
ACTA ODONTOLOGICA SCANDINAVICA
2026, VOL. 85, 495–502
https://doi.org/10.2340/aos.v85.46573

CONTACT Sladjana Critén, MSD, PhD  sladjana.criten@hkr.se  Faculty of Health Sciences, Kristianstad University, SE-291 88 Kristianstad, Sweden
© 2026 The Author(s). Published by MJS Publishing on behalf of Acta Odontologica Scandinavica Society. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to 
remix, transform, and build upon the material, with the condition of proper attribution to the original work.

ORIGINAL ARTICLE

Periodontitis and all-cause mortality in 60- and 66-year-old individuals: a 23-year 
prospective cohort study

Sladjana Criténa , Pia Anderssona, Stefan Renverta,b, Johan Sanmartin Berglundb, Bengt Götrickc and Viveca Wallin 
Bengtssona

aFaculty of Health Sciences, Kristianstad University, Kristianstad, Sweden; bDepartment of Health, Blekinge Institute of Technology, 
Karlskrona, Sweden; cFaculty of Odontology, Malmö University, Malmö, Sweden

ABSTRACT
Objective: The present study aimed to investigate the association between baseline moderate-to-severe 
periodontitis and all-cause mortality over a 23-year follow-up among individuals aged 60 and 66 years.
Materials and methods: This longitudinal study was based on data from the Swedish National Study 
on Aging and Care in Karlskrona, Blekinge, Sweden. A total of 340 participants aged 60 and 66 years 
old at baseline (2001–2003) who underwent periodontal and radiographic examination were included. 
Baseline data on age, sex, number of medications, smoking status, cash margin, and education were 
collected.
Results: At baseline, 16.2% of participants had moderate-to-severe periodontitis. During the 
23-year follow-up, 52.7% of participants with moderate-to-severe periodontitis died. In the adjusted sur-
vival analysis, moderate-to-severe periodontitis was associated with an increased risk of all-cause mortality 
(hazard ratio = 1.56; 95% confidence interval [CI] = 1.00–2.44, p = 0.050).
Conclusions: Over 23-year follow-up, baseline moderate-to-severe periodontitis was associated with a 
higher risk of all-cause mortality among individuals aged 60 and 66 years. However, although the asso-
ciation was statistically significant, any sex-specific findings should be considered exploratory due to the 
limited number of events and the resulting wide CIs.

Introduction

Worldwide, the proportion of older people in the population is 
growing [1]. In Sweden, it is estimated that by 2070, one in four 
individuals will be over the age of 64 years [2]. As people age, 
the prevalence of polypharmacy and multimorbidity increases 
[3]. These conditions pose significant health concerns, particu-
larly among older people [4]. Today, more than 70% of the pop-
ulation aged 65 years and older are experiencing two or more 
chronic diseases, such as cardiovascular disease, cancer, diabe-
tes, and stroke [5, 6]. These diseases are strongly associated with 
increased prevalence of polypharmacy and higher mortality 
risk, posing major challenges for society due to the burden of 
health costs [3].

Periodontitis is a global health problem affecting between 50    
and 82% of the older population [7]. Periodontitis is the 
predominant cause of tooth loss among individuals aged 65 
years and older, leading to masticatory impairments and 
reduced quality of life [8]. The association between periodontitis 
and various systemic conditions is well known [9, 10]. In recent 
years, some evidence also suggests that the risk of mortality 
may increase among individuals with systemic diseases such as    
cardiovascular diseases, diabetes mellitus, and respiratory 
diseases when periodontitis co-occurs [11–15].

Poor periodontal health has been shown to affect both 
functional ability and mortality among individuals 75 years and 
older [16]. Furthermore, studies suggest that poor self-rated oral 
health, resulting from conditions such as complete or partial 
absence of natural teeth, may be a predictor of mortality risk in 
individuals aged 60 years and above [17, 18]. In hospitalized 
older men with COVID-19, the presence of periodontitis was 
associated with 14.58 times higher odds of death compared to 
those without periodontitis [19]. Similarly, Zhang et al. [20] 
reported that individuals 30 years and older with both 
depression and periodontitis had an increased risk of all-cause 
and cancer-related mortality. A meta-analysis by Romandini et 
al. [21] further supports these findings, showing that 
periodontitis and edentulism are associated with an increased 
risk of all-cause mortality as well as mortality from cardiovascular 
diseases and cancer in individuals ≤ 65 years. These findings 
highlight the importance of addressing periodontitis as a public 
health concern in efforts to improve oral and general health in    
older populations. Previous studies have shown that the 
prevalence of periodontitis increases with    age [22–24], which 
may affect life expectancy. Although the association between 
periodontitis and mortality has been    investigated previously, 
few studies have combined comprehensive clinical and 
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radiographic periodontal assessment with long-term mortality 
follow-up in a well-defined cohort of younger older age adults. 
The present study therefore aimed to examine the association 
between baseline moderate-to-severe periodontitis and all-
cause mortality among individuals aged 60 and 66 years, 
followed over 23 years.

Materials and methods

Study design

This was a longitudinal cohort study based on baseline perio-
dontal data from the Swedish National Study on Aging and Care 
(SNAC) in Karlskrona, Blekinge, Sweden, and registry-based 
mortality follow-up over 23 years. It was conducted in accord-
ance with the STROBE guidelines for observational epidemio-
logical studies [25].

Description of SNAC study population

The SNAC is a longitudinal ongoing population-based study and 
started in 2001 with the aim of enhancing knowledge about 
aging in the older Swedish population. The study includes per-
sonal interviews, self-administered questionnaires, medical, 
psychological, and oral health examinations.

The enrollment of the study population was performed 
during the baseline (2001–2003). Individuals aged 60–96 years     
(n = 2312) were invited via regular mail to participate. These 
individuals were randomly selected from the Swedish 
population database within the municipality of the city of 
Karlskrona. The selection process ensured equal distribution 
among individuals aged 60, 66, 72, and 78 years (younger 
cohorts), whereas all individuals aged 81, 84, and 87 years and 
older were invited to take part. The overall response rate was 
62% (n = 1402), representing 10% of Karlskrona’s older 
population. All individuals provided informed consent. 
Comprehensive information regarding the study population 
and the data collection methods has been previously reported 
[26].

The present study

Study sample and rationale for age cohort selection

Participants met the following inclusion criteria: participants 
who were 60 and 66 years old at baseline (2001–2003), had com-
pleted periodontal and radiographic examinations at baseline 
and had at least two natural teeth. In total, 397 individuals aged 
60 and 66 years were available. Of these, 340 (89.7%) met the 
inclusion criteria and constituted the study population.

The present study was based on data from the larger SNAC 
cohort but was restricted to the two youngest age cohorts, 
comprising participants aged 60 and 66 years at baseline. These 
age groups were selected to create a relatively homogeneous 
younger-old population and to investigate whether baseline 
moderate-to-severe periodontitis in early older age was 
associated with long-term all-cause mortality during a 23-year 

follow-up. Periodontal status was assessed only at baseline, 
whereas mortality was ascertained throughout the follow-up 
period, using registry-based data on date of death.

Sample characteristics

In addition to age, data on gender, number of medications, 
smoking habits, cash margin, and education were collected 
from the main SNAC questionnaire. The main questionnaire was 
used as one of the assessment tools for data collection and is 
completed by the participants as part of the longitudinal SNAC 
project [26]. Information on date of death was obtained from 
the regional population register, which is continuously updated.

Covariates

Polypharmacy, sociodemographic status and smoking status 
were included as covariates as they are known health determi-
nants and increase the risk for mortality [27]. Covariate data 
were collected at baseline only (Table 1).

Polypharmacy defined as the daily use of ≥ 5 medications, 
which is in line with WHO’s assessment of multimorbidity [28], 
was used as a pragmatic indicator of overall health in the study 
population. The number of medications was categorized as 
‘having five medications or more’, ‘having less than five 
medications’, and ‘no medication’.

Sociodemographic status included gender, cash margin, and 
education level. Gender was classified as man or woman. The 

Table 1.  Baseline (2001–2003) characteristics among participants analyzed 
by gender and total (n = 340).
Variables Men Women Total

n = 157 (%) n = 183 (%) n = 340 (%)

Number of teeth, mean (SD) 22.97 (5.65) 22.40 (5.98) 22.66 (5.83)
  Range 2–32 2–31 2–32
≥ 5 medications
  Yes 16 (10.2) 37 (20.2) 53 (15.6)
  No 141 (89.8) 146 (79.8) 287 (84.4)
Smoking
  Regular 23 (14.7) 21 (11.6) 44 (13.1)
  Occasional 8 (5.1) 3 (1.7) 11 (3.3)
  Stopped 69 (44.2) 63 (34.8) 132 (39.2)
  Never 56 (35.9) 94 (51.9) 150 (44.5)
Can you get within a week 
14,000 SEK to cover an 
unexpected expense?
  Yes 140 (90.9)c 149 (83.2)d 289 (87.0)
  No 14 (9.1) 30 (16.8) 44 (13.0)
Education, n (%)
  ≤ 9 years 71 (45.5)a 109 (59.5)a 180 (53.3)b

  ≥ 10 years 85 (54.5) 73 (40.5) 158 (46.7)
Periodontitis
  Yes 32 (20.4) 23 (12.5) 55 (16.2)
  No 125 (79.6) 160 (87.5) 285 (83.8)

Periodontitis defined BOP ≥ 10% + PPD ≥ 5 mm at ≥ 2 surfaces + bone loss 
≥ 5 mm in at least 10% of surfaces.
In total, a 337 of 340 individuals answered the question about smoking at 
baseline.
aOne missing; bTwo missing; cThree missing; dFour missing.
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categorization of cash margin, Can you, within a week, get 
access to 14,000 SEK for an unexpected expense?’, was ‘yes’ or 
‘no.’ Although cash margin is not a clinical measure, it is a widely 
used socioeconomic indicator that reflects an individual’s 
financial buffer and material resources, as demonstrated in 
previous analyses of the cash-margin variable in Statistics 
Sweden’s Survey of Living Conditions (ULF 2001:2). Education 
level was based on years of education and categorized ‘education 
≤ 9 years’ and ‘education ≥ 10 years’. Smoking statuses were 
categorized as ‘yes’ (smoking regularly/smoking occasionally) 
and ‘no’ (stopped smoking/never smoked).

Ethics

Ethical approval for the SNAC studies was obtained by the 
Research Ethics Committee at Lund University, Lund, Sweden 
(LU 604-00). The Helsinki Declaration [29] was followed, and all 
participants provided informed consent. The data obtained 
were coded, and the authors did not have access to personal 
data (except for age and gender) of the study participants.

Periodontal examination

Two experienced dental hygienists conducted the periodontal 
examination and exposed the panoramic radiographs. The radi-
ographs were analyzed by a periodontist. To enhance reliability 
for clinical examinations, dental hygienists were calibrated prior 
to the study start at baseline 2001–2003. Concerning periodon-
tal probing depth (PPD), an intraclass correlation coefficient 
(ICC) was calculated based on measurements from 14 partici-
pants. The ICC was 0.76 (95% CI = 0.67–0.82; p < 0.001). The clin-
ical variables and outcome measures in the present study 
included: number of teeth, bleeding on probing (BOP), PPD ≥ 5 
mm, and level of alveolar bone ≥ 5 mm from cement-enamel 
junction (CEJ) to the highest marginal bone level mesial and dis-
tal on each tooth. Full mouth measurements of BOP and PPD 
were performed on four surfaces per tooth (mesial, buccal, dis-
tal, and lingual) using a periodontal probe CP-12 (Hu-Friedy Inc., 
Chicago, IL). The proportion of BOP at the site with the worst 
bleeding was registered. The deepest PPD ≥ 4 mm on each tooth 
was registered. Only PPD ≥ 5 mm at the tooth level was included 
in the analysis.

The radiographic assessments were conducted by an 
independent periodontist who was blinded to all personal and 
medical information for all performed readings. On the 
panoramic radiographs, the alveolar bone level was measured 
using a transparent millimeter-graded ruler, 2x magnification, 
and a light box source. The measurements from the CEJ to the 
highest marginal bone level, both mesially and distally on each 
tooth, were recorded. To minimize the influence of radiographic 
distortion, magnification, and an estimated measurement error 
of ±1 mm, we considered that a distance from the CEJ to the 
most coronal interproximal bone level of 5 mm indicated bone 
loss [30]. A reliability analysis was performed on a random 
sample of cases with repeated radiographic evaluations. The ICC 
for alveolar bone level ≥ 5 mm from the CEJ to the highest 

marginal bone level was 0.97 (95% confidence interval [CI]: 
0.92–0.99; p < 0.001).

The definition of periodontitis used in this study was adapted 
from the American Academy of Periodontology (AAP)/European 
Federation of Periodontology (EFP) classification [31]. Because 
clinical attachment level (CAL) measurement was unavailable, 
moderate-to-severe periodontitis was defined as BOP ≥10% in 
combination with PPD ≥5 mm and radiographic alveolar bone 
loss ≥5 mm in at least 10% of tooth surfaces. Consequently, the 
exposure variable in the present study should be interpreted as 
moderate-to-severe periodontitis rather than mild or early-
stage periodontitis. The inclusion of BOP ≥10% ensured the 
presence of gingival inflammation, while the requirement of ≥ 
10% of surfaces with     ≥ 5 mm bone loss ensured that periodontal 
destruction was present on at least two non-adjacent teeth. This 
criterion was applied to reduce the risk of classifying localized 
deep pockets on adjacent teeth as generalized disease. For the 
purpose of the present analyses, periodontitis was treated as a 
dichotomous baseline exposure (moderate-to-severe 
periodontitis: yes/no), and no further categorization according 
to disease severity or stage was performed.

Statistical analysis

Descriptive and analytical statistics were performed using the 
Statistical Package for the Social Sciences (IBM SPSS, version 
27.0). Frequencies and percentages were used to summarize 
age groups and data based on baseline and 23-year follow-up in 
relation to periodontitis. The proportional hazards assumption 
was assessed first visually for all covariates using log-minus-log 
survival plots in a Cox regression model and second using scaled 
Schoenfeld residuals (Grambsch-Therneau test) implemented 
via the cox.zph function in the survival package in R (version 
4.5.0). A two-sided p-value below 0.05 was considered indicative 
of assumption violation.

In survival analyses, the Cox regression model based on 
hazard ratio (HR), CIs, and p-values [32] was used to calculate if 
there were associations between a primary covariate (gender, 
≥ 5 medications, cash margin, education, smoking, and 
moderate-to-severe periodontitis), and time of death at the 
study endpoint. Dichotomous dependent variables were 
coded as 0 (alive) and 1 (death). The analyses of time events 
included the study start or the date for periodontal 
examination. Person-days from the study start to the endpoint 
or the earliest event, either the date of death or the date of the 
last follow-up, were calculated. Individuals aged 60 and 66 
years were analyzed as one group. The primary outcome was 
all-cause mortality. Because all deaths were counted as events, 
competing risks were not modeled in the primary analysis. 
Cause of death was unavailable, which precluded cause-
specific competing risk analyses. In additional exploratory 
analyses, periodontal disease burden was assessed using 
continuous periodontal variables. The number of teeth with 
PPD ≥ 5 mm and the number of sites with radiographic bone 
loss ≥ 5 mm from the CEJ were analyzed in separate Cox 
regression models. These variables were analyzed separately 
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because they reflect related aspects of periodontal disease 
burden. To investigate whether gender modified the 
association between moderate-to-severe periodontitis and all-
cause mortality, an interaction term between gender and 
moderate-to-severe periodontitis was included in the Cox 
regression model. An interaction term between gender and 
baseline periodontitis was calculated and included in the 
model together with the main effects of gender and 
periodontitis. Gender was coded as women = 0 and men = 1 
and moderate-to-severe periodontitis as no = 0 and yes = 1. 
These models were adjusted for the same covariates as in the 
fully adjusted model. Statistical significance was determined at 
p < 0.05.

Missing data were handled using complete case analysis in 
the Cox regression models. Participants with missing information 
on baseline periodontitis or any of the covariates included in the 
model were excluded from the analysis. Participants who did 
not die during follow-up were censored at the end of the 23-
year observation period.

Results

Baseline characteristics

In total, periodontal and radiographic records of 340 individuals 
(53.8% women) were included. Of these, 165 were aged 60 years 
and 175 individuals were 66 years. Of these individuals,     262 
(77.1%) had ≥ 20 teeth (121 men and 141 women) (not pre-
sented in tables). Baseline characteristics of study individuals, in 
relation to age and gender, are presented in Table 1.

Prevalence of moderate-to-severe periodontitis

In the entire population, periodontitis was present in 55 (16.2%) 
individuals (see Table 1). From these, 19 (34.5%) smoked regu-
larly, 7 (12.7%) smoked occasionally, 15 (27.3%) had stopped 
smoking, and 14 (25.5%) never smoked. Forty-two individuals 
(76.4%) had ≤ 9 years of education, 9.1% used ≥ 5 medications 

per day, and 12 (22.2%) individuals were not able to cover 14,000 
Swedish crowns in unexpected expenses within a week.

Association with all-cause mortality

No significant violations of the proportional hazards assump-
tion were detected – moderate-to-severe periodontitis: chi² = 
1.45, p = 0.229; polypharmacy: chi² = 0.00, p = 0.987; cash mar-
gin: chi² = 0.10, p = 0.758; smoking: chi² = 1.70, p = 0.192; educa-
tion: chi² = 3.73, p = 0.054; gender: chi² = 1.12, p = 0.290; and 
global test: chi² = 8.35, df = 6, p = 0.214).

Cox regression analysis at baseline was used for moderate-
to-severe periodontitis as an independent variable and time for 
the first event (death) as the dependent variable with adjusted 
covariates: gender, number of medications, cash margin, 
education level, and smoking (see Table 2). In the final Cox 
regression model, 330 of the 340 baseline participants were 
included in the analysis, while 10 participants (2.9%) were 
excluded due to missing values. During the 23-year follow-up, 
135 deaths (66 men and 69 women) occurred, and 195 
participants were censored (86 men and 109 women) (not 
presented in table or figure). Overall, of those who had 
moderate-to-severe periodontitis at baseline, 29 of 55 (52.7%, 
14 women and 15 men) died, and of these 13.8% had 
polypharmacy (four women) (not presented in table or figure).

In the fully adjusted Cox regression model including gender, 
use of ≥5 medications, cash margin, education, and smoking, 
baseline moderate-to-severe periodontitis was associated 
with all-cause mortality at the threshold of statistical 
significance in overall population (HR = 1.56 [95% CI = 1.00–
2.44, p = 0.050]) and among women (HR=2.45 [95% CI = 1.28-
4.68; p = 0.007]) (see Table 2; Figures 1 and 2). In additional 
exploratory Cox regression analyses, periodontal disease 
burden was further examined using continuous variables: ‘the 
number of teeth with PPD ≥5 mm’ and ‘the number of sites 
with radiographic bone loss ≥5 mm’. Each additional tooth 
with PPD ≥5 mm was associated with an increased mortality 
risk, HR: 1.09 (95% CI: 1.03–1.15; p = 0.001), after adjustment 

Table 2.  Associations between a given event (death) and moderate-to-severe periodontitis as an independent variable, including gender, use of five 
medications or more, cash margin, education, and smoking (n = 340).
Independent variables All individuals Men Women

n = 340a n = 157a n = 183a

HR 95% CI p HR 95% CI p HR 95% CI p

Periodontitis 1.56 1.00–2.44 0.050 1.04 0.54–2.01 0.906 2.45 1.28–4.68 0.007
Gender 1.29 0.90–1.84 0.169 - - - - - -
Use of five medications or 
more

1.70 1.10–2.63 0.016 2.17 1.06–4.46 0.035 1.61 0.94–2.78 0.084

Cash margin 0.68 0.42–1.11 0.124 0.38 0.18–0.83 0.015 0.89 0.46–1.71 0.723
Education 1.01 0.91–1.11 0.858 1.03 0.89–1.19 0.716 0.95 0.82–1.09 0.455
Smoking 0.96 0.80–1.16 0.697 0.94 0.72–1.22 0.637 1.04 0.79–1.37 0.777

For survival analysis, Cox regression model was used. HR: hazard ratio; 95% CI: 95% confidence interval; BOP: bleeding on probing; PPD: periodontal 
probing depth. Survival analysis is calculated in days until the first event.
Periodontitis defined BOP ≥ 10% + PPD ≥ 5 mm + bone loss ≥ 5 mm in at least 10% of surfaces.
Significance level p < 0.05 presented in bold.
aMissing values (5 men and 5 women): In total, 330 of the 340 participants at baseline were included in the final Cox regression model.
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for gender, polypharmacy, cash margin, education, and 
smoking. Similarly, the number of tooth sites with radiographic 
bone loss ≥5 mm from the CEJ was significantly associated 
with all-cause mortality. Each additional tooth site with 
radiographic bone loss ≥5 mm was associated with an 
increased mortality risk, HR: 1.06 (95% CI: 1.03–1.10; p < 0.001), 
after adjustment for gender, polypharmacy, cash margin, 
education, and smoking. However, the gender and 
periodontitis interaction was not statistically significant, HR = 
0.51 (95% CI = 0.22–1.19; p = 0.118), indicating no clear 
statistical evidence that the association differed between men 
and women.

Discussion

The results from this study with 23-year mortality follow-up 
showed a borderline association between baseline moder-
ate-to-severe periodontitis and an increased risk of all-cause 
mortality overall and among women. The association persisted 

even after adjustments for several potential covariates, such as 
gender, use of ≥ 5 medications, cash margin (14,000 Swedish 
crowns within a week), education, and smoking, which indicates 
that periodontitis may have a significant implication on survival 
in the study population.

The association between moderate-to-severe periodontitis 
and all-cause mortality among an older population in the 
present study is in line with other population-based studies     
[33–37]. Although the results align with previous research, there 
are still some discrepancies that are worth discussing. Most of 
the studies mentioned above have investigated the association 
between periodontitis and mortality in one-way relationships, 
often in the context to other comorbid conditions such as 
cancer [34, 36], cardiovascular diseases [33, 35, 36], and diabetes 
mellitus [37]. In contrast to these studies, the present study has 
not investigated the cause of death. Furthermore, we focused 
solely on baseline moderate-to-severe periodontitis as an 
independent risk factor for all-cause mortality without placing it 
within the context of other health conditions.

Figure 1.  Cox regression curves: 23-year cumu-
lative death survival in individuals with and with-
out moderate-to-severe periodontitis analyzed 
in total. 

Figure 2.  Cox regression curves: 23-year cumu-
lative death survival in women with and without 
moderate-to-severe periodontitis.
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In this study, women with moderate-to-severe periodontitis 
had a two-fold increased risk of all-cause mortality over 23 years 
in comparison to men, which is an opposite finding to other    
population-based studies. Bengtsson Wallin et al. [14] investigated 
the risk of mortality in individuals ≥ 60 years with periodontitis 
over 17 years. They found that men had an increased risk of death 
(HR: 1.5, CI: 1.1–1.9, p < 0.006) in comparison to women. In another 
7-year follow-up study by Chung and Chen [38], men ≥ 65 years 
with periodontitis had an increased risk of death (HR: 1.696, CI: 
1.606–1.791, p < 0.05) in comparison to women. However, a 
possible explanation for the differences between our results and 
those from previous studies may be related to the choice of 
definitions of periodontitis. In the present study, the most recent 
classification of moderate-to-severe periodontitis, based on BOP 
≥ 10% + PPD ≥ 5 mm + bone loss ≥ 5 mm in at least 10% of the 
surfaces, was used. In contrast, the aforementioned studies 
applied other classifications. For the definition of periodontitis, 
Bengtsson Wallin et al. [14] used panoramic radiographic 
measurements of alveolar bone loss ≥ 5 mm from the CEJ to the 
marginal bone level at ≥ 30% of sites. Additionally, in the study by 
Chung and Chen [38], the definition of periodontitis was based 
on classification from the patient records as ‘abnormal periodontal 
status’ ‘tooth mobility or periodontitis’. Furthermore, these studies 
focused on more heterogeneous and larger age groups than the 
present study, which investigated a smaller number and narrower 
age range of older individuals with around 9% more women than 
men. These differences in the definition of periodontitis and 
sample composition may have contributed to the observed sex-
specific associations with all-cause mortality between the present 
study and studies by Bengtsson Wallin et al. [14] and Chung and 
Chen [38].

In the present study, analysis revealed that one-sixth of the 
study population (15.6%) used five or more prescribed 
medications. In contrast to our result, community-dwelling 
populations aged 65–74 years, 75–84 years, and 85+ years across 
27 European countries had a higher prevalence of polypharmacy 
(ranging between 25.0 and 51.8%) [39]. The reason for 
discrepancies between our study and that one may be attributed 
to several factors such as variances in age, health conditions, and 
regions where the studies are conducted but most probably due 
to a younger age cohort. The present study investigated a 
younger old age group from a limited geographical area in 
comparison to previous multinational studies with broader age 
groups and more diverse populations. Additionally, Bonano et al. 
[39] also studied the prevalence of polypharmacy in relation to 
several major factors including sociodemographic, mental and 
physical health, behavioral factors, and physical and living 
conditions. Furthermore, in our study, the choice of polypharmacy 
was used only as a proxy for multimorbidity. This approach 
enabled us to account for general health conditions in the 
participants at baseline rather than focusing solely on age and 
gender, which may also explain the differences between the 
present study and the study by Bonano et al. [39].

It is relevant to highlight that periodontitis is one of the most 
common oral diseases initiated by subgingival microbiota from 
dental plaque and the host response [8]. Importantly, 

periodontitis is a complex condition that triggers the release of 
various proinflammatory mediators, which not only negatively 
affect periodontal outcomes [40] but are also closely linked to 
mortality [41]. In the present study, more than half of the 
population with baseline periodontitis died within 23 years, and 
13.8% of them had polypharmacy. It should be emphasized that 
factors such as general health conditions, lifestyle, and oral 
hygiene are shared risk factors for both oral and general health 
[42]. Therefore, preventing periodontitis has a value in 
promoting both oral and general health in the older populations 
and may contribute to reducing health-related mortality risks. 
Furthermore, gender differences in oral and general health 
outcomes are important modifiers, and to increase knowledge 
in this area, attention to gender in future research on 
periodontitis and mortality is needed. According to Crimmins     
et al. [43], examining differences in health outcomes between 
men and women over time, in combination with historical data 
on life expectancy, disease, and behavioral conditions, as well as 
recent data on biomarkers, would give a clearer understanding 
of when and where these differences occurred. This would also 
be significant for understanding the link between periodontitis 
and mortality.

Strengths and limitations

The main strength of this study is its longitudinal approach. 
Studying the narrower age range of younger older individuals 
over prolonged periods of 23 years provided insight into the 
association between baseline moderate-to-severe periodontitis 
and long-term mortality. The additional strength was that perio-
dontal assessment was based on a full-mouth examination, 
including radiographic assessments, which minimizes the risk 
for bias and strengthens internal validity.

There are limitations in the present study that need to be 
highlighted. Missing data were minimal in the final Cox model, 
as only 10 of 340 participants (2.9%) were excluded due to 
missing values. Although the impact on the estimates is likely 
limited, complete case analysis may still introduce some bias if 
participants with missing data differed systematically from 
those included. The adapted case definition used in this study 
most likely captured moderate-to-severe periodontitis rather 
than mild or early-stage periodontitis, and the inclusion criteria 
are based solely on baseline data. Another limitation of the 
study is that cause of death was not available, and therefore 
competing risks in the sense of cause-specific mortality could 
not be assessed. The analyses were restricted to all-cause 
mortality, which provides an overall survival estimate but does 
not separate potential disease-specific pathways. Additionally, 
we have no information on whether participants with moderate-
to-severe periodontitis at baseline underwent any periodontal 
treatment during the 23-year observation period, which could 
influence periodontitis progression. Regarding smoking, we 
only had information on current vs. nonsmoking status, without    
any details on smoking intensity, duration, or cessation, which 
could affect both moderate-to-severe periodontitis and 
mortality.
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Polypharmacy was included as a pragmatic indicator of 
overall health burden and multimorbidity in this older cohort. 
While this approach is justified in analysis of all-cause mortality, 
it is not equivalent to adjustment for specific comorbidities 
including cardiovascular disease, diabetes, or cancer. Therefore, 
residual confounding by underlying disease burden remains 
possible. Lastly, baseline moderate-to-severe periodontitis was 
present in a small number of participants, and the interaction 
between men and women was not statistically significant; the 
observed differences in survival should therefore be interpreted 
with caution.

Despite these limitations, our findings emphasize the 
importance of considering periodontal health in older 
populations, as poor periodontal health is associated with 
increased long-term mortality risk. In future longitudinal studies, 
both periodontitis and polypharmacy should be examined over 
time, as both tend to increase with advancing age. Furthermore, 
as this is an epidemiological study, causality cannot be 
established. To clarify the causal relationship between 
periodontitis and mortality and to explore potential sex 
differences, long-term cohort studies with repeated periodontal 
(using stages and grades) and general health assessments are 
warranted.

In conclusion, over 23 years of follow-up, baseline moderate-
to-severe periodontitis was associated with a higher risk of all-
cause mortality among individuals aged 60 and 66 years. 
However, although the association was statistically significant, 
any sex-specific findings should be considered exploratory due 
to the limited number of events and the resulting wide CIs.

Acknowledgments

The authors thank the Swedish National Study on Aging and 
Care (SNAC) and are grateful to Ms. Ulrika Isaksson, Blekinge 
Technical Institute, Sweden, for data management, as well as to 
all study participants. We also thank PhD postdoc Joakim 
Niklasson, Blekinge Technical Institute, for statistical support 
and assistance with the R analyses. The Ministry of Health and 
Social Affairs, Sweden, municipalities, and university depart-
ments supported the study.

Disclosure of interest

The authors report that there are no competing interests to 
declare.

Data availability statement

All data relevant to the present study are included in the manu-
script. The original data are from the SNAC-B project, a popula-
tion-based study. Researchers need to obtain approval from the 
SNAC-B data management and maintenance committee in 
order to gain access to the data. To apply for access, an applica-
tion for access can be submitted to Ulrika Isaksson (ulrika.isaks-
son@bth.se) at Blekinge Institute of Technology.

Funding details

This study has not received any funding.

Author contributions

Contribution to the study conception and design was per-
formed by all authors. SC and VWB were involved in data prepa-
ration and analysis. SC was responsible for the drafting process 
and preparation of tables and figures. All authors participated in 
revising the manuscript and approved the definitive version.

References
[1]	 World Health Organization (WHO). Aging and health [Internet]. 

2024 [cited 2025 Mar 16]. Available from: https://www.who.int/
news-room/fact-shits/detail/aging-and-health

[2]	 Swedish Statistics. Befolkningsprognos för Sverige [Internet]. 2024 
[cited 2025 Apr 03]. Available from: https://www.scb.se

[3]	 Mair A, Fernandez-Llimos F, Alonso A, Harrison C, Hurding S, Kempen 
T, et al. Polypharmacy management by 2030: a patient safety chal-
lenge [Internet]. Coimbra: European Commission; 2017 [cited 2025 
Apr 15]. Available from: https://napier-repository.worktribe.com/
output/2768902

[4]	 Tazzeo C, Rizzuto D, Calderón-Larrañaga A, Rosso-Llorach A, 
Marengoni A, Welmer A-K, et al. Multimorbidity patterns and risk 
of frailty in older community-dwelling adults: a population-based 
cohort study. Age Ageing. 2021;50(6):2183–91. https://doi.
org/10.1093/ageing/afab138

[5]	 Baima G, Romandini M, Citterio F, Romano F, Aimetti M. Periodontitis 
and accelerated biological aging: a geroscience approach. J Dent Res. 
2022;101(2):125–32. https://doi.org/10.1177/00220345211037977

[6]	 The National Board of Health and Welfare. Statistics on causes 
of death in 2023 [Internet]. Socialstyrelsen. Art.nr. 2024-6-9170. 
Stockholm; 2023 [cited 2025 Mar 17]. Available from: https://www.
socialstyrelsen.se/statistik-och-data/statistik/alla-statistikämnen/
dödsorsaker/

[7]	 Jiang CM, Chu CH, Duangthip D, Ettinger RL, Hugo FN, Kettratad-
Pruksapong M, et al. Global perspectives of oral health policies and 
oral healthcare schemes for older adult populations. Front Oral 
Health. 2021;2:703526. https://doi.org/10.3389/froh.2021.703526

[8]	 Tonetti MS, Jepsen S, Jin L, Otomo-Corgel J. Impact of the global 
burden of periodontal diseases on health, nutrition and wellbeing of 
mankind: a call for global action. J Clin Periodontol. 2017;44(5):456–62. 
https://doi.org/10.1111/jcpe.12732

[9]	 Hajishengallis G. Interconnection of periodontal disease and comor-
bidities: evidence, mechanisms, and implications. Periodontol 2000. 
2022;89(1):9–18. https://doi.org/10.1111/prd.12430

[10]	 Beck JD, Papapanou PN, Philips KH, Offenbacher S. Periodontal med-
icine: 100 years of progress. J Dent Res. 2019;98(10):1053–62. https://
doi.org/10.1177/0022034519846113

[11]	 Larvin H, Baptiste PJ, Gao C, Muirhead V, Donos N, Pavitt S, et al. 
All-cause and cause-specific mortality in US adults with peri-
odontal diseases: a prospective cohort study. J Clin Periodontol. 
2024;51(9):1157–67. https://doi.org/10.1111/jcpe.14002

[12]	 Chen F, Song Y, Li W, Xu H, Dan H, Chen Q. Association between peri-
odontitis and mortality of patients with cardiovascular diseases: a 
cohort study based on NHANES. J Periodontol. 2024;95(2):175–84. 
https://doi.org/10.1002/JPER.23-0276

[13]	 Pink C, Holtfreter B, Völzke H, Nauck M, Dörr M, Kocher T. Periodontitis 
and systemic inflammation as independent risk factors for mortality: 
evidence from a perspective cohort study. BMC Med. 2023;21:430. 
https://doi.org/10.1186/s12916-025-03862-0

mailto:ulrika.isaksson@bth.se
mailto:ulrika.isaksson@bth.se
https://www.who.int/news-room/fact-shits/detail/aging-and-health
https://www.who.int/news-room/fact-shits/detail/aging-and-health
https://www.scb.se
https://napier-repository.worktribe.com/output/2768902
https://napier-repository.worktribe.com/output/2768902
https://doi.org/10.1093/ageing/afab138
https://doi.org/10.1093/ageing/afab138
https://doi.org/10.1177/00220345211037977
http://Art.nr
https://www.socialstyrelsen.se/statistik-och-data/statistik/alla
https://www.socialstyrelsen.se/statistik-och-data/statistik/alla
https://doi.org/10.3389/froh.2021.703526
https://doi.org/10.1111/jcpe.12732
https://doi.org/10.1111/prd.12430
https://doi.org/10.1177/0022034519846113
https://doi.org/10.1177/0022034519846113
https://doi.org/10.1111/jcpe.14002
https://doi.org/10.1002/JPER.23-0276
https://doi.org/10.1186/s12916-025-03862-0


502  S. CRITÉN ET AL.

[14]	 Bengtsson VW, Persson GR, Berglund JS, Renvert S. Periodontitis 
related to cardiovascular events and mortality: a long-time longi-
tudinal study. Clin Oral Investig. 2021;25(6):4085–95. https://doi.
org/10.1007/s00784-020-03739-x

[15]	 Jansson L, Kalkali H, Mulk Niazi F. Mortality rate and oral health – a 
cohort study over 44 years in the county of Stockholm. Acta Odontol 
Scand. 2018;76(4):299–304. https://doi.org/10.1080/00016357.2018.
1423576

[16]	 Abe T, Tominaga K, Saito H, Shimizu J, Maeda N, Matsuura R, et 
al. Effect of oral health on functional disability and mortality in 
older adults in Japan: a cohort study. Lancet Healthy Longev. 
2024;5(11):100636. https://doi.org/10.1016/j.lanhl.2024.08.005

[17]	 Yu J, Qin W, Huang W, Thomas K. Oral health and mortality among 
older adults: a doubly robust survival analysis. Am J Prev Med. 
2023;64(1):9–16. https://doi.org/10.1016/j.amepre.2022.08.006

[18]	 Renvert S, Wallin-Bengtsson V, Berglund J, Persson RG. Periodontitis in 
older Swedish individuals fails to predict mortality. Clin Oral Investig. 
2015;19(2):193–200. https://doi.org/10.1007/s00784-014-1214-5

[19]	 Gupta S, Mohindra R, Singla M, Khera S, Sahni V, Kanta P, et al. 
The clinical association between periodontitis and COVID-19. 
Clin Oral Investig. 2022;26(2):1361–74. https://doi.org/10.1007/
s00784-021-04111-3

[20]	 Zhang Y, Lin S, Chen X, Lan H, Li W, Lin L. Association of periodontitis 
with all-cause and cause-specific mortality among individuals with 
depression: a population-based study. Sci Rep. 2024;14(1):21917. 
https://doi.org/10.1038/s41598-024-72297-z

[21]	 Romandini M, Baima G, Antonoglou G, Bueno J, Figuero E, Sanz M. 
Periodontitis, edentulism, and risk of mortality: a systematic review 
with meta-analyses. J Dent Res. 2021;100(1):37–49. https://doi.
org/10.1177/0022034520952401

[22]	 Critén S, Andersson P, Renvert S, Götrick B, Berglund JS, Bengtsson 
VW. Oral health status at age 60 and 72 years – a longitudinal study. 
Int J Dent Hyg. 2024. [Epub ahead of print]. https://doi.org/10.1111/
idh.12846

[23]	 Critén S, Andersson P, Renvert S, Götrick B, Berglund JS, Bengtsson 
VW. Oral health status among 60-year-old individuals born in 
1941–1943 and 1954–1955 and 81-year-old individuals born in 
1922–1924 and 1933–1934, respectively: a cross-sectional study. 
Clin Oral Investig. 2022;26(11):6733–42. https://doi.org/10.1007/
s00784-022-04632-5

[24]	 Ju X, Harford J, Luzzi L, Jamieson LM. Prevalence, extent, and sever-
ity of periodontitis among Australian older adults: comparison of 
two generations. J Periodontol. 2022;93(9):1387–400. https://doi.
org/10.1002/JPER.21-0458

[25]	 von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. The strengthening the reporting of observa-
tional studies in epidemiology (STROBE) statement: guidelines for 
reporting observational studies. J Clin Epidemiol. 2008;61(4):344–9. 
https://doi.org/10.1016/j.jclinepi.2007.11.008

[26]	 Lagergren M, Fratiglioni L, Hallberg IR, Berglund J, Elmståhl S, 
Hagberg B, et al. A longitudinal study integrating population, care 
and social services data. The Swedish National study on Aging and 
Care (SNAC). Aging Clin Exp Res. 2004;16(2):158–68. https://doi.
org/10.1007/BF03324546

[27]	 Public Health Agency of Sweden. Public health in Sweden report 
[Internet]. 2023 [cited 2025 Apr 13]. Available from: https://www.
folkhalsomyndigheten.se

[28]	 World Health Organization (WHO). Medication safety in polyphar-
macy. WHO/UHC/SDS/2019.11. Geneva: WHO; 2019.

[29]	 World Medical Association. World Medical Association Declaration 
of Helsinki: ethical principles for medical research involving human 
subjects. JAMA. 2013;310(20):2191–4. https://doi.org/10.1001/
jama.2013.281053

[30]	 Persson RE, Hollender LG, Persson GR. Assessment of alveolar bone 
levels from intraoral radiographs in subjects between ages 15 and 
94 years seeking dental care. J Clin Periodontol. 1998;25(8):647–54. 
https://doi.org/10.1111/j.1600-051x.1998.tb02501.x

[31]	 Papapanou PN, Sanz M, Buduneli N, Dietrich T, Feres M, Fine DH, et 
al. Periodontitis: consensus report of workgroup 2 of the 2017 World 
Workshop on the Classification of Periodontal and Peri-Implant 
Diseases and Conditions. J Periodontol. 2018;89:173–82. https://doi.
org/10.1002/JPER.17-0721

[32]	 Abd ElHafeez S, D’Arrigo G, Leonardis D, Fusaro M, Tripepi G, 
Roumeliotis S. Methods to analyze time-to-event data: the cox 
regression analysis. Oxid Med Cell Longev. 2021;2021:1302811. 
https://doi.org/10.1155/2021/1302811

[33]	 Hansen GM, Egeberg A, Holmstrup P, Hansen PR. Relation of peri-
odontitis to risk of cardiovascular and all-cause mortality (from a 
Danish Nationwide Cohort Study). Am J Cardiol. 2016;118(4):489–93. 
https://doi.org/10.1016/j.amjcard.2016.05.036

[34]	 Heikkilä P, But A, Sorsa T, Haukka J. Periodontitis and cancer mor-
tality: register-based cohort study of 68,273 adults in 10-year fol-
low-up. Int J Cancer. 2018;142(11):2244–53. https://doi.org/10.1002/
ijc.31254

[35]	 Qi L, Qian Y, Zhu F, Cao N, Lu H, Zhang L. Association between peri-
odontal disease and tooth loss and mortality in an elderly Chinese 
population. Aging Clin Exp Res. 2020;32(11):2375–82. https://doi.
org/10.1007/s40520-019-01446-6

[36]	 Darnaud C, Thomas F, Danchin N, Boutouyrie P, Bouchard P. 
Masticatory capacity and mortality: the Preventive and Clinical 
Investigation Center (IPC) cohort study. J Dent Res. 2020;99(2):152–8. 
https://doi.org/10.1177/0022034519889021

[37]	 Tan L, Liu J, Liu Z. Association between periodontitis and the preva-
lence and prognosis of prediabetes: a population-based study. J Transl 
Med. 2023;21(1):484. https://doi.org/10.1186/s12967-023-04340-y

[38]	 Chung PC, Chan TC. Association between periodontitis and all-
cause and cancer mortality: retrospective elderly community cohort 
study. BMC Oral Health. 2020;20(1):168. https://doi.org/10.1186/
s12903-020-01156-w

[39]	 Bonanno EG, Figueiredo T, Mimoso IF, Morgado MI, Carrilho J, Midão 
L, et al. Polypharmacy prevalence among older adults based on the 
survey of health, ageing and retirement in Europe: an update. J Clin 
Med. 2025;14(4):1330. https://doi.org/10.3390/jcm14041330

[40]	 Zhu L, Tang Z, Hu R, Gu M, Yang Y. Ageing and inflammation: what 
happens in periodontium? Bioengineering (Basel). 2023;10(11):1274. 
https://doi.org/10.3390/bioengineering10111274

[41]	 Puzianowska-Kuźnicka M, Owczarz M, Wieczorowska-Tobis K, 
Nadrowski P, Chudek J, Slusarczyk P, et al. Interleukin-6 and 
C-reactive protein, successful aging, and mortality: the PolSenior 
study. Immun Ageing. 2016;13:21. https://doi.org/10.1186/
s12979-016-0076-x

[42]	 Huang X, Kang L, Bi J. Epidemiology of oral health in older adults aged 
65 or over: prevalence, risk factors and prevention. Aging Clin Exp 
Res. 2025;37(1):193. https://doi.org/10.1007/s40520-025-03110-8

[43]	 Crimmins EM, Shim H, Zhang YS, Kim JK. Differences between men 
and women in mortality and the health dimensions of the morbid-
ity process. Clin Chem. 2019;65(1):135–45. https://doi.org/10.1373/
clinchem.2018.288332

https://doi.org/10.1007/s00784-020-03739-x
https://doi.org/10.1007/s00784-020-03739-x
https://doi.org/10.1080/00016357.2018.1423576
https://doi.org/10.1080/00016357.2018.1423576
https://doi.org/10.1016/j.lanhl.2024.08.005
https://doi.org/10.1016/j.amepre.2022.08.006
https://doi.org/10.1007/s00784-014-1214-5
https://doi.org/10.1007/s00784-021-04111-3
https://doi.org/10.1007/s00784-021-04111-3
https://doi.org/10.1038/s41598-024-72297-z
https://doi.org/10.1177/0022034520952401
https://doi.org/10.1177/0022034520952401
https://doi.org/10.1111/idh.12846
https://doi.org/10.1111/idh.12846
https://doi.org/10.1007/s00784-022-04632-5
https://doi.org/10.1007/s00784-022-04632-5
https://doi.org/10.1002/JPER.21-0458
https://doi.org/10.1002/JPER.21-0458
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1007/BF03324546
https://doi.org/10.1007/BF03324546
https://www.folkhalsomyndigheten.se
https://www.folkhalsomyndigheten.se
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1111/j.1600-051x.1998.tb02501.x
https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1002/JPER.17-0721
https://doi.org/10.1155/2021/1302811
https://doi.org/10.1016/j.amjcard.2016.05.036
https://doi.org/10.1002/ijc.31254
https://doi.org/10.1002/ijc.31254
https://doi.org/10.1007/s40520-019-01446-6
https://doi.org/10.1007/s40520-019-01446-6
https://doi.org/10.1177/0022034519889021
https://doi.org/10.1186/s12967-023-04340-y
https://doi.org/10.1186/s12903-020-01156-w
https://doi.org/10.1186/s12903-020-01156-w
https://doi.org/10.3390/jcm14041330
https://doi.org/10.3390/bioengineering10111274
https://doi.org/10.1186/s12979-016-0076-x
https://doi.org/10.1186/s12979-016-0076-x
https://doi.org/10.1007/s40520-025-03110-8
https://doi.org/10.1373/clinchem.2018.288332
https://doi.org/10.1373/clinchem.2018.288332

