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Summary
Objetive: To assess the effect of vitamin D supplementation on musculoskeletal complications related to aromatase inhibitor
(AI) treatment in patients with breast cancer. 
Material and methods: Prospective observational study of women undergoing AI treatment, recruited in the B‐ABLE
cohort. Patients with baseline serum 25 (OH) D (25‐hydroxyvitamin D) levels <30 ng/ml received a 16,000 IU dose of
oral calcifediol every 2 weeks. Arthralgia and bone loss related to AIs were assessed at 3 months and 1 year of follow‐
up, respectively. The association analyzes of vitamin D status at 3 months with musculoskeletal events were carried out
using adjusted multivariate linear regression models. In addition, the association of incident pain, defined as patients
without initial joint pain, but with a visual analog scale (VAS) >0 at 3 months, was evaluated using logistic regression.  
Results: Vitamin D supplementation at the start of AI treatment decreased the risk of both incident arthralgia and its
worsening. The effective threshold of 25 (OH) D in serum to reduce joint pain was established at 40 ng/ml. However,
this threshold was not significantly related to bone changes at one year of follow‐up. However, vitamin D levels were in‐
versely correlated with lumbar spine bone loss (LS) (β=0.177% [95% CI: 0.014 to 0.340]).
Conclusions: Vitamin D supplementation aimed at achieving serum 25(OH)D levels of at least 40 ng/ml is protective
for arthralgia. Vitamin D levels at three months could predict the risk of bone loss in LS at one year of AI treatment. The‐
refore, high doses of vitamin D are recommended in these patients, who are more prone to musculoskeletal conditions.  
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INTRODUCTION

Survival for patients who suffer estrogen receptor posi‐
tive (ER+) breast cancer has improved dramatically over
the years due to the addition of adjuvant hormonal the‐
rapy, especially aromatase inhibitors (AI). Letrozole,
anastrozole and exemestane are third generation AIs
that massively reduce circulating estrogens in postme‐
nopausal women. Although this effect is decisive for sur‐
vival and the reduction of tumor relapse, it also leads to
adverse events and quality of life problems, more pro‐
minently associated with the musculoskeletal system1.

Its use in women as adjunctive treatment for 2‐5 years
has been correlated with an increased risk of bone loss
and fractures2,3. Furthermore, AI administration is asso‐
ciated with the appearance and/or increase of arthralgia
–described as joint pain– with an estimated incidence of
55% in a previous study by our group4. The high rate of
arthralgias is of particular concern, since it is reportedly
the most frequent reason for interrupting treatment5,6.
Although practical guidelines have been developed to
prevent and manage IA‐related bone loss7, effective treat‐
ment of arthralgia has yet to be addressed8. 
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Previous studies in the B‐ABLE cohort, a clinical, pros‐
pective, cohort study of women diagnosed with early ER+
breast cancer, and candidates for aromatase inhibitor the‐
rapy, showed that low levels of 25‐hydroxyvitamin D
(25(OH)D) were associated with greater bone mass loss
and worsening joint pain9‐11. Similarly, IA‐related arthral‐
gia in the B‐ABLE cohort was significantly reduced in
those patients who achieved serum 25(OH)D concentra‐
tions ≥40 ng/ml11. Consequently, maintaining optimal
25(OH)D levels in the general population is strongly re‐
commended to prevent not only bone loss but other non‐
skeletal disorders as well12. Therefore, assessment of
serum 25(OH)D levels in breast cancer patients treated
with AI could be important in preventing musculoskeletal
disorders, as well as other issues that affect quality of life. 

To further explore the association of vitamin D status
with bone loss and arthralgia, the expanded B‐ABLE co‐
hort, comprised of 927 postmenopausal women diagno‐
sed with RE+ breast cancer and treated with IA, was
evaluated. This was intended to establish target 25 (OH)
D threshold levels to prevent the appearance of arthral‐
gias associated with AI.

MATERIAL AND METHODS

Study design and participants
From January 2006 to January 2019, data were collected
from 927 Caucasian postmenopausal women who had
been diagnosed with ER+ early breast cancer and who
were candidates for AI treatment (letrozole, exemes‐
tane, or anastrozole). These women were recruited into
the B‐ABLE cohort –an unselected, prospective clinical
cohort study– at Hospital del Mar (Barcelona, Spain)
(ClinicalTrials.gov 2019 Identifier: NCT03811509). 

Participants were recruited 6 weeks after surgery or
1 month after the last chemotherapy cycle or, alternati‐
vely, once menopause began after taking tamoxifen
(TAM) for 2 to 3 years. Postmenopausal status was defi‐
ned as patients aged >55 years with amenorrhea of >12
months, or those aged ≤55 years with luteinizing hor‐
mone levels >30 mIU/ml and/or follicle‐stimulating
hormone levels >40 mIU/ml. Exclusion criteria were:
previous history of any metabolic bone disorder, alco‐
holism, rheumatoid arthritis, and concurrent or pre‐
vious treatment with oral corticosteroids. Patients with
vitamin D levels ≥30 ng/ml were also excluded, as they
did not receive vitamin D supplements. 

At the outset of the study, all patients’ bone mineral
density (BMD) was evaluated in the lumbar spine (L1‐
L4), the femoral neck (FN) and the total hip (TH). Those
with a T‐score <‐2.5 at any site, or with a T‐score ≤‐2.0
at any site plus a major risk factor13, and/or previous fra‐
gility fractures, were treated with antiresorptive drugs,
including weekly oral risedronate or alendronate, or de‐
nosumab every 6 months. 

All participants with baseline serum levels of 25 (OH)
D <30 ng/ml received a dose of 16,000 IU of oral calcife‐
diol (Hidroferol® Faes Farma) every 2 weeks from the
start of the study, in addition to calcium tablets and 25
(OH) vitamin D3 (1,000 mg and 800 IU daily, respectively)
if your dietary calcium intake was less than 1,200 mg/day. 

Variables
Visual analog scale
A visual analog scale (VAS) was used to record the inten‐
sity of self‐reported joint pain at baseline (before star‐
ting AI treatment) and after 3 months of AI treatment.

The score ranged from 0 (no pain) to 10 (maximum
pain). The question associated with the VAS was the fo‐
llowing ''please indicate the intensity of the pain you feel
in your peripheral joints (knee, wrist, fingers/toes,
elbow, shoulder, etc.), excluding the spine/back pain and
pain in the operated area''11.

The administration of analgesics and anti‐inflamma‐
tories was recorded and taken into account for the eva‐
luation of pain. 

Vitamin D levels
Vitamin D (25 (OH) D) levels were assessed at baseline
and at 3‐month follow‐up in each study participant.
Serum 25 (OH) D levels were obtained from peripheral
blood using a competitive direct immunoluminometric
assay with direct coated magnetic microparticles (coeffi‐
cient of variation: <10%) (Elecsys Vitamin D total II,
model 07028148190; Cobas e801 system, Roche Diag‐
nostics GmbH, Mannheim, Germany). 

Bone mineral density (BMD)
BMD measurements were made in the lumbar spine
(LS), the neck of the femur (FN) and the total hip (TH)
at the beginning and at 12 months of treatment with AI.
BMD was measured with a DXA QDR 4500 SL® densito‐
meter (Hologic, Waltham, Massachusetts, USA), accor‐
ding to the manufacturer's recommendations. In our
unit, the in vivo coefficient of variation of this technique
is 1.0% in LS, 1.60% in CT and 1.65% in CF. 

Other variables
At the time of recruitment, data on clinical variables
were recorded, such as: age, body mass index (BMI), age
at menarche and menopause, number of children, total
months of breastfeeding, spine x‐ray and recent chemo‐
therapy (women exposed to chemotherapy one month
before recruitment), among others. 

Statistical analysis
Descriptive data were presented using the mean or me‐
dian depending on the nature of the variables. Differen‐
ces between values at baseline and at 3 or 12 months
were analyzed using the Wilcoxon paired samples test
and the paired t test. Based on previous findings11, four
vitamin D thresholds were defined according to the pa‐
tients’ vitamin D concentrations at three months of fo‐
llow‐up: ≥20 ng/ml, ≥30 ng/ml, ≥40 ng/ml and ≥50
ng/ml. ml. The association between absolute changes in
VAS from baseline to 3 months and vitamin D thresholds
was analyzed using a multivariate linear regression
model. Furthermore, the association of incident pain, de‐
fined as patients without initial joint pain, but with a VAS
>0 at 3 months, and vitamin D thresholds, was evaluated
using logistic regression.  Regression analyzes were ad‐
justed for age, BMI, recent chemotherapy, previous use
of tamoxifen, and current use of bone antiresorptives.
The linearity, interaction and absence of multicollinea‐
rity of the independent variables were checked.

Finally, a subset of participants not exposed to anti‐
resorptive treatments was selected to assess the asso‐
ciation between relative changes in BMD at 12 months
and vitamin D thresholds, or vitamin D levels at 3
months, using linear regression. adjusting for age, BMI,
years since menopause, recent chemotherapy, and prior
tamoxifen use. In addition, the linearity of the indepen‐
dent variables was verified.
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Statistical analyzes were carried out using R for Win‐
dows version 3.3.3, using foreign, compareGroups, car,
QuantPsyc and gam. All statistical tests with p<0.05
were considered significant.

Ethics approval
The study protocol followed the standards of the Decla‐
ration of Helsinki and was approved by the Parc de Salut
Mar ethics committee (2016/6803/I). Written informed
consent was obtained from each participant once they
had read the study information sheet and all their
doubts were clarified. The privacy rights of human sub‐
jects were always respected.

RESULTS

Participants
A total of 741 of the 927 patients recruited in the B‐
ABLE cohort were visited at the 3‐month follow‐up, had
data available and had baseline serum 25 (OH) D levels
below 30 ng/ml (Figure 1). and, therefore, they were eli‐
gible for the present study. The baseline characteristics
of the selected patients are indicated in table 1. 

AI‐related arthralgia and vitamin D status at 3 months
At 3 months, the median [Q1;Q3] of the VAS increased
from 2.00 [0.00;4.00] to 3.00 [0.00;5.00] (p<0.001), and
the vitamin D increased from 15.10 [10.8;21.00] to
40.20 [30.90;52.50] (p<0.001). The change in VAS from
baseline to 3 months was significantly associated with
a vitamin D threshold ≥40 ng/ml (p<0.05) at 3 months
of follow‐up (Table 2), that is, an increase in VAS decre‐
ased 0.40 units in patients who reached a vitamin D
threshold greater than 40 ng/ml with supplementation
(Figure 2). 

Incident pain was assessed in a subset of 301 patients
without initial pain. Of these, 117 (38.87%) developed
joint pain at 3 months with a median VAS [Q1;Q3] of 3.50
[2.20;5.00]. The logistic regression between vitamin D
thresholds and the appearance of joint pain at 3 months
showed that those patients who achieved vitamin D le‐
vels ≥40 ng/ml were less likely to experience incident
pain (p<0.05) (Table 3 and Figure 3). 

BMD and vitamin D status
Data from 473 patients who were not exposed to any
antiresorptive treatment and who had BMD data at 12
months of follow‐up were analyzed. In these patients, the
BMD of the LS, FN and TH decreased significantly after
12 months of treatment with AI (p<0.001) (Table 4). 

No association was detected between any of the vita‐
min D thresholds analyzed (≥20 ng/ml, ≥30 ng/ml, ≥40
ng/ml, or ≥50 ng/ml) at 3 months and the relative chan‐
ges in BMD of LS, FN and TH at 12 months. However,
each 10 ng/ml increase in serum vitamin D at three
months was associated with a lower loss of BMD in LS
(unadjusted β = +0.194% [95% CI: 0.028 to 0.359] and
adjusted β = +0.177% [95% CI: 0.014 to 0.340]; p<0.05).
No significant associations were observed between vi‐
tamin D levels and BMD of FN and TH. 

DISCUSSION

An observational, prospective, and real‐life study of
postmenopausal women treated with aromatase inhibi‐
tors included in the B‐ABLE cohort was carried out. AI
treatment in ER+ early breast cancer patients is strongly
associated with musculoskeletal side effects. However,

vitamin D supplementation early in AI appears to atte‐
nuate one of the main risk factors for treatment inte‐
rruption: AI‐related arthralgia. Our results suggest that
AI‐induced joint pain is vitamin D dependent, and that
40 ng/ml is the effective target threshold for serum 25
(OH) D levels to reduce the risk of both joint pain inci‐
dence and its worsening. However, this threshold is not
significantly related to changes in BMD at one year of fo‐
llow‐up. However, vitamin D supplementation was in‐
versely correlated with bone loss of CL, as each 10 ng/ml
increase in serum 25 (OH) D at 3 months resulted in a
reduction in blood pressure and 0.177% bone loss. 

Vitamin D is known to play an important role in mus‐
culoskeletal tissues in addition to bone14, including mus‐
cle15, cartilage16, and synovium17. Previous studies
carried out in women with ER+ early breast cancer re‐
ceiving AI treatment, who also frequently present vita‐
min D deficiency18, provide evidence of the possible
effects of vitamin D status on musculoskeletal health9,19.
In our cohort study, the main musculoskeletal effect of
vitamin D supplementation was found in AI‐related
arthralgia, consistent with a previous study by Prieto‐
Alhambra et al. in 201111. Similarly, another observatio‐

Figure 1.  Flow chart showing the number of patient
records included in each study point 
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Table 1. Baseline characteristics of the patients

Variables N=741

Age, years (Mean ± SD) 61.9 ± 7.89

BMI, kg/m2 (Mean ± SD) 29.1 (5.36)

VAS (Median [Q1;Q3]) 2.00 [0.00; 4.00]

Vitamin D, ng/ml (Median ± SD) 15.1 [10.8; 21.0]

BP, n (%) 149 (20.1%)

TAM, n (%) 223 (30.1%)

Recent CT, n (%) 279 (37.7%)

BMI: body mass index; BP: bisphosphonates; VAS: visual analog
scale; TAM: tamoxifen; Q: quartile; CT: chemotherapy. 

BMD: bone mineral density; FN: femoral neck; LS: lumbar spine; TH: total
hip; VitD: serum levels of 25‐hydroxyvitamin D. 
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nal study showed that a high dose of vitamin D (50,000
IU weekly of vitamin D3 orally) improved arthralgia va‐
lues in patients who achieved mean concentrations of
25 (OH) D higher than the mean of 66 ng/ml20. In our
case, the threshold was defined as ≥40 ng/ml, which was
reached after 3 months of vitamin D supplementation in
approximately 50% of patients. Clinically, the fact of con‐
taining the increase in pain related to AI at 3 months
helps to improve the patients’ quality of life, as well as
avoiding treatment discontinuity21.

Unlike pain, changes in BMD usually take longer to no‐
tice. Bone remodeling is a progressive process that results
in long‐term changes in BMD. Therapeutic interventions
on BMD are evaluated annually in routine clinical practice.
For this reason, in our study, BMD was assessed after 1
year of follow‐up. Associations with vitamin D intake
were only detected in the lumbar spine, which is not sur‐
prising given that bone remodeling is more active in this
area and the pharmacological effects are more visible in
trabecular bone compared to other skeletal locations with
greater cortical content.  We observed that increases in
serum 25 (OH) D at 3 months were inversely correlated
with AI‐related bone loss at 1 year, therefore, this increase
in 25 (OH) D could predict bone behavior at 1 year, but
only visible in column. This coincides with a previous
study by Prieto‐Alhambra et al.22, although they found
greater reductions in bone loss of 1.70%, in patients who
achieved serum vitamin D levels ≥40 ng/ml. 

This study has several limitations. First, this is not a
randomized control trial, so the efficacy of high‐dose vi‐

tamin D supplementation compared to a placebo group
could not be assessed. Furthermore, compliance with vi‐
tamin D supplementation was not strictly controlled.
This could explain the variability of 25 (OH) D levels bet‐
ween patients after 3 months of treatment. Finally, the
current assumption that circulating 25(OH)D concentra‐
tions are a measure of vitamin D functional status may
be incorrect. However, measuring 25(OH)D levels is the
easiest and most reliable assessment of vitamin D status
currently available. 

Vitamin D supplementation administered to patients in
specified doses increases levels from 15.10 [10.8;21.00]
to 40.20 [30.90;52.50], thus reaching adequate levels of
vitamin D at 3 months in most of the patients. The goal of
therapy is to treat vitamin D insufficiency/deficiency ra‐
ther than increase to supranormal concentrations, so we
believe the risk of harm from administered doses is very
low. 

Our results suggest that optimal levels of vitamin D are
associated with a reduced risk of joint pain related to AI
treatment. A target threshold of 25OHD serum levels was
set at 40 ng/ml to significantly reduce the increase in joint
pain. It should be noted that this threshold is well above
the goal of 20 ng/ml recommended by the 2010 Institute
of Medicine (IOM) report23. Therefore, vitamin D supple‐
ments at the specified doses could be protective against
arthralgia and AI‐induced spinal bone loss. As a final ob‐
servation, vitamin D supplements are inexpensive, safe,
and easily accessible, making these drugs easy to use on
a wide scale. 

Table 2. Linear regression between the change in the VAS from baseline to 3 months and the vitamin D threshold at 3
months (in all patients n=741)

Table 3. Logistic regression between incident pain and vitamin D threshold at 3 months (patients without initial pain
n=301; of these, n=117 developed incident pain) 

Threshold at 3 months N (%) patients at threshold Unadjusted β [IC 95%] Adjusted β [IC 95%]

≥20 ng/ml 705 (95.01%) 0.03 [‐0.78; 0.85] 0.19 [‐0.63; 1.02]

≥30 ng/ml 567 (76.42%) ‐0.05 [‐0.47; 0.36] ‐0.06 [‐0.48; 0.36]

≥40 ng/ml 383 (51.62%) -0.39 [-0.74; -0.03] -0.39 [-0.75; -0.04]

≥50 ng/ml 225 (30.32%) 0.09 [‐0.30; 0.47] 0.08 [‐0.31; 0.46]

β: β‐coefficient adjusted for age, BMI, recent chemotherapy, antiresorptive drugs and previous tamoxifen; CI: confidence interval. In bold:
significant results (p<0.05). 

CI: confidence interval; OR: odds ratio, adjusted for: age, BMI, recent chemotherapy, antiresorptive drugs, and previous tamoxifen. In bold:
significant results (p<0.05). 

Threshold at 3 months N (%) patients at threshold Unadjusted OR [IC 95%] Adjusted OR [IC 95%]

≥20 ng/ml 292 (97.00%) 0.79 [0.21; 3.00] 0.83 [0.21; 3.27]

≥30 ng/ml 242 (80.40%) 0.76 [0.43; 1.36] 0.81 [0.45; 1.46]

≥40 ng/ml 165 (54.82%) 0.53 [0.33; 0.85] 0.55 [0.34; 0.90]

≥50 ng/ml 106 (35.22%) 0.77 [0.47; 1.26] 0.81 [0.49; 1.34]
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Table 4. Mean BMD values and its percentage change from baseline to 12 months of AI treatment

Figure 2. VAS changes are stratified by the vitamin D
threshold of 40 ng/ml at 3 months, in all patients with
baseline vitamin D levels ≤30 ng/ml. VAS values are re-
ported as median [95% CI] 
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Figure 3. Changes in VAS in women with incident pain
(n=117) and according to the vitamin D threshold of 40
ng/mL. VAS values are reported as median [95 CI) 
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Location BMD n Basal 12 months % mean change [95% CI]

Lumbar spine 472 0.970 ± 0.112 0.955 ± 0.112 ‐1.52 [‐1.83; ‐1.20]*

Neck of the femur 473 0.755 ± 0.090 0.746 ± 0.090 ‐1.13 [‐1.53; ‐0.73]*

Total hip 471 0.902 ± 0.097 0.896 ± 0.097 ‐0.61 [‐0.93; ‐0.28]*

BMD: bone mineral density; CI: confidence interval. In the t test, the significant differences between BMD values at baseline and at 12 months
are indicated in *(p<0.001). 
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