural and 
metabolic needs of the muscle cell [6, 11]. Hence, pre-
operative vitamin D status might be an important fac-
tor of recovery after surgery.

Serum 25(OH)D3 is the main circulating vitamin D 
metabolite and is commonly used to determine the vita-
min D status [12]. According to the Clinical Practice 
Guidelines of the Endocrine Society, vitamin D sufficien-
cy is defined as serum 25(OH)D3 > 75 nmol/L and defi-
ciency as serum 25(OH)D3 < 50 nmol/L [13]. Previ-
ous  studies showed that 40–65% of THA patients had 
vitamin D insufficiency, of which 8.5–30% were vita-
min D deficient [4, 14, 15]. Among Dutch elderly (aged 
> 70 years), the prevalence of vitamin D insufficiency is 
34.8% in men and 24.9% in women, whereas a vitamin 
D deficiency is present in 44.8% of men and in 60.1% of 
women [16]. Previous studies showed that a low vitamin 
D status was correlated with poor postoperative hip 

scores, an increased length of hospital stay and increased 
risk of postoperative complications [15, 17–19]. How-
ever, preoperative vitamin D concentration was not as-
sociated to in-hospital functional milestones and postop-
erative functional status [4, 14]. These inconclusive re-
sults emphasize the need for further research, which is 
worthwhile since a deficiency is easy to correct by sup-
plementation.

In contrast to previous studies, the present study will 
determine both preoperative and postoperative serum 
25(OH)D3 concentrations The aim is to describe chang-
es in vitamin D status after THA in osteoarthritic pa-
tients and to investigate the association between preop-
erative vitamin D status and postoperative physical per-
formance. 

Methods

For this research, data from the SpierVit Study was used. This 
was a prospective cohort study, approved by the Medical Ethics 
Committee of the Wageningen University, the Netherlands (dos-
sier 11/28, NL40002.081.12). The study started in September 2012 
and lasted until July 2013. Patients aged ≥65 years and scheduled 
for elective THA (not acute surgery) were recruited at hospital 
Gelderse Vallei, the Netherlands. Exclusion criteria were the pres-
ence of dementia or severe heart diseases. Patients were followed 
from 6 weeks before to 6 weeks after surgery, with 4 measurement 
points (Fig. 1). 

The primary study outcomes were vitamin D status and physi-
cal performance. To define vitamin D status, blood samples were 
drawn during the first visit at the outpatient clinic and analysed by 
the laboratory of hospital Gelderse Vallei, using high-performance 
liquid chromatography. Participants were classified as vitamin D 
deficient (< 50 nmol/L), insufficient (50–75 nmol/L), or sufficient 
(> 75 nmol/L) and recruitment was continued until all groups had 
sufficient numbers to ensure a wide variation in vitamin D status 
[13]. 

Physical performance was determined with measurements of 
muscle strength, muscle power, physical mobility, gait speed, 
physical activity, and hip function. Preoperative measurements 
took place 6 weeks before surgery at the physiotherapy depart-
ment. Muscle strength was assessed with the handgrip strength 
test, using the Jamar Hydraulic Hand Dynamometer. Three con-
secutive measurements of the dominant hand were recorded. 
The maximum strength effort was used for data analysis. Muscle 
power of the lower extremities was assessed by the Chair Stand 
Test (CST), which measures the time to complete 10 sequential 
stand-ups from a chair, without using the handrails [20–22]. 
The Timed Up and Go test (TUG) was used to determine phys-
ical mobility [23], whereas the 10-Meter Walking Test (10MWT) 
was used as a measure of gait speed [24]. The TUG and 10MWT 
were performed twice; only the fastest score was used for analy-
sis. Physical activity and household activities over the past 2 
weeks were self-reported by patients using the LASA Physical 
Activity Questionnaire (LAPAQ) [25]. Physical activity was de-



Visser/de Roos/Oosting/Endenburg/
Dronkers

Ann Nutr Metab 2018;73:252–260254
DOI: 10.1159/000492938

fined as total activity time per day (min/day). Hip function 
was determined using a validated Dutch version of the Western 
Ontario and McMaster Universities Osteoarthritis index 
(WOMAC) [26]. This is a self-reported questionnaire to assess 
hip function and level of disability [27]. Lower scores indicate 
better hip function. Measurements of vitamin D and physical 
performance were repeated at different time points after surgery 
(Fig. 1). 

Demographic characteristics, including age, gender, BMI, and 
comorbidities were collected from a general questionnaire. Sun-
light exposure and vitamin D supplementation were self-reported 
via a short survey. Postoperative variables were length of hospital 
stay, need for physical therapy either by a physiotherapist or in a 
nursing facility, and complications. These were collected from the 
patient’s medical records. Hematocrit levels before and after sur-
gery were used as a marker for hemodilution. 

Statistical Analysis
A sample size of 60 patients was required to detect a difference 

of 4 kg in handgrip strength between the 3 vitamin D groups, with 
80% power and a significance level of 0.05, using an SD of 6 kg from 
an unpublished pilot study in patients undergoing abdominal sur-
gery. We also calculated the required number of participants to 
detect a correlation of 0.3 between vitamin D and handgrip 
strength as statistically significant, which was 67 [28, 29]. There-
fore, by taking a 10% loss to follow-up into account, the SpierVit 
Study planned to recruit 25 participants per group. 

Baseline characteristics were compared among the 3 vitamin D 
groups, using ANOVA for parametric variables, Kruskal-Wallis 
test for non-parametric variables, and Pearson chi-square test for 
categorical variables. 

Because of the multilevel structure of the data, linear mixed 
models were used to investigate differences between vitamin D 
groups over time. An unstructured covariance matrix was used 

to describe changes in serum 25(OH)D3 concentrations over 
time, with vitamin D groups, time and their interaction includ-
ed as fixed effects, and subjects as random effect. In a sec-
ond  model, changes in serum 25(OH)D3 concentrations were 
adjusted for vitamin D supplementation and season of blood 
collection. 

To investigate the association between preoperative vitamin D 
status and physical performance, the included fixed effects were 
vitamin D groups, time, and their interaction, with the covariates 
gender, age, BMI, length of hospital stay, and physical therapy. Se-
lection of these confounders was based on baseline demographics 
and results of previous studies [17, 30]. A subject was included in 
the linear mixed model analysis when at least one measurement of 
the outcome was present. When a subject had a missing value in 
one of the fixed effects, the subject was excluded from analysis. A 
first-order ante-dependence covariance matrix was used for the 
outcomes CST, TUG, 10MWT, and WOMAC. For the outcomes 
handgrip strength test and LAPAQ, the heterogeneous compound 
symmetry matrix was applied. These covariance matrixes were de-
termined by the likelihood ratio test. Post-hoc analyses were per-
formed using a Bonferroni correction. 

The Pearson correlation coefficient (r) was calculated between 
the change in serum 25(OH)D3 concentrations and the change in 
outcomes of physical performance between baseline and 6 weeks 
after surgery. This was done for the complete study sample and for 
men and women separately, since gender is a strong predictor of 
physical performance. To check whether changes in vitamin D 
were due to hemodilution, the correlation (r) between changes in 
serum 25(OH)D3 concentrations and hematocrit values from 
baseline to 1 day after surgery were also computed.

Results are presented as mean ± SEM, unless otherwise stated. 
A p value < 0.05 was regarded as statistically significant. Statistical 
analysis was performed using SPSS version 22 (SPSS Inc., Chicago, 
IL, USA).

Vitamin D (n = 87)
HGS (n = 76)
CST (n = 79)
TUG (n = 80)
10MWT (n = 84)
LAPAQ (n = 84)
WOMAC (n = 86)

Vitamin D (n = 75)
HGS          (n = 57)

Vitamin D (n = 75)
HGS          (n = 58)

Vitamin D (n = 65)
HGS (n = 74)
CST (n = 73)
TUG (n = 73)
10MWT (n = 72)
LAPAQ (n = 74)
WOMAC (n = 29)

CST           (n = 68)
TUG          (n = 71)
10MWT     (n = 71)
LAPAQ      (n = 72)
WOMAC   (n = 35)

Surgery
(n = 87)

Lost to
follow-up

(n = 2)

Lost to
follow-up

(n = 1)

Lost to
follow-up

(n = 5)

Lost to
follow-up

(n = 2)

T0: 6 weeks
(n = 87)

T1: 1 day
(n = 85)

T2: 4 days
(n = 84)

T3: 3–4 weeks
(n = 79)

T4: 6 weeks
(n = 77)

Fig. 1. Flow diagram of SpierVit Study, including number of observations per outcome. 10MWT, 10-meter walk-
ing test; CST, chair stand test; HGS, hand grip strength; LAPAQ, LASA physical activity questionnaire; TUG, 
timed up and go test; WOMAC, Western Ontario and McMaster Universities Osteoarthritis index.
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Results

A total of 87 patients met the inclusion criteria and 
signed informed consent (Fig. 1). At baseline, 23 patients 
had vitamin D deficiency, 32 patients had vitamin D in-
sufficiency, and 32 patients were vitamin D sufficient 
(Table 1), with a mean ± SD serum 25(OH)D3 concentra-
tion of 33.6 ± 10.2, 61.2 ± 6.7, and 99.7 ± 20.8 nmol/L, 
respectively (p < 0.001). Participants were predominantly 
female (76%) and had a median age of 74 years (inter-
quartile range 68–79 years). Table 2 shows the baseline 
outcomes of physical performance. 

Ten participants were lost to follow-up: 4 participants 
of the deficient group and 3 participants each from the 
insufficient and sufficient group. Reasons for dropping 
out differed; 1 participant was hospitalised due to respira-
tory failure and 1 participant refused follow-up measure-
ments because of personal circumstances, the rest was 
unknown. 

Serum 25(OH)D3 concentrations dropped after sur-
gery but nearly returned to baseline values in all 3 vita-
min D groups (pvitD*time < 0.001, Fig. 2). In the post-hoc 
analysis, serum 25(OH)D3 concentrations were re-
markably lower 1 day after surgery compared to base-

Table 2. Unadjusted outcomes of physical performance at baseline by vitamin D status, in patients undergoing THA

n Vitamin D status p value

deficient
<50 nmol/L

insufficient
50–75 nmol/L

sufficient
>75 nmol/L

HGS, kg 76 19.9±8.90 25.7±12.37 22.7±13.78 0.291
CST, s 79 38.1±13.94 34.8±16.34 29.4±9.52 0.081
TUG, s 80 12.6±5.54 10.8±3.97 10.4±4.50 0.226
10MWT, s 84 13.1±9.06 10.6±3.78 9.9±3.27 0.118
LAPAQ, min/day 84 104.9±80.23 147.7±149.0 120.2±67.28 0.337
WOMAC, scale 0–96 86 43.5±16.49 44.2±16.62 43.5±15.88 0.981

Values are presented as mean ± SD.
THA, total hip arthroplasty; HGS, hand grip strength; CST, chair stand test; TUG, timed up and go test; 10MWT, 10-meter walking 

test; LAPAQ, LASA Physical Activity Questionnaire; WOMAC, Western Ontario and McMaster Universities Osteoarthritis index.

Table 1. Demographic and clinical characteristics in patients undergoing THA

na Total Vitamin D status

deficient
<50 nmol/L

insufficient
50–75 nmol/L

sufficient
>75 nmol/L

Number of patients 87 (100) 23 (26.4) 32 (36.8) 32 (36.8)
Gender, female 66 (75.9) 19 (82.6) 21 (65.6) 26 (81.3)
Age, years 74 (68–79) 76 (71–82) 72 (68–77) 74 (67–79)
BMIb, kg/m2 26 (24–28) 27 (26–29) 27 (24–29) 25 (23–26)
Comorbidities, yes 80 54 (67.5) 14 (70.0) 22 (73.3) 18 (60.0)
Surgery type 85

THA 27 (31.8) 9 (39.1) 11 (34.4) 7 (23.3)
THA AMIS 53 (62.4) 12 (52.2) 19 (59.4) 22 (73.3)
Other 5 (5.9) 2 (8.7) 2 (6.3) 1 (3.3)

Physical therapy, yes 85 18 (21.2) 6 (28.6) 3 (9.4) 9 (28.1)
25(OH)D3

c, nmol/L 68.1±30.11 33.6±10.18 61.2±6.73 99.7±20.79
Vitamin D supplementation, yes 75 30 (40.0) 3 (17.6) 14 (48.3) 13 (44.8)

Values are presented as mean ± SD, median (IQR) or n (%).
a (n = 87) unless otherwise specified; b p = 0.010; c p < 0.001.
THA, total hip arthroplasty; BMI, body mass index; AMIS, anterior minimally invasive surgery; 25(OH)D3, 25-hyroxyvitamin D3.
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line (ptime < 0.001 for all 3 groups), with a decrease of 
25.0% for the deficient group, 33.4% for the insufficient 
group, and 38.1% for the sufficient group. Although he-
matocrit levels dropped as well from 0.42 ± 0.0038 L/L 
preoperatively to 0.34 ± 0.0036 L/L 1 day after surgery 
(p < 0.001), this change was not correlated with the 
change in serum 25(OH)D3 concentrations (r = –0.050, 
p = 0.669). Between the first and fourth day after sur-
gery, serum 25(OH)D3 concentrations increased in all 
3 groups and 6 weeks after surgery, they returned to 
baseline values for the deficient and insufficient group. 
However, the sufficient vitamin D group had still sig-
nificantly lower values compared to baseline (ptime = 
0.011). Adjusting for vitamin D supplementation and 
season of blood collection did not affect the outcomes 
(data not shown).

Table 3 reports the results of the linear mixed model 
analysis. The interaction term between vitamin D and 
time was not statistically significant for any of the out-
comes, indicating that the change over time was not sig-
nificantly different between the 3 vitamin D groups. Ta-
ble 4 presents the correlation between the change in se-
rum 25(OH)D3 concentration and changes in physical 
performance. 

At baseline, the insufficient vitamin D group had the 
highest mean ± SD handgrip strength and the deficient 
group the lowest; 25.7 ± 12.4 kg versus 19.9 ± 8.9 kg (p = 
0.291). However, 6 weeks after surgery, the 3 groups had 

a comparable handgrip strength and no significant differ-
ences were observed either between the vitamin D groups 
(pvitD = 0.322) or between time points (ptime = 0.143). In 
men, the change in handgrip strength was moderately as-
sociated with the change in serum 25(OH)D3 concentra-
tion, though not significant (r = 0.392, p = 0.234).

There was neither a vitamin D*time effect for the out-
comes CST (pvitD*time = 0.411), TUG (pvitD*time = 0.426) 
and 10MWT (pvitD*time = 0.485), though all vitamin D 
groups performed significantly better on these tests 6 
weeks after surgery compared to baseline. Post-hoc 
analyses showed that 6 weeks postoperatively, the pa-
tients needed on average 5.4 ± 1.73 seconds less to com-
plete the CST test (ptime = 0.007), 1.6 ± 0.47 seconds less 
for the TUG test (ptime = 0.004, Fig. 3), and 2.6 ± 0.62 
seconds less to complete the 10MWT test (ptime < 0.001). 
Since the 3 lines are more or less parallel, the change 
over time is not dependent on the preoperative vitamin 
D status. The correlation coefficients between the change 
in serum 25(OH)D3 concentration and the change over 
time for these 3 tests were all low and insignificant (Ta-
ble 4). 

Although the interaction term was not significant for 
the LAPAQ questionnaire (pvitD*time = 0.896), Figure 4 
shows that physical activity was both different be-
tween groups and between time points (pvitD = 0.021, 
ptime < 0.001). Overall, the insufficient vitamin D group 
was most physically active. Compared to baseline, the 
physical activity 4 weeks after surgery was reduced with 
60% to 57.2 ± 9.7 min/day for the insufficient group 
and with 74% to 28.4 ± 11.6 min/day for the sufficient 
group. Participants with vitamin D deficiency had a de-
cline of 72% to 22.1 ± 16.2 min/day. Between 4 and 6 
weeks after surgery, all groups became significantly 
more physically active, although levels were still lower 
compared to baseline.

With regard to hip function, there was a significant 
inverse association between the change in WOMAC 
score and the change in serum 25(OH)D3 concentration 
(r = –0.471, p = 0.018). This means that an increase in se-
rum 25(OH)D3 concentration was associated with lower 
WOMAC scores and thus enhanced hip function 6 weeks 
after surgery. 

Discussion 

In this study, vitamin D status before hip surgery was 
not associated with physical performance after surgery. 
However, physical performance significantly improved 
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Fig. 2. Vitamin D concentrations at baseline (T0) and postopera-
tive at 1 day (T1), 4 days (T2), and 6 weeks (T4) after THA in 87 
osteoarthritic patients. The change in 25(OH)D3 concentrations 
over time was significantly different between the 3 vitamin D 
groups (pvitD*time < 0.001). 25(OH)D3, 25-hydroxyvitamin D3.
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Table 4. Pearson correlation coefficients between change in serum 25(OH)D3 concentration and change in outcomes of physical perfor-
mance between baseline and 6 weeks after surgery

Total Men Women

r p value n r p value n r p value n

HGS, kg 0.071 0.608 54 0.392 0.234 11 0.043 0.787 43
CST, s 0.169 0.205 58 –0.059 0.856 12 0.220 0.143 46
TUG, s –0.047 0.726 58 –0.078 0.830 10 –0.010 0.944 48
10MWT, s –0.159 0.230 59 –0.087 0.787 12 –0.149 0.318 47
LAPAQ, min/day –0.096 0.467 60 0.206 0.500 13 –0.066 0.661 47
WOMAC, scale 0–96 –0.471 0.018 25 0.264 0.668 5 –0.410 0.072 20

25(OH)D3, 25-hydroxyvitamin D3; HGS, hand grip strength; CST, chair stand test; TUG, timed up and go test; 10MWT, 10-meter 
walking test; LAPAQ, LASA Physical Activity Questionnaire; WOMAC, Western Ontario and McMaster Universities Osteoarthritis 
index.

Table 3. Physical performance at baseline (T0) and postoperative at 1 day (T1), 4 days (T2), 3–4 weeks (T3), and 6 weeks (T4) after THA

Time points Vitamin D status p value

deficient
<50 nmol/L
(n = 23)

insufficient
50–75 nmol/L
(n = 32)

sufficient
>75 nmol/L
(n = 32)

vitamin D*time vitamin D time

HGS, kg 0.482 0.322 0.143
T0 23.4±2.14 26.2±1.57 25.7±1.74
T1 23.3±1.89 27.8±1.33 25.2±1.50
T2 24.7±2.07 28.2±1.43 26.4±1.63
T4 26.0±2.13 27.1±1.60 25.7±1.76

CST, s 0.411 0.836 0.010c

T0 32.4±3.45 33.6±2.50 28.6±2.76
T3 28.3±2.97 29.8±1.91 29.4±2.17
T4 25.6±3.20 25.6±2.06 27.0±2.26

TUG, s 0.426 0.574 <0.001c, d

T0 12.1±0.89 11.8±0.73 11.0±0.75
T3 12.1±0.88 11.4±0.57 12.7±0.65
T4 10.4±0.72 9.6±0.45 10.2±0.50

10MWT, s 0.485 0.342 <0.001c, d

T0 12.6±1.23 11.0±0.98 10.0±1.03
T3 10.0±0.67 9.6±0.40 10.0±0.46
T4 9.1±0.63 8.1±0.38 8.6±0.42

LAPAQ, min/day 0.896 0.021a <0.001b, c, d

T0 80.2±25.85 143.7±19.82 108.1±20.86
T3 22.1±16.18 57.2±9.70 28.4±11.64
T4 58.1±17.80 92.9±11.52 62.3±12.89

WOMAC, scale 0–96 0.910 0.559 <0.001b, c

T0 40.3±4.01 42.5±2.99 42.8±3.17
T3 4.9±3.64 10.1±1.90 8.9±2.37
T4 3.6±4.50 6.3±2.19 7.4±2.55

Values are presented as mean ± SEM.
Linear mixed model analysis, adjusted for gender, age, BMI, length of hospital stay and the need for physiotherapy.
THA, total hip arthroplasty; HGS, hand grip strength; CST, chair stand test; TUG, timed up and go test; 10MWT, 10-meter walking 

test; LAPAQ, LASA Physical Activity Questionnaire; WOMAC, Western Ontario and McMaster Universities Osteoarthritis index. Post-
hoc analyses, corrected for multiple comparison with Bonferroni: a p < 0.05, deficient vs insufficient; b p < 0.001, T0 vs. T3; c p < 0.01, T0 
vs. T4; d p < 0.001, T3 vs. T4.
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after THA with increase in muscle power, physical mobil-
ity, gait speed, and hip function. Furthermore, we ob-
served a remarkable drop in vitamin D in the first 4 days 
after THA, which was gradually restored to baseline val-
ues 6 weeks later. To the best of our knowledge, this was 
the first study that investigated the association between 

changes in vitamin D with changes in physical perfor-
mance.

The decrease in serum 25(OH)D3 concentrations one 
day after surgery ranged from 25% to 38%. We hypothe-
sized that this could be due to hemodilution. Although 
blood hematocrit concentrations were decreased in many 
patients, changes in hematocrit concentrations did not 
correlate with changes in serum 25(OH)D3 concentra-
tions. However, during follow-up, hematocrit values re-
stored to baseline values as did the vitamin D concentra-
tions. Therefore, we propose that hemodilution has 
caused the drop in serum 25(OH)D3 concentrations one 
day after surgery. However, several other studies have ob-
served a similar decrease in vitamin D. In a study among 
40 American patients who required THA, the serum 
25(OH)D3 concentrations decreased with 21–34% the 
day after surgery, unrelated to changes in fluid balance 
[31]. They hypothesized that the intracellular uptake of 
25(OH)D3 is increased after surgery due to a higher de-
mand for tissue regeneration. Other potential mecha-
nisms are an increased volume of distribution, catabo-
lism, and clearance of vitamin D in the blood [31]. A 
study among 30 British patients suggested that the uri-
nary loss of the vitamin D-binding protein (VDBP) could 
explain observed reductions in serum 25(OH)D3 concen-
trations 48 h after hip or knee replacement surgery [32]. 
However, the authors also reported that the urinary loss 
of VDBP was relatively small and therefore unlikely to 
have significantly contributed to the decrease in serum 
25(OH)D3 concentrations. Unfortunately, we cannot 
check whether decreases in VDBP were also seen in our 
study.

Several observational studies have focused on preop-
erative vitamin D status and outcomes of physical per-
formance after THA. Low vitamin D status was associ-
ated with a longer hospital stay in 1,083 German patients 
after either hip or knee arthroplasty [17]. Two other 
studies observed a positive association between serum 
25(OH)D3 concentrations and pre- and postoperative 
hip scores [15, 18]. A study of 219 American THA pa-
tients had comparable measures as our study [14]. They 
assessed physical functioning through questionnaires, 
including the WOMAC, and via 2 performance-based 
tests, including the TUG. In line with our results, WOM-
AC scores were significantly improved after 6 weeks fol-
low-up (p < 0.001), but irrespective of vitamin D status, 
which they divided in low (< 75 nmol/L) and normal 
(>75 nmol/L). The change in the TUG did not differ be-
tween the 2 groups, likewise in our study. Lastly, a study 
among 110 Brazilian patients also found that gait speed 
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Fig. 3. Physical mobility at baseline (T0) and 3–4 weeks (T3) and 
6 weeks (T4) after THA in 82 osteoarthritic patients. Significant 
difference between T0 and T4 (ptime < 0.01) and between T3 and T4 
(ptime < 0.001). TUG, Timed Up and Go test.
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Fig. 4. Physical activity at baseline (T0) and 3–4 weeks (T3) and 6 
weeks (T4) after THA in 84 osteoarthritic patients. Significant dif-
ference between the deficient and insufficient vitamin D group 
(pvitD < 0.05) and between each time point (ptime < 0.001). LAPAQ, 
LASA Physical Activity Questionnaire.
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recovered after THA but unrelated to serum 25(OH)D3 
concentrations [33], which corresponded with our re-
sults.

A major strength of our study was the use of perfor-
mance-based tests to determine the physical performance 
of patients. Other comparable studies mainly used ques-
tionnaires and disease-specific scores [15, 18], but these 
are more prone to bias by socially desirable responses and 
misinterpretation. 

Furthermore, a sample size calculation was done prior 
to recruitment. A sample size of 60 patients divided over 
the 3 groups was required. To account for dropouts, we 
included 87 participants, and in the end, 10 participants 
were lost to follow-up. We optimized the use of available 
data with the linear mixed model analysis to ensure that 
our study was not underpowered. 

We started recruitment based on the classification 
of The Institute of Medicine, defining serum 25(OH)D3 
< 30 nmol/L as deficient and > 50 nmol/L as sufficient [34]. 
Though, such low concentrations were not highly preva-
lent in our population and it would have required a much 
longer recruitment period than expected. Therefore, we 
switched to the classification of the Endocrine Society, 
shortly after recruitment started. Possibly, only the vul-
nerable patients with low concentrations of serum 25(OH)
D3 (< 30 nmol/L) might benefit from preoperative vita-
min D supplementation. Therefore, future studies should 
focus on this group. A sensitivity analysis was however 
not possible in our study, due to the low number of pa-
tients with a 25(OH)D3 concentration below 30 nmol/L 
(n = 7).

Recruitment started in September, when serum 
25(OH)D3 concentrations were still relatively high due to 
the seasonal influence. The patients recruited from Janu-
ary until March were mostly classified as vitamin D defi-
cient. The season of surgery could affect the willingness 
of patients to go out and be active and therefore influence 
recovery. This could have biased the effect of the already 
low vitamin D status. However, results did not differ after 
correction for season of blood collection in the statistical 
analysis. 

Furthermore, both a standard and minimally invasive 
procedure of THA was performed, of which the latter 
involves less muscle injury [35]. This might have influ-
enced postoperative performance, but the type of surgery 
did not differ significantly between the 3 groups. In the 
first weeks after surgery, patients were ambulant but they 
were still recovering and some required physical therapy. 
This explains the almost absence of physical activity 
4 weeks postoperatively. The physical activity question-

naire clearly showed that recovery started between 4 and 
6 weeks, as physical activity improved then. The same 
holds for the TUG test, which only showed a significant 
improvement between 4 and 6 weeks after surgery. 
Therefore, the follow-up time might have been too short 
to find significant differences between the 3 vitamin D 
groups.

Due to the observational nature of this study, con-
founders had to be taken into account. The BMI was sig-
nificantly lower in the sufficient group and the insuffi-
cient group had more men and a lower age. Furthermore, 
some participants received professional physical therapy 
after surgery, while others did not. Although we corrected 
for these variables, we could not completely eliminate the 
variation between the groups. 

We performed this observational study to see if an 
intervention study with vitamin D supplementation 
would be prudent. An association between vitamin D 
and physical performance was not found in our study, 
but this could be due to the influence of confounders. 
However, previous observational studies have found 
adverse associations between a low vitamin D status 
and physical outcomes after THA [15, 17, 18], and a 
randomized clinical trial can elucidate this effect, with 
potentially large effects for public health. Vitamin D 
supplementation is already recommended among el-
derly people and has a low burden, is inexpensive, safe, 
and effective in raising serum 25(OH)D3 concentra-
tions in adults [36]. Therefore, a randomized clinical 
trial can be considered for future research and current-
ly a feasibility study is conducted by another research 
group [37]. 

In conclusion, preoperative vitamin D status was not 
associated with improved physical performance after 
THA. Furthermore, serum 25(OH)D3 concentrations 
were remarkably decreased in the first 4 days after sur-
gery – possibly due to hemodilution – and might there-
fore not reflect a patient’s common vitamin D status. 
Therefore, the serum 25(OH)D3 concentration should 
be assessed before surgery to determine the level of de-
ficiency and the need of supplementation. A random-
ized controlled trial with high doses of vitamin D sup-
plementation could give more insight in the role of vi-
tamin D on physical performance and muscle function 
after THA.
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