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Introduction

Abstract: Previous studies have examined salivary calcium and periodontal disease;
however, evidence regarding sex-related differences in salivary calcium levels and oral
hygiene status among elderly individuals with periodontitis, particularly in Indonesia,
remains limited. This gap highlights the need for studies that can support more targeted
oral health assessment and management in geriatric dentistry. This study aimed to
analyze differences in salivary calcium levels and oral hygiene status between elderly
men and women in Suka Maju Village, Deli Serdang Regency. This observational analytic
study used a cross-sectional design. The subjects consisted of 88 elderly individuals. Oral
hygiene was assessed using the calculus index, debris index, and Oral Hygiene Index
(OHI), while salivary calcium levels were analyzed using spectrophotometry. The results
showed that salivary calcium levels were higher in elderly men than in women. Most
subjects in both groups had poor oral hygiene status. There was a significant difference
in salivary calcium levels between elderly men and women (p = 0.004), while no
significant difference was found in oral hygiene status between the two groups (p =
0.950). As the conclusion in elderly individuals with periodontitis, salivary calcium levels
differ between females and males, with females having higher levels than males. The
male OHI is higher than the female OHI, but there is no significant difference between
the two.
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diseases can impair mastication, nutrition,
communication, social participation, and overall well-

Indonesia is currently experiencing a demographic
transition toward an aging society, with older adults
(260 years) representing more than 11% of the national
population in 2024, a proportion expected to rise steadily
over the coming decades, reflecting a substantial
demographic shift (Romadlona et al., 2025). This trend
has important implications for healthcare systems, social
welfare, and the quality of life among older adults,
including oral health maintenance. As life expectancy
increases, the growing elderly population requires
increased attention not only to general health but also to
oral health, which is increasingly recognized as an
essential component of healthy aging because oral
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being among elderly individuals. Oral diseases such as
periodontitis, dental caries, tooth loss, xerostomia, and
impaired masticatory function are highly prevalent
among older adults and can substantially affect overall
quality of life (Kossioni et al., 2018; Peres et al., 2019;
Petersen & Yamamoto, 2005). Poor oral health has also
been associated with frailty, functional dependence,
malnutrition, and reduced well-being among elderly
individuals, highlighting its broader impact on systemic
health and successful aging (Peres et al., 2019; Rouxel et
al., 2016). Furthermore, the World Health Organization
has emphasized that maintaining oral health throughout
the life course is fundamental to preserving quality of
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life, social participation, and healthy longevity in older
populations (WHO, 2022). As life expectancy continues
to increase worldwide, identifying factors associated
with oral health deterioration and developing effective
preventive strategies for older adults have become
important public health priorities (Bolukbasi & Dundar,
2024).

The physiological aging process causes various
changes in the oral cavity, including decreased salivary
flow rate, altered saliva composition, and declines in
motor and cognitive abilities, which affect the capacity
to maintain oral hygiene (Azzolino et al., 2019; Darwis et
al., 2025). These conditions can increase the risk of
periodontal disease, dental caries, and plaque and
calculus accumulation in the elderly (Seo et al., 2024).
Saliva plays a crucial role in maintaining the balance of
the oral ecosystem by acting as a lubricant, buffer, and
antimicrobial medium, and age-related alterations in
salivary flow and composition have been shown to
significantly increase susceptibility to oral diseases in
older adults (Okuyama & Yanamoto, 2024). Recent
studies emphasize that monitoring salivary parameters
in elderly populations is essential for early detection of
oral dysfunction and prevention of oral disease
progression (Koskinas et al., 2026).

One component of saliva involved in the tooth
remineralization process is calcium. High salivary
calcium levels can have a protective effect against
enamel demineralization; however, they can also
increase calculus formation if not balanced by good oral
hygiene (Enax et al, 2024). Research by Kaczor-
Urbanowicz et al. (2017) and Pateel et al. (2017) supports
the role of salivary calcium as a reliable biomarker
associated with calculus accumulation, periodontal
status, and oral hygiene performance in elderly
individuals (Kaczor-Urbanowicz et al., 2017; Pateel et al.,
2017).

Gender-related differences in calcium metabolism
may become more pronounced with advancing age. In
elderly women, particularly after menopause, estrogen
deficiency accelerates bone resorption and alters calcium
homeostasis, resulting in increased mobilization of
calcium from skeletal tissues and potential changes in
calcium concentrations in biological fluids, including
saliva (Conforto et al., 2024). These alterations have been
associated with reduced salivary flow rate, changes in
salivary composition, and increased susceptibility to
periodontal tissue breakdown and tooth loss (Vallabhan
et al, 2020). In contrast, elderly men generally
experience a more gradual decline in sex hormones,
leading to different patterns of bone metabolism and
mineral regulation (Coggins et al., 2025). Consequently,
salivary calcium levels may reflect distinct physiological
processes in men and women. Elevated salivary calcium
concentrations in women may be associated with
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postmenopausal bone turnover and increased mineral
release, whereas in men, salivary calcium variations may
be more strongly influenced by lifestyle factors, oral
hygiene practices, and systemic health conditions
(Mathangi et al., 2026). These differences may ultimately
contribute to variations in dental calculus formation,
periodontal health, and oral hygiene status between
elderly men and women, highlighting the importance of
sex-specific investigations of salivary calcium as a
potential oral health biomarker.

Recent evidences indicate that postmenopausal
women exhibit altered salivary composition, reduced
salivary flow, and increased vulnerability to periodontal
disease compared to age-matched men (Labunet et al,,
2025). Meanwhile, in men, hormonal changes occur
more gradually, but behavioral factors and oral hygiene
habits often pose their own challenges (Lipsky et al,,
2021). Studies published in the last five years also
highlight that lifestyle factors such as smoking, oral
hygiene behavior, and dental service utilization
significantly contribute to gender-related disparities in
oral health outcomes among the elderly (Han, 2026).
These biological and behavioral differences form an
important basis for comparing salivary calcium levels
and oral hygiene between elderly men and women.

Social environment, education level, and awareness
of the importance of dental and oral care also influence
the oral hygiene status of the elderly (Bashirian et al.,
2023). A recent community-based study by Hashim et al.
(2025) in rural and underserved populations reports a
higher prevalence of poor oral hygiene, untreated
periodontal disease, and limited preventive care among
older adults, emphasizing the importance of localized
oral health research (Hashim et al., 2025; Sevik & Davas,
2025). Several studies indicate differences in salivary
calcium levels and oral hygiene between men and
women. However, research results remain varied and
are influenced by population factors and research
methods (Y. Chen et al., 2025).

Furthermore, most studies have evaluated salivary
biomarkers or oral hygiene indicators separately and
have predominantly involved clinical or urban
populations, while evidence from community-dwelling
elderly individuals in rural areas remains limited
(Hashim et al, 2025; Sevik & Davas, 2025).
Consequently, the relationship between salivary calcium
levels and oral hygiene status among elderly men and
women living in rural communities has not been
adequately elucidated. Addressing this gap is important
for improving the understanding of biological and
behavioral determinants of oral health in aging
populations and for developing targeted preventive
strategies in resource-limited settings. This research was
conducted in Suka Maju Village, Deli Serdang Regency,
as it represents a rural community with limited access to
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dental and oral healthcare services. Rural populations in
Indonesia generally experience lower utilization of
preventive dental care, reduced oral health literacy, and
a higher burden of untreated oral diseases than urban
populations. Older adults living in these settings are
particularly vulnerable to poor oral hygiene and
periodontal disease due to barriers in accessing regular
dental services and age-related functional limitations.
Therefore, this population provides an appropriate
setting to investigate the relationship between salivary
calcium levels and oral hygiene status among elderly
individuals with periodontitis (Chen et al., 2026).

Method

This cross-sectional observational study was
conducted among senior citizens living in Suka Maju
Village, Sunggal District, Deli Serdang Regency, North
Sumatra, Indonesia. The study protocol was approved
by the Health Research Ethics Committee of the Faculty
of Medicine, Universitas Sumatera Utara (No.
898/KEPK/USU/2025), and written informed consent
was obtained from all participants prior to enrollment.
A minimum sample size of 80 participants was
calculated, and participants were recruited through
purposive sampling. Eligible participants were adults
aged 260 years diagnosed with periodontitis, having at
least 10 natural teeth, residing in the study area, willing
to participate, and former smokers who had ceased
smoking for at least one year. Individuals who had
received periodontal treatment within the previous
three months or had systemic conditions that could
affect periodontal status or salivary composition,
including diabetes mellitus and hematological
disorders, were excluded.

Prior to data collection, interexaminer training and
calibration were performed to ensure consistency and
reliability of clinical measurements. Demographic and
medical information, including age, sex, smoking
history, and systemic health status, were collected
through  structured interviews. Clinical oral
examinations were subsequently conducted to assess
periodontal status and oral hygiene.

Oral hygiene status was evaluated using the Oral
Hygiene Index-Simplified (OHI-S) developed by Greene
and Vermillion. The Debris Index-Simplified (DI-S) and
Calculus Index-Simplified (CI-S) were assessed on six
index tooth surfaces (16, 11, 26, 31, 36, and 46). The OHI-
S score was calculated by summing the DI-S and CI-S
scores and categorized as good (0.0-1.2), fair (1.3-3.0), or
poor (3.1-6.0).

Unstimulated whole saliva samples were collected
using the passive drooling method. Participants were
instructed to refrain from eating, drinking,
toothbrushing, smoking, or using mouthwash for at
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least one hour before sample collection. Saliva was
allowed to accumulate naturally in the floor of the
mouth and was collected into sterile sputum containers
over a 5-minute period while participants remained
seated in a relaxed position. Samples were stored at -
80°C in the Integrated Laboratory of the Faculty of
Medicine, Universitas Sumatera Utara. Saliva samples
were transferred into sterile microcentrifuge tubes and
centrifuged at 3,000 rpm for 5 minutes at 4°C. The
resulting supernatant was used for biochemical analysis.

Salivary calcium concentration was determined
using a Calcium Arsenazo III assay kit according to the
manufacturer’s instructions. Calcium ions in the saliva
reacted with Arsenazo IIl reagent to form a blue-colored
complex, the intensity of which was proportional to
calcium concentration. Absorbance was measured
spectrophotometrically at 650 nm, and calcium
concentrations were calculated using a standard
calibration curve. The variables analyzed included
salivary calcium levels and oral hygiene (OHI), with
statistical analysis conducted using the Mann-Whitney
test (p<0.05).

Result and Discussion

The study investigated gender-related differences
in salivary calcium levels and oral hygiene status among
elderly individuals with periodontitis. As shown in
Table 1, salivary calcium levels differed significantly
between male and female participants (p = 0.004).
Female subjects demonstrated significantly higher
salivary calcium concentrations (4.372 + 2.200) than male
subjects (2.946 + 1.348).

Table 1. The Differences of Salivary Calcium Levels
between Male and Female Elderly Subjects with
Periodontitis (n=88)

Gender Salivary Calcium Level (Mean+SD) p-value
Female 4.372+2.200 .
Male 2.946+1.348 0.004

Mann-Whitney Test; significant p<0.050

The significant difference in salivary calcium levels
observed between elderly male and female subjects
suggests that biological sex may influence calcium
homeostasis in the oral environment. Saliva is a complex
biological fluid whose composition is affected by
numerous factors, including age, hormonal status,
salivary gland function, systemic health, medication use,
dietary intake, and mineral metabolism (Shah et al.,
2025). Among elderly individuals, age-related
physiological changes may alter salivary gland secretion
and mineral composition, contributing to variability in
salivary calcium concentrations (Xu et al., 2019).
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One possible explanation for the higher salivary
calcium levels observed among female participants is
the hormonal alteration associated with menopause.
Estrogen plays a critical role in maintaining calcium
balance by regulating intestinal calcium absorption,
renal calcium reabsorption, and bone remodeling.
Following menopause, the decline in estrogen levels
accelerates bone resorption and increases calcium
mobilization from skeletal tissues (Kusiak et al., 2021;
Wu et al, 2025). These changes may contribute to
alterations in salivary calcium concentration. Previous
studies have demonstrated that postmenopausal
women exhibit significant changes in calcium
metabolism and salivary biochemical composition,
suggesting that hormonal changes influence salivary
calcium levels in elderly females (Shetty et al., 2023;
Singh et al., 2013). Studies provided by Agha-Hosseini et
al. and Cydejko et al. showed similar results, confirming
the higher concentration of calcium in the saliva of
menopausal women compared to the controls (Agha-
Hosseini et al., 2012; Cydejko et al., 2020).

The present findings are consistent with studies
reporting associations among aging, hormonal changes,
and alterations in salivary mineral content. Elevated
salivary calcium concentrations have been reported in
postmenopausal women and linked to increased
mineral deposition in the oral cavity. Salivary calcium
plays an important role in enamel remineralization and
calculus formation. Therefore, increased salivary
calcium levels may influence periodontal health by
promoting the mineralization of dental plaque into
calculus, which is a local contributing factor in
periodontal disease progression (Mishra et al., 2021).

This finding indicates that gender, linked to
biological and hormonal differences, influences salivary
calcium metabolism in the elderly. This finding can be
explained by the distinct biological and physiological
characteristics between the two genders that affect saliva
composition. Previous research shows that in elderly
women, particularly after menopause, hormonal
changes, such as decreased estrogen, can affect calcium
metabolism and salivary secretion, thereby contributing
to differences in salivary calcium levels compared with
men (Dutt et al., 2013). The decline in estrogen levels in
postmenopausal women is known to affect calcium
metabolic balance, leading to decreased calcium levels
both systemically and in saliva (Lin et al,
2026).Conversely, men do not experience drastic
hormonal changes, so salivary calcium levels tend to be
more stable in old age (Pataky et al., 2021). This finding
confirms that the difference in salivary calcium levels
between elderly men and women not only reflects
gender differences but is also influenced by the interplay
among hormonal, physiological, and environmental
factors associated with aging (Tjahajawati et al., 2021).
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Interestingly, although female subjects exhibited
significantly higher salivary calcium levels, oral hygiene
status was comparable between males and females. In
contrast, oral hygiene status did not differ significantly
between genders (p = 0.950), with both groups
exhibiting poor oral hygiene as reflected by high OHI-S
scores (Table 2).

Table 2. The Differences of Oral Hygiene Index between
Male and Female in Elderly Subjects with Periodontitis

(n=88)

Gender OHI (Mean+SD) p-value
Females 3.142+1.580

Male 3.078+1.532 0950

Mann-Whitney Test; significant p<0.050

This finding suggests that salivary calcium
concentration alone may not directly determine oral
hygiene status. Oral hygiene is a multifactorial condition
influenced by behavioral, social, physical, and
environmental factors. On the other hand, this study
shows that the oral hygiene of the elderly, both male and
female, is mostly in the poor category, with no
significant difference by gender. This indicates that the
oral hygiene of the elderly is more influenced by other
factors, such as dental and oral health maintenance
behaviors, physical limitations, level of knowledge, and
systemic conditions associated with aging, than by
gender (Desai & Nair, 2023). These findings are
consistent with research by Bozdemir et al. (2016), which
reported that most elderly individuals have poor oral
hygiene, with no significant difference between males
and females. This result suggests that, among the elderly
population, oral hygiene status is not necessarily
influenced by gender but is more closely related to other
aging-related factors (Bozdemir et al., 2016). Daily oral
hygiene  practices, toothbrushing effectiveness,
frequency of dental visits, educational background,
socioeconomic status, manual dexterity, cognitive
function, and access to dental care may have a greater
influence on OHI-S scores than biological differences in
salivary composition (Soofi et al., 2020).

The absence of a significant gender difference in
oral hygiene status is in agreement with previous studies
demonstrating that elderly populations commonly
exhibit poor oral hygiene regardless of sex. Aging is
frequently associated with reduced motor function,
impaired vision, cognitive decline, chronic systemic
diseases, and dependence on caregivers, all of which
may negatively affect the ability to maintain adequate
oral hygiene. Consequently, deterioration in oral
hygiene among older adults may be more strongly
related to aging-associated functional limitations than to
gender itself (Miiller et al., 2026). Furthermore, the high
OHI-S scores observed in both groups indicate
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substantial plaque and calculus accumulation among
the study participants. Since all subjects were diagnosed
with periodontitis, poor oral hygiene was expected and
likely contributed to the persistence of periodontal
inflammation. The findings emphasize the importance
of maintaining effective plaque control measures in
elderly populations, particularly among individuals
with existing periodontal disease (Ibrahim et al., 2025).
Daily physiological and behavioral conditions, such as
stress levels, dietary patterns, and oral care habits, can
influence the accumulation of plaque and debris, which
form the basis of oral hygiene assessment (Al-Hassan et
al., 2026).

The study provides valuable evidence regarding
gender-related differences in salivary calcium levels
among elderly individuals with periodontitis. The
findings suggest that biological factors associated with
aging and sex may influence salivary mineral
composition, whereas oral hygiene status may be
determined predominantly by behavioral and functional
factors. Future longitudinal studies incorporating
hormonal assessments, systemic health indicators, and
additional salivary biomarkers are warranted to further
clarify the mechanisms underlying these associations
and their potential implications for periodontal disease
progression in elderly populations. The limitation of this
study is the small sample size, so the possibility of
clinically significant subject-level variation was not fully
addressed. Additionally, oral hygiene was measured
only once, thereby not fully capturing potential variation
in oral hygiene conditions over time.

Overall, this study affirms the importance of
attention to dental and oral health in the elderly
population, regardless of gender. Sustained promotive
and preventive efforts, including dental and oral health
education and improved access to dental health services,
need to be enhanced to improve oral hygiene status and
prevent dental and oral diseases among the elderly
(Kementerian Kesehatan RI, 2018).

Conclusion

In elderly individuals with periodontitis, salivary
calcium levels differ between females and males, with
females having higher levels. The male OHI is higher
than the female OHI, but the difference is not significant.
The findings highlight the importance of regular oral
health screening in elderly individuals, particularly
women. Since female participants had higher salivary
calcium levels than males, routine periodontal
examinations and salivary biomarker assessments may
help identify those at greater risk of periodontal disease.
Early screening and timely treatment may improve oral
health outcomes and quality of life in the elderly.

Volume 12, Issue 7, 88-95

Acknowledgements

The authors thank the elderly participants, the village
authorities, local health cadres, and the Faculty of Dentistry,
University of North Sumatra, for their support during this
study. This research was funded by the Community Services
Institute, University of North Sumatra, through the Desa
Binaan Scheme (No.
221/UN5.4.11.K/Kontrak/PM.01.02/2025).

Author Contributions

PW. and J.M contributed to methodological guidance,
research supervision, and manuscript review. LE. and AS.
contributed to critical review, scientific evaluation, and
improvement of the manuscript. S.Y.A. contributed to the
study design, data collection, data analysis, and manuscript
preparation. All authors have read and approved the final
version of the manuscript.

Funding

The authors are grateful for funding provided by Community
Services Institute at Universitas Sumatera Utara for Desa
Binaan Scheme No.
221/UN5.4.11.K/Kontrak/PM.01.02/2025.

Conflicts of Interest
The authors declare no conflict of interest.

References

Agha-Hosseini, F., Mirzaii-Dizgah, I., & Moosavi, M. S.
(2012). Relationship of serum and saliva calcium,
phosphorus and alkaline phosphatase with dry
mouth feeling in menopause. Gerodontology, 29(2).
https://doi.org/10.1111/].1741-2358.2012.00619.X

Al-Hassan, S., Kazlak, M., & Kateeb, E. (2026).
Prevalence and Socio-Behavioural Determinants of
Periodontal Disease Among Adults in the
Northern West Bank: A Cross-Sectional Study.
Dentistry Journal, 14(1), 53.
https:/ /doi.org/10.3390/DJ14010053

Azzolino, D., Passarelli, P. C., De Angelis, P., Piccirillo,
G. B, D’addona, A., & Cesari, M. (2019). Poor Oral
Health as a Determinant of Malnutrition and
Sarcopenia. Nutrients, 11(12), 2898.
https:/ /doi.org/10.3390/NU11122898

Bashirian, S., Khoshravesh, S., Ayubi, E. Karimi-
Shahanjarini, A., Shirahmadji, S., & Solaymani, P. F.
(2023). The impact of health education
interventions on oral health promotion among
older people: a systematic review. BMC Geriatrics,
23(1), 548. https://doi.org/10.1186/512877-023-
04259-5

Bolukbasi, G., & Dundar, N. (2024). Oral health in older
adults: current insights and tips. Journal of
Gerontology  and  Geriatrics,  72(2), 96-107.
https:/ /doi.org/10.36150/2499-6564-N700

92



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Bozdemir, E., Yilmaz, H. H., & Orhan, H. (2016). General
health and oral health status in elderly dental
patients in Isparta, Turkey. Eastern Mediterranean
Health Journal = La Revue de Sante de La Mediterranee
Orientale = Al-Majallah al-Sihhiyah Li-Sharq al-
Mutawassit, 22(8), 579-585.
https://doi.org/10.26719/2016.22.8.579

Chen, Y., Zhang, L., Yan, W., & Liu, F. (2025). Factors
associated with oral frailty in older adults: a
systematic review and meta-analysis. Frontiers in

Public Health, 13, 1688322.
https:/ /doi.org/10.3389/FPUBH.2025.1688322/T
EXT

Coggins, C., Patel, S., Nigam, S., & Rai, V. (2025).
Hormonal changes during aging and their effects
on quality of life. Open Exploration, 2, 101447-.
https://doi.org/10.37349/EEMD.2025.101447

Conforto, R., Rizzo, V., Russo, R., Mazza, E., Maurotti,
S., Pujia, C., Succurro, E., Arturi, F., Ferro, Y.,
Sciacqua, A., Pujia, A., & Montalcini, T. (2024).
Advances in body composition and gender
differences in susceptibility to frailty syndrome:
Role of osteosarcopenic obesity. Metabolism, 161,
156052.
https://doi.org/10.1016/j.metabol.2024.156052

Cydejko, A., Kusiak, A., Grzybowska, M. E., Kochariska,
B., Ochociniska, J., Maj, A., & Swietlik, D. (2020).
Selected Physicochemical Properties of Saliva in
Menopausal Women-A Pilot Study. International
Journal of Environmental Research and Public Health,
17(7). https:/ /doi.org/10.3390/IJERPH17072604

Darwis, A. F., Lubis, W. H., Astari, P., Viandini, N. A., &
Priskila, J. (2025). Investigating The Influence of
Tooth Loss on Salivary Flow Rate: A Community-
Based Report. Dentika: Dental Journal, 28(2), 118-
124.
https:/ /doi.org/10.32734/DENTIKA.V2812.22254

Desai, J. P., & Nair, R. U. (2023). Oral Health Factors
Related to Rapid Oral Health Deterioration among
Older Adults: A Narrative Review. Journal of
Clinical Medicine 2023, 12(9), 3202.
https:/ /doi.org/10.3390/JCM12093202

Dutt, P., Chaudhary, S., & Kumar, P. (2013). Oral Health
and Menopause: A Comprehensive Review on
Current Knowledge and Associated Dental
Management. Annals of Medical and Health Sciences
Research, 3(3), 320. https://doi.org/10.4103/2141-
9248.117926

Enax, J., Fandrich, P., Schulze zur Wiesche, E., & Epple,
M. (2024). The Remineralization of Enamel from
Saliva: A Chemical Perspective. Dentistry Journal,
12(11), 339. https:/ /doi.org/10.3390/DJ12110339

Han, C. (2026). Oral hygiene practices and oral health
outcomes among older adults in China. Frontiers in
Public Health, 14, 1748436.

Volume 12, Issue 7, 88-95

https:/ /doi.org/10.3389/FPUBH.2026.1748436/F
ULL

Hashim, N. T., Babiker, R., Padmanabhan, V., Ahmed,
A.T., Chaitanya, N. C. S. K., Mohammed, R., Priya,
S. P.,, Ahmed, A., El Bahra, S., Islam, M. S,
Gismalla, B. G.,, & Rahman, M. M. (2025). The
Global Burden of Periodontal Disease: A Narrative
Review on Unveiling Socioeconomic and Health
Challenges. International Journal of Environmental
Research and Public Health 2025, 22(4), 624.
https:/ /doi.org/10.3390/IJERPH22040624

Ibrahim, S. S. A., Al-Bahrawy, M., & Zahran, A. H. T.
(2025). Periodontitis, risk factors, and their impact
on oral health-related quality of life (OHRQOL)
among Egyptian Geriatric patients: a multi-center
cross-sectional study. BMC Oral Health, 25(1).
https:/ /doi.org/10.1186/512903-025-06376-
6/FIGURES/9

Kaczor-Urbanowicz, K. E., Martin Carreras-Presas, C.,
Aro, K., Tu, M., Garcia-Godoy, F., & Wong, D. T.
W. (2017). Saliva diagnostics - Current views and
directions. Experimental Biology and Medicine,
242(5), 459-472.
https://doi.org/10.1177 /1535370216681550

Kementerian Kesehatan RI. (2018). Hasil
RISKESDAS  2018. Badan Penelitian
Pengembangan Kesehatan.

Koskinas, N., Gouva, M., Konstanti, Z., Sintou, E.,
Mantzoukas, S., & Zagorianakou, N. (2026). Oral
Self-Care as a Preventive Strategy in Medicated
Older Adults: Biological Mechanisms, Genetic
Susceptibility, and Public Health Implications.

Utama
Dan

Healthcare, 14(7), 841.
https://doi.org/10.3390/ HEALTHCARE1407084
1

Kossioni, A. E., Maggi, S., Miiller, F., & Petrovic, M.
(2018). Oral health in older people: time for action.
European Geriatric Medicine, 9I1), 3-4.
https:/ /doi.org/10.1007 /541999-017-0004-4

Kusiak, A.;; Ossowska, A.; Grzybowska, M. E,
Tchounwou, P. B., Ciesielska, A. Kusiak, A.,
Ossowska, A. & Grzybowska, M. E. (2021).
Changes in the Oral Cavity in Menopausal
Women — A Narrative Review. International Journal
of Environmental Research and Public Health, 19(1),
253. https:/ /doi.org/10.3390/1]JERPH19010253

Labunet, A., Objelean, A., Kui, A., Rusu, L., Vigu, A, &

Sava, S. (2025). Oral Manifestations in

Menopause— A Scoping Review. Medicina, 61(5),

837.

https:/ /doi.org/10.3390/MEDICINA61050837

Y., Jiang, P, Lv, Y, & Tian, W. (2026).

Postmenopausal osteoporosis and vascular

calcification: The estrogen regulation network and

calcification paradox. Journal of Translational
93

Lin,



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Internal Medicine, 14(2), 192.
https:/ /doi.org/10.1515/JTIM-2026-0026

Lipsky, M. S, Su, S., Crespo, C. J., & Hung, M. (2021).
Men and Oral Health: A Review of Sex and Gender
Differences. American Journal of Men’s Health, 15(3).
https://doi.org/10.1177/15579883211016361

Mathangi, R., Babu, N. A., Reshma, A., Shankar, K., &
Masthan, K. M. K. (2026). Evaluation of salivary
bone turnover markers and vitamin D as non-
invasive, early predictive indicators of bone health
in pre-, peri-, and post-menopausal women. BMC

Women's Health, 26(1), 82-.
https:/ /doi.org/10.1186/512905-025-04238-
5/TABLES/6

Mishra, R., Haider, K., Rizwan, R., Monga, S., Pritam, A.,
& Singh, P. (2021). Assessment of Effect of
Menopause on Saliva and Oral Health Status.
Journal of Pharmacy & Bioallied Sciences, 13(Suppl 2),
51535-51537.
https:/ /doi.org/10.4103/JPBS.JPBS_276_21

Miiller, M. L., Deschner, ]J., Mohr, M., Mildenberger, P.
C., Hardt, R, & Kiramira, D. (2026). Association
between periodontal and geriatric health: a cross-
sectional study. Clinical Oral Investigations, 30(6),
263-. https:/ /doi.org/10.1007 /S00784-026-06938-
0/TABLES/7

Okuyama, K., & Yanamoto, S. (2024). Saliva in Balancing
Oral and Systemic Health, Oral Cancer, and
Beyond: A Narrative Review. Cancers, 16(24), 4276.
https:/ /doi.org/10.3390/ CANCERS16244276

Pataky, M. W., Young, W. F.,, & Nair, K. S. (2021).
Hormonal and Metabolic Changes of Aging and
the Influence of Lifestyle Modifications. Mayo
Clinic Proceedings, 96(3), 788.
https:/ /doi.org/10.1016 /] MAYOCP.2020.07.033

Pateel, D. G. S., Gunjal, S., Math, S. Y., Murugeshappa,
D. G., & Nair, S. M. (2017). Correlation of Salivary
Statherin and Calcium Levels with Dental Calculus
Formation: A Preliminary Study. International
Journal ~ of  Dentistry,  2017(1),  2857629.
https:/ /doi.org/10.1155/2017 /2857629

Peres, M. A., Macpherson, L. M. D., Weyant, R. J., Daly,
B., Venturelli, R., Mathur, M. R,, Listl, S., Celeste,
R. K., Guarnizo-Herrerio, C. C., Kearns, C,,
Benzian, H., Allison, P., & Watt, R. G. (2019). Oral
diseases: a global public health challenge. The
Lancet, 394(10194), 249-260.
https:/ /doi.org/10.1016/50140-6736(19)31146-8

Petersen, P. E., & Yamamoto, T. (2005). Improving the
oral health of older people: The approach of the
WHO Global Oral Health Programme. Community
Dentistry and Oral Epidemiology, 33(2), 81-92.
https://doi.org/10.1111/].1600-0528.2004.00219.X

Romadlona, N. A., BaharuddinNur, R. J., & Utomo, B.
(2025). Population Ageing in Indonesia. Springer

Volume 12, Issue 7, 88-95

Nature. https:/ /doi.org/10.1007 /978-981-97-1788-
0_49-1

Rouxel, P., Tsakos, G., Chandola, T., & Watt, R. G. (2016).
Oral Health-A Neglected Aspect of Subjective
Well-Being in Later Life. Journals of Gerontology.
Series B: Psychological Sciences & Social Sciences,
73(3), 382-386.
https:/ /doi.org/10.1093/GERONB/GBW024

Seo, S, Kim, T.-S., & Lee, Y.-H. (2024). Age-Related
Changes in Oral Health, Salivary Parameters, Halitosis,
and Systemic Diseases and Medication Usage.
https:/ /doi.org/10.20944 / PREPRINTS202408.209
1.vV1

Sevik, L., & Davas, A. (2025). Understanding poor oral
health among older adults in Tirkiye:
socioeconomic and healthcare access challenges.
BMC Oral Health, 25(1).
https:/ /doi.org/10.1186/512903-025-05986-4

Shah, S. D., Gupta, S., Pamu, P. K., Shukla, J. P., Nayak,
S., & Chatterjee, K. (2025). The Role of Salivary
Diagnostics in Early Detection of Systemic and
Oral Diseases: A Comprehensive Review. Cureus,
17(12), €100313.
https:/ /doi.org/10.7759/CUREUS.100313

Shetty, N., Hegde, M. N., Rai, M., & Varma, S. R. (2023).
Salivary calcium in postmenopausal women and
prevalence of dental caries: A cross sectional study.
Biomedicine (India), 43(5), 1463-1466.
https://doi.org/10.51248/.V4315.3305

Singh, B., Sheikh, S., Pallagatti, S., Kaur, K., & Sohi, R.
(2013). Evaluation of salivary calcium and salivary
parathyroid levels in postmenopausal women with
and without oral dryness. Contemporary Clinical
Dentistry, 4(4), 488-492.
https:/ /doi.org/10.4103/0976-237X.123051

Soofi, M., Pasdar, Y., Karami Matin, B., Hamzeh, B.,
Rezaei, S., Kazemi Karyani, A., Moradi Nazar, M.,
Soltani, S., Hajizadeh, M., Salimi, Y., Zangeneh, A.,
Poustchi, H., Sharafkhah, M., Haghdoust, A. A,
Shirzad Ahoodashti, M., Mohammadkarimi, V.,
Aghazadeh-Attari, J., Mansour-Ghanaei, F,
Yazdanbod, A., ... Najafi, F. (2020). Socioeconomic-
related inequalities in oral hygiene behaviors: A
cross-sectional analysis of the PERSIAN cohort
study. BMC Oral Health, 20(1).
https:/ /doi.org/10.1186,/512903-020-1036-6

Tjahajawati, S., Rafisa, A., Gumilar, K. N., Nurzanah, F.,
& Rikmasari, R. (2021). The Impact of Pregnancy
and Menopause on the Correlation Between
Salivary Calcium Levels, Calcium Intake, and
Bleeding on Probing (BOP). Journal of International
Society of Preventive & Community Dentistry, 11(3),
324.
https:/ /doi.org/10.4103/JISPCD.JISPCD_14_21

94



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Vallabhan, C. G., Sivarajan, S., Shivkumar, A. D,
Narayanan, V., Vijayakumar, S., & Indhuja, R. S.
(2020). Assessment of Salivary Flow Rate in
Patients with Chronic Periodontitis. Journal of
Pharmacy & Bioallied Sciences, 12(Suppl 1), S308.
https:/ /doi.org/10.4103/JPBS.JPBS_92_20

Wu, Y, Guo, X, Jiang, A., Bai, J., & Nie, X. (2025).
Estrogen regulates duodenal calcium absorption
and improves postmenopausal osteoporosis by the
effect of ERB on PMCA1b. Scientific Reports, 15(1),
16053. https:/ /doi.org/10.1038 /541598-025-
00605-2

Xu, F., Laguna, L., & Sarkar, A. (2019). Aging-related
changes in quantity and quality of saliva: Where do
we stand in our understanding? Journal of Texture
Studies, 50(1), 27-35.
https://doi.org/10.1111/JTXS.12356

Volume 12, Issue 7, 88-95

95



