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Background. Menopause is an important milestone in the women9s life continuum and is
associated with potentially adverse eûects, including those related to oral health. This
study assessed self-reported periodontal disease in relation to menopausal status.
Methods. A cross-sectional study involving a convenience sample of female university
dental hospital attendees was conducted using a validated, self-administered, self-
reported periodontal disease questionnaire. A two-step cluster analysis was used to
categorize the participants based on menstrual period (MP) continuity, systemic diseases
and age. Diûerences between clusters were analyzed using chi-square test. Results. From
112 included participants, 3 clusters resulted from the analysis: Cluster #1 (37±8 years,
no systemic diseases and continued MP), Cluster #2 (40±10, with systemic diseases and
continued MP) and Cluster #3 (54±9, with systemic diseases and discontinued MP). Cluster
#3 had less optimal oral hygiene habits and more missing teeth (p>0.05). Clusters #1 and
#2 reported more gingival bleeding, tooth sensitivity and calculus (p>0.05). Cluster #3, on
the other hand, presented with more self-reported oral dryness (pf0.05). Conclusions.
Within study limits, clusters of menopausal women with systemic diseases reported high
symptoms of periodontal disease that were not signiûcantly diûerent from younger
individuals, with the exception of oral dryness.
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41 Abstract

42 Background. Menopause is an important milestone in the women�s life continuum and is 

43 associated with potentially adverse effects, including those related to oral health. This study 

44 assessed self-reported periodontal disease in relation to menopausal status. 

45 Methods. A cross-sectional study involving a convenience sample of female university dental 

46 hospital attendees was conducted using a validated, self-administered, self-reported periodontal 

47 disease questionnaire. A two-step cluster analysis was used to categorize the participants based 

48 on menstrual period (MP) continuity, systemic diseases and age. Differences between clusters 

49 were analyzed using chi-square test.

50 Results. From 112 included participants, 3 clusters resulted from the analysis: Cluster #1 (37±8 

51 years, no systemic diseases and continued MP), Cluster #2 (40±10, with systemic diseases and 

52 continued MP) and Cluster #3 (54±9, with systemic diseases and discontinued MP). Cluster #3 

53 tended to have less optimal oral hygiene habits and more missing teeth (p>0.05). Clusters #1 and 

54 #2 insignificantly reported more gingival bleeding, tooth sensitivity and calculus (p>0.05). 

55 Cluster #3, on the other hand, presented with more self-reported oral dryness (pf0.05).
56 Conclusions. Within study limits, clusters of menopausal women with systemic diseases 

57 reported high symptoms of periodontal disease that were not significantly different from younger 

58 individuals, with the exception of oral dryness.
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81 Introduction

82 Menopause is defined by the World Health Organization (WHO) as �the permanent cessation of 

83 menstruation due to loss of ovarian follicular activity� (World Health Organization, 1996). It is 

84 diagnosed retrospectively following 12 months of amenorrhea that is not associated with 

85 pathology. The term �Menopause� itself means �without estrogen�, and refers to the time at 

86 which cyclic ovarian function - known as menstruation � ceases (World Health Organization, 

87 1996). As levels of circulating sex hormones change, several clinical outcomes ensue with a 

88 resulting potential impact on emotional state and quality of life.

89

90 Within the context of oral health, it has been shown that hormonal fluctuations during the 

91 different stages of menopause may lead to certain inflammatory responses in the body 

92 (Mariotti, 2005). Notably, these fluctuations and changes increase the sensitivity of the gingiva 

93 to microbial dental plaque and calculus, consequently increasing the susceptibility to adverse 

94 oral health outcomes such as gingivitis, periodontitis, oral dysesthesia and xerostomia or dry 

95 mouth (Mosley, Smith & Dezan, 2015; �Guideline on Oral Health Care for the Pregnant 

96 Adolescent.,� 2016). Further, the gingival epithelium becomes thinner, atrophic and more prone 

97 to inflammatory changes during menopause (Alves et al., 2015). Hormones have been shown to 

98 directly and indirectly exert effects on the periodontium. Estrogen and progesterone affect 

99 cellular proliferation, differentiation and growth in target tissues, including keratinocytes and 

100 fibroblasts in the gingiva (Mariotti & Mawhinney, 2013; Jafri et al., 2015). Therefore, the sudden 

101 decrease in estrogen production may be associated with primary osteoporosis, which has an 

102 effect on the jaw bones (Alves et al., 2015). The reduction in bone mineral density resulting from 

103 osteoporosis contributes to periodontal disease progression in menopausal women (Alves et al., 

104 2015). Moreover, Estrogens may interfere with other periodontal tissues such as the gingiva and 

105 periodontal ligament, and influence host immune-inflammatory responses (Alves et al., 2015). 

106 Some studies have reported a link between osteoporosis of the mandible and the peripheral 

107 skeleton with alveolar bone loss of the mandible and tooth loss in menopausal women (Jonasson 

108 & Rythén, 2016).

109

110 Interestingly, periodontal disease is less prevalent in women than men. However, studies have 

111 shown that the opposite takes place in older populations (Gupta et al., 2018). The currently 

112 increasing life span of populations indicates that the proportion of menopausal women affected 

113 by periodontal disease is on the rise. Approximately one in two perimenopausal women is 

114 affected by moderate to severe periodontitis, highlighting the need for manual intervention to 

115 reduce periodontitis risk (Gil-Montoya et al., 2021).

116

117 Despite the available evidence, there are no data that have focused on the personal input of 

118 women in Northwest Saudia Arabia with regards to their oral health, namely periodontal disease 

119 and the possible relation with their menopausal condition. This can help oral health promotion, 

120 early treatment and prevention of further complications associated with different stages of 

Abstract
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121 menopause. Specifically, this will aid in the establishment of a referral system between 

122 gynecologists, general practitioners and dentists that involves regular dental checkups for early 

123 detection and intervention, and based on the fact that oral health is an integral component of the 

124 overall health.

125

126 The objective of this study was thus to assess the self-reported periodontal disease among a 

127 selected group of women attending a university outpatient dental clinic in relation to their 

128 menopausal status.

129

130 Materials & Methods

131 Study Design

132 This was an observational cross-sectional analytical study, conducted at the Taibah University 

133 College of Dentistry outpatient clinics in AlMadinah AlMunawwarah, Saudi Arabia. Approval 

134 from the Taibah University College of Dentistry Research Ethics Committee was obtained prior 

135 to commencement of the study, as all set procedural institutional guidelines were followed 

136 (Approval no. TUCDREC/20180107/Fadl). 

137

138 Ethical Considerations

139 The study was conducted in accordance with the ethical guidelines set by the Declaration of 

140 Helsinki (2013). Before recruitment, the purpose of the study was explained to each of the 

141 participants and informed consent was obtained. They were also informed that participation was 

142 voluntary, with no negative repercussions in terms of quality of offered healthcare due to 

143 declining to participate. Participants were also assured that all information will be kept 

144 confidential and will only be used for research and educational purposes. In addition, participants 

145 were informed whenever necessary of their treatment needs based on the findings of this study. 

146

147 Study Population and Sample Size Calculation

148 The study involved a convenience / consecutive sample from all female individuals aged 

149 between 22 and 75 years, who were attending the college clinics between November 2018 and 

150 July 2019. Children and individuals below 22 years were excluded alongside those with 

151 dementia or mental health or radiotherapy. Approximately 13,000 patients (women and men) 

152 visit the clinics each year.

153

154 Based on the reported prevalence of the outcome �gingivitis� in the general population of 75%, 

155 with a desired level of confidence of 95%, and a margin of error of 10, and an estimated 

156 population of women attending the clinics annually of 6,500, a sample size of 97 participants 

157 was required for the study (Chisquares Inc. Sample Size Calculation for Cross-sectional Studies 

158 with Percentage as Outcome.). Incomplete responses were to be excluded from the analysis.

159

160
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161 Interview and Questionnaire

162 Data were collected by means of an interview and a self-administered questionnaire. The 

163 interview was conducted in the waiting area and involved explanation of the study, giving 

164 consent to participate and filling the questionnaire. The questionnaire took 3-5 minutes to 

165 complete and included providing information about age, education level, marital status, siblings, 

166 current health status and social and oral hygiene habits. Participants were also asked about 

167 continuation of their menstrual period (MP). Moreover, a valid and reliable Arabic version of the 

168 self-reported periodontal health questionnaire was included (Khader, Alhabashneh & Alhersh, 

169 2014). This section consisted of seventeen close ended dichotomous questions, representing the 

170 outcome variables.

171

172 Data Analysis

173 A statistical package (SPSS Inc., Chicago, IL, USA - version 20) was used to calculate 

174 descriptive values in the form of means and standard deviations for continuous variables, and 

175 frequencies/percentages for categorical variables. A 2-step cluster analysis was performed to 

176 identify hidden patterns and relationships by categorizing participants based on the reported 

177 background, demographic and health data. Repeated attempts utilizing different demographic 

178 and habitual variables produced a clustering model of �Good� quality via Silhouette�s measure. 

179 The finally selected clustering predictors, in order of importance; were menstrual period 

180 continuation, presence of systemic diseases and age. A post hoc power calculation was 

181 performed considering the clusters with the highest (n=65) and lowest (n=22) number of 

182 participants and a confidence interval of 95% yielded a study power of 77% (OpenEpi, Version 

183 3, open source calculator - PowerCross). The differences between groups/clusters in terms of 

184 quantitative demographics, oral hygiene habits, oral findings and the self-reported periodontal 

185 disease questions were analyzed using the chi-square test. A p-Value f 0.05 was considered 

186 statistically significant.

187

188 Results

189 Of a total of 114 participating female patients, two were excluded due to incomplete data. The 

190 remaining 112 returned their completed questionnaires and agreed to participate in the study 

191 while awaiting their treatment appointment at the dental clinics. The mean age of the total 

192 sample was 40 (±10) years. Fifty-two percent held a university degree and 66% were employed. 

193 Thirty-six percent of the participants suffered from different systemic conditions such as 

194 hypertension and diabetes mellitus. Similarly, 59% were on non-specified chronic medication, 

195 five of which specifically reporting the use of hormone replacement therapy (HRT). Fourteen 

196 percent of the total participants were current smokers, 3 of them smoked cigarettes and the 

197 remaining used waterpipes. Twenty percent had already discontinued their menstrual period.

198

199 The two-step cluster analysis resulted in 3 clusters, with cluster # 1 (n=65) including women 

200 with no systemic conditions and cluster # 3 (n=22) involving those with a completely 
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201 discontinued menstrual period (Figure 1). Compared to the other two clusters, women in cluster 

202 # 3 mostly completed up to high school education (p < 0.001), 55% were unemployed (p < 0.05) 

203 and had the highest number of children (p < 0.01) (Table 1). With regards to participants from 

204 cluster # 2, on the other hand, 84% were married (p > 0.05) and 80% were on medication (p < 

205 0.01) (Table 1).

206

207 Cluster # 3 apparently had the least percentage of participants who regularly brushed their teeth 

208 (91%), used other tooth cleaning aids (41%) or used mouthwash (41%) compared to the other 

209 two clusters, although the differences were not statistically significant (p > 0.05) (Figure 2). The 

210 same cluster also tended to have the highest prevalence of tooth loss (96%) and replacement of 

211 missing teeth (50%) compared to the other clusters (Figure 3). However, the differences were 

212 insignificant (p > 0.05). With regards to the self-reported periodontal disease (SRPD) questions, 

213 the observations of swollen and painful gums, pus, movable teeth, teeth that have changed in 

214 position or longer teeth were more reported among individuals in cluster # 3, albeit the lack of 

215 statistical significance (p > 0.05) (Table 2). The feeling of dry mouth was also significantly 

216 higher in cluster # 3 compared to the other 2 clusters (p < 0.05) (Table 2). On the other hand, 

217 self-reported bleeding gums, tooth sensitivity and calculus deposits were relatively, yet 

218 insignificantly; higher in clusters # 1 and # 2 (p > 0.05) (Table 2).

219

220 Discussion

221 This study aimed at evaluating self-reported oral health in women in relation to their menopausal 

222 status. Women who have not reached menopausal age insignificantly reported more bleeding 

223 gums, tooth sensitivity and calculus deposits than their menopausal counterparts. This is in line 

224 with findings from larger registries, reporting more oral health problems by younger women 

225 (Azofeifa et al., 2014). An explanation could be that younger women are exposed to continuous 

226 hormonal changes, with the potential of exaggerated responses of the dental and periodontal 

227 tissues to local stimuli (Dar-Odeh et al., 2017). Furthermore, the fact that women in the 

228 reproductive age may go through several pregnancies, are minimally aware at the time with 

229 regards to their oral health and often avoid dental visits could all contribute to the characteristic 

230 adverse oral health findings (Dar-Odeh et al., 2018).

231

232 There was an insignificant tendency for older menopausal women with different systemic 

233 comorbidities, i.e. Cluster # 3, to observe more painful gums, pus, longer teeth, teeth that are 

234 movable, or teeth that have changed their position, all of which are known symptoms related to 

235 advanced periodontitis. Recent cohort studies showed that postmenopausal women were more 

236 likely to have periodontitis (Park et al., 2023a), and that women with periodontitis are more 

237 likely to develop osteoporosis (Choi et al., 2017). Furthermore, it was concluded from previous 

238 studies that diabetes mellitus and hypertension are particularly associated with missing teeth 

239 among women (Dar-Odeh et al., 2019). A recent nested case-control study showed that healthy 

240 patients with periodontitis had a higher mean systolic and diastolic blood pressure than 
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241 periodontitis-free individuals (Muñoz Aguilera et al., 2021). The increased local and systemic 

242 inflammatory markers detected in periodontitis patients are associated with vascular changes and 

243 endothelial dysfunction. Furthermore, several studies concluded that diabetic patients had a 

244 higher prevalence of periodontal disease than healthy individuals, and attributed the development 

245 of diabetes to oral infection and periodontal pathogens (Martínez-García & Hernández-Lemus, 

246 2021).

247

248 It was important to investigate the potential role of smoking in this study. Smoking is considered 

249 a major risk factor in periodontal disease development and progression. Recent research suggests 

250 that smoking acts as a facilitator for the colonization of periodontal pathogens, influencing the 

251 structure of the subgingival microbial community and worsening treatment outcomes (Jiang et 

252 al., 2020). However, no differences in smoking was observed between the three studied clusters.

253

254 Additional findings from this study confirmed what was mentioned earlier, which showed a 

255 tendency for menopausal women to have higher prevalence of missing teeth and tooth 

256 replacement. Interestingly, the current study identified relatively poor oral hygiene practices 

257 among menopausal women, which aggravates the risk for dental caries and periodontal disease. 

258 Moreover, menopausal women were of low educational backgrounds, mostly unemployed and 

259 with more children. These sociodemographic variables could play a role in predisposing to low 

260 awareness to oral hygiene practices and favorable oral health outcomes. Park and co-workers 

261 concluded in their nationwide cohort study that good oral hygiene practices are adversely 

262 correlated with osteoporotic fractures (Park et al., 2023b).

263

264 Menopausal women with systemic comorbidities reported a significantly higher prevalence of 

265 dry mouth. Krupa et al. have recently concluded that there was a significant association between 

266 menopausal duration and salivary flow rates (Krupa et al., 2023). Older age is associated with 

267 polypharmacy which could also predispose to dry mouth (Cannon et al., 2023). On the other 

268 hand, several medications are known for improving periodontal health. Non-steroidal anti-

269 inflammatory drugs are thought to enhance periodontal treatment outcomes through their anti-

270 inflammatory effects (Ren et al., 2023). Further, hormone replacement therapy (HRT) during 

271 menopause is thought to relieve dry mouth symptoms (Wang et al., 2021). Moreover, HRT 

272 seems to enhance alveolar bone density and teeth durability (Pizzo et al., 2011). However, as low 

273 as only five participants reported the use of HRT in the current study, which statistically limits 

274 its influence on the study outcomes.

275

276 The relatively small sample size is looked upon as a study limitations, since it may have 

277 impacted the extrapolation of the observed findings alongside the convenience sampling that 

278 precluded generalizability of the finding. This may dictate the consideration of the current 

279 investigation as a pilot study at best. However, the self-reporting of oral health symptoms in 

280 menopausal women in this study covers an important aspect, providing unique information that 
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281 can be utilized for hypothesis generation in future studies. Moreover, the cross-sectional design 

282 limits the identification of temporal relationships between menopause and oral health parameters, 

283 necessitating the interpretation of findings with caution. Another limitation is the non-disclosure 

284 of the medication types consumed by more than half of the participants, which in theory may 

285 have included drugs that increase (anti-cancer drugs) or decrease (anti-inflammatory agents) the 

286 risk of periodontitis, although minimal conclusive evidence on such associations is available in 

287 the literature (Albandar, Susin & Hughes, 2018).

288

289 Conclusions

290 From this investigation, it can be concluded that clusters of menopausal women with systemic 

291 diseases reported high symptoms of oral and periodontal disease that were not significantly 

292 different from younger individuals, with the exception of oral dryness. Further studies with 

293 larger study samples are required to expand on such findings.
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Figure 1
An area chart showing the three resulting clusters from the 2-step cluster analysis, with
the predictors <Period Continuation=, <Presence of Systemic Diseases= and <Age=.
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Figure 2
A bar-chart showing the oral hygiene habits in the total sample (N=112) and the three
clusters. No signiûcant diûerences were observed using chi-square test.
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Figure 3
A bar-chart showing the prevalence of self-reported tooth loss and tooth replacement in
the total sample (N=112) and the three clusters. No signiûcant diûerences were
observed using chi-square test.
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Table 1(on next page)

Demographic characteristics of the total sample (N=112) and the three clusters.

(p-Values in BOLD fonts are statistically signiûcant using chi-square test at 0.05). a Only 5

(5%) of those on medication are on hormone replacement therapy (HRT). b Only 3 (3%)
smoke cigarettes, the remaining smokers use water pipe.
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1Table 1: Demographic characteristics of the total sample (N=112) and the three clusters.

Variable
Total Sample

(N=112)

Cluster # 1

(n=65)

Cluster # 2

(n=25)

Cluster # 3

(n=22)

p 

Value

Marital Status - n (%)

Not Married

Married

27 (24)

85 (76)

18 (28)

47 (72)

4 (16)

21 (84)

5 (23)

17 (77)

0.502

Education - n (%)

High school or lower

University degree

54 (48)

58 (52)

26 (40)

39 (60)

12 (48)

13 (52)

20 (91)

2 (9)

0.000

Employment - n (%)

No

Yes

38 (34)

74 (66)

22 (34)

43 (66)

4 (16)

21 (84)

12 (55)

10 (45)

0.021

Siblings - n (%)

None

1 � 2

3 � 4

> 4

27 (24)

22 (20)

33 (29)

30 (27)

17 (26)

17 (26)

19 (29)

12 (19)

4 (16)

4 (16)

12 (48)

5 (20)

6 (27)

1 (5)

2 (9)

13 (59)

0.001

Recent Medication - n (%) *

No

Yes

46 (41)

66 (59)

35 (54)

30 (46)

5 (20)

20 (80)

6 (27)

16 (73)

0.005

Smoking - n (%) �

No

Yes

96 (86)

16 (14)

53 (82)

12 (18)

22 (88)

3 (12)

21 (96)

1 (4)

0.255

2(p-Values in BOLD fonts are statistically significant using chi-square test at 0.05)

3* Only 5 (5%) of those on medication are on HRT

4� Only 3 (3%) smoke cigarettes, the remaining smokers use water pipe

5

6

7

PeerJ reviewing PDF | (2024:10:107178:1:0:NEW 23 Nov 2024)

Manuscript to be reviewed



Table 2(on next page)

Positive answers (YES) to the self-reported periodontal disease questionnaire by the
total sample (N=112) and the three clusters.

(p-Values in BOLD fonts are statistically signiûcant using chi-square test at 0.05)
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1Table 2: P������� answers (YES) to the self-reported periodontal disease questionnaire by the total sample 

2(N=112) and the three clusters.

Variable

Total 

Sample

(N=112)

Cluster # 

1

(n=65)

Cluster # 

2

(n=25)

Cluster # 

3

(n=22)

p 

Value

Did you notice any swollen or reddish area in 

your gums (more than the usual)u 30 (27) 17 (26) 6 (24) 7 (32) 0.820

Do your gums bleed easilyu 50 (45) 30 (46) 12 (48) 8 (36) 0.676

Do you feel pain from your gumsu 28 (25) 12 (18) 8 (32) 8 (36) 0.161

Does your mouth feel dryu 29 (26) 11 (17) 8 (32) 10 (45) 0.022

Have you noticed an unpleasant smell from 

your mouthu 35 (31) 24 (37) 5 (20) 6 (27) 0.271

Do you have any abscess or pus in your mouthu 13 (12) 7 (11) 1 (4) 5 (23) 0.128

Does food get trapped between your teethu 85 (76) 51 (79) 18 (72) 16 (73) 0.755

Do you feel that your teeth move / have 

movedu 15 (13) 5 (8) 4 (16) 6 (27) 0.060

Have you noticed that your teeth have changed 

in their positionu 23 (20) 12 (18) 5 (20) 6 (27) 0.674

Have you noticed that your teeth have become 

longeru 18 (16) 8 (12) 4 (16) 6 (27) 0.255

Do you feel any sensitivity in your teethu 46 (41) 28 (43) 13 (52) 5 (23) 0.111

Do you have any calculus or limestone deposits 

on your teethu 60 (54) 33 (51) 16 (64) 11 (50) 0.494

Do you think you have any disease in your 

gums or tissues that support your teeth 

(periodontium) or loss of bone that fif�� the 

teethu 18 (16) 9 (14) 4 (16) 5 (23) 0.618

Has any dentist or hygienist ever told you that 

you have deep periodontal pocketsu 6 (5) 3 (5) 2 (8) 1 (4) 0.801

Have you ever been told that you needed 

treatment for your gums / periodontal tissuesu 16 (14) 7 (11) 3 (12) 6 (27) 0.150

Have you ever received any treatment for your 

gums / periodontal tissuesu 26 (23) 13 (20) 6 (24) 7 (32) 0.522

Have you ever received any surgical treatment 

for your gums / periodontal tissuesu 3 (3) 3 (5) 0 (0) 0 (0) 0.328

3(p-Values in BOLD fonts are statistically significant using chi-square test at 0.05)

4

5

6

7

8

9
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