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Correlation between bone mineral density,
vitamin D deficiency, and oral health in women 
with breast cancer

Introduction

Breast cancer (BC) is the most frequent cause of cancer-re-
lated deaths among women; nonetheless, its incidence has tend-
ed to decline in recent decades [1]. The death rate for female BC 
has halved since its peak, presumably due to a combination of 
early screening plans and advancements in adjuvant treatments, 
such as aromatase inhibitors (AIs), which are typically used in 
hormone-receptor (HR)-positive cancers to prevent recurrenc-
es [2,3]. Aromatase, a cytochrome P450 hemoprotein-containing 
enzyme, catalyzes the synthesis of estrogens from androgens; it 
can be found in many peripheral tissues including breast, mus-
cle, soft and adipose tissue [4]. Third-generation AIs (anastro-
zole, exemestane and letrozole) are recommended as a compo-
nent of the therapeutic management of women with BC due to 
their superior effectiveness in reducing cancer recurrence and 
their general acceptability compared with tamoxifen [5]. AIs are 
used for endocrine treatment of endometriosis, to induce ovu-
lation, and to treat gynecological cancers and BC; hence these 
medications are extensively used in the sequential or extended 
adjuvant treatment of BC in postmenopausal women [4].

Given the increasing use of AIs in adjuvant treatment and 

as preventive agents, their potential oral toxicities need to be 
properly understood [6]. Periodontal disorders, alveolar bone 
loss, and tooth loss correlate with downstream levels of estro-
gens both in menopause and in osteoporosis [7,8]. The estrogen 
insufficiency observed in postmenopausal women is often 
related to skeletal and alveolar bone loss; in fact, an associa-
tion of reduced skeletal and mandibular bone mineral densi-
ty (BMD) with bone resorption features has been reported [9]. 
With low skeletal BMD values found to be coupled with alveo-
lar bone loss, osteoporotic postmenopausal women are at high 
risk for low oral health; although site-specific divergences have 
been found, osteoporosis is a systemic state resulting in loss of 
bone mass and microarchitecture [10,11]. Women with HR+ BC 
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ABSTRACT
Breast cancer (BC) survivors treated with aromatase inhibitors (AIs) typically exhibit various pathological issues, including 
bone loss, poor oral health, and vitamin D deficiency. Nonetheless, chronic oral disorders are even often neglected in 
women with BC, and explicit indications regarding oral health screening, evaluation, and treatment to prevent cancer 
treatment-induced bone loss (CTIBL) are lacking. A close link between oral health status and CTIBL might be explained, 
in part, by the systemic inflammation that characterizes both conditions. In this scenario, the effects of vitamin D (as an 
inflammation down-regulator) on immune systems are widely acknowledged. Vitamin D might facilitate upregulation of 
MAP kinases and inhibit the NF-kB signaling pathway, with crucial implications for cytokine serum levels, the prostaglan-
din inflammation pathway, and the immune cell system. Vitamin D deficiency, smoking, and insufficient usage of dental 
floss have been found to harm oral health in women with BC receiving AIs. Consequently, vitamin D deficiency screening 
and supplementation and an appropriate oral rehabilitation strategy should be advised and implemented in the compre-
hensive therapeutic approach to women with BC treated with AIs.
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should be provided with adjuvant endocrine treatment for at 
least 5 years after surgical intervention [2,3]. Adjuvant endocrine 
therapy for BC reduces estrogen levels and alters the progress 
of periodontal disease; in fact, low estrogens decrease bone 
density, leading to osteoporosis and stimulating bone loss [10,11].

Similarly, vitamin D plays a key role in different fields of 
medicine, including dentistry; it acts through several mecha-
nisms, including cellular proliferation and differentiation, cell 
maturation, and innate immune system response; in addition, 
high serum vitamin D3 levels may be strongly associated with 
an increase in the overall survival rate of BC patients [12].

The correlation between oral health, bone health, and vi-
tamin D status has already been investigated in different con-
ditions [13,14]. However, to date, the pathophysiological mecha-
nisms underlying this link in BC survivors has not been widely 
investigated. 

In the light of these considerations, the aim of this concise 
review was to evaluate the state of the art with regard to sci-
entific evidence on the correlation between oral hygiene and 
vitamin D status in BC survivors treated with AIs.

The relationship between bone health 
and breast cancer

The clinical risk factors between female BC and osteoporo-
sis/fractures are mutual. Vitamin D insufficiency or deficiency 
has been described in more than half of BC survivors worldwide 
[15]. The current evidence suggests that women receiving adju-
vant AIs and pre-menopausal women treated with tamoxifen 
have accelerated bone loss, and that women receiving adjuvant 
AIs have an increased fracture risk [6]. Both bisphosphonates and 
denosumab (a monoclonal antibody for the receptor activator of 
nfk-B ligand [RANKL]) prevent bone loss [15-17]; additionally, 
denosumab has a proven anti-fracture benefit in post-menopau-
sal women receiving AIs for HR+ BC [18]. Recently, some authors 
have explored the use of antiresorptive agents, such as bisphos-
phonates and denosumab, in the management or prevention of 
AI-associated bone loss (AIBL) [19,20]. Longitudinal studies sug-
gest that oral bisphosphonate therapy for postmenopausal oste-
oporosis can decrease the incidence of invasive BC [18,21-23]. Fur-
thermore, clinical trials have verified direct anticancer properties 
of zoledronate on advanced cancer cells in the bone marrow of 
patients with early BC, and subset analyses from ongoing tri-
als show that adding zoledronate to neo-adjuvant chemotherapy 
can reduce residual tumor size and improve pathologic response 
rates compared with chemotherapy alone [24-27]. Unfortunately, 
adjuvant bisphosphonates for the inhibition of bone metastases 
in early BC, having seemed favorable, provided indecisive evi-
dence [21].  This was probably due to the broad inclusion criteria 
of the trials in question [28-30]; in this setting, bisphosphonates 
seem to have a low impact on BC recurrence in premenopausal 
women, with all the benefits recorded in women who are either 
postmenopausal or have had an induced menopause. Neverthe-
less, Coleman et al., in a meta-analysis, suggested an antitumor 
effect of bisphosphonates, emphasizing their ability to reduce 
the incidence of bone recurrence by one third, and BC-specific 
mortality by nearly one fifth [31].

In this scenario, patients receiving a hormonal treatment 
should receive an adequate fracture risk evaluation, covering 
clinical and biochemical risk factors, as well as BMD measure-
ment through dual X-ray absorptiometry (DXA) [32,33]. Rehabil-
itation evaluation, weight-bearing exercise, and vitamin D and 
calcium adequacy are routinely suggested [34]. Anti-resorptive 
therapy is specified in patients with the occurrence of fragility 
fractures, which should be not underestimated in women with 
a DXA T score (or Z score in women aged < 50 years) of < 
− 2.0 at any site, or if annual bone loss is ≥ 5%, considering 
baseline BMD and other fracture risk factors [6]. Duration of 
anti-resorptive treatment can be tailored on the basis of abso-
lute fracture risk. Relative to their skeletal benefits, the risk of 
adverse events with anti-resorptive therapies is small [6].

The role of oral health assessment 
in breast cancer patients

Women with HR+ BC might receive an adjuvant endocrine 
intervention for at least 5 years after surgical intervention [35]. 
In this scenario, adjuvant endocrine therapy moderates estro-
gen levels and might increase the risk of a periodontal disorder 
[36-38]; in parallel, lower bone density levels could induce an os-
teoporotic process, promoting alveolar bone loss [39]. Further-
more, gingival fibroblasts are a target tissue for estrogens, and 
tamoxifen may decrease the stimulatory effect of estrogens on 
the proliferation of fibroblasts [38]. In this scenario, AIs might 
result in increased periodontal probing depth, dental plaque ac-
cumulation, bone loss and alveolar bone loss [40]. Anti-estrogen 
therapy impacts personal mental status, with effects including 
fatigue and depression, resulting in misdiagnosis and under-
treatment of oral diseases [41]. However, an appropriate calcium 
supplementation is necessary in BC patients with a risk of bone 
metastases [42]. Bisphosphonates appear to be related to the de-
velopment of osteonecrosis of the jaw, but in clinical studies, 
lowering bisphosphonate doses did not negatively impact BC 
metastases [43]. Such bone-targeted treatment adjustments may 
benefit oral health [34]oestradiol is important for breast cancer 
development and progression. Endocrine therapy prevents the 
deleterious effects of oestradiol in breast tissue by systemical-
ly depleting oestradiol concentration (aromatase inhibitors. In 
conclusion, Ferrillo et al. [7] recently reported that vitamin D 
deficiency, insufficient use of dental floss, and smoking had 
a damaging impact on oral health in BC women treated with 
AIs. Consequently, vitamin D deficiency screening and supple-
mentation, and properly designed oral rehabilitation strategies 
might be advised and employed in the complex therapeutic 
framework of BC survivors undergoing treatment with Ais [7].

The role of oral health and vitamin D 
status in women with breast cancer 
receiving aromatase inhibitors

Bisphosphonate-related osteonecrosis of the jaws, dental 
problems, and periodontal tissue diseases [36-38] (e.g., gingivi-
tis and periodontitis) may occur more frequently in women 
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with BC receiving cancer and anti-osteoporotic therapies [42]. 
Vitamin D plays a pleiotropic role in different fields of medi-
cine, including dentistry, and acts with numerous mechanisms, 
trough stimulation cell proliferation and differentiation [12]. Ele-
vated serum vitamin D3 levels might be related to an increased 
overall survival rate in BC, and this could be due to the recip-
rocal role of both vitamin D3 and vitamin D receptors (VDRs) 
in BC pathogenesis; since, vitamin D immunomodulatory and 
anti-inflammatory potential seems to resemble the activity of 
many nature-derived molecules (e.g., flavonoids) [44,45]. The 
VDR, which is expressed at a systemic level, acts as a negative 
tumor suppressor moderator in physiological circumstances, 
and might be decreased in women with cancer, thus failing to 
inhibit cancer proliferation and other cancer-related conse-
quences, as well as impaired bone health [46].

In this scenario, previous studies advised that vitamin D 
might promote the production of antimicrobial peptides and 
prevent antigen-induced T-cell proliferation, as well as syn-
thesis of cytokines (e.g., IL-2 IFN-γ), resulting in a significant 
anti-inflammatory effect. Likewise, vitamin D supplementa-
tion appears to augment serum levels of the anti-inflammatory 
cytokine IL-10, and reduce pro-inflammatory cytokines like 
tumor necrosis factor-α [46]. These anti-inflammatory and an-

timicrobial features might underlie an association between de-
ficient vitamin D serum levels and periodontal disorder (PD), 
but further research is needed further clarify the relationship 
[8,13]. In vitro studies have demonstrated that vitamin D3 could 
influence the presentation of the antimicrobial peptide LL-37 in 
cultivated cells of the gingival epithelium, and that vitamin D 
supplementation may decrease, upstream, the periodontal path-
ogen, e.g., Aggregatibacter actinomycetemcomitans [46]. More-
over, similar in vitro studies indicated that vitamin D-induced 
LL-37 displays antimicrobial activity against Porphyromonas 
gingivalis and other pathogens related to PD pathogenesis [47-

49]. In this scenario, Freudenheim et al. [50] established that PD 
could significantly raise BC risk, and proposed a possible role 
for the oral microbiome in BC pathogenesis and prevention.

A recent study [7] performed by our research group includ-
ed 41 post-menopausal women with BC receiving IAs; a re-
gression machine learning model suggested a close correlation 
of high Decayed, Missing, and Filled Permanent Teeth Index 
(DMFT) scores with poor use of dental floss and smoking hab-
its. Moreover, further model analysis highlighted that vitamin 
D serum levels have been associated with higher DMFT scores. 
In the last few decades, the nutritional consequences of vitamin 
D deficiency on periodontal health have been a topic of interest.

Marotta N. et al.
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Table I Main characteristics of studies included in the present review.

AUTHORS NATIONALITY DESIGN POPULATION AGE (YEARS) OUTCOMES MAIN FINDINGS

Taichman 
et al. 2015

United
States 

Cross- 
sectional

58 postmenopausal  
women; 29 with BC  

on AIs and 29 controls  
without BC

BC: 61.6±5.4) 
/ Control: 
61.7±7.6

(1) periodontal pocket depth (PD); 
(2) bleeding on probing (BOP); 
and (3) attachment loss (AL).

Oral health is an important component 
of BC survivorship care. Authors 
reported that adjuvant AI use is 

associated with increased attachment 
loss and gingival bleeding in early 

stage estrogen receptor + BC survivors

Eagle 
et al. 2015

United
States 

Longitudinal 
study

58 postmenopausal 
women (29 receiving 
AI therapy; 29 women 

without BC)

BC: 61.7±7.6) 
/ Control: 61.6 

±5.4

Comprehensive periodontal 
examinations including alveolar 

bone height (ABH) were 
conducted at baseline, 6, 12 and 

18 months. Bisphosphonate, 
vitamin D, and calcium 

supplementation

Aromatase inhibitor therapy has a 
negative impact on the periodontal 

health of postmenopausal BC patients. 
Calcium supplementation appears to 
mitigate alveolar bone height loss in 

women on AIs

de Sire 
et al. 2021 Italy Cross- 

sectional
122 postmenopausal 

BC women BC: 55.6±10.4

Previous fragility fractures, 
previous lumbar spine (LS) 

bone mineral density (BMD), 
femoral neck (FN) BMD, 

osteoporosis, osteopenia, 
serum 25-hydroxyvitamin D 

(25(OH)vit. D) (ng/ml)

Authors showed that BC women 
had high prevalence of osteopenia/

osteoporosis, hypovitaminosis D, and a 
very high prevalence of mild/moderate 
periodontitis and low oro-dental care

Kizub 
et al. 2021

United
States 

Longitudinal 
study

6018 eligible women, 
48 women with 

bisphosphonate-related 
osteonecrosis of the 
jaw were analyzed

BC: 63.5±6.1

Dental plaque levels, calculus, 
gingivitis, periodontitis, overall 

dental disease, presence of 
dentures, and number of teeth 
with deep caries, failing root 

canals, fractures/restorations, or 
endodontic treatment.

Advanced dental disease led to 
increased BRONJ risk; with a 

trend toward additive risk when 
in combination with more potent 

bisphosphonates such as zoledronate.

Ferrillo 
et al. 2023 Italy Cross- 

sectional
41 post-menopausal BC 
women with Vitamin D

BC: 
66.10±8.47

Oral health indexes as the 
Decayed, Missing, and Filled 

Permanent Teeth Index (DMFT); 
serum levels of 25(OH)D3; Bone 
Mineral Density (BMD); and the 

diagnosis of osteoporosis

Vitamin D deficiency, inadequate use 
of dental floss, and smoking had a 

negative impact on oral health in BC 
women. Thus, vitamin D deficiency 

screening and supplementation and a 
prompt oral rehabilitation plan should 

be suggested and implemented
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Conclusions

In conclusion, the impact of AIs on oral health could be a 
neglected issue, particularly in the glare of their systemic con-
sequences on bone remodeling in post-menopausal women. In 
this scenario, vitamin D deficiency seems to be correlated with 
poor oral health in women with BC receiving AIs.

Accordingly, it is plausible to hypothesize that the loss of 
estrogen pathways associated with AIs could lead to a more 
significant risk of periodontal diseases and high alveolar bone 
loss in postmenopausal women with BC. 

This review offers interesting insights for a comprehensive 
counseling model, and concludes that vitamin D status screen-
ing and a proper oral rehabilitation strategy might be advisable 
and therefore worth incorporating in the treatment framework 
of BC survivors undergoing treatment with AIs. 

Therefore, it is mandatory to improve awareness, among 
women with BC, of the significance of lifestyle medicine for 
an appropriate quality of life, promoting both better oral health 
status and bone health.
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