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Introduction
Periodontal Disease (PD), is a chronic inflammatory disease and a 

public health problem, is partially responsible cause for tooth loss with 
dental caries, is characterized by altered oral microbiota and a pro-
inflammatory environment [1].

Previous and recent epidemiological studies have inked PD to 
many systemic diseases and disorders, such as cardiovascular disease 
[2], preterm birth [3], osteoporosis [4], and diabetes mellitus [5], all of 
which may be attributed to systemic infection and inflammation [6]. 

In recent years, there is increased interests in exploring the possible 
association between PD and cancer risk, particularly for cancers in the 
head and neck, upper gastrointestinal system, lung, and pancreas [7-
19], as there is evidence that individuals with PD are at increased risk 
of oral, eso-phageal, head and neck, pancreatic, and lung cancers [11-
13]. Moreover, accumulating evidence suggests an hypothesized role 
of immune-inflammatory mechanisms that may be common to both 
PD and cancer [14,15]. Investigators have suggested that periodontal 
pathogens may directly influence breast carcino-genesis, citing evidence 
for the presence of oral bacterial species in breast tissues [16], whereas 
others have suggested that PD may influence and/or reflect systemic 
inflammatory processes that promote breast carcinogenesis [17].

The most important risk factors for Breast Cancer (BC) are age 
over 40, history of mammary gland diseases, history of cancer in first-
degree relatives, early menarche and late childbearing (after 35 years 
of age), age at menopause, Caucasian race [18], genetic susceptibility 

[19] ionizing radiation therapy [20], alcohol consumption [21], body 
mass index (BMI), physical activity, hormone therapy and receiving 
oral contraceptives [22]. Despite the identification of many factors 
increasing the risk of BC existence, in 75-80% of females no risk factor 
is found [18].

Previous and recent reports have observed an increased risk of BC 
among females with PD [14,15, 23-26], however, notable limitations of 
those included inadequate sample sizes and inade-quate adjustment for 
potential confounders. In those studies, the sample sizes ranged from 
151 [15] to 80,280 individuals [14], with the Women’s Health Initiative 
Observational Study (WHI OS) [23] including the most BC cases 
(N=2,124), and all other studies each having fewer than 550 BC cases.

A Swedish study (n=3,273) revealed that more BC cases were 
recorded among females who had PD accompanied by missing molars 
(5.5%) compared with those with PD and not missing molars [24]. 
However, almost half of the participants (n=1,597) did not receive 
any clinical oral examination. A similar study in Brazil, composed of 
87 BC cases and 134 controls, utilized four different case definitions 
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for periodontitis and found that the odds of having BC in all instances 
varied from 2‐ to 3‐fold based on the case definition applied [27].

However, similar studies have reported inconsistent findings on the 
association between PD and risk of BC. To be more specific, previous 
reports, have recorded no association between PD and BC risk [28-
32]. In another study PD status was assessed based on radiographic 
analyses of alveolar crestal height showed that the risk of BC was not 
associated with either mild/moderate or severe PD after adjusting for 
age and smoking [30]. In terms of BC mortality, a National Health and 
Nutrition Examination Survey study of 11,328 individuals reported 
an increased but statistically insignificant risk of BC mortality among 
those with periodontitis [29]. There are no previous prospective or 
retrospective studies estimating the possible association between PD 
and risk of BC in Greece. The aim of the current retrospective case-
control study was to assess the possible association between PD indices 
and risk of BC in a sample of adult females in Greece.

Materials and methods
Study design and study population sample

A retrospective case - control study was conducted between March 
2019 and June 2021. The study size was estimated considering the BC 
prevalence [33], determined by Hyman et al. [34], with 95% Confidence 
Interval and relative precision 25.0%, whereas the age group was based 
on the World Health Organization (WHO) recommendations [35,36] 
for assessing PD prevalence.

This procedure led to a study sample of 470 females [34]. The 
current investigation was carried out on 156 females with BC - cases 
and 314 healthy females - controls, aged 45 to 77. 

Cases and controls selection criteria
Participants who had less than 20 natural teeth, those who were 

undergone a conservative or surgical PD treatment within the previous 
six months and those who had received a systemic-antibiotics or anti-
inflammatory or other systemic drugs, such as glucocorticoids the 
previous six weeks were not included in the study protocol as those 
conditions could influence [37] the oral tissues condition, and could 
lead to biased secondary associations.

Patients with advanced BC under medical treatment, patients 
with breast metastases of a primary focus at a different location, and 
those diagnosed in other focuses in the region of head-neck-thorax 
(carcinogenesis field theory [38]), were excluded from the study 
protocol. Hospital patients were also not included.

The case group included individuals whose the primary diagnosis 
of BC was based on patients’ files and included Mammography 
findings, but definitive diagnosis was based on histopathological 
examination of the intraoperatively removed tumor or its parts, using 
traditional histological, cytologic and histochemical methods [39]. Fine 
needle aspiration (FNA) biopsy was performed [40] in a low rate of BC 
patients (13 or 8.44%).

The control group selection was based on the friendly and collegial 
environment of cases group in an effort to control potential confounders 
such as age, smoking, socio-economic level.

Research questionnaire

Cases and controls filled in a modified Minnesota Dental School 
Medical Questionnaire [41], that included epidemiological indices 
such as age, gender, smoking status, alcohol intake, socio-economic 

and educational status, BMI, BC family history, early menarche, late 
age at first pre-gnancy, later menopause, physical inactivity, genetic 
predisposition for BC, current diseases and disorders, and past medical/
dental history.

Individuals’ age was classified as 45-50, 51-60, 61-70, 71+; socio-
economic status as ≤ 1,000 and >1,000 €/month; educational status 
as elementary level and graduated from University/College; smoking 
status as never smokers and former/current smokers. 

For establishment of the intraexaminer variance a randomly chosen 
sample of 32 (20%) individuals were re-examined clinically by the same 
dentist after three weeks, and no differences were recorded between the 
1st and the 2nd clinical assessment (Cohen's Kappa = 0.94). During this 
time period no oral hygiene instructions were given to the participants.

Periodontal status examination

Periodontal status indices were estimated at six sites in all teeth 
(mid-buccal, disto-buccal,mesio-buccal, mesio-lingual disto-lingual, 
and mid-lingual), excluding third molars, and remaining roots using a 
manual periodontal probe (UNC-15; Hu Friedy Mfg. Co. Inc., Chicago, 
IL USA).

For each individual, the worst values of PPD and CAL on six sites 
per tooth and the presence/ absence of BOP were recorded and coded 
as dichotomous variables.

Probing Pocket Depth (PPD) index was classified as 0-3.00 mm 
(absence of disease/mild disease) and ≥ 4.0 mm (moderate and severe 
disease) for mean PPD [42], attachment loss (CAL) severity was 
classified as mild, 1-2.0 mm of attachment loss and moderate/severe, 
≥3.0 mm of attachment loss [43], and the presence/absence of BOP was 
coded as - score 0: absence of BOP, and -score 1: presence of BOP and 
deemed positive if it occurred within 15 seconds of probing.

Ethical consideration

The current case - control study was not reviewed and approved 
by authorized committees (Ministry of Health, etc.), as in Greece 
only experimental studies must be approved by those Authorities. An 
informed consent form was obtained by the individuals who agreed to 
participate in the current study.

Statistical analysis

For each individual, the worst values of PPD and CAL on six sites 
per tooth and the presence/ absence of BOP were recorded and coded 
as dichotomous variables. Never smokers, individuals with a low socio-
economic (income/monthly ≥ 1,000 €) and educational (graduated 
from Uni-versity/College) level and individuals that reported a physical 
inactivity were coded as 0. Age groups distribution was coded as 0,1,2 
and 3 for ages 45-50, 51-60, 61-70 and 71+ respectively.

Univariate analysis model was applied to examine the relationship 
between the independent variables examined and BC risk, separately, 
by using chi-square test. Multivariate regression model was carried out 
to test the associations between the dependent variable, BC, and in-
dependent ones that were determined by the enter method. Adjusted 
Odds Ratios (OR's) and 95% CI were also assessed. Finally, the 
independent variables were included to stepwise method in order to 
estimate gradually the indices that showed significant associations with 
the dependent ones. Statistical analysis was carried out using the SPSS 
ver.19.0 package. A p-value of less than 5% (p< 0.05) was considered 
significant for all statistical test conducted.
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Results
The mean age of the sample was 58.4 ± 3.2 years. The main 

histological types were invasive ductal (72.6%) and lobular cancer 
(27.4%), as in the study protocol were not included the infrequent 
histological types of BC. 

The epidemiological indices of BC patients and healthy individuals 
after carrying out the univariate analysis are shown in Table 1.

Age (p= 0.03), BC family history (p= 0.000), early menarche (p= 
0.000), later menopause (p= 0.067), late age at 1st pregnancy (p= 0.000), 
BC genetic predisposition (p=0.000), increased BMI (p= 0.041), deep 
periodontal pockets (p= 0.000) and BOP (p= 0.049) were statistically 
signifi-cantly associated with risk for BC development. Table 1 also 
shows Unadjusted Odds Ratio and 95% Confidence Interval (CI) for 
each variable examined.

After performance of the first method (step 1a) of the regression 
model it was found that BC family history (p= 0.014), increased BMI 
(p= 0.043), and deep periodontal pockets (p= 0.031) were significantly 
associated with BC risk (Table 2). Table 2 also shows Unadjusted 
Odds Ratio and 95% CI for each parameter examined. The final step 
of multivariate regression analysis model (Wald method) is presented 
in Table 2, in which also shown that BC family history (p= 0.010), 
increased BMI (p= 0.036), BC genetic predisposition (p= 0.047) and 
deep periodontal pockets (p= 0.022) were statistically significantly 
associated with risk for developing BC.

Discussion
The association between PD indices and increased cancer risk has 

been investigated for more than 50 years, however, findings to date have 
little practical value as prevention indices. Recently, exists an increasing 
interest in exploring the possible relationship between PD and cancer 

Variables Cases Controls p-value  Odds Ratio and 95% 
 Confidence Interval

Age 
 45-50
 51-60
 61-70
 71+

 27 (17.3)
 68 (43.6)
 42 (26.9)
 19 (12.2)

 60 (19.1)
132 (42.0)
 88 (28.0)
 34 (10.9)

0.030*  _______

Educational level 
 Low
 High 

 97 (62.2)
 59 (37.8)

182 (58.0)
132 (42.0)

0.381 1.192 (0.804-1.768)

S/economic level 
 Low 
 High 

 87 (55.8)
 69 (44.2)

151 (48.1)
163 (51.9)

0.117 1.361 (0.925-2.002)

Smoking status 
 No
 Yes

 55 (35.3)
101 (64.7)

123 (39.2)
191 (60.8)

0.410 0.846 (0.567-01.260)

BC family history 
 No
 Yes 

 51 (32.7)
105 (67.3)

223 (71.0)
 91 (29.0)

0.000* 0.198 (0.131-0.300)

Early menarche
 No
 Yes 

 62 (39.7)
 94 (60.3)

192 (61.1)
122 (38.9)

0.000* 0.419 (0.283-0.621)

Later Menopause
 No
 Yes

 67 (42.9)
 89 (57.1)

163 (51.9)
151 (48.1)

0.067 0.697 (0.474-1.027)

Late age at 1st pregnancy
 No 
 Yes

 61 (39.1)
 95 (60.9)

193 (61.5)
121 (38.5)

0.000* 0.403 (0.272-0.597)

BRCA gen. predisposition
 No
 Yes

 
 48 (30.8)
108 (69.2)

259 (82.5)
 55 (17.5)

0.000* 0.094 (0.060-0.148)

Body Mass Index
 <25 kg/m2

 >25 kg/m2
 58 (37.2)
 88 (62.8)

148 (47.1)
166 (52.9)

0.664 0.041 (0.448-0.983)

Alcohol consumption
 <45 grams/day
 >45 grams/day

 75 (48.1)
 81 (51.9)

138 (43.9)
176 (56.1)

0.397 1.181 (0.803-1.736)

Physical inactivity
 No 
 Yes

 70 (44.9)
 86 (55.1)

141 (44.9)
166 (55.1)

0.999 0.995 (0.679-1.469)

Probing pocket depth
 0-3.00 mm
 ≥ 4.0 mm

 51 (32.7)
105 (67.3)

160 (51.0)
154 (49.0)

0.000* 0.468 (0.313-0.688)

Clin. Attachment Loss
 1.00-2.00 mm
 ≥ 3.0 mm 

 75 (48.1)
 81 (51.9)

176 (56.1)
138 (43.9)

0.103 0.726 (0.494-1.067)

Bleeding on Probing
 Absence
 Presence

 
 62 (39.7)
 94 (60.3)

155 (49.4)
159 (50.6)

0.049* 0.677 (0.458-0.999)

Table 1. Univariate analysis of cases and controls regarding each independent variable

* p-value statistically significant
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Variables in the Equation

B S.E. Wald df Sig. Exp(B)  95% C.I.for EXP(B)

Lower  Upper

Step 1a

age ,032 ,120 ,073 1 ,788 1,033 ,817 1,306

education.level -,209 ,218 ,921 1 ,337 ,811 ,529 1,243
socioecon.level -,222 ,221 1,014 1 ,314 1,249 ,810 1,926
smok.status ,098 ,226 ,188 1 ,664 1,103 ,708 1,717
famil.history ,540 ,220 6,046 1 ,014* 1,716 1,116 2,640
early.menarch ,189 ,222 ,726 1 ,394 1,208 ,782 1,865
late.age.1st.preg ,074 ,214 ,119 1 ,730 ,929 ,610 1,414
later.menopause ,207 ,218 ,898 1 ,343 1,230 ,802 1,885
alcohol.consumpt ,389 ,218 3,199 1 ,074 ,678 ,442 1,038
physical.inactiv -,114 ,230 ,245 1 ,620 1,121 ,714 1,759
body. mass. index ,677 ,229 5,738 1 ,043* 1,968 1,256 3,082
genet.predisposition ,380 ,228 2,777 1 ,056 1,462 ,935 2,284
bleed.prob ,267 ,220 1,469 1 ,225 1,306 ,848 2,012
clin.attach.loss ,069 ,224 ,095 1 ,758 1,071 ,691 1,663
prob.pock.dept ,652 ,219 6,831 1 ,031* 2,121 1,382 3,256
Constant 2,455 ,448 30,096 1 ,000 ,086

Step 12a

famil.history ,550 ,215 6,566 1 ,010* 1,733 1,138 2,640
body.mass.index ,570 ,207 5,581 1 ,036* 1,767 1,178 2,651
genet.predisposition ,415 ,218 3,635 1 ,047* 1,514 ,988 2,319
prob.pock.dept ,780 ,210 6,860 1 ,022* 2,182 1,447 3,291
Constant 2,067 ,279 55,063 1 ,000 ,127

a. Variable(s) entered on step 1: age, education.level, socioecon.level, smok.status, famil.history, early.menarch, late.age.1st.preg, later.menopause, alcohol.consumpt, physical.inactiv, 
body.mass.index, genet.predisposition, bleed.prob, clin.attach.loss, prob.pock.dept.

Table 2. Presentation of association between potentially risk factors and BC according to Enter (first step-1a) and Wald (last step 12a) method of multivariate logistic regression analysis 
model

* p-value statistically significant 

risk, especially for cancers in the head and neck location, upper 
gastrointestinal system, pancreas and lung [7-10], as there is evidence 
that PD patients were at increased risk of those types of cancers [11-13].

BC is the most common cancer and the main cause of female 
cancer in Europe, as is estimated that affect more than one in 10 
females and accounts for 28.8% of female cancers[44]. Moreover, it is 
responsible for 25% of all cancer cases and 15% of all cancer-related 
deaths among females [45]. Kamińska et al. [46] found that 20-30% of 
newly diagnosed BC cases may be associated with the occurrence of 
several risk factors that are implicated in initiation or modification of 
the process of neoplastic transformation of breast cells. 

The outcomes of the current study showed that BC family history, 
increased BMI, BC genetic predisposition, and deep periodontal pockets 
were statistically significantly associated with risk for developing BC.

Previous studies stated that BC is a disease of older females and 
its incidence increases with age, and it is rare below the age of 20 years 
[47,48]. In the current study no association between age and risk of BC 
was observed. 

Individuals of higher Socioeconomic Status (SES) have been linked 
to a higher risk for developing BC [49,50], whereas well educated 
individuals have a higher probability of receiving BC screening [51], 
observation that could lead to a reduced risk of BC. The outcomes of 
the current study showed no associations between SES/Educational 
Status and risk of BC. 

Smoking is a known carcinogenesis risk factor and can affect 
BC risk [52]. However, previous studies generally found conclusive 
evidence for a causal association between smoking and BC risk 
[21,52]. More recent epidemiological reports recorded modest raised 
risks with former or current [53-56] female smokers, but it remains 
unclear whether this association is a consequence of confounders such 
as alcohol consumption, whether the mentioned risk is increased in 
case that smoking starts in adolescence or before first childbirth, and 
whether risk is modified by family history of the disease [57]. 

Cogliano et al. [58] suggested that smoking could be a factor with 
limited evidence of causing BC, as the number of females included 
in the study was too small to draw conclusions. Similarly, the current 
research showed no association between smoking and BC risk. It is 
obvious that further research is required to clarify the possible impact 
of smoking on BC.

Obesity and generally increased BMI have been consistently 
associated with an increased risk of BC although a difference exists 
between pre-and postmenopausal status and Estrogen Receptor/ 
Progesterone receptor (ER/PR) tumor status [59,60]. 

The World Cancer Research Fund/American Institute Cancer 
Research (WCRF) suggested that exists convincing evidence showing 
that greater body fatness is responsible for post-menopausal BC [61].

Suzuki et al. [60], in a meta-analysis of 31 reports, 22 case-control 
and 9 cohort, found that each 5-kg/m2 increase in BMI was associated 
with a 33% increase in ER-positive and PR-positive breast tumors, 
whereas was protective against the incidence of ER/PR-positive breast 
tumors in pre-menopausal females. However, no associations were 
found between increased BMI and ER/PR-negative breast tumors or ER-
positive/PR negative tumors in either post- or pre-menopausal females. 
In another similar meta-analysis of 31 prospective studies Renehal 
et al. [62] found that a 5-kg/m2 increase in BMI increased the risk of 
postmenopausal BC by 12%, whereas Arnold et al. [63] assessed the 
possible association in postmenopausal BC cases occurring worldwide 
in 2012, and found that 10% could be attributed to high BMI (≥ 25 kg/
m2), findings that were in accordance with the outcomes of the current 
research.

Genome-wide association studies carried out worldwide and 
showed that susceptibility genes and genomic sequences were 
responsible for less than one third of all inherited BC cases [64].

Germ-line mutations in BRCA1 and BRCA2 genes are the main 
part of genetic and hereditary factors that are responsible for breast 
and ovarian cancers [65,66]. BRCA1 and BRCA2 genes are the 
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strongest susceptibility genes for BC [67]. Mutations in those genes 
are so effective in the increased risk for developing early-onset BC 
and familial ovarian cancer, however mutations in those two genes are 
not only responsible for 90% of hereditary BC cases but also for the 
majority of hereditary ovarian cancer [68-71]. BRCA1-related cancers 
are frequently triple negative, whereas BRCA2-related cancers are often 
hormone-dependent but highly proliferative [72]. The results of the 
current research confirmed the mentioned findings.

Females with any relative, a first-degree relative, a sister or a 
mother with BC have about twice the risk of developing BC. The risk is 
appreciably higher among females who have a mother and a sister with 
BC and among younger females, for females less than 50 years of age 
who have relatives with BC diagnosed before the age of 50 years [28]. 
The current study and previous studies confirmed the role of BC family 
history in BC etiology [73-76]. 

The associations between menarche age and the hormonal 
patterns of adolescent menstrual cycles have been investigated to 
obtain information regarding the possible role of early menarche as an 
important risk factor for BC [77-79]. However, inconsistent results have 
been found regarding age at menarche and BC risk. It has been found 
that younger age at menarche increases BC risk only in pre-menopausal 
females, whereas other researchers found increased risk only for post-
menopausal females. In those studies, age at menarche was found to 
be associated with both pre-and post-menopausal BC whereas it was 
also recorded no association with either pre- or post-menopausal BC 
[48, 80]. No association was observed in the current study between 
menarche age and BC risk.

Late menopause increases the risk of BC, however menopause 
does not cause cancer, but the risk of developing cancer increases as 
a female ages. A female who undergoes menopause after age 55 has an 
increased risk of breast, ovarian, and uterine cancers. The risk is greater 
if a female also began menstruating before age 12. A longer exposure 
to estrogen increases a female's risk of BC. Consequently, females who 
have been through natural menopause are more possible to develop 
cancer around as twice as high because of hormonal influences [81]. 
Moreover, post-menopausal females have a lower risk of BC than pre-
menopausal females of the same age and childbearing pattern [82,83].

In another study, in which majority of the females reached 
menopause after the age of 45 years, was observed that the risk of 
developing BC increased in both pre-and post-menopausal females 
who had early onset of menarche and late menopause possibly due to 
the increase in the duration of hormonal exposure [84]. The present 
report found no association between late menopause and BC risk.

Another risk factor for BC development is the late age at first 
pregnancy. Early age at first full-term pregnancy is inversely related to 
BC risk [84]. This association maybe reflects either a pregnancy induced 
maturation of breast cells, and thus making them less susceptible to 
carcinogenic trans-formation or a long-lasting hormonal alteration or 
both. Late age at last full-term pregnancy has also been found to be 
associated with a higher risk of BC, but not in all studies [48,85]. More 
studies must be carried out to investigate the association between age 
at any full-term pregnancy and BC risk. The outcomes of the current 
report did not confirm that association.

Alcohol consumption is associated with a modest increase in BC 
risk. This association has been consistently found in case-control and 
cohort studies, reducing the probability that it could be attributed 
to selection or information biases [86]. Extensive epidemiological 
studies have found such an association [87-90]. The overall estimated 

association showed a rate of 30-50% increase in BC risk from 15-30 
grams/day of alcohol consumption (about 1-2 drinks/day) [91,92]. 

A meta-analysis of 53 studies reported that compared with females 
who did not consumed alco-hol , the risk of BC increased by 32% for 
those with consumption of 35-44 grams/day (approxi-mately 3-4 drinks 
per day), and by 46% for ≥45 grams/day of alcohol use (approximately 
more than 4 drinks per day) [93]. Overall, the risk of BC is increased 
by 7% for each additional 10 grams of alcohol consumed per day [21]. 

According to IARC consumption of alcoholic beverages is a 
carcinogenic factor for the female breast[58] and a dose-response 
association has been suggested between alcohol consumption and the 
risk of BC [61]. The Collaborative Group on Hormonal Factors in Breast 
Cancer (CGHFBC) stated that females who consumed 35-44 grams or 
45 grams or more of alcohol per day showed a 32% or 46% higher risk 
of developing BC than non-drinkers and the risk increased by 7.1% 
for each additional drink (10 grams) of alcohol per day regardless of 
smoking status. 

Although the majority of the studies to date do not support increased 
BC risk with higher alcohol consumption in females, as the current report, 
prospective studies are needed to count out possible biases.

Previous reports have found a link between physical activity and 
BC risk. Epidemiological data that was based on73 studies carried 
out around the world showed a 25% average risk reduction amongst 
physically active females as compared to the least active ones. The 
associations were significant for entertaining activity, for activity 
maintained over the life-time or after menopause, and for activity that 
is of moderate to strong intensity and performed regularly [93]. Some 
evi-dence was also recorded for a stronger effect of physical activity 
amongst postmenopausal females, those who were normal weight, and 
those that had no family history of BC [94]. 

Moreover, in females with a family history of BC, physical activity 
was associated with reduced post-menopausal, but not pre-menopausal, 
BC risk and was not modified by extent of family history [95].

It is possible that physical activity is associated with decreased BC 
risk due to multiple inter-related biologic pathways that may implicate 
sex hormones, insulin resistance, insulin growth factors, changes 
in free radical generation, factors affecting body fat distribution, 
chronicinflammation and direct effects on cancer [93,94,96-99]. 
Physical exercise may act as an immune modulator that induces 
alterations in the activity of macrophages, natural killer cells, 
lymphokine activated killer cells, neutrophils, and regulating cytokines 
[96]. The effects of physical activity on age at menarche, menstrual cycle 
function, and level of endogenous sex steroid hormone levels in girls 
and young females are often mentioned as potential mechanisms for 
reduced BC risk [100]. Wu et al. [101] in a recent meta-analysis of 31 
prospective studies, found that physical activity was protective against 
BC, however, the inverse association between physical activity and the 
risk of BC was stronger for females with a BMI of less than 25 kg/m2,for 
premenopausal females and for ER/PR-negative tumors.

Similar observations were revealed in another age-matched case-
control study by Llerenas et al. [102], whereas the current study recorded 
no association between the indices examined. Inversely, in a meta-
analysis of 75 studies, Lee et al. [103] observed that physical inactivity, 
in-sufficient physical activity to meet current recommendations, 
increased the risk of BC by 33%.
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In a case-control study in low-income females in Brazil, females 
who had a sedentary lifestyle showed a 2.39 times higher risk of 
developing malignant breast diseases than controls. The strength of the 
association remained the same after further adjustment for hormone-
related factors, a family history of BC, and the percentage of body fat 
[104]. PD is a chronic infectious diseases [105], and its association with 
cancer risk has been investiga-ted over the years [11,106]. Moreover, 
useful aspects have been provided on the role of PD treatment in 
reducing the risk of different types of cancers [107].

PD among females was associated with conditions such as puberty, 
menstruation, pregnancy, and menopause [108,109], whereas it has 
also been observed that PD was positively associated with autoimmune 
diseases, disorders infertility, adverse pregnancy, low birth weight, 
preterm birth, and BC [110,111]. Consequently, it has been suggested 
that oral health amongst females should be a cause for concern 
regarding the mentioned conditions.

Freudenhelm et al. [23] in a prospective analysis showed that the 
presence of PD was associated with 14% increased BC risk among post-
menopausal females, and that highest risk was observed among former 
smokers, especially for those who quit in the past 20 years. Similarly, two 
meta-analyses showed [25,26], modest positive associations between 
PD and BC risk, and a case-control study revealed that after adjusting 
for important covariates, females diagnosed with periodontitis had 
two to three times higher odds of BC than those without periodontitis, 
whereas cases showed significantly greater CAL than controls (P=0.04) 
[36]. Similar reports confirmed the mentioned association [112,113].

Eight studies, involved 168,111 females, also found that PD did 
increase susceptibility to BC (RR = 1.18, I2 = 17.6%), with robust results 
confirmed by sensitivity analysis [114]. Other investigators suggested 
that PD might be a risk factor for female-specific BC, however a number 
of confounders might be influencing the results of the overall analysis, 
including study design, follow-up period, and history of periodontal 
therapy [14,15,24,26], whereas in a similar prospective study the 
association was found to be weaker [115]. 

Hujoel et al. [29] observed that clinical measurement of 
periodontitis was associated with a 32% increase in BC risk. However, 
the study included only 19 BC cases and the increase was not statistically 
significant. 

On the other hand, different findings have been recorded regarding 
the association examined. A non-significant increase in BC risk of 12% 
was recorded in a prospective study in which the measure of PD was of 
tooth mobility, a measure with good specificity but poor sensitivity [32], 
and in a large, prospective cohort study [116]. In another prospective 
study where PD status was assessed based on radiographic analyses of 
alveolar crestal bone height no association was detected between PD 
and invasive BC risk [30]. Michaud et al. [28] found that BC risk was 
not associated with varying clinical measures of severe periodontitis, 
and when limited to never‐smokers. Similar studies have confirmed the 
mentioned outcomes [117,118].

Differences in individuals of the mentioned study samples (both 
pre- and post-menopausal or postmenopausal females only), methods 
of exposure register (self-reported with or without clinical dental 
measurements), severity of PD (not specified, mild, moderate or severe), 
as well as adjustment factors (differences in potential confounding 
factors) may explain part of the discrepancies observed across those 
observational studies. Similarly, as with any exposure estimation, 
measurement and classification of PD may be defective, even when 

based on a clinical dental examination carried out as part of the cohort 
protocol. Given that the examination performed after the diagnosis of 
cancer, it is possible that any mis-measurement of PD would produce 
an overestimate of the association.

Several potential mechanisms have been proposed to explain the 
observed association of PD with BC. It is possible that periodontal 
pathogens directly implicated in carcinogenesis. Perio-dontal bacteria 
from the oral cavity enter the blood circulation following activities 
including tooth brushing, flossing and chewing, particularly among 
individuals with PD [119]. Despite the fact that circulating oral bacteria 
are rapidly cleared, a considerable cumulative exposure to tissues has 
been revealed [120]. Moreover, breast ducts are not sterile, breast ductal 
tissues are exposed to bacteria and viruses during lactation and human 
milk contains a complex and variable variety of bacteria [121,122]. 
There is also evidence that bacteria are present in breast tissues [16,123] 
including in breast tumors [123]. The source of those bacteria in breast 
tissues and tumors are still unknown, however the oral cavity and 
intestine might contribute to the mentioned colonization [122]. Some 
of the bacteria species revealed in breast tissues [16] have also been 
found in the mouth although it is unknown whether there are the same 
species. 

Although not consistent [124,125], there is some evidence [126,127], 
that an increase in BC risk has been associated with antibiotic use, as 
particular antibiotics might or might not alter the oral microbiome.

Another potential mechanism is inflammation that could be 
attributed to the PD influencing systemic processes including breast 
carcinogenesis [128]. PD triggers a chronic systemic inflammation that 
is characterized by increased levels of C-reactive protein (CRP) [129], 
cytokines, chemokines and other biomarkers in blood circulation [130] 
with a potential impact on carcino-genesis [131]. In addition, bacterial 
metabolites produced in oral cavity including nitrosamines and 
acetaldehyde could have a systemic impact on carcinogenesis [132]. 

It is possible that common risk factors such as smoking, physical 
activity or diet, inflammation, oxidative stress or shared genetic factors 
may contribute to host susceptibility to both BC and PD [133-135]. 
To be more specific, the cytokine receptor activator of Nuclear Factor-
κB (RANK) and its ligand (RANKL) may be implicated in breast 
carcinogenesis and metastasis [136-138], as blood and salivary RANKL 
are increased in, especially among smokers [139,140]. 

It has been found that BC risk associated with PD was limited to 
smokers, particularly former smokers who had quit in the previous 20 
years [23]. Smoking is a major risk factor for PD [141], and the bacterial 
microbiota in PD patients differs between smokers and non-smokers 
[142,143]. 

Smokers’ microbiomes have less diversity, higher prevalence 
of species that associated with periodontal pathogenesis and lower 
prevalence of those associated with health [142,144]. 

Moreover, lower humoral immune response in both current and 
former smokers compared to never smokers has been recorded [145].

Study strengths and limitations should be taken into account in 
interpretation of the recorded findings. Strengths of the study include 
the completeness of follow-up, the well-characterized cohort that it was 
possible to examine both confounding and interaction by known risk 
factors, in order to avoid secondary biased associations. Another issue 
is the determination of PD status by oral clinical examination and not 
by self-report, thus no possible misclassification of exposure to PD 
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exists. Such misclassification based on self-reported data may lead to 
the underestimation of the association between PD and BC risk.

A potential limitation is the possibility of confounding in estimates 
of risk caused by additional unknown confounders. Smoking status 
may play another role as in a previous report compared with never 
smokers, former smokers were more likely to undergo mammographic 
screening, whereas current smokers were less likely to receive screening 
[146].

This study was limited to post-menopausal females, thus findings 
can only be generalized with confidence to the mentioned group, and 
further reports could explore the association between various severity 
of PD and different subtypes of breast cancer.

Conclusion
Individuals with a positive breast cancer family history, genetic 

predisposition, increased body mass index and those with deep 
periodontal pockets were at significantly higher risk for developing 
breast cancer.
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