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Abstract 

Introduction Studies have shown that an impaired bone condition, represented by 

osteoporosis and increased fracture risk, may potentially aggravate periodontal 

disease and, consequently, the risk of tooth loss. This 5‑year prospective study aimed 

to investigate whether systemic bone condition represents risk factor for tooth loss 

due to periodontal disease amongst elderly women. 

Material and methods Seventy‑four participants, aged ≥ 65 years, who attended the 

5‑years recall for periodontal evaluation were involved. Baseline exposures were 

osteoporosis and fracture risk probabilities (FRAX). Women were grouped according 

to bone mineral density (BMD) and years of bone treatment for osteoporosis. The 

primary outcome at a 5‑year follow‑up was the number of tooth loss due to 

periodontal disease. Periodontitis staging and grading, and causes of tooth loss were 

recorded. 

Results The multivariate Poisson regression models showed that women with 

untreated/shortly treated osteoporosis were 4 times more likely to present higher 

number of tooth loss due to periodontal disease than those with normal BMD or 

treated for ≥ 3 years (risk ratio (RR) = 4.00, 95% CI 1.40–11.27). Higher FRAX was 

also linked to tooth loss (RR = 1.25, 95% CI 1.02–1.53). Receiver‑operating 

characteristic (ROC) curve suggested that women with history of ≥ 1 tooth losses 

have higher chances of worse major FRAX (sensitivity = 72.2%; specificity = 72.2%). 

Conclusion In this 5‑year study, higher FRAX and untreated osteoporosis were risk 

factors for tooth loss. Women with normal BMD or treated for osteoporosis for ≥ 3 

years did not show increased risk. Management of skeletal conditions should be 

emphasized with periodontal care for the prevention of tooth loss in elderly women. 
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Introduction 

Global awareness of developing strategies for improving quality of life and reducing 

health costs among elderly people has increased attention due to the association 

between systemic bone mass and oral health [1]. Low bone mineral density (BMD) 

and higher fracture risk probability in ten years (FRAX) have been associated with 

periodontal disease, which is one of the main causes of tooth loss among adults [2–

4]. Prospective studies investigating whether low BMD and higher FRAX scores could 

contribute to the reduction of periodontal apparatus and thus be considered risk 

factors for tooth loss are important. Despite the importance of the topic, there is a 

scarcity of studies specifically designed to provide a clear consensus on this issue 

so far. 

Osteoporosis is a systemic skeletal disease characterized by low bone mass 

and increased risk of fragility fracture. The condition is one of the most common and 

impactful metabolic diseases in older adults [5, 6]. Fractures are recognized as the 

hallmark of bone fragility and a major cause of morbidity in elderly people, which are 

associated with increased mortality and a huge economic burden [7, 8]. 

In the last years, some evidences suggested that antiresorptive drugs used in 

the management of osteoporosis may be effective in improving clinical outcomes to 

periodontal treatment [9–11]. A recent meta‑analysis on the use of bisphosphonates 

(BP) associated to nonsurgical mechanical periodontal therapy has shown significant 

improvements regarding probing depth reduction, clinical attachment level gain and 

radiographic assessment, favoring the group that used BP [10]. There is a lack of 

long‑term studies on the influence of these medications on tooth loss due to 

periodontitis in individuals with osteoporosis. 

Based on the hypothesis that an impaired systemic bone condition may lead 

to tooth loss over the years, this 5‑year prospective study aimed to investigate 

whether osteoporosis and increased fracture risk are risk factors for tooth loss due 

to periodontal disease amongst elderly women. Additionally, the influence of bone 

medication on this outcome was investigated. 

 

Materials and Methods 

Study design, participants and setting 

The baseline data of this study was described previously as a cross‑sectional 

involving 134 elderly women aged 65 years or more, which showed that women with 

osteoporosis, particularly those not treated with antiresorptive drugs, had a greater 

chance to present severe periodontitis than those with normal BMD [12]. At baseline, 

all participants received periodontal therapy and were advised to attend periodontal 

supportive maintenance. 



BMD was measured by dual‑energy x‑ray absorptiometry (DXA) at the lumbar spine 

(L1–L4), femoral neck and total femur. All the assessments were performed in a 

standardized way, by trained technologists, using a GE Lunar DPX‑NP (GE Health 

Care Clinical Systems Medical Equipment). Women who presented associated 

diseases or drugs that affected bone (osteopenia, Paget, diabetes mellitus, 

malignancies, corticosteroids, immunosuppressive drugs or chemotherapy) and 

those who were smoking were excluded from the study. Eligibility for the 5‑year 

prospective study was to have been treated for periodontitis at baseline and the 

attendance of a periodontal recall visit at the dental center for a periodontal 

evaluation. Of the 134 elderly women with baseline data, 60 were unable 

to participate in the 5‑year follow‑up. Therefore, data concerning 74 participants 

were analyzed (follow‑up response rate 55.2%) (Fig. 1). 

This study was carried out in accordance with the Declaration of Helsinki, 

informed consents were obtained and received ethical approval by the local Research 

Ethics Committee, protocol 3.469.969. 

Data collection 

Fracture risk assessment 

FRAX was calculated for each participant at baseline, by filling in the online form of 

the FRAX calculation tool, adjusted for Brazilian population, with data on age, sex, 

body mass index, prior fragility fracture, parental history of hip fracture, current 

tobacco smoking, long‑term use of oral glucocorticoids, rheumatoid arthritis, other 

causes of secondary osteoporosis, and alcohol beverage consumption. FRAX was 

calculated in two ways: with the inclusion and non‑inclusion of femoral neck BMD 

(www. shef. ac. uk/ frax) [13, 14]. 

Osteoporosis diagnosis 

The lowest T‑score was considered to classify each participant as normal BMD (T‑

score ≥ ‑1 standard deviation (SD) from peak BMD of the lumbar spine, femoral neck 

and total hip), or as osteoporosis (T‑score ≤ − 2.5 SD at any of these sites) [6]. 

All participants responded a structured questionnaire about low impact 

fractures occurring after 40 years. Skull, hands and feet fractures were not 

considered as fragility fractures. Morphometric vertebral fractures were searched 

using lateral x‑rays of thoracic and lumbar spine, according to Genant’s scale. 

Description of the primary outcome: tooth loss 

The primary outcome variable, modeled as count data, was the number of lost teeth 

due to periodontal disease, at 5‑years follow‑up.  

This variable was based on the difference between the number of teeth from 

baseline to follow‑up. Tooth loss due to periodontal disease was considered when: 

the women received such information from their dentists; they were informed that 



the tooth was affected by “a gingival or periodontal problem”, or that there was tooth 

mobility related to this problem; they stated that the tooth became loose on its own, 

without a proper injury; or they were informed by the dentist that the tooth did not 

present enough support to be maintained in the mouth [15]. The information was 

double checked for consistency using the electronic patient records of the dental 

center. 

Description of the exposure variables 

The exposure variables, for systemic bone condition, were:  

‑ osteoporosis 

‑ baseline FRAX major fracture risk (with and without BMD). 

Secondary outcomes: periodontal conditions 

One calibrated clinician, blinded for BMD status, performed the full‑mouth 

periodontal examinations in each subject, at baseline and follow‑up.  

Probing depth (PD) and clinical attachment level (CAL) were measured at six 

sites (mesial, distal, and middle sites of the buccal and lingual sides) on each tooth, 

using a North Caroline periodontal probe (Hu‑FriedyR, USA). Dental biofilm was 

recorded using the plaque index (PI) according to absence (score 0 = non‑visible) or 

presence (score 1 = visible). Bleeding on probing (BOP) was also determined in a 

dichotomous way. Intra‑examiner reliability for PD and CAL measurements was 

calculated at baseline through intra‑class correlation (ICC) coefficients. ICC for PD 

and CAL were 0.80 and 0.88, respectively. 

Women were considered to have severe periodontitis at baseline and follow‑

up if they presented ≥ 2 interproximal sites with CAL ≥ 6 mm (not on the same tooth) 

and at least and ≥ 1 interproximal site with PD ≥ 5 mm, according to the American 

Academy of Periodontology and the Center for Disease Control (AAP/CDC) [16]. 

Based on the World Workshop on the New Classification of Periodontal and Peri‐

Implant Diseases and Conditions, periodontitis staging I–IV were attributed 

according to the severity of periodontitis at follow‑up. Grading A, B or C was used as 

an indicator of the rate of periodontitis progression, based on direct evidence, by CAL 

change in the worst site of the remaining teeth at 5‑years follow‑up [17, 18]. 

Concerning the periodontal approach, the first step at baseline was aimed at guiding 

behavior change by motivating the patient to undertake successful removal of 

supragingival dental biofilm and risk factor control, as well as possible plaque‑

retentive factors that impaired oral hygiene practices. Irrespective of the presence of 

periodontitis, all of the study participants received oral hygiene instructions, and 

mechanical therapy, including oral prophylaxis. The cause‑related therapy was aimed 

at controlling periodontitis through subgingival instrumentation. If the treatment has 

been successful (no PD > 4 mm with BOP or no PD ≥ 6 mm), patients were placed 



in a supportive periodontal care program, including recommended recall visits at a 4 

to 6‑month intervals. If not successful, patient was submitted to surgical therapy, 

whenever appropriated. A tooth was extracted only if it presented a hopeless 

prognosis. Teeth with mobility grades 1 and 2, including those with furcation 

involvement, remained in the mouth if they did not cause oral dysfunction. Intervals 

between periodontal maintenance visits and causes of tooth loss in the last five years 

were recorded for each participant through a questionnaire during dental 

appointment. 

Statistical analysis 

Descriptive statistics were performed for baseline data according to BMD status at 

baseline (normal BMD/osteoporosis) and also between groups with or without 

history of tooth loss as a result of periodontal disease at follow‑up. Continuous and 

categorical variables were compared using Mann–Whitney test and chi‑square test, 

respectively. The analyses were also conducted according to subgroups of ‘BMD and 

bone medication’ during follow‑up: G1‑Normal BMD, G2‑Untreated osteoporosis, 

G3‑Osteoporosis with treatment < 3 years, and G4‑Osteoporosis with treatment ≥ 3 

years. Wilcoxon test was used to compare periodontal parameters between follow‑

up and baseline examinations, including PD, CAL, BOP, PI, number of natural teeth, 

frequencies of severe periodontitis, staging and grading of periodontitis. The 

association of grades A, B and C of periodontitis with means of FRAX was also 

explored by means, using Kruskal–Wallis test. 

Crude and multivariate Poisson regression analyses with robust covariance 

were used to estimate risk ratio (RR) and 95% confidence intervals (CIs) on the 

association of the exposure variables with the main outcome. Multivariate Poisson 

regression models were adjusted for sociodemographic and clinical factors, 

specifically: ‘BMD and bone medication’ (G1–G4); ethnicity; age; family income; 

educational level; plaque index; number of remaining teeth and number of dental 

maintenance visits.  

Receiver operating characteristic (ROC) curve analysis explored the cut‑off 

points of major FRAX related to tooth loss due to periodontal disease among the 

participants. Statistical significance was set at 5%. All data processing and analyses 

were performed using the software SPSS version 21.0 (“Statistical Package for the 

Social Sciences”, SPSS Inc., Chicago, USA). 

 

Results 

Participants: baseline characteristics Sociodemographic and clinical data of study 

participants who completed the follow‑up were relatively homogeneous regarding 

most of the sociodemographic features: ethnicity, education, family income, number 



of dependents, age at menopause, type of menopause (physiological or surgical), 

except for age at baseline (mean of 68.5 vs. 70.5 years old, for normal BMD and 

osteoporosis, respectively, p = 0.04). Characteristics related to bone status, and oral 

health information, are also shown in Table 1. Data related do bone status and FRAX 

were always significantly worse in the group of women with osteoporosis. 

Primary outcome: tooth loss 

Table 1 shows patients divided in two groups, according to tooth loss. There were no 

significant differences in the sociodemographic data of patients presenting or not 

tooth losses. FRAX probabilities were higher in women with tooth loss during follow‑

up. Tooth loss was also associated with osteoporosis, specifically when untreated or 

treated for less than 3 years. 

Among the 74 patients, 48 had osteoporosis and 35 had good adherence to 

osteoporosis medication: bisphosphonates (BP)‑ alendronate 70 mg/weekly (n = 

25), risedronate 35 mg/weekly (n = 5), ibandronate 150 mg/monthly (n = 2); and 

strontium ranelate 60 mg/daily (n = 3). Of them, 5 women changed to denosumab 60 

mg/ml subcutaneously/6 months, 3 to intravenous BP (zoledronic acid 4%, annually), 

and one to teriparatide 20 mcg/daily. Two more women only used denosumab. The 

information on adherence to bone treatment was carefully checked by self‑reported 

data and by digital medical records at the hospital. Among the 13 women non 

adherent to bone treatment, 6 presented tooth loss at follow‑up, whereas only 12 of 

the 35 women treated for osteoporosis lost teeth. Out of the whole sample, 34 women 

(45.9%) attended the periodontal appointments at least once a year after baseline; 

18 (24.4%) attended between 2 and 3 years, and the last 22 women (29.7%) had just 

come for the study recall. 

In total, 37 teeth were lost by the 18 women who lost teeth due to periodontal 

causes at follow‑up. About their position of them, we observed the following: 5.6% 

upper incisors, 33.3% lower incisors, 50.0% upper pre‑molars/molars, and 11.1% 

lower pre‑molars/molars. 

Multivariate analysis for tooth loss  

The results of the crude and multivariate Poisson regression analysis, according to 

the outcomes variables at follow‑up, are shown in Table 2. 

The number of teeth lost in a 5‑year period as a result of periodontal disease 

was significantly associated with FRAX (with or without femoral neck BMD) and with 

osteoporosis in crude analysis. However, after adjustments, the association 

remained significant only for FRAX calculated with BMD (RR = 1.25, 95% CI 1.02–

1.53). Neither FRAX without BMD, nor osteoporosis were predictors for tooth loss 

after adjustments. Multivariate regression showed that ‘BMD and bone medication’ 

was linked with tooth loss: women with untreated osteoporotic BMD, or with a short 



period of treatment, were 4 times or more, more likely to present higher number of 

teeth lost than those with normal BMD (G2; RR = 4.00, 95% CI 1.40–11.27; and G3, 

RR = 4.58, 95% CI 1.04–20.19; RR = 6.89, 95% CI 1.67–28.36; RR = 7.80, 95% CI 1.67–

36.35). Osteoporosis treated ≥ 3 years was not linked to tooth loss. 

Secondary outcomes: periodontal parameters 

Periodontal evaluation  

The periodontal clinical measures according to BMD status are presented in Table 

3. The analysis included only teeth which were present at baseline and follow‑up 

exams. There was a significant reduction in the mean of PD, PI, percentage of sites 

with CAL ≥ 6 mm and number of teeth between baseline and 5‑years follow up, as 

well as a significant increase in worsening interdental CAL.  

Comparisons between groups of women with or without osteoporosis did not 

show differences in periodontal parameters neither at baseline, nor at follow‑up. 

Association of grade of periodontitis and fracture risk 

The associations of grading of periodontitis with mean FRAX scores (with or without 

BMD) are shown in Table 4. The lower the FRAX probabilities, the lower the grade of 

periodontitis, that is: the worse systemic bone condition, represented by a higher 

fracture risk, is associated to the progression of periodontitis over time. 

ROC curve, sensitivity and specificity  

ROC curve (Fig. 2) showed an area under the curve (AUC) of 0.73 (p = 0.004). A 

sensitivity of 72.2% and specificity of 72.2% were observed. Women with at least 1 

tooth lost due to periodontal disease during follow‑up had a 72% likelihood of having 

major FRAX ≥ 5.15 at baseline, and those with no tooth loss had a 72% chance of 

having lower FRAX than that. 

 

Discussion 

The findings of this 5‑year prospective study suggest that untreated/shortly treated 

osteoporosis and higher FRAX were risk factors for tooth loss. To the best of our 

knowledge, this was the first study conducted specifically to reach these goals. 

Primary outcome 

Since the endpoint of periodontal disease is tooth loss, this was the main outcome 

addressed in this prospective study. Osteoporosis, itself, has not predicted tooth loss 

due to periodontal disease at follow‑up. The focus on risk factors concerning tooth 

loss should rely on groups of BMD and bone treatment instead, since women with 

untreated/short treated osteoporosis were more than 4 times more likely to present 

higher number of teeth losses compared to women with normal BMD or with 

osteoporosis treated for 3 years or more. Untreated osteoporosis may negatively 

impact periodontal condition by mechanisms related to disruption of the homeostasis 



concerning bone remodeling, hormonal balance, and resolution of inflammation [19]. 

Regression models showed that FRAX major remained associated with tooth loss 

after adjustments. For grade of periodontitis, statistical significance was lost. 

Irrespective of this, it was observed that the higher the FRAX, the worse the grading 

(Table 4). Some authors reported that major FRAX was significantly higher in 

patients with moderate and severe periodontitis than in those with mild periodontitis 

[20]. Postmenopausal women with FRAX absolute risk for major fractures higher 

than 20% had more severe PD, CAL and tooth loss due to periodontal disease than 

those with lower FRAX scores [21]. In Brazil, relative risk is used for FRAX, instead. 

The absolute values obtained using FRAX for both major and hip fractures are 

informed into National Osteoporosis Guideline Group (NOGG for estimation of 

patients at fracture risk for whom osteoporosis treatment is recommended (www. 

abras so. org. br).  

The FRAX tool is easily accessed over the internet and may be calculated 

without BMD when this value is not available, which makes its use very practical [6]. 

Combining FRAX score with clinical and radiographic evaluations of the periodontium 

should be recommended in the routine of the dental practice, not only to screen 

women potentially prone to osteoporotic fractures, but also to support the planning 

of supportive periodontal therapy and enroll patients in a strict maintenance program 

to control risk factors for tooth loss as a result of periodontitis progression. 

Secondary outcomes 

The significant reduction of PD over 5‑years may reflect a sound control on the 

progression of the periodontal disease. Significant differences comparing the 

periodontal parameters between the groups of women with or without osteoporosis 

may not have reached significant differences because data were computed only for 

the remaining teeth at follow‑up; also because the sample size was not too large. 

Thus, these participants presented healthier periodontal conditions, since the teeth 

affected by severe and progressive periodontal disease were extracted over the 5‑

year period. 

In a 5‑year study that explored changes in periodontal disease among 

postmenopausal females, mean of tooth loss due to periodontal disease was 0.10 

[22]. Although that study was not designed to investigate the association between 

systemic bone condition and tooth loss, the authors reported lower frequency of 

tooth loss due to periodontal disease (13%) than our findings (24%). A systematic 

review focusing on the progression of periodontitis in terms of clinical attachment 

loss, radiographic bone loss and tooth loss revealed an annual mean of tooth loss of 

0.20, increasing with advancing age (> 50 years 0.23), and an annual mean of 

attachment loss of 0.1 mm [23]. These values are higher than our findings. This may 



be explained by the lower severity of periodontal disease, low exposure to major risk 

factors for periodontitis (like smoking and diabetes), and adequate oral hygiene, 

represented by low plaque indexes in the studied sample. If they had not reached 

autonomy on self‑maintained oral health, the amount of biofilm would be higher and 

periodontal disease might have been more severe after the 5‑year period, with more 

participants with periodontitis grades B or C, and more tooth loss. 

Potential clinical relevance 

Encouraging adherence to osteoporosis treatment  

This study showed that the evaluated outcome was influencedby bone medication 

use. These drugs have also been related to other oral health improvements [24, 25]. 

Two recent meta‑analyses showed the benefits of systemic BP on CAL when 

administered along with conventional periodontal treatment [9, 10]. Comparing the 

effects of the different types of antiosteoporosis drugs on periodontal condition 

should be explored in future studies. 

The goal of bone‑targeted drug therapy in patients with osteoporosis is to 

increase bone strength to decrease the risk of fractures [6]. Improving adherence to 

osteoporosis therapy requires effective patient/professional communication. Oral 

health professionals should encourage adherence to osteoporosis treatment, 

explaining that the risk of medication‑related osteonecrosis of the jaw seems to be 

low in patients with osteoporosis, comparing to the risk of bone fractures in the 

absence of treatment [26–28]. 

Effects on patient care and health policies 

The burden of osteoporosis, fragility fractures and, consequently, the increasing 

demand for treatment are expected because of the aging process of the population 

in most countries. It reflects the importance of placing research into aging individuals 

at the forefront of health research [29, 30]. 

The development of strategies related to the prevention and treatment of 

periodontal disease is important for tooth maintenance and quality of life related to 

oral health in postmenopausal women with impaired systemic bone condition. 

Dentists should also advise their patients on lifestyle measures to improve bone 

health by increasing the level of physical activity, reducing or stopping smoking and 

alcohol beverage intake, reducing the risk of falls and ensuring adequate dietary 

calcium intake and vitamin D status [31]. In the present study, a significant 

association was found between grades of periodontitis and FRAX. However, previous 

research reported that elderly participants in the high‑risk group of osteoporosis 

fractures did not show more severe periodontal condition, according to Community 

Periodontal Index (CPI), than those in the low and moderate risk group. The authors 

acknowledged that the role of number of remaining natural teeth in the oral cavity 



would be more critical than the inflammatory status of the periodontium on the 

incidence of osteoporotic fracture in elderly women. Discrepancies between the 

findings of both studies possibly occurred due to methodological differences, such 

as the studied population, study design, and mainly due to the discrepancies in the 

clinical periodontal indexes used to assess participant’s periodontal status. In the 

present study, grade was considered an appropriate periodontal index to evaluate 

the possible link between periodontitis progression with osteoporosis risk fracture, 

since grade represents a specific measure of periodontal disease, namely impaired 

periodontal status over time [32]. 

Besides that, it is worthy to notice that ROC curve showed that the history of 

tooth loss due to periodontal disease in the last 5 years could be an useful tool to 

indicate worse major FRAX. Dentists should refer elderly women to the physician 

evaluation when detecting one or more losses in the dental exam. 

 

Final considerations 

There are some limitations to be addressed in this study, like the small sample size, 

which influences the precision of the association measurement, decreasing the 

statistical power. It results in loss of generalizability and, consequently, on the 

reliability of the findings. If the follow‑up response rate was higher, or the follow‑up 

was longer, it could have resulted in more patients enrolled in the study, and 

consequently, greater power. Moreover, this study was conducted in a naval‑based 

hospital. Thus, the participants, who were relatives of military personnel, were 

assisted by experienced professionals at the naval dental center and hospital, which 

may not reflect the reality of the available healthcare assistance to the general 

population. 

A limitation would be that most of the women with osteoporosis were treated 

with bone medication. However, this issue was addressed by adjusting the analyses 

for four groups according to BMD and bone medication (G1–G4). If osteoporosis was 

not properly managed in the studied sample, then periodontal tissues could have 

been worsened over the years, and the negative effects of systemic bone fragility on 

periodontal tissues would be stronger. Not offering treatment to these women would 

be unacceptable, unethical, for exposing them to a higher risk of fractures, thus, 

increasing the related morbidity and mortality. 

We recognize that the goals concerning ideal intervals for periodontal 

maintenance were not reached. Although we recommended intervals up to six 

months, less than 50% of the participants with severe periodontitis at baseline 

adhered to these adequate recall intervals. Despite that, improved periodontal status 

over the 5‑year period has evidenced that periodontal therapy was effective, and is 



worthy, as consensually recognized [33]. The prevention of periodontal diseases 

requires the improvement of knowledge, better health literacy, patient 

empowerment, motivation, and compliance [34]. 

In conclusion, an impaired systemic bone condition, represented by untreated 

osteoporosis, and higher FRAX were predictors for tooth loss due to periodontal 

disease over a 5‑year period in the studied population of elderly women. However, 

when managed with bone medication for ≥ 3 years, osteoporosis was not a risk factor 

for tooth loss.  
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Table 1.  Sociodemographic, clinical and oral health data of the 74 participants according 

to tooth loss due to periodontal disease at follow‑up   

Characteristics 
 Groups according to tooth loss 

over 5‑years 
 

 
Total  

(N=74) 

No  

(N = 56) 

Yes  

(N = 18) 
P 

Age at baseline (years)  69.76 ± 3.86 69.46 ± 3.87 70.67 ± 3.80 0.190 

Ethnicity     

    White 44 (59.5) 35 (62.5) 9 (50.0) 0.347 

    Non white 30 (40.5) 21 (37.5) 9 (50.0)  

Education     

    Incomplete primary education 34 (45.9) 29 (51.8) 5 (27.8) 0.223 

    Elementary school 18 (24.3) 12 (21.4) 6 (33.3)  

    High school 20 (27.0) 13 (23.2) 7 (38.9)  

    Higher education 2 (2.7) 2 (3.6) 0 (0.0)  

Family income     

    < 4 minimum wage per month 21 (28.4) 14 (25.0) 7 (38.9) 0.256 

     ≥ 4 minimum month salary 53 (71.6) 42 (75.0) 11 (61.1)  

Number of dependents     

    ≤2 52 (70.3) 38 (67.9) 14 (77.8) 0.423 

    ≥3 22 (29.7) 18 (32.1) 4 (22.2)  

Age at menopause  48.14 ± 5.48 48.04 ± 5.36 48.44 ± 5.97  

Type of menopause          

physiological 60 (81.1) 46 (82.1) 14 (77.8) 0.681 

    surgical 14 (18.9) 10 (17.9) 4 (22.2)  

FRAX (without femoral neck BMD) (%)     

      Hip 1.91 ± 1.41 1.64 ± 1.17 2.76 ± 1.78 0.012* 

      Major fracture 5.28 ± 2.36 4.81 ± 1.95 6.74 ± 2.93 0.011* 

FRAX (with femoral neck BMD) (%)     

      Hip 1.38 ± 1.26 1.12 ± 1.08 2.16 ± 1.47 0.004* 

      Major fracture 4.71 ± 2.24 4.24 ± 1.95 6.12 ± 2.51 0.004* 

Bone Mineral Density (g/cm2)     

      Femoral neck 0.847 ± 0.144 0.866 ± 0.152 0.787 ± 0.094 0.052 

      Total hip  0.866 ± 0.145 0.886 ± 0.153 0.804 ± 0.098 0.054 

      Lumbar spine (L1‑L4) 0.972 ± 0.193 0.999 ± 0.201 0.886 ± 0.140 0.033* 

Osteoporosis  

      (yes) 

 

48 (64.9) 

 

33 (58.9) 

 

15 (83.3) 

 

0.06 



      No  26 (35.1) 23 (41.1) 3 (16.7)  

BMD and bone medication     

       G1 (normal BMD) 26 (35.1) 23 (41.1) 3 (16.7) 0.009* 

       G2 (untreated OPR) 13 (17.6) 7 (12.5) 6 (33.3)  

       G3 (OPR treated <3years) 4 (5.4) 1 (1.8) 3 (16.7)  

       G4 (OPR treated ≥3years) 31 (41,9) 25 (44.6) 6 (33.3)  

Body Mass Index (kg/m²) 26.35 ± 8.41 26.27 ± 9.27 26.63 ± 4.82 0.667 

N teeth lost due to periodontitis 0.50 ± 1.09 0 2.06 ±1.30 <0.001* 

N teeth lost due to other reasons    0.46 ± 0.80 0.29 ± 0.62 1.00 ± 1.03 <0.001* 

Brushing Frequency      

      ≤ 2 27 (36.5) 21 (37,5) 6 (33.3) 0.749 

      ≥ 3 47 (63.5) 35 (62.5) 12 (66.7)  

Intervals between dental visits (in years, 

during follow‑up) 
2.23 ± 1.31 2.20 ± 1.35 2.33 ± 1.19 0.590 

*: significant p  level; Mann‑Whitney test for continuous variables and Qui‑square for 

categorical variables 

SD: standard deviation. Data expressed as mean±SD or absolute number (%) 

N: number; BMD: bone mineral density, measured by dual‑energy x‑ray 

absorptiometry (DXA); CAL: clinical attachment loss; OPR= osteoporosis 

G1‑Normal BMD, G2‑ Osteoporosis with no treatment, G3‑ Osteoporosis with 

treatment <3 years, and G4‑ Osteoporosis with treatment ≥ 3 years 

 

 

 

 

  



Table 2. Crude and adjusted Poisson regression on the association of FRAX, osteoporosis at 

baseline with number of tooth loss at a 5‑year follow‑up 

Exposure variables at baseline Total sample (N= 74) Adjusted  

 RR (95% CI); p‑value RR (95% CI); p‑value 

FRAX major (without BMD) 1.22 (1.06‑1.39); 0.005*  1.09 (0.93‑1.27); 0.278 

  G1: 1 

  G2: 4.46 (0.99‑20.08) 0.052 

  G3: 7.80 (1.67‑36.35) 0.009* 

  G4: 1.25 (0.32‑4.83) 0.744 

FRAX major (with BMD) 1.33 (1.11‑1.59); 0.002* 1.25 (1.02‑1.53); 0.034* 

  G1: 1 

  G2: 2.47 (0.43‑14.34) 0.312 

  G3: 4.58 (1.04‑20.19) 0.044* 

  G4: 0.77 (0.16‑3.69) 0.742 

 Osteoporosis (Yes) 3.47 (1.01‑11.87); 0.048* 1.51 (0.38‑6.03); 0.560 

   No  1 G1: 1 

  G2: 4.00 (1.40‑11.27) 0.009* 

  G3: 6.89 (1.67‑28.36) 0.008* 

  G4: 1 

*significant p level  

NA: not applicable; CI: confidence interval; RR: risk ratio 

For multivariate analysis, among the following factors: BMD and bone medication (G1‑Normal BMD, G2‑ 

Osteoporosis with no treatment, G3‑ Osteoporosis with treatment <3 years, and G4‑ Osteoporosis with 

treatment ≥ 3 years); ethnicity; age; family income; educational level; plaque index; number of remaining 

teeth and number of dental maintenance visits, only those which exercised significant effect on each one 

of the primary outcomes were included in the model and presented in the column on the right.  

 

 

 

 

 

 

 



Table 3. Number of teeth and clinical periodontal measures of the elderly women in the 

study, according to BMD status, considering only the teeth that were present at follow‑up 

and baseline. 

Clinical periodontal 

parameters 
Total 

Normal 

BMD 
Osteoporosis  p1 p2 

Number of teeth      

Baseline 14.8 ± 6.3 14.2 ± 6.5 15.0 ± 6.2 0.559 <0.001* 

Follow‑up 13.8 ± 6.7 13.5 ± 6.6 14.0 ± 6.8 0.598  

N teeth lost due to 

periodontitis     
0.50 ± 1.09   0.19 ± 0.57  0.67 ± 1.26 0.058 ‑ 

N teeth lost due to 

other reasons    
0.46 ± 0.80   0.50 ± 0.81   0.44 ± 0.80 0.657  

Probing depth      

Mean ± SD baseline 2.1 ± 0.4 2.2 ± 0.4 2.1 ± 0.4 0.458 <0.001* 

Mean ± SD follow‑up 1.8 ± 0.4 1.9 ± 0.4 1.8 ± 0.4 0.580  

Probing depth: N interdental sites ≥ 5mm     

Mean ± SD baseline 4.5 ± 5.6 5.4 ± 6.5 4.1 ± 5.2 0.352 0.093 

Mean ± SD follow‑up 1.3 ± 2.6 1.2 ± 2.3 1.4± 2.7 0.659  

Clinical attachment loss      

Mean ± SD baseline 2.8 ± 0.6 2.8 ± 0.6 2.8 ± 0.7 0.474 0.737 

Mean ± SD follow‑up 2.8 ± 0.8 2.8 ± 0.8 2.8 ± 0.8 0.716  

Clinical attachment loss: N interdental sites ≥ 5mm    

Mean ± SD baseline 7.1 ± 7.1 7.2 ± 7.4 7.0 ± 7.0 0.643 0.106 

Mean ± SD follow‑up 6.6 ± 7.1 6.1 ± 7.6 6.9 ± 6.8 0.506  

Clinical attachment loss: % sites ≥ 6mm    

Mean ± SD baseline 7.2 ± 8.4 5.7 ± 6.9 7.9± 9.15 0.249 0.002* 

Mean ± SD follow‑up 6.2 ± 9.5 5.3 ± 6.9 6.7 ± 10.8 0.734  

Plaque index (%)      

Mean ± SD baseline 23.3 ± 14.8 24.3 ± 15.2 22.7 ± 14.7 0.774 <0.001* 

Mean ± SD follow‑up 16.3 ± 14.0 16.0 ± 13.4 16.4 ± 14.5 0.913  

Bleeding on probing index (%)     

Mean ± SD baseline 14.4 ± 11.4 14.7 ± 11.5 14.2 ± 11.5 0.738 0.370 

Mean ± SD follow‑up 13.4 ± 10.8 14.0 ± 12.0 13.0 ± 10.2 0.913  

Worst interdental CAL#       

Mean ± SD baseline 5.5 ± 1.3 5.4 ± 1.3 5.5 ± 1.4 0.603 <0.001* 

Mean ± SD follow‑up 5.9 ± 1.4 5.6 ± 1.3 6.1 ± 1.4  0.053  

Severe Periodontitis      



(N,%) 

Baseline (N, %) 28 (37.8) 7 (26.9) 21 (43.8) 0.154 ‑ 

Follow‑up (N, %) 28 (37.8) 9 (34.6) 19 (39.6) 0.674  

Periodontitis: Staging Follow‑up:     

Stage I (N, %) 2 (2.7) 1 (3.8) 1 (2.1) 0.956 ‑ 

Stage II (N, %) 8 (10.8) 3 (11.5) 5 (10.4)   

Stage III (N, %) 51 (68.9) 18 (69.2) 33 (68.8)   

Stage IV (N, %) 13 (17.6) 4 (15.4) 9 (18.8)   

Periodontitis: Grading Follow‑up     

Grade A (N, %) 45 (63.5) 21 (80.8) 26 (54.2) 0.070 ‑ 

Grade B (N, %) 19 (25.7) 4 (15.4) 15 (31.2)   

Grade C (N, %) 8 (10.8) 1 (3.8) 7 (14.6)   

 p1: Mann‑Whitney (comparison between normal BMD group and osteoporosis group); 

p2: Wilcoxon Signed Rank test (comparison between baseline and follow‑up for paired 

sample). 

CAL: clinical attachment loss; N: number 

SD: standard deviation. Data expressed as mean±SD or absolute number (%) 

Stages:  

Stage I: interdental CAL at the site of greatest loss 1 to 2mm and no tooth loss as a 

result of periodontal disease; 

Stage II: interdental CAL at the site of greatest loss 3 to 4mm and no tooth loss as a 

result of periodontal disease; 

Stage III: interdental CAL at the site of greatest loss ≥5mm and ≤4 teeth lost as a 

result of periodontal disease. 

Stage IV: interdental CAL at the site of greatest loss ≥5mm (CAL present at ≥2 non‐

adjacent teeth) and ≥5 teeth lost because of periodontal disease. 

Grades: 

Grade A: slow rate of progression (evidence of no loss over 5 years); 

Grade B: moderate loss of progression (<2mm over 5 years); 

Grade C: rapid loss of progression (≥2mm over 5 years). 

†Teeth lost during follow‑up were not considered for registering worst interdental CAL 

at baseline. Only the remaining teeth were considered.  

 

 

 

 



Table 4. Association between grades of periodontitis and FRAX  

Grade of 

periodontitis 

FRAX major 

(without BMD) 

P FRAX major 

(with BMD) 

p 

A 4.685 ± 1.842 0.023* 4.200 ± 1.965 0.037* 

B 5.679 ± 2.299  5.228 ± 2.318  

C 7.863 ± 3.448  6.450 ± 2.723  

*: significant p level; Kruskal‑Wallis test 

SD: standard deviation. Data expressed as mean±SD or absolute number (%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 1. Flow chart of participants and procedures of the study 

AAP: American Academy of Periodontology; CDC: Center for Disease Control 

FRAX: Fracture Risk Assessment 

 

 

 

 

 

 

 

 



 

 

Figure 2. Receiving operating curve (ROC) for the tooth loss due to periodontal 

disease (N ≥1) in the screening for worse major FRAX 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4963759/figure/F5/

	article1
	Article

