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AbstrAct
Objective to test whether daily high-dose vitamin 
D improves recovery after unilateral total knee 
replacement.
Methods Data come from a 24-month randomised, 
double-blind clinical trial. adults aged 60 and older 
undergoing unilateral joint replacement due to severe 
knee osteoarthritis were 6–8 weeks after surgery 
randomly assigned to receive daily high-dose (2000 iU) or 
standard-dose (800 iU) vitamin D3. the primary endpoints 
were symptoms (Western Ontario and McMaster 
Universities arthritis index pain and function scores) 
assessed at baseline, 6, 12, 18 and 24 months in 
both knees, and the rate of falls over 24 months. 
the secondary outcomes were sit-to-stand performance, 
gait speed, physical activity and radiographic progression 
in the contralateral knee.
Results We recruited 273 participants, 137 were 
randomised to receive 2000 iU and 136 were randomised 
to receive 800 iU vitamin D per day. 2000 iU vitamin D 
increased  25-hydroxyvitamin D levels to 45.6 ng/ml and 
800 iU vitamin D to 37.1 ng/ml at month 24 (p<0.0001). 
While symptoms improved significantly in the operated 
knee and remained stable in the contralateral knee over 
time, none of the primary or secondary endpoints differed 
by treatment group over time. the rate of falls over 24 
months was 1.05 with 2000 iU and 1.07 with 800 iU 
(p=0.84). 30.5% of participants in the 2000 iU and 31.3% 
of participants in the 800 iU group had radiographic 
progression in the contralateral knee over 24 months 
(p=0.88).
Conclusions Our findings suggest that a 24-month 
treatment with daily 2000 iU vitamin D did not show 
greater benefits or harm than a daily standard dose of 800 
iU among older adults undergoing unilateral total knee 
replacement.

InTROduCTIOn
Osteoarthritis (OA) is the leading cause of 
disability in later age,1 and approximately 
30% of individuals aged 65 and older today 
have symptomatic OA marked by pain in the 
affected joint.2 3 Despite its frequency, OA is 
a condition that is poorly understood, with 
no specific treatments to prevent or reverse 
the condition.4 5 Therefore current interven-
tions in patients with OA are limited to symp-
tomatic pain relief. This is initially achieved 
by the use of pain medication, and later with 
total joint replacement.5–7 However, joint 
replacement does not fully restore function 
in most individuals.8 9 Further, adults aged 
65 and older have a more than 50% chance 
of the disease on the contralateral joint,10–12 
which often progresses rapidly10 and likely 
impacts negatively on recovery after total 
joint replacement.

One promising secondary prevention 
strategy in older individuals with symptom-
atic knee OA may be oral vitamin D supple-
mentation. Epidemiological studies suggest 
that increased vitamin D intake and higher 
25-hydroxyvitamin D (25(OH)D) levels may 
be a strategy to prevent structural progression 
of knee OA.13 14 The potential benefit has 
been attributed to a direct effect of vitamin 
D on cartilage cells based on preliminary 
studies and in vitro findings.15–17 However, all 
three recent clinical trials that assessed radio-
graphic progression among patients with 
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Key messages

What is already known about this subject?
 ► epidemiological studies suggest that increased vitamin D intake 
and higher 25-hydroxyvitamin D levels may prevent structural pro-
gression of knee  osteoarthritis (Oa).

 ► However, all four recent clinical trials testing vitamin D supplemen-
tation found no such benefit among patients with early to moderate 
Oa not yet at the stage of surgery.

What does this study add?
 ► in this trial, we focus on older adults aged 60 years and older under-
going unilateral total knee replacement due to severe knee Oa and 
include the risk of falling as a primary endpoint.

 ► Further, we compare a standard of care dose of vitamin D (800 iU 
per day) with a high dose (2000 iU vitamin D) to explore if a higher 
dose is more effective.

 ► For Oa outcomes, we assess pain and function both for the operat-
ed and the contralateral knee.

 ► While participants showed significant improvements in symptoms 
in the operated knee and no worsening of symptoms in the contra-
lateral knee, a daily higher dose of 2000 iU did not show greater 
benefits than a daily standard dose of 800 iU; this included a similar 
rate of falling between treatment groups and a similar per cent of 
participants with radiographic progression in the contralateral knee 
over 24 months.

How might this impact on clinical practice?
 ► Our findings suggest that a daily dose of vitamin D greater than 800 
iU vitamin D is not needed for recovery after unilateral total knee 
replacement due to severe knee Oa.

 ►  the efficacy of an 800 iU dose without a pure control group could 
not be evaluated.

 ► Our findings also suggest that the higher daily dose of 2000 iU com-
pared with 800 iU vitamin D per day is safe among older  adults 
undergoing unilateral knee replacement due to Oa.

symptomatic knee OA found no benefit on MRI-based 
tibial cartilage volume18 19 or X-ray-based joint space 
narrowing20 with vitamin D supplementation compared 
with placebo.

Alternatively, vitamin D may have a beneficial effect 
on muscle surrounding the OA-affected joint.21 This is 
supported by the presence of the vitamin D receptor,22–24 
as well as an evidence from several clinical trials suggesting 
that daily 800 IU vitamin D supplementation among 
adults aged 65+ at risk of vitamin D deficiency improves 
lower extremity function25 and reduces the risk of falls26 
and related fractures.27 28 Given that vitamin D deficiency 
is common among individuals with knee OA29 and symp-
tomatic knee OA has been shown to double the risk of 
falls and hip fractures,30 vitamin D supplementation may 
have clinical relevance in these patients. Notably, one 
smaller clinical trial of 107 patients suggested a signifi-
cant improvement in both pain and function among 
middle-aged adults treated with vitamin D compared with 
placebo.31

To our knowledge, no clinical trial has been performed 
to test the benefit of vitamin D on fall prevention or 
recovery after unilateral knee replacement among 

patients with severe knee OA. Therefore, our primary 
goals were to examine whether 2000 IU vitamin D 
improved symptoms (pain and function) in the operated 
knee, reduced falls and slowed the progression of symp-
toms in the contralateral knee, relative to a standard dose 
of 800 IU vitamin D. Notably, the study did not include 
a placebo group as the ethical commission at the time 
requested that the comparator should be standard-dose 
800 IU vitamin D to allow compliance with current recom-
mendations given the high risk of falls and hip fractures 
among seniors with knee OA.30 The high dose of 2000 IU 
vitamin D was chosen because it was previously found to 
be more effective than the standard 800 IU vitamin D in 
shifting most individuals to a target therapeutic range of 
24–30 ng/mL,32 where a maximum benefit with regard to 
knee OA disease progression33 as well as fall and fracture 
prevention was expected.28 34

MeTHOds
Trial design
This is a single-centre, double-blind randomised trial. 
All participants gave written informed consent for partic-
ipation in the trial. The trial was registered at  Clinical-
Trials. gov: https:// clinicaltrials. gov/ ct2/ show/ results/ 
NCT00599807. Clinical visits were performed by all 
participants at baseline (6–8 weeks after unilateral total 
knee replacement surgery), and at months 6, 12, 18 and 
24 after baseline. Between clinical visits, the study nurses 
called the participants every 2 months to assess falls, 
adverse events and adherence to study medication.

setting and locations
The study was performed at the Center on Aging and 
Mobility at the University Hospital Zurich, with the first 
patient enrolled in the study in January 2008 and the last 
patient follow-up visit in March 2014.

Participants and screening procedures
Participants were recruited from two large hospital 
centres (Schulthess Clinic Zurich, Triemli City Hospital) 
with a multistep screening process (see also figure 1). 
Those who were eligible based on the prescreening ques-
tionnaire and gave their preconsent to participate in the 
trial filled out the Western Ontario and McMaster Univer-
sities Arthritis Index (WOMAC; score 0–100) prior to 
their surgery. This instrument was used to capture presur-
gery symptoms, and later to stratify randomisation. Those 
who met all the inclusion and exclusion criteria and gave 
written informed consent (n=273) were enrolled in the 
trial at 6–8 weeks after surgery.

Inclusion and exclusion criteria
Eligible patients were aged 60 years and older, underwent 
unilateral total knee replacement due to severe knee OA 
and did not plan bilateral knee replacement within the 
next 2 years. Further eligibility criteria included willing-
ness to stop current vitamin D and calcium supplements 
during the trial, fluent oral and written language skills in 
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Figure 1  Study recruitment and follow-up.

German, and a score of at least 24 (of 30) points in the 
Mini-Mental State Examination cognitive test. Key exclu-
sion criteria were history of inflammatory arthritis and 
inability to walk at least 3 m with or without a walking aid 
(for additional exclusion criteria, see online supplemen-
tary appendix 1).

Interventions
Participants were randomised to either one capsule 
containing 2000 IU vitamin D3/day or one capsule 
containing 800 IU vitamin D3/day. Vitamin D capsules 
were produced by the cantonal pharmacy of Zurich 
and had identical appearances and taste, and assays 
confirmed the expected contents (eight assessments of 
individual batches varied between 2017 and 2115 IU for 
the high-dose group, and between 797 and 864 IU for 
the standard-dose group). All participants received a 500 
mg supplement of calcium per day (calcium carbonate; 
Sandoz Switzerland).

Outcomes
Primary outcomes
WOMAC symptoms were assessed for the operated and 
the contralateral knee (function and pain subscales range 
from 0 to 100, with 0 indicating optimal function and no 
pain).35 The rate of falls was assessed over 24 months 
by diary and by phone calls every 2 months. Falls were 
defined as ‘unintentionally coming to rest on the ground, 
floor, or other lower level’; coming to rest against furni-
ture or a wall was not counted.36 The primary endpoints, 
WOMAC pain and function scores, were assessed at base-
line, 6, 12, 18 and 24 months in both knees, and the rate 
of falls over 24 months.

Secondary outcomes
Repeated sit-to-stand test performance and 4 m normal 
gait speed were assessed at all clinical visits. Physical 
activity was measured at baseline, 12 and 24 months by 
a seven consecutive day ankle-worn ambulatory activity 
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monitor (StepWatch Step Activity Monitor, Cyma, 
Seattle, Washington)37 38 (see online supplementary 
appendix 1 for additional details on the physical activity 
assessment and analysis). Radiographic progression in 
the contralateral knee was assessed at baseline and at 
24-month follow-up (see section above) and is detailed in 
online supplementary appendix 1. In short, we used the 
Multicentre Osteoarthritis Study (MOST) study centre 
standardised X-ray assessment procedures,39 and X-rays 
were evaluated by two blinded expert readers using two 
published approaches detecting changes in radiographs 
due to OA.40 41

Randomisation–blinding–treatment allocation
Randomisation lists were computer-generated by the trial 
statistician (EJO), with separate lists stratified by presur-
gery WOMAC function score (<52 vs ≥5235 in the oper-
ated knee, presence of OA in the non-operated knee and 
recruitment centre). Each list was blocked in groups of 
4 to assure balance. The randomisation lists were sent 
directly and exclusively to the cantonal pharmacy in 
Zurich, Switzerland, which carried out the blinding and 
labelling of the study medication. This pharmacy was 
located outside the study centre with no access for study 
team members. The participants and all trial staff were 
blinded to treatment allocation.

Vitamin d and other laboratory assessments
Fasting blood and urine (second voiding) samples 
were taken between 08:00 and 09:30 at all clinical visits. 
The 25(OH)D serum concentrations were measured by a 
sensitive high-performance liquid chromatography mass 
spectrometry with multiple steps of mass spectrometry 
selection (HPLC-MS/MS) method42 43 included in the  
National Institute of Standards and Technology/National 
Institutes of Health Vitamin D Metabolites Quality Assur-
ance Program44 at baseline, 6 months and 24 months. 
Intact parathyroid hormone (iPTH), serum calcium and 
creatinine, and urinary calcium to creatinine ratio were 
measured at baseline and at months 6, 12, 18 and 24 
using the cobas 8000 system and assays from Roche Diag-
nostics (Rotkreuz, Switzerland) c501 machine.

sample size analysis
Our study was designed to enrol 287 patients in order 
to detect a 38% relative difference in the rate of falls 
between the two intervention groups. For the rate of 
falls, our power calculation is based on a conservative 
estimate from a European trial data on ambulatory older 
women, which suggested a 46% difference in the rate of 
falls between the vitamin D group and the control group 
over a 12-month follow-up.45 We reduced the expected 
rate difference to 38% as our trial included men and 
women.46 Assuming full 24-month follow-up on 220 of 
the patients and at least 12-month follow-up on 234 of the 
patients, we would have had a power of 80% (two-sided 
alpha=0.05). During the trial, we recruited slightly fewer 
patients (273), but more of them (226) completed the 

full 24-month protocol, providing adequate power for 
our analyses.

statistical analyses
A longitudinal linear regression with random intercepts 
for each patient was used to account for correlation over 
time (baseline, 6, 12, 18 and 24 months) for continuous 
variables. The primary predictors in each model were 
categorical time, intervention group, and the interaction 
between intervention and time. These models were run 
initially with no adjustment covariates. The models for 
primary and secondary outcomes adjusted for design 
stratification covariates (preoperative WOMAC function 
score (<52 vs ≥52) in the operated knee, presence of 
OA in the contralateral knee and recruitment centre) as 
well as four prechosen covariates considered to be clini-
cally important (baseline age, gender, body mass index 
(BMI) and Charlson Comorbidity Index). Since five 
primary outcomes were specified in our protocol (pain 
and function over time in the operated and contralateral 
knee and rate of falls), a Bonferroni-adjusted p value 
of <0.01 should be considered evidence of significance. 
For the rate of falls, we used a simple Poisson regression 
model, including the number of months of follow-up as 
an offset. For the percentages of patients with any falls, we 
used a logistic regression model and included a patient’s 
follow-up time as a covariate in all models.

Each of the analyses was an intention-to-treat analysis. 
Predefined subgroup analyses included gender, preoper-
ative WOMAC function score (<52 vs ≥5235 in the oper-
ated knee and presence of OA in the contralateral knee). 
We first added a three-way interaction term between each 
of these characteristics, time and intervention group 
to the model. If that term was significant at p<0.10, we 
examined the intervention effect within each subgroup.

ResulTs
Participants
Figure 1 shows the conduct of the trial. Because of slow 
accrual, the study closed before the last 27 subjects 
reached their 24-month follow-up visits. These partici-
pants were included in all analyses. Notably, of the actual 
20 dropouts, 4 were deaths, and thus the true dropout 
rate was 5.8% (16 of 273). At baseline, all variables but 
weight and BMI were balanced between the treatment 
groups (table 1).

Adherence to study medication and changes in 25(OH)d 
and iPTH serum concentrations by treatment groups and 
biochemical safety
Based on 2-monthly phone-based assessments, 93% of 
participants in the 800 IU group and 92% in the 2000 IU 
group were at least 80% adherent to the vitamin D study 
medication. Changes in 25(OH)D serum concentrations 
are shown in table 2. After adjustment for all covariates, 
800 IU vitamin D per day increased 25(OH)D to 40.4 ng/
mL at 6 months and to 37.1 ng/mL at 24 months. With 
2000 IU vitamin D, 25(OH)D levels increased to 47.0 ng/
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Table 1  Baseline characteristics by treatment

Total 
participants 800 IU vitamin D3 2000 IU vitamin D3

Difference
(p values)

Participants, n (%) 273 (100) 136 (49.8) 137 (50.2)

Women, n (%) 146 (53.5) 77 (56.6) 69 (50.4) 0.30

Age (years) 70.3 (6.4) 70.5 (6.0) 70.2 (6.8) 0.67

Patients ≥70 years, n (%) 130 (47.6) 70 (51.5) 60 (43.8) 0.20

Low preoperative WOMAC function score, n (%)* 50 (18.3) 25 (18.4) 25 (18.3) 0.98

Osteoarthritis also on the other knee, n (%) 223 (81.7) 112 (82.4) 111 (81.0) 0.78

Height (cm) 168.4 (9.2) 167.7 (9.1) 169.2 (9.3) 0.17

Weight (kg) 77.5 (14) 75.4 (14.3) 79.5 (13.4) 0.02

Body mass index (kg/m2) 27.2 (3.9) 26.7 (4.1) 27.7 (3.8) 0.04

Charlson Comorbidity Index (score 0–37) 0.5 (0.9) 0.5 (1) 0.5 (0.8) 0.82

Mini-Mental State Examination (score 0–30) 28.0 (1.5) 28.1 (1.2) 27.8 (1.6) 0.21

Baseline 25-hydroxyvitamin D (ng/mL) 27.3 (12.4) 27.2 (12.7) 27.3 (12.2) 0.96

  <10, n (%) 17 (6.3) 8 (6.0) 9 (6.6) 0.84

  <20, n (%) 85 (31.4) 44 (32.8) 41 (29.9) 0.61

WOMAC scores (score 0–100)

  Pain operated knee 28.5 (15.0) 28.3 (15.9) 28.7 (14.1) 0.81

  Pain non-operated knee 4.7 (8.1) 4.7 (7.6) 4.7 (8.7) 0.96

  Function operated knee 25.8 (13.8) 25.3 (14.3) 26.2 (13.3) 0.58

  Function non-operated knee 4.2 (8.0) 4.2 (7.9) 4.3 (8.1) 0.98

Functional performance tests

  Repeated sit-to-stand test (score 0–4) 3.4 (1.0) 3.4 (0.9) 3.4 (1.0) 0.88

  Gait speed, 4 m (s) 4.4 (0.9) 4.3 (1.0) 4.4 (0.8) 0.33

Physical activity (min MVPA/day) 42.1 (22.5) 42.2 (22.0) 41.9 (23.2) 0.92

Kellgren-Lawrence grades, n (%), contralateral 
knee

  0 57 (21.1) 29 (21.3) 28 (20.9) 0.66

  1 62 (23.0) 33 (24.3) 29 (21.6)

  2 54 (20.0) 25 (18.4) 29 (21.6)

  3 73 (27.0) 34 (25.0) 39 (29.1)

  4 24 (8.9) 15 (11.0) 9 (6.8)

Data (n=273) are crude mean (±SD) or n (%). Differences between treatment groups (800 vs 2000 IU vitamin D3) were assessed using 
Student’s t-test and Wilcoxon test for continuous variables and χ2 test for categorical variables. P values are two-sided; statistical 
significance was set at p<0.05.
*Preoperative WOMAC function score in the operated knee <52.
MVPA, medium-to-vigorous physical activity; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

mL at 6 months and 45.5 ng/mL at 24 months. Adjusted 
levels for iPTH did not differ by treatment, although 
there was a significant increase over time in the 800 IU 
group (table 2).

Primary endpoints: symptoms (pain and function) and falls
Both treatment groups experienced a significant func-
tional improvement and pain reduction from baseline 
(6–8 weeks after unilateral knee replacement) across 
time in the operated knee (p<0.0001), while symptoms 
remained unchanged over time in the contralateral knee 
(see table 3A and figure 2). In both knees, symptoms did 

not differ by treatment at any time point, nor over the 
whole follow-up across 24 months.

Over 24 months 158 of 273 participants sustained 307 
falls, of which 157 occurred in the 800 IU group and 150 
in the 2000 IU group. Fourteen participants had more 
than four falls (nine with standard-dose and five with 
high-dose), which according to protocol were truncated 
to four for the analyses in table 3A. The adjusted mean 
number of falls was similar in both treatment groups over 
the 24 months of follow-up (1.07 falls in the standard vs 
1.05 in the high-dose vitamin D group, p=0.84). A similar 
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Table 2  Change in serum 25(OHD) and iPTH concentration at 6-month and 24-month follow-up by treatment

Standard-dose
800 IU vitamin D3

(n=136)

High-dose
2000 IU vitamin D3

(n=137)
P value* difference 
by time point

P value† difference 
over time

25(OH)D (ng/mL)

   Baseline 26.8 (24.9 to 28.7) 27.7 (25.8 to 29.6) 0.51 <0.0001

   6 months 40.4 (38.4 to 42.3) 47.0 (45.1 to 49.0) <0.0001

  24 months 37.1 (35.1 to 39.2) 45.5 (43.5 to 47.6) <0.0001

  Pover time‡ <0.0001 <0.0001

iPTH (ng/L)

   Baseline 49.8 (46.8 to 52.9) 48.7 (45.7 to 51.7) 0.62 0.22

   6 months 50.5 (47.4 to 53.5) 47.8 (44.8 to 50.9) 0.22

  12 months 52.7 (49.6 to 55.8) 48.5 (45.4 to 51.6) 0.06

  18 months 53.5 (50.4 to 56.6) 49.5 (46.4 to 52.6) 0.07

  24 months 52.4 (49.3 to 55.6) 48.8 (45.7 to 52.0) 0.11

  Pover time‡ 0.004 0.59

Data show LSM (95% CI) of repeated measurements of serum 25-OH(D) and iPTH concentration by treatment group from multivariable 
repeated-measures models. Models included an indicator variable for treatment, visit, and the interaction between treatment and visit, and 
were adjusted for preoperative Western Ontario and McMaster Universities Arthritis Index.
Function score (<52 vs ≥52 in the operated knee), presence of osteoarthritis in the non-operated knee, hospital site, and baseline age, 
gender, body mass index and Charlson Comorbidity Index (score 0–37). P values are two-sided. Statistical significance was set at p<0.05.
*P value for the difference in 25(OH)D and iPTH concentration by treatment group at baseline and individual follow-up time points.
†P value for the overall treatment effect across the repeated measurements of 25(OH)D and iPTH concentration.
‡P value for the change in 25(OH)D and iPTH concentration within treatment groups over time.
25(OH)D, 25-hydroxyvitamin D; iPTH; intact parathyroid hormone; LSM, least-square means.

pattern was seen over the first 12 months of follow-up 
(see table 3A). Although not a primary endpoint, we also 
compared the percentage of patient who fell and found 
no difference between the arms (see table 3A).

secondary endpoints: lower extremity function, physical 
activity and radiographic progression in the contralateral 
knee
Both treatment groups experienced a significant gain 
in lower extremity function from baseline (6–8 weeks 
after unilateral knee replacement) to 6, 12, 18 and 24 
months of follow-up (p<0.0001; see table 3B). For both 
lower extremity function test sit-to-stand (STS) and 
gait speed, the difference between treatment groups 
approached significance (p=0.09 for each), with a 
possibly more pronounced improvement in the 2000 IU 
group. StepWatch-based physical activity also increased 
significantly over time, but not differentially so by treat-
ment group (p=0.84; see table 3B).

Based on standardised X-rays of the contralateral knee, 
31.3% of participants in the standard-dose and 30.5% 
of participants in the high-dose group progressed from 
baseline to 24 months, but again with no difference 
between the treatment groups (p=0.88; see table 3B).

subgroup analyses
As predefined in the study protocol, we tested three 
interactions with treatment for the primary endpoints: by 
gender, by WOMAC function in the operated knee prior 
to surgery (<52 vs ≥52) and by OA in the contralateral 

knee at baseline (see online supplementary appendix 2). 
One interaction with treatment was found for gender, 
suggesting that high-dose vitamin D may improve 
WOMAC pain in the operated knee among men but 
not among women. The other interaction was found for 
treatment and function prior to surgery, where seniors 
with a lower function may have an increased chance to 
fall with high-dose vitamin D.

Biochemical safety
Regarding biochemical safety (see online supplemen-
tary appendix 3), mean serum calcium, and creatinine 
levels and mean urinary calcium excretion did not differ 
by treatment group at baseline and at 6, 12, 18 and 24 
months of follow-up. There were few cases (between 0 
and 4) of mild hypercalcaemia (>2.6 mmol/L) balanced 
between the treatment groups at all time points. At none 
of the time points were there any cases of overt hyper-
calcaemia >3.0 mmol/L (see online supplementary 
appendix 3).

dIsCussIOn
Our study shows that among patients aged 60 and above, 
a higher dose of 2000 IU daily vitamin D supplementation 
compared with a standard dose of 800 IU daily vitamin 
D supplementation does not improve outcomes after 
total unilateral knee replacement. This includes pain 
and function in the operated and contralateral knees, as 
well as the rate of falls. While this strongly suggests that a 
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Table 3 (A) Primary and secondary endpoints — by treatment

(A) Primary endpoints 

Standard-dose
800 IU vitamin D3

n=136

High-dose
2000 IU vitamin D3

n=137 P values*

P value difference over time†

WOMAC function, operated knee P=0.94

Baseline 25.0 (23.3, 26.8) 26.3 (24.6, 28.1) 0.31

6 months 9.9 (8.1, 11.6) 10.8 (9.0, 12.5) 0.49

12 months 7.9 (6.1, 9.6) 8.2 (6.4, 9.9) 0.82

18 months 7.2 (5.4, 9.0) 8.0 (6.2, 9.8) 0.56

24 months 6.6 (4.8, 8.5) 7.0 (5.2, 8.9) 0.77

Pacross time‡ <0.0001 <0.0001

WOMAC pain, operated knee P=0.97

Baseline 28.0 (26.1, 29.9) 28.9 (27.0, 30.7) 0.54

6 months 9.1 (7.2, 11.0) 10.0 (8.0, 11.9) 0.52

12 months 6.2 (4.3, 8.1) 6.8 (4.9, 8.7) 0.66

18 months 5.7 (3.8, 7.7) 6.3 (4.3, 8.3) 0.70

24 months 6.4 (4.4, 8.4) 6.2 (4.2, 8.2) 0.92

Pacross time‡ <0.0001 <0.0001

WOMAC function, contralateral knee P=0.36

Baseline 4.2 (2.8, 5.6) 4.3 (2.9, 5.7) 0.94

6 months 6.1 (4.7, 7.5) 4.6 (3.2, 6.0) 0.15

12 months 5.1 (3.7, 6.6) 4.7 (3.2, 6.1) 0.67

18 months 5.3 (3.9, 6.8) 5.3 (3.8, 6.7) 0.94

24 months 4.1 (2.6, 5.6) 4.6 (3.1, 6.1) 0.68

Pacross time‡ 0.63 0.06

WOMAC pain, contralateral knee P=0.59

Baseline 4.7 (2.9, 6.4) 4.6 (2.9, 6.4) 0.98

6 months 6.9 (5.1, 8.6) 5.2 (3.5, 7.0) 0.20

12 months 6.4 (4.6, 8.2) 5.2 (3.5, 7.0) 0.37

18 months 6.5 (4.7, 8.3) 5.5 (3.7, 7.3) 0.44

24 months 6.5 (3.6, 7.3) 5.8 (3.9, 7.6) 0.84

Pacross time‡ 0.19 0.80

Rate of falls (mean)

Baseline to 12 months 0.53 (0.32, 0.83) 0.45 (0.27, 0.72) 0.27

Baseline to 24 months 1.07 (0.92, 1.23) 1.05 (0.90, 1.21) 0.84

(B) Secondary endpoints 

Secondary endpoints
Least-square means

P values†
Standard-dose
800 IU vitamin D3

High-dose
2000 IU vitamin D3

 P value difference over time*

Sit-to-stand performance in seconds P=0.09

Baseline 10.7 (10.2, 11.2) 11.1 (10.6, 11.6) 0.28

6 months 9.7 (9.2, 10.1) 9.3 (8.8, 9.8) 0.32

12 months 9.2 (8.7, 9.7) 9.2 (8.7, 9.7) 0.90

18 months 9.2 (8.7, 9.7) 9.0 (8.5, 9.5) 0.48

Continued
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(B) Secondary endpoints 

Secondary endpoints
Least-square means

P values†
Standard-dose
800 IU vitamin D3

High-dose
2000 IU vitamin D3

24 months 9.0 (8.5, 9.5) 8.6 (8.1, 9.2) 0.34

Pacross time‡ <0.0001 <0.0001

4 m normal gait in seconds P=0.09

Baseline 4.3 (4.2, 4.4) 4.4 (4.3, 4.5) 0.13

6 months 4.0 (3.9, 4.1) 3.9 (3.8, 4.0) 0.18

12 months 3.8 (3.6, 3.9) 3.7 (3.6, 3.8) 0.47

18 months 3.7 (3.6, 3.9) 3.7 (3.6, 3.9) 0.96

24 months 3.7 (3.5, 3.8) 3.7 (3.6, 3.8) 0.44

Pacross time‡ <0.0001 <0.0001

StepWatch physical activity P=0.84

Baseline 41.6 (37.5, 45.7) 42.0 (37.9, 46.1) 0.89

12 months 51.6 (47.4, 55.9) 50.3 (46.1, 54.6) 0.68

24 months 49.1 (44.8, 53.4) 48.6 (44.3, 52.9) 0.48

Pacross time‡ <0.0001 <0.0001

Percentage of participants with radiographic progression of 
the non-operated knee

Baseline to 24 months 31.3 (23.5, 40.4) 30.5 (22.6, 39.6) 0.88

In both treatment groups, we found significant within-group improvements for symptoms (WOMAC function and pain) in the operated knee, 
lower extremity function (sit-to-stand performance, 4 m normal gait) and physical activity. Also, in both treatment groups, we found no 
progression of symptoms (WOMAC function and pain) and an about 30% radiographic progression in the contralateral knee. For WOMAC 
symptoms, the number of patients followed in the 800 IU group at each time point was baseline=136, 6 months=130, 12 months=130, 
18 months=123 and 24 months=115. The number of patients followed in the 2000 IU group at each time point was baseline=137, 
6 months=129, 12 months=125, 18 months=118 and 24 months=111. For falls, all 273 participants are included in all analyses. All 
models included an indicator variable for treatment, time, and the interaction between treatment and time, and were adjusted for the 
preoperative WOMAC function score (<52 vs ≥52) in the operated knee, presence of osteoarthritis in the non-operated knee, hospital 
site, and baseline age, gender, body mass index and Charlson Comorbidity Index (score 0–37). Repeated-measures linear regression for 
WOMAC function and pain. Binomial regression model for the rate of falls—with same adjustments but without indicator variable time and 
without interaction assignment*time. Adjusting for five primary outcome variables, a Bonferroni-adjusted p value of 0.01 is required for 
statistical significance. 
P values are two-sided. Statistical significance was set at p<0.05.
*P value for the treatment effect at each time point.
†P value for the overall treatment effect across the repeated measurements for WOMAC pain and function, sit-to-stand performance, 4 m 
normal gait in seconds and StepWatch physical activity.
‡P value for the change within treatment groups from 0 to 24 months.
WOMAC, Western Ontario and McMaster Universities Arthritis Index.

Table 3  Continued

higher dose of 2000 IU is not necessary for recovery after 
unilateral total knee replacement, we cannot determine 
the degree of efficacy of the 800 IU dose without a pure 
control group.

The only significant dose-differential findings were 
identified in predefined subgroup analyses by gender and 
by function prior to surgery. Based on these, we cannot 
exclude the possibility that men may benefit from 2000 
IU superior to 800 IU vitamin D with respect to a signifi-
cantly greater pain reduction in their operated knee. On 
the other hand, we also cannot exclude the possibility 
that 2000 IU vitamin D may increase fall risk significantly 
among patients who are most limited in their WOMAC 
function at the index knee prior to surgery.

Our trial is the fifth in a recent series of double-blind 
randomised controlled trials18–20 31 on vitamin D supple-
mentation among patients with symptomatic knee OA. 
Compared with the prior trials, we targeted somewhat 
older adults with a mean age of 70 years versus aged 
53–64 and not yet at the stage of surgery in the previous 
four trials. Unique to our trial is also the concept of 
targeting WOMAC symptoms individually for the oper-
ated and the contralateral knee, to investigate both 
recovery of the operated knee as well as progression in 
the contralateral non-operated knee.47 For the latter, 
we anticipated10–12 and confirmed a high 57% preva-
lence of radiographic OA in the contralateral knee at 
baseline. However, contrary to our expectations, we did 
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Figure 2  WOMAC (Western Ontario and McMaster Universities Arthritis Index) symptoms in the operated knee and 
contralateral knee over time and by treatment. The number of patients followed in the 800 IU group at each time point was 
baseline (BL)=136, 6 months=130, 12 months=130,18 months=123 and 24 months=115. The number of patients followed in 
the 2000 IU group at each time point was baseline=137, 6 months=129, 12 months=125, 18 months=118 and 24 months=111. 
Data points show least-square means based on repeated measurement analyses that included an indicator variable for 
treatment (800 IU vitamin D vs 2000 IU vitamin D), time, and the interaction between treatment and time, and were adjusted 
for the preoperative WOMAC function score (<52 vs ≥52) in the operated knee, presence of osteoarthritis in the non-operated 
knee, hospital site, and baseline age, gender, body mass index and Charlson Comorbidity Index (score 0–37). Symptoms in the 
operated knee (black) improved significantly over time for both function and pain, but not differentially by treatment. Symptoms 
in the contralateral knee (grey) stayed constant over time and did not change between treatment groups.

not find rapid disease progression10 in the contralateral 
knee, both clinically and radiographically. In fact, for 
symptoms, the majority of participants in both treatment 
groups remained stable.

One explanation may be that 800 IU vitamin D may have 
been sufficient to stop symptomatic progression in the 
contralateral knee. Supporting such a benefit, in three18 19 31 
of the four prior trials, a benefit of vitamin D on WOMAC 
function could not be excluded, and one31 of the four prior 
trials found a significant improvement in WOMAC pain. 
However, regarding structural disease progression, none of 
the prior trials support such a benefit.

We confirm the high risk of falling in this patient 
group.48 However, the adjusted mean number of falls over 
24 months was similar between the treatment groups. 
Only in the subgroup with most pronounced functional 
limitations prior to surgery more falls occurred with 
2000 IU vitamin D compared with 800 IU vitamin D. 
This is consistent with one prior trial among 173 patients 
with hip fracture, where a possible increase of falls with 
2000 IU vitamin D/day vs 800 IU/day could not be 
excluded (+28%; 95% CI −4% to +68%).34

A limitation of our study is the lack of a pure control 
group, which is why our trial cannot establish a benefit 
of daily 800 IU vitamin D over placebo. However, at the 
time of the trial (start in 2007), the safe upper intake 
of vitamin D was still 2000 IU, and the ethical commis-
sion at the time requested that the comparator should 
be the standard-dose 800 IU vitamin D to allow compli-
ance with current recommendations given the high 
risk of falls and hip fractures among seniors with knee 
OA.30 Also, contrary to our expectations,49 only 31.4% of 
participants were vitamin D-deficient at baseline, and the 
achieved 25(OH)D levels only differed by 6.6 ng/mL at 6 
months and 8.4 ng/mL at 24 months.34

In conclusion, our findings suggest that daily 800 IU 
vitamin D may be sufficient for recovery after unilateral 
total knee replacement due to severe knee OA. However, 
despite the observed improvement in symptoms among 
participants of both treatment groups in our trial, we 
cannot determine the degree of efficacy of the 800 IU 
dose without a pure control group. More research is 
needed to clarify the potential benefit of vitamin D on 
OA symptoms.

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2018-000678 on 9 July 2018. D

ow
nloaded from

 https://rm
dopen.bm

j.com
 on 23 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.



10 Bischoff-Ferrari Ha, et al. RMD Open 2018;4:e000678. doi:10.1136/rmdopen-2018-000678

RMD OpenRMD OpenRMD Open

Author affiliations
1Department of geriatrics and aging research, University Hospital Zurich, University 
of Zurich, Zurich, Switzerland
2center on aging and Mobility, University of Zurich, Zurich, Switzerland
3University clinic for acute geriatric care, city Hospital Waid, Zurich, Switzerland
4Department of Biostatistics, Harvard School of Public Health, Boston, 
Massachusetts, USa
5Jean Mayer USDa Human nutrition research center on aging, tufts University, 
Boston, Massachusetts, USa
6Department of geriatrics, University of Basel, Basel, Switzerland
7Division of Bone Diseases, geneva University Hospitals, geneva, Switzerland
8institute of radiology, University Hospital Zurich, Zurich, Switzerland
9institute of clinical chemistry, University Hospital Zurich, Zurich, Switzerland
10Department of Orthopaedic Surgery, Schulthess clinic, Zurich, Switzerland
11Department of endocrinology, cHUV, lausanne, Switzerland
12Department of nutrition, Harvard School of Public Health, Boston, Massachusetts, 
USa
13clinical epidemiology research and training Unit, Boston University, Boston, 
Massachusetts, USa

Contributors HaB-F designed the trial, is the guarantor, received funding for 
the trial, wrote the analysis plan, performed statistical analyses and wrote the 
first draft of the paper. eJO codesigned the trial, supervised the analyses as the 
head biostatistician and contributed to the first draft of the paper. ae was the 
coordinating study MD of the trial, contributed to data cleaning and contributed 
to the first draft of the paper. BD-H contributed to the design of the trial and 
contributed to the first draft of the paper. KF cleaned the data set, contributed to 
the first draft of the Methods and results sections, and reviewed the final draft of 
the paper. HBS contributed to the design of the trial, was an advisor on the falls 
outcome and reviewed the final draft of the paper. rr contributed to the design of 
the trial, was an advisor on the WOMac pain and function outcomes, and reviewed 
the final draft of the paper. JH collaborated on the radiological assessment of knee 
Oa in the trial, advised on the radiological outcome and reviewed the final draft 
of the paper. ave advised and performed the laboratory analyses and reviewed 
the final draft of the paper. gF advised on the analyses and adjudication of falls 
and reviewed the final draft of the paper. UM cleaned the data set, contributed 
to the first draft of the Methods section and reviewed the final draft of the paper. 
tg advised on the participant selection for the trial, supervised recruitment at the 
largest recruitment site and reviewed the final draft of the paper. PB contributed 
to the design of the trial, was an advisor on 25-hydroxyvitamin D measurements 
and reviewed the final draft of the paper. SS advised on the analyses of comorbid 
conditions and reviewed the final draft of the paper. Pc-B contributed to data 
cleaning, advised on the statistical analyses and reviewed the final draft of the 
paper. rt contributed to the design of the trial and the first draft of the paper. WcW 
contributed to the design of the trial and the first draft of the paper. DF contributed 
to the design of the trial, is guarantor, coordinated the radiological assessment and 
contributed to the first draft of the paper. all authors reviewed and approved the 
final draft of the paper.

Funding this project was funded by a Swiss national Science Foundation 
Professorship (Swiss national Science Foundations Professorship grant PP00B-
114864; HaB-F), the Velux Stiftung (grant number 441; HaB-F), and the Baugarten 
Foundation center grant to the center on aging and Mobility at the University of 
Zurich and University Hospital Zurich (HaB-F).

Competing interests none declared.

Patient consent Obtained.

ethics approval the study protocol was approved by the ethical committee of 
the canton of Zurich and the Swiss agency for therapeutic Products (Swissmedic, 
regulatory agency of Switzerland).

Provenance and peer review not commissioned; externally peer reviewed.

Open access this is an Open access article distributed in accordance with the 
creative commons attribution non commercial (cc BY-nc 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

REfEREncEs
 1. Guccione AA, Felson DT, Anderson JJ, et al. The effects of specific 

medical conditions on the functional limitations of elders in the 
Framingham Study. Am J Public Health 1994;84:351–8.

 2. Felson DT, Zhang Y. An update on the epidemiology of knee 
and hip osteoarthritis with a view to prevention. Arthritis Rheum 
1998;41:1343–55.

 3. Arden N, Nevitt MC. Osteoarthritis: epidemiology. Best Pract Res 
Clin Rheumatol 2006;20:3–25.

 4. Felson DT, Lawrence RC, Hochberg MC, et al. Osteoarthritis: 
new insights. Part 2: treatment approaches. Ann Intern Med 
2000;133:726–37.

 5. Karlson EW, Mandl LA, Aweh GN, et al. Total hip replacement due to 
osteoarthritis: the importance of age, obesity, and other modifiable 
risk factors. Am J Med 2003;114:93–8.

 6. Harris WH, Sledge CB. Total hip and total knee replacement (1). N 
Engl J Med 1990;323:725–31.

 7. Harris WH, Sledge CB. Total hip and total knee replacement (2). N 
Engl J Med 1990;323:801–7.

 8. Bischoff-Ferrari HA, Lingard EA, Losina E, et al. Psychosocial and 
geriatric correlates of functional status after total hip replacement. 
Arthritis Rheum 2004;51:829–35.

 9. Nilsdotter AK, Petersson IF, Roos EM, et al. Predictors of patient 
relevant outcome after total hip replacement for osteoarthritis: a 
prospective study. Ann Rheum Dis 2003;62:923–30.

 10. Felson DT. Epidemiology of osteoarthritis. In: Brandt KD, Doherty 
M, Lohmander LS, eds. Osteoarthritis. New York: Oxford Univ, 
2003:9–17.

 11. Felson DT. Relation of obesity and of vocational and avocational risk 
factors to osteoarthritis. J Rheumatol 2005;32:1133–5.

 12. Günther KP, Stürmer T, Sauerland S, et al. Prevalence of generalised 
osteoarthritis in patients with advanced hip and knee osteoarthritis: 
the Ulm Osteoarthritis Study. Ann Rheum Dis 1998;57:717–23.

 13. Cao Y, Winzenberg T, Nguo K, et al. Association between serum 
levels of 25-hydroxyvitamin D and osteoarthritis: a systematic 
review. Rheumatology 2013;52:1323–34.

 14. Bergink AP, Zillikens MC, Van Leeuwen JP, et al. 25-Hydroxyvitamin 
D and osteoarthritis: a meta-analysis including new data. Semin 
Arthritis Rheum 2016;45:539–46.

 15. Bhalla AK, Wojno WC, Goldring MB. Human articular chondrocytes 
acquire 1,25-(OH)2 vitamin D-3 receptors in culture. Biochim 
Biophys Acta 1987;931:26–32.

 16. Boyan BD, Sylvia VL, Dean DD, et al. 24,25-(OH)(2)D(3) regulates 
cartilage and bone via autocrine and endocrine mechanisms. 
Steroids 2001;66:363–74.

 17. Yagami K, Suh JY, Enomoto-Iwamoto M, et al. Matrix GLA protein 
is a developmental regulator of chondrocyte mineralization 
and, when constitutively expressed, blocks endochondral 
and intramembranous ossification in the limb. J Cell Biol 
1999;147:1097–108.

 18. Jin X, Jones G, Cicuttini F, et al. Effect of vitamin D supplementation 
on tibial cartilage volume and knee pain among patients with 
symptomatic knee osteoarthritis: a randomized clinical trial. JAMA 
2016;315:1005–13.

 19. McAlindon T, LaValley M, Schneider E, et al. Effect of vitamin D 
supplementation on progression of knee pain and cartilage volume 
loss in patients with symptomatic osteoarthritis: a randomized 
controlled trial. JAMA 2013;309:155–62.

 20. Arden NK, Cro S, Sheard S, et al. The effect of vitamin D 
supplementation on knee osteoarthritis, the VIDEO study: 
a randomised controlled trial. Osteoarthritis Cartilage 
2016;24:1858–66.

 21. Brennan-Speranza TC, Mor D, Mason RS, et al. Skeletal muscle 
vitamin D in patients with end stage osteoarthritis of the knee. J 
Steroid Biochem Mol Biol 2017;173:180–.

 22. Ceglia L, da Silva Morais M, Park LK, et al. Multi-step 
immunofluorescent analysis of vitamin D receptor loci and myosin 
heavy chain isoforms in human skeletal muscle. J Mol Histol 
2010;41:137–42.

 23. Bischoff-Ferrari HA, Borchers M, Gudat F, et al. Vitamin D receptor 
expression in human muscle tissue decreases with age. J Bone 
Miner Res 2004;19:265–9.

 24. Ceglia L, Niramitmahapanya S, da Silva Morais M, et al. A 
randomized study on the effect of vitamin D₃ supplementation on 
skeletal muscle morphology and vitamin D receptor concentration in 
older women. J Clin Endocrinol Metab 2013;98:E1927–35.

 25. Muir SW, Montero-Odasso M. Effect of vitamin D supplementation 
on muscle strength, gait and balance in older adults: a systematic 
review and meta-analysis. J Am Geriatr Soc 2011;59:2291–300.

 26. Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, et al. Fall 
prevention with supplemental and active forms of vitamin D: a 
meta-analysis of randomised controlled trials. BMJ 2009;339:b369
2.:b3692. 339.

 27. Bischoff-Ferrari HA, Willett WC, Wong JB, et al. Prevention of 
nonvertebral fractures with oral vitamin D and dose dependency: 

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2018-000678 on 9 July 2018. D

ow
nloaded from

 https://rm
dopen.bm

j.com
 on 23 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.2105/AJPH.84.3.351
http://dx.doi.org/10.1002/1529-0131(199808)41:8<1343::AID-ART3>3.0.CO;2-9
http://dx.doi.org/10.1016/j.berh.2005.09.007
http://dx.doi.org/10.1016/j.berh.2005.09.007
http://dx.doi.org/10.7326/0003-4819-133-9-200011070-00015
http://dx.doi.org/10.1016/S0002-9343(02)01447-X
http://dx.doi.org/10.1056/NEJM199009133231106
http://dx.doi.org/10.1056/NEJM199009133231106
http://dx.doi.org/10.1056/NEJM199009203231206
http://dx.doi.org/10.1056/NEJM199009203231206
http://dx.doi.org/10.1002/art.20691
http://dx.doi.org/10.1136/ard.62.10.923
http://www.ncbi.nlm.nih.gov/pubmed/15977343
http://dx.doi.org/10.1136/ard.57.12.717
http://dx.doi.org/10.1093/rheumatology/ket132
http://dx.doi.org/10.1016/j.semarthrit.2015.09.010
http://dx.doi.org/10.1016/j.semarthrit.2015.09.010
http://dx.doi.org/10.1016/0167-4889(87)90046-2
http://dx.doi.org/10.1016/0167-4889(87)90046-2
http://dx.doi.org/10.1016/S0039-128X(00)00162-8
http://dx.doi.org/10.1083/jcb.147.5.1097
http://dx.doi.org/10.1001/jama.2016.1961
http://dx.doi.org/10.1001/jama.2012.164487
http://dx.doi.org/10.1016/j.joca.2016.05.020
http://dx.doi.org/10.1016/j.jsbmb.2017.01.022
http://dx.doi.org/10.1016/j.jsbmb.2017.01.022
http://dx.doi.org/10.1007/s10735-010-9270-x
http://dx.doi.org/10.1359/jbmr.2004.19.2.265
http://dx.doi.org/10.1359/jbmr.2004.19.2.265
http://dx.doi.org/10.1210/jc.2013-2820
http://dx.doi.org/10.1111/j.1532-5415.2011.03733.x
http://dx.doi.org/10.1136/bmj.b3692


11Bischoff-Ferrari Ha, et al. RMD Open 2018;4:e000678. doi:10.1136/rmdopen-2018-000678

OsteoarthritisOsteoarthritisOsteoarthritis

a meta-analysis of randomized controlled trials. Arch Intern Med 
2009;169:551–61.

 28. Bischoff-Ferrari HA, Willett WC, Orav EJ, et al. A pooled analysis of 
vitamin D dose requirements for fracture prevention. N Engl J Med 
2012;367:40–9.

 29. Bischoff-Ferrari HA, Zhang Y, Kiel DP, et al. Positive association 
between serum 25-hydroxyvitamin D level and bone density in 
osteoarthritis. Arthritis Rheum 2005;53:821–6.

 30. Arden NK, Crozier S, Smith H, et al. Knee pain, knee osteoarthritis, 
and the risk of fracture. Arthritis Rheum 2006;55:610–5.

 31. Sanghi D, Mishra A, Sharma AC, et al. Does vitamin D improve 
osteoarthritis of the knee: a randomized controlled pilot trial. Clin 
Orthop Relat Res 2013;471:3556–62.

 32. Gallagher JC, Sai A, Templin T, et al. Dose response to vitamin D 
supplementation in postmenopausal women: a randomized trial. Ann 
Intern Med 2012;156:425–37.

 33. McAlindon TE, Felson DT, Zhang Y, et al. Relation of dietary intake 
and serum levels of vitamin D to progression of osteoarthritis of the 
knee among participants in the Framingham Study. Ann Intern Med 
1996;125:353–9.

 34. Bischoff-Ferrari HA, Dawson-Hughes B, Platz A, et al. Effect 
of high-dosage cholecalciferol and extended physiotherapy on 
complications after hip fracture: a randomized controlled trial. Arch 
Intern Med 2010;170:813–20.

 35. Bellamy N, Wilson C, Hendrikz J. Osteoarthritis Index delivered by 
mobile phone (m-WOMAC) is valid, reliable, and responsive. J Clin 
Epidemiol.

 36. Buchner DM, Hornbrook MC, Kutner NG, et al. Development of 
the common data base for the FICSIT trials. J Am Geriatr Soc 
1993;41:297–308.

 37. Resnick B, Nahm ES, Orwig D, et al. Measurement of activity in older 
adults: reliability and validity of the Step Activity Monitor. J Nurs 
Meas 2001;9:275–90.

 38. White DK, Tudor-Locke C, Zhang Y, et al. Daily walking and the 
risk of incident functional limitation in knee osteoarthritis: an 
observational study. Arthritis Care Res 2014;66:1328–36.

 39. Thorlund JB, Felson DT, Segal NA, et al. Effect of knee extensor 
strength on incident radiographic and symptomatic knee 
osteoarthritis in individuals with meniscal pathology: data from the 
multicenter osteoarthritis study. Arthritis Care Res 2016;68:1640–6.

 40. Kellgren JHL JS. The epidemiology of chronic rheumatism: Atlas of 
standard radiographs. Oxford, England: Blackwell Scientific, 1962.

 41. Felson DT, Nevitt MC, Yang M, et al. A new approach yields high 
rates of radiographic progression in knee osteoarthritis. J Rheumatol 
2008;35:2047–54.

 42. Maunsell Z, Wright DJ, Rainbow SJ. Routine isotope-dilution liquid 
chromatography-tandem mass spectrometry assay for simultaneous 
measurement of the 25-hydroxy metabolites of vitamins D2 and D3. 
Clin Chem 2005;51:1683–90.

 43. Saenger AK, Laha TJ, Bremner DE, et al. Quantification of serum 
25-hydroxyvitamin D(2) and D(3) using HPLC-tandem mass 
spectrometry and examination of reference intervals for diagnosis of 
vitamin D deficiency. Am J Clin Pathol 2006;125:914–20.

 44. NIST/NIH. Vitamin D metabolites quality assurance program. 2012. 
http://www. nist. gov/ mml/ analytical/ vitdqap. cfm (accessed 11 Apr).

 45. Pfeifer M, Begerow B, Minne HW, et al. Effects of a short-term 
vitamin D and calcium supplementation on body sway and 
secondary hyperparathyroidism in elderly women. J Bone Miner Res 
2000;15:1113–8.

 46. Bischoff-Ferrari HA, Orav EJ, Dawson-Hughes B. Effect of 
cholecalciferol plus calcium on falling in ambulatory older men 
and women: a 3-year randomized controlled trial. Arch Intern Med 
2006;166:424–30.

 47. Maxwell J, Niu J, Singh JA, et al. The influence of the contralateral 
knee prior to knee arthroplasty on post-arthroplasty function: 
the multicenter osteoarthritis study. J Bone Joint Surg Am 
2013;95:989–93.

 48. Arden NK, Nevitt MC, Lane NE, et al. Osteoarthritis and risk of falls, 
rates of bone loss, and osteoporotic fractures. Study of Osteoporotic 
Fractures Research Group. Arthritis Rheum 1999;42:1378–85.

 49. Bischoff-Ferrari HA, Zhang Y, Kiel DP, et al. Positive association 
between serum 25-hydroxyvitamin D level and bone density in 
osteoarthritis. Arthritis Rheum 2005;53:821–6.

R
M

D
 O

pen: first published as 10.1136/rm
dopen-2018-000678 on 9 July 2018. D

ow
nloaded from

 https://rm
dopen.bm

j.com
 on 23 M

ay 2025 by guest.
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.

http://dx.doi.org/10.1001/archinternmed.2008.600
http://dx.doi.org/10.1056/NEJMoa1109617
http://dx.doi.org/10.1002/art.21601
http://dx.doi.org/10.1002/art.22088
http://dx.doi.org/10.1007/s11999-013-3201-6
http://dx.doi.org/10.1007/s11999-013-3201-6
http://dx.doi.org/10.7326/0003-4819-156-6-201203200-00005
http://dx.doi.org/10.7326/0003-4819-156-6-201203200-00005
http://dx.doi.org/10.7326/0003-4819-125-5-199609010-00001
http://dx.doi.org/10.1001/archinternmed.2010.67
http://dx.doi.org/10.1001/archinternmed.2010.67
http://dx.doi.org/10.1111/j.1532-5415.1993.tb06708.x
http://www.ncbi.nlm.nih.gov/pubmed/11881269
http://www.ncbi.nlm.nih.gov/pubmed/11881269
http://dx.doi.org/10.1002/acr.22362
http://dx.doi.org/10.1002/acr.22889
http://www.ncbi.nlm.nih.gov/pubmed/18793000
http://dx.doi.org/10.1373/clinchem.2005.052936
http://dx.doi.org/10.1309/J32UF7GTQPWN25AP
http://www.nist.gov/mml/analytical/vitdqap.cfm
http://dx.doi.org/10.1359/jbmr.2000.15.6.1113
http://dx.doi.org/10.1001/archinte.166.4.424
http://dx.doi.org/10.2106/JBJS.L.00267
http://dx.doi.org/10.1002/1529-0131(199907)42:7<1378::AID-ANR11>3.0.CO;2-I
http://dx.doi.org/10.1002/art.21601

	Recovery after unilateral knee replacement due to severe osteoarthritis and progression in the contralateral knee: a randomised clinical trial comparing daily 2000 IU versus 800 IU vitamin D
	Abstract
	Introduction
	Methods
	Trial design
	Setting and locations
	Participants and screening procedures
	Inclusion and exclusion criteria
	Interventions
	Outcomes
	Primary outcomes
	Secondary outcomes

	Randomisation–blinding–treatment allocation
	Vitamin D and other laboratory assessments
	Sample size analysis
	Statistical analyses

	Results
	Participants
	Adherence to study medication and changes in 25(OH)D and iPTH serum concentrations by treatment groups and biochemical safety
	Primary endpoints: symptoms (pain and function) and falls
	Secondary endpoints: lower extremity function, physical activity and radiographic progression in the contralateral knee
	Subgroup analyses
	Biochemical safety

	Discussion
	REferences


