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Abstract

Background: The prevalence of periodontitis increases with aging. The present
study aimed to assess descriptively the changes in periodontal status over an 18-
year period among individuals aged 60 and 66 years at baseline who participated
in the Swedish National Study on Aging and Care in Karlskrona, Sweden.
Methods: This longitudinal study used quantitative methods based on data from
the ongoing project, The Swedish National Study on Aging and Care (SNAC) in
Karlskrona, Sweden. A total of 340 individuals aged 60 and 66 years underwent
periodontal and radiographic examinations at baseline (2001-2003). Follow-up
assessments were conducted after 12 years (2013-2015; n = 217) and after 18
years (2019-2021; n = 79). A paired t-test, McNemar’s test, and binary logistic
regression were performed for the statistical analysis. Statistical significance was
determined at p < 0.05.

Results: Overall, the mean value BOP (SD) increased from 19.71(17.6) % at base-
line to 32.73 (21.7) % at the 18-year follow-up (Cohen’s d = -0.57; 95%CI: -0.81 to
-0.33; p < 0.001). The proportion of participants with at least one site exhibiting
a bone level > 5 mm increased significantly, from 49.4% at baseline to 88.6% at
the 18-year follow-up, corresponding to an absolute increase of 39.2 percentage
points (p < 0.001). In addition, the prevalence of periodontitis increased from
7.8% t019.5% over the same period, an absolute increase of 11.7 percentage points
(p = 0.035).

Conclusions: The present study indicates that periodontal status deteriorates
over 18 years among participants aged 60 and 66 years at baseline.
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1 | INTRODUCTION

Periodontitis is an infectious irreversible disease driven by
inflammation into supportive periodontal tissues caused
by subgingival microbial attacks and is a common cause
of tooth loss.! The disease entails the destruction of peri-
odontal attachment and ligaments and the breakdown
of alveolar bone around teeth.”? The clinical signs are
deepened gingival pockets > 4 mm, bleeding on prob-
ing, gingival recessions, and bone loss. Slow progression
is common, but rapid progression may occur, especially
in individuals without non-regular periodontal therapy.® If
periodontitis is left untreated, there are considerable risks
of oral disorders and reduced quality of life.*> Global Bur-
den of Disease Study report® showed that periodontitis was
the 11th most prevalent disease. In a report from Sweden in
2023, 62% of the population aged > 50 years was diagnosed
with periodontitis.” Population-based studies confirm that
the prevalence of periodontitis increases with aging®® and
affects 30% of the older population.'”

The aging population is steadily growing'' and retain
their natural teeth into old age, both in Sweden and
other welfare countries.'?> Health conditions can change
rapidly with advancing age, which increases vulnerability
to diseases and impairments.'® Furthermore, oral and gen-
eral health are interrelated.”” Many studies have demon-
strated the association between periodontitis and several
systemic diseases.'®?! However, the present study does not
aim to investigate disease-specific associations. Rather, this
bidirectional relationship underscores the importance of
longitudinal follow-up of periodontal status in aging pop-
ulations as poor systemic conditions may influence the
development and progression of periodontitis.”> Maintain-
ing optimal oral and general health, including preventing
and treating periodontitis, is crucial for healthy aging and
longevity. To reduce the risks for deteriorated oral health
and the need for comprehensive dental care at later stages,

Plain language summary

This study followed an older population over an 18-year period to describe how
their periodontal status (gum conditions, periodontal pocket depth, and alveo-
lar bone levels) changed over time. The participants were part of the Swedish
National Study on Aging and Care in Karlskrona, Sweden. A total of 340 indi-
viduals who were 60 or 66 years old at the start (2001-2003) were included. They
underwent periodontal and radiographic (x-ray) examinations at baseline and
again after 12 years (2013-2015) and 18 years (2019-2021). Over time, periodontal
status worsened, with more inflammation, more bone loss around the teeth, and
a higher proportion of individuals classified as having periodontitis according to
the definition used in this study.

investigating conditions of periodontal status through
aging would be of great significance. Although numerous
studies have investigated periodontal health using differ-
ent classifications for periodontitis and its relationship
to other health conditions, studies examining periodontal
status over time in the older populations remain scarce.
By following a group of younger-old individuals over an
extended period, new insights can be gained into how
and when the progression of periodontal changes occurs
throughout aging, which has high clinical relevance. Such
knowledge may inform future preventive strategies aimed
at maintaining periodontal health during aging and may
contribute to improved oral health quality of life in older
populations.

The present study aimed to assess changes in periodon-
tal status over an 18-year period among individuals aged 60
and 66 years at baseline who participated in the Swedish
National Study on Aging and Care in Karlskrona, Sweden.

2 | MATERIALS AND METHODS

2.1 | Study design

This longitudinal study used quantitative methods based
on data from the ongoing project “The Swedish National
Study on Aging and Care (SNAC)” in Karlskrona,
Blekinge, southeastern Sweden. The present study was
carried out by the STROBE guidelines for observational
studies in epidemiology.**

2.2 | Context of sample in the SNAC study
The SNAC is a longitudinal population-based study and
started in 2001 after the Swedish government’s initiative
as part of the national action plan for the older population
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policy. The SNAC study aims to increase knowledge about
aging in older people about previous health circumstances,
lifestyle, and environment. The investigations are carried
out through personal interviews, questionnaires (medical
and dental), medical and oral health examinations, and
psychological tests.

An equal number of individuals from the age groups
60, 66, 72, and 78 years (younger cohorts) were randomly
selected from the Swedish population database in Karl-
skrona City and invited to participate. In contrast, all
individuals aged 81, 84, 87, and older were invited. In total,
2,312 individuals were contacted by regular mail to par-
ticipate in the SNAC study. Of these, 1,402 (62%) chose to
participate and signed informed consent before the study
started in 2001-2003 (baseline). The proportion of partic-
ipants was 53% in the age groups 60-78 years and 47% for
the older age group > 79 years. The participation rate corre-
sponds to 10% of Karlskrona’s population. Data collection
is carried out regularly at 6-year intervals for the age groups
60-78 years and 3-year intervals for those aged 81 years and
older. A more detailed description of the SNAC population
and procedures has been published previously.>*

2.3 | The present study

231 | Study sample

The inclusion criteria in this study were participants who
were 60 years and 66 years old at baseline 2001-2003, living
in Karlskrona municipality, having > 2 natural teeth, and
underwent periodontal and radiographical examination.
Apart from not meeting the inclusion criteria, no addi-
tional exclusion criteria were applied. Participants were
not excluded based on systemic diseases or medication use.

The age cohorts mentioned above were examined dur-
ing the follow-up examinations in 2013-2015 (when they
were 72 years and 78 years, respectively), and in 2019-2021
(when they were 78 years and 84 years, respectively).

A total of 379 individuals aged 60 (49.3%) and 66 (50.7%)
years agreed to participate and were analyzed as one group
in the present study. Of these, 39 (10.3%) chose not to
participate for various reasons (Table 1). The remaining
340 participants (89.7%) met the inclusion criteria and
constituted the study population.

2.3.2 | Ethics

The Research Ethics Committee, Lund University, Lund,
Sweden, approved ethical permission for the SNAC studies
(LU 604-00). The principles of the Helsinki declaration®
were followed, and all participants signed informed con-

sent. The authors did not have access to personal data
(besides age, sex) of the participants, and the data obtained
were coded.

2.3.3 | Background characteristics

Besides age, data on sex, level of education, and smoking
habits were collected from the main SNAC questionnaire
and used solely as background variables to describe the
study population. These characteristics were chosen as
they are known determinants of health.”® The catego-
rization of smoking was yes (smoking regularly, smok-
ing sometimes) and no (I have stopped smoking/never
smoked). Education was categorized into two subgroups:
education < 9 years (unfinished primary school, pri-
mary school, or elementary school) and education > 10
years (upper secondary school, vocational, or university
education).

2.3.4 | Periodontal examination

The periodontal examination was conducted at a dental
clinic and performed by two experienced dental hygien-
ists who were calibrated. To assess reliability, an intra-class
correlation coefficient (ICC) was calculated concerning
probing pocket depth (PPD) examinations conducted by
the two dental hygienists. The ICC was 0.76 (95%Cl = 0.67-
0.82; p < 0.001) based on PPD measurements from 14
participants. In this study, clinical variables i.e., the out-
come measures included number of teeth, bleeding on
probing (BOP), probing pocket depths (PPD) > 5 mm, PPD
> 6 mm, and bone level > 5 mm. BOP and PPD were
measured on four surfaces around each tooth using a peri-
odontal probe CP-12 (Hu-Friedy Inc. Chicago, IL). BOP
was registered as either bleeding (1) or not bleeding (0)
within 30 seconds after probing and for analytical purposes
was calculated as the proportion of teeth with bleeding.
The deepest PPD > 4 mm on each tooth was registered.
This study presents only PPD > 5 mm and PPD > 6 mm.
Radiographical readings were performed by two calibrated
dentists using synedra View Personal-Version:23.0.0.1. The
dentists were blinded to information about age, sex, den-
tal and medical conditions for all performed readings.
The bone level was measured from the cement-enamel
junction (CEJ) to the highest marginal bone level mesial
and distal on each tooth on panoramic radiographs and
a threshold of > 5 mm was applied to indicate definite
bone loss. This cutoff was selected to reduce the poten-
tial impact of panoramic image distortion, magnification,
and minor measurement variation, estimated at approxi-
mately + 1 mm. Intra-examiner reliability was conducted
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TABLE 1 Reasons for dropout in 379 invited participants aged 60 years and 66 years at baseline (BL) (2001-2003) and at
baseline-follow-ups in 2013-2015 (12 y) and 2019-2021 (18 y) in total n (%).
BL BL-12y BL-18y
Reason for dropout aged 60y, 66y n (%) n (%)
Declined examination 34 (9.0) 36 (10.6) 101 (29.7)
No examination at dental clinic due to sickness 19 (5.6) 27(7.9)
Died before follow-up 47 (13.8) 95 (28.0)*
Other reasons 5(1.3) 21(6.2) 38 (11.2)
Total dropouts® 39 (10.3) 123 (36.2) 261 (76.8)
Total included in examinations® 340 (89.7) 217 (63.8) 79 (23.2)

“In total, 95 participants died between baseline (BL) and 18 years.

"Illustrates the total number (%) who had not participated BL, BL-12 year, and BL-18 year follow-ups.
“The total number (%) of included participants who underwent examinations at BL, at BL-12 year, and BL-18 year follow-ups.

by repeated measurements of 20 radiographs and was high,
with an ICC of 0.93 (95%CI = 0.91-0.96, p < 0.01).

The definition of periodontitis was guided by the
AAP/EFP classification' and includes BOP?’ as following:
BOP > 10% + PPD > 5 mm at > 2 surfaces + bone loss
> 5 mm in at least 10% of surfaces. The present study
focused exclusively on periodontitis, and gingivitis was not
assessed.

2.4 | Statistical analysis

Data were processed for the analyses using the Statistical
Package for the Social Sciences (IBM SPSS, version 27.0).
Descriptive statistics and frequencies were used to sum-
marize age groups and data based on three time intervals,
from baseline 2001-2003 and after 12-years, respectively,
18-years follow-up. Baseline characteristics were calcu-
lated for the participants using frequencies. Teeth that
were lost between follow-up visits were recorded as miss-
ing and excluded from the analyses. A paired sample ¢-test
was used to assess whether there was a statistically signif-
icant difference in the mean number of teeth (continuous
variable) between two time points (baseline and 12-year
follow-up, respectively, baseline and 18-year follow-up),
measured in the same individuals. The percentage of teeth
with bleeding was calculated for each subject and used as
a continuous variable in the analyses. Changes in mean
BOP between baseline and follow-ups were assessed using
paired t-tests. Effect sizes (Cohen’s d) were calculated for
within-participant changes in the continuous variables
between baseline and 12-year follow-up and baseline and
18-year follow up. McNemar’s test was used to exam-
ine if there were differences in dichotomous dependent
variables between two related groups, and examinations
included the prevalence of PPD > 5 mm, PPD > 6 mm, and
bone level > 5 mm and the diagnosis of periodontitis. Vari-

ables between the different examinations were compared:
(i) baseline and 12-years follow-up and (ii) baseline and
18-years follow-up. Binary logistic regression analysis was
performed to identify the baseline factors associated with
the 12-year follow-up and 18-year follow-up. These analy-
ses were separately constructed. Periodontitis (yes/no) was
the dependent variable and potential covariates including
age (continuous), sex (men/women), smoking (yes/no),
and education (< 9 years/ >10 years) were entered as inde-
pendent variables. Values of p < 0.05 were considered
as statistically significant. Potential covariates related to
medical history were not included in the regression mod-
els, as the analyses were based on a predefined set of
covariates.

3 | RESULTS

3.1 | Demographic data

Data from 340 participants (53.8% women) who underwent
periodontal and radiographical examination from baseline
2001-2003 were available for the longitudinal analysis. Of
these 217 (63.8%) were re-examined in 2013-2015 (12 years)
and 79 (23.2%) in 2019-2021 (18 years). Reasons for dropout
are presented in Table 1. During the study period of 18
years, 95/340 (28%) participants died. The cause of death
was, however, not available. At the 18-year follow-up nearly
one third (29.7%) declined examination due to “Covid-19”
(Table 1).

The characteristics of the participants showed that
approximately 46.7% had > 10 years of education. At
baseline, periodontitis was presented in 16.2% among the
participants and smoking regularly/sometimes was preva-
lent in 16.3% (Table 2). At the 12- and 18-year follow-ups
4.1% of the participants reported smoking regularly or
sometimes (not presented in the tables).
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TABLE 2 The frequencies over baseline (2001-2003) characteristics of the participants (n = 340) and in relation to sex.
Men Women Total
Variable n =157 n =183 Sample n = 340
Age, mean (SD) 62.9 (3.0) 63.3(3.0) 63.0 (3.0)
Having > 20 teeth, n (%)
Yes 121 (77.1) 141 (77.0) 262 (77.1)
No 36 (22.9) 42(23.0) 78 (22.9)
Periodontitis®, n (%)
Yes 32(20.4) 23 (12.6)" 55 (16.2)!
No 125 (79.6) 159 (87.4) 284 (83.8)
Education, n (%)
< 9 years 71 (45.5)° 109 (59.5)" 180 (53.3)?
> 10 years 85 (54.5) 73 (40.5) 158 (46.7)
Smoking, n (%)
Regularly/sometimes 31(19.9)"
I have stopped smoking 24 (13.3) 55(16.3)*
Never smoked 125 (80.1) 157 (86.7) 282 (83.7)

2Periodontitis was defined as BOP > 10% & PPD 5 mm in at least 2 non-adjacent teeth & bone level > 5 mm.

'One missing; *Two missing; >Three missing.

3.2 | Periodontal status between baseline
and 12-year follow-up

Periodontal status between baseline and 12-year follow-up
and 18-year follow-up is presented in Tables 3 and 4.

Overall, the mean (SD) number of teeth decreased from
23.71 (4.6) at baseline to 22.12 (5.7) at the 12-year follow-up,
corresponding to a moderate effect size (Cohen’s d = 0.67;
CIL: 0.52 to 0.82; p < 0.001). In contrast, mean BOP %
increased from 22.00 (19.7) at baseline to 47.60 (27.6) at the
12-year follow-up, representing a large effect size (Cohen’s
d = -0.87; CI: -1.03 to -0.71; p < 0.001). The proportion of
participants with PPD > 5 mm decreased from 68% to 53.5%
overall (- 14.7 percentage points; p < 0.001) and from 77.2%
to 59.4% among men (- 17.8 percentage points: p = 0.004).
The proportion of participants with at least one site exhibit-
ing a bone level > 5 mm increased by 9.4 percentage points
overall (60.7% to 70.1%; p = 0.006) and by 11.7 percentage
points among women (56.8% to 68.5%; p = 0.015) over 12
years. Among women, the proportion with > 30% of sites
with bone loss increased by 5.5 percentage points over 12
years (0.9% to 6.4%; p = 0.031). The prevalence of periodon-
titis showed no significant difference between baseline to
12 years (11.8% to 15.1%; p = 0.349) (Table 3).

In the logistic regression model for the 12-year follow-up,
sex was significantly associated with periodontitis, with
men having higher odds than women (OR = 2.4, 95%CI
1.1-5.5, p = 0.037).

3.21 | Dropouts

From baseline to the 12-year follow-up 123 participants
dropped out (Table 3). Of all the dropouts 30/123 (24.4%)
had periodontitis at baseline (Table 3). Of these the reason
for dropout was death in in 47/123 (38.2%) individuals.

3.3 | Periodontal status between baseline
and 18-year follow-up

At the 18-year follow-up, the mean (SD) number of teeth
decreased from 25.42 (3.6) at baseline to 23.82 (4.0), corre-
sponding to a large effect size (Cohen’s d = 0.86; CI: 0.60
to 1.11; p < 0.001). The mean (SD) BOP% increased from
19.71 (17.6) at baseline to 32.73 (21.7) after 18 years, corre-
sponding to a moderate effect size (Cohen’s d = - 0.57; CI:
- 0.81 to - 0.33; p < 0.001). No significant changes were
observed in the prevalence of PPD > 5 mm and PPD >
6 mm at the 18-year follow-up. In contrast, the proportion
of participants with at least one site exhibiting a bone level
> 5 mm increased from 49.4% at baseline to 88.6% at the
18-year follow-up, corresponding to an absolute increase of
39.2 percentage points (p < 0.001). Overall, the prevalence
of bone loss affecting > 30% of sites increased from 1.3%
at baseline t015.2% at 18-year follow-up, corresponding to
an absolute increase of 13.9 percentage points (p < 0.003).
Similarly, the prevalence of periodontitis increased from
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TABLE 3 Comparison of periodontal status between baseline (BL) and 12-year follow-up, including baseline characteristics of
participants who dropped out.

BL /12 years Dropouts BL data
Total, n = 217 Mean difference Cohen’s d (95% CI) Total, n =123
Men, n =101 (95% CI) for for continuous Men, n = 56
Variable Women, n = 116 continuous variables variables p-value Women, n = 67
2Continuous:
Number of teeth, mean  23.71 (4.6) / 22.12 (5.7) (13t01.9) 0.67 (0.52 to 0.82) 0.001 20.81(7.2)
(SD)
Men 23.53(5.1) / 21.68 (6.2) (1.3 to 2-4) 0.68 (0.46 to 0.90) 0.001 21.95 (6.5)
Women 23.86 (4.2) / 22.50 (5.2) (1.0t01.7) 0.68 (0.48 to 0.88) 0.001 19.87 (7.6)
BOP, mean (SD) 22.00 (19.7) / 47.60 (27.6) (-29.5to -21.7) -0.87(-1.03t0 -0.71)  0.001 26.30 (26.3)
Men 23.29 (20.8) / 44.73 (28.6) (-27.6 to -15.3) -0.69 (-0.90 to -0.47)  0.001 19.98 (18.4)
Women 20.87 (18.8) / 50.09 (26.5) (-34.3t0 -24.2) -1.07 (-1.30 t0 =0.84)  0.001 31.49 (30.5)
b Dichotomous:
PPD
> 5mm, n (%) 148 (68.2) / 116 (53.5) 0.001 84 (68.3)
Men 78 (77.2) / 60 (59.4) 0.004 39 (69.6)
Women 70 (60.3) / 56 (48.3) 0.059 45 (67.2)
PPD
> 6 mm, n (%) 474 (34.7) / 69 (32.4) 0.640 256 (46.3)
Men 346 (46.9) / 37 (37.8) 0.163 231(57.4)
Women 128 (24.3) / 32 (27.8) 0.636 25(37.3)
Bone level
>5mm, n (%) 6128 (60.7) / 148 (70.1) 0.006 77 (62.6)
Men 165 (65.0) / 72 (72.0) 0.210 40 (71.4)
Women 563 (56.8) / 76 (68.5) 0.015 37(55.2)
Bone loss
> 30% of sites, n (%) 710 (4.8) / 18 (8.6) 0.134 126 (21.3)
Men 19 (9.0) / 11 (11.0) 0.804 11 (20.0)
‘Women 1(0.9) / 7 (6.4) 0.031 15 (22.4)
Bone loss
<30% of sites, n (%) 121 (55.8) / 121 (55.8) 1.000 51 (41.5)
Men 57 (56.4) / 57 (56.4) 1.000 29 (51.8)
Women 64 (55.2) / 64 (55.2) 1.000 22(32.8)
Periodontitis, n (%) 525 (11.8) / 32 (15.1) 0.349 30 (24.4)
Men 119 (19.0) / 21 (21.0) 0.845 13(23.2)
Women 46 (5.4) /11 (9.8) 0.302 17 (25.4)

Statistical significance < 0.05is presented in bold text. p values refer to comparison between baseline (BL) and 12-year follow-up among participants who completed
the follow-up.

2Analyses for continuous variables: Paired sample t-test was used to analyze changes in the mean number of teeth and mean BOP and standard deviation (SD) from
BL to 12-year follow-up. Mean differences with 95% confidence intervals (CI) and effect sizes for repeated measures (Cohen’s d) are reported among participants
who completed the follow-up. The sign of Cohen’s d indicates the direction of change. According to Cohen, effect sizes of approximately 0.2, 0.5, and 0.8 are
interpreted as small, moderate, and large effects respectively. Comparisons have been made between BL and 12 year follow-up. BOP was registered for each tooth
at four surfaces, as either bleeding (1) or not bleeding (0) within 30 seconds after probing and was calculated as the proportion of teeth with bleeding.

b Analyses for dichotomous variables: McNemar’s test was used for analyses of periodontal pocket depth (PPD) > 5 mm and PPD > 6 mm in at least one tooth per
individual; bone loss > 5 mm in at least one site per individual; and the extent of sites with bone loss > 30% and < 30%. Periodontitis was defined as BOP > 10%
and PPD 5 mm in at least 2 not adjacent teeth and bone level > 5 mm. For dropouts, BL data are presented as frequencies.

'One missing.

2Two missing.

3Three missing.

4Four missing.

SFive missing.

6Six missing.

’Seven missing.
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TABLE 4 Comparison of periodontal status between baseline (BL) and 18-year follow-up, including baseline characteristics of

participants who dropped out.

Mean Dropouts BL
BL / 18 years difference data
Total, n = 79 (95% CI) for Total, n = 261
Men, n =41 continuous Cohen’s d (95% CI) for Men, n =116

Variable Women, n = 38 variables continuous variables  p-value = Women, n = 145

4Continuous:

Number of teeth, mean (SD) 2542 (3.6) / 23.82 (4.0) (1.2 t0 2.0) 0.86 (0.60 to 1.11) 0.001 21.83 (6.1)
Men 25.85(4.1) / 23.90 (4.4) (1210 2.7) 0.86 (0.50 to 1.22) 0.001 21.95 (5.8)
Women 24.95(2.9) / 23.74 (3.5) (0.8 t0 1.6) 0.98 (0.59 t0 1.37) 0.001 21.73 (6.4)

BOP, mean (SD) 19.71 (17.6) / 32.73 (21.7) (-18.2 to -7.8) 0.57 (~0.81 to —0.33) 0.001 124.74 (23.6)
Men 19.87 (17.9) / 34.57 (24.5) (-22.1t0-7.3) -0.63 (~0.96 t0 —0.29) 0.001 122,93 (20.7)
Women 19.52 (17.4) / 30.64 (18.0) (-18.7 to -3.6) -0.50 (-0.84 to -0.15) 0.005 26.17 (25.6)

®Dichotomous:

PPD

> 5mm, n (%) 141 (52.6) / 41 (52.6) 1.000 190 (72.8)
Men 25 (61.0) / 25 (61.0) 1.000 92 (79.3)
Women 116 (43.2) / 16 (43.2) 1.000 98 (67.6)

PPD

> 6 mm, 1 (%) 319 (25.0) / 22 (28.9) 0.664 110 (42.5)
Men 116 (40.0) / 15 (37.5) 1.000 61 (53.5)
Women 23 (8.3)/7(19.4) 0.289 49 (33.8)

Bone level

>5mm, n (%) 39 (49.4) / 70 (88.6) 0.001 170 (65.4)
Men 25(61.0) / 37 (90.2) 0.004 81 (69.8)
‘Women 14 (36.8) / 33 (86.8) 0.001 89 (61.8)

Bone loss

> 30% of sites, n (%) 1(1.3) /12 (15.2) 0.003 335 (13.6)
Men 1(2.4)/9(22.0) 0.021 219 (16.5)
‘Women 0(0.0)/3(7.9) 0.250 116 (11.2)

Bone loss

< 30% of sites, 1 (%) 38 (48.1) /58 (73.4) 0.004 134 (51.3)
Men 24 (58.5) / 28 (68.3) 0.541 62 (53.4)
Women 14 (36.8) / 30 (78.9) 0.001 72 (49.7)

Periodontitis, n (%) 6(7.8)/15(19.5) 0.035 49 (18.8)

Men 6 (14.6) / 10 (24.4) 0.344 26 (22.4)
Women 0(0.0) / 5(13.9) 0.063 23 (15.9)

Statistical significance p < 0.05 is presented in bold text; p values refer to comparison between baseline (BL) and 18-year follow-up among participants who
completed the follow-up.

2Analysis for continuous variables: Paired sample t-test was used to analyze changes of mean number of teeth and mean of BOP (SD) from BL to the 18-year
follow-up. Mean differences with 95% confidence intervals (CI) and standardized effect sizes for repeated measures (Cohen’s d) are reported among participants
who completed the follow-up. The sign of Cohen’s d indicates the direction of change. According to Cohen, effect sizes of approximately 0.2, 0.5, and 0.8 are
interpreted as small, moderate, and large effects, respectively. Comparisons were made between BL and the 18-year follow-up. BOP was registered for each tooth
at four surfaces as either bleeding (1) or not bleeding (0) within 30 seconds after probing and was calculated as the proportion of teeth with bleeding.

b Analysis for dichotomous variables: McNemar’s test was used for analyses of periodontal pocket depth (PPD) > 5 mm and PPD > 6 mm in at least one tooth per
individual; bone loss > 5 mm in at least one site per individual and extent of sites with bone loss > 30% and < 30%. Periodontitis was defined as BOP > 10% and
PPD 5 mm in at least 2 not adjacent teeth and bone level > 5 mm. For dropouts, BL data are presented as frequencies.

'One missing.

2Two missing.

3Three missing.

85U8017 SUOWILIOD BAIIes.D) 8|qedt|dde 8y} Aq pausenob afe seo e VO ‘88N Joss|nl 1oy Ariqi8uluO A8|IM UO (SUOTIPUOD-PUR-SLLIB)/L0O" A3 |1M° Afe.q 1 [ |UO//SANLY) SUORIPUOD PUe SWB | 8y} 88 *[9202/80/T€] Uo AriqiTauliuo A|im ‘Bulupsseg sustels Aq ¥8T0. #ed(/z00T 0T/10p/w0o A8 1M Are.qjuljuo dee//sdny wouy pepeojumoq ‘0 ‘0/9EEV6T



JOU Rl}lAL OF
Ml Periodontology

CRITEN ET AL.

7.8% at baseline to 19.5% at the 18-year follow-up, rep-
resenting an absolute increase of 11.7 percentage points
(p < 0.035) (Table 4).

At the 18-year follow-up, logistic regression analyses
showed that smoking and education were significantly
associated with periodontitis (OR = 6.5, 95% CI 1.3-32.9,
p = 0.025 and OR = 4.2, 95%CI 1.1-16.0, p = 0.035
respectively).

3.31 | Dropouts

From baseline to the 18-year follow-up 261 dropped out
(Table 4). Of all the dropouts 49/261 (18.8%) had peri-
odontitis at baseline (Table 4). In addition, 95/261 (36.4%)
individuals died before reexamination.

4 | DISCUSSION

In this 18-year comparative study, several significant
changes regarding periodontal status were observed,
including an increased value of BOP %, greater alveolar
bone loss, and an increased prevalence of periodontitis
compared with the baseline.

In this study, the prevalence of periodontitis was rela-
tively low (19.5%). Kassebaum et al.”® found that periodon-
titis increases with aging and reaches its peak at age of 40
years. They also found that new cases emerge with increas-
ing age, but the incidence remains low at older age which is
consistent with the present study. In contrast to our study,
recently published population-based studies reported the
higher prevalence of periodontitis. In older people in the
United States the prevalence of periodontitis was around
59.8%,%° 64.4% in China,** and 87.9% in Australia.’! These
discrepancies may have several explanations, such as study
design, different definitions of periodontitis, and differ-
ent measurements of alveolar bone level. The definition of
periodontitis used in the study by Eke et al.”’ was based
on the CDC/AAP classification as the presence of non-
severe and severe periodontitis. PPD 4 mm, 5, and 6 mm
and various CAL (between 3 and 6 mm) measured in the
age group 65 years and older were performed. Jiao et al.*"
used the EFP/AAP classification of periodontitis based on
measurements of PPD 4 and 6 mm and CAL (> 4 mm,
> 6 mm, > 9 mm, and > 12 mm) in people between 65
years and 74 years. Ju et al.’! also used both CDC/AAP and
EFP/AAP to define the prevalence, extent, and severity of
periodontitis among an older population 60 years in 1992-
1993 and 60 years in 2013-2014. In contrast to these studies,
the present study measured the level of alveolar bone based
on > 5 mm bone loss from CEJ to the highest marginal
bone level mesial and distal on each tooth on panoramic

radiographs. In this study, bone level is assessed to reflect
the effects of bone loss over time, and BOP is included
to evaluate disease activity over time which was not the
case in the studies discussed above. These differences out-
lined may help to explain the variability of prevalence of
periodontitis between those studies and the present study.

In the present study, the number of sites with alve-
olar bone loss and the mean BOP value increased over
follow-up period, while the prevalence of PPD remained
unchanged with rising age. This pattern is in line with
previous population-based studies'”*” and a literature
review.”> However, it is important to highlight that
increased gingival inflammation, particularly BOP is the
strongest predictor to future periodontal breakdown, espe-
cially in individuals around 60 years.>* Thus, stability in
the prevalence of PPD over time as in our study does not
necessarily reflect the stability of periodontal conditions
when BOP and alveolar bone loss continue to progress.
Further discussion of this issue is provided below.

The alveolar bone level illustrates the cumulative impact
of periodontitis over a lifetime and/or the sustained pro-
gression of disease.”® In the present study, the use of
radiographic alveolar bone level measurements enabled
us to assess changes in alveolar bone condition between
baseline and follow-up examinations. Regarding the new
classification of periodontitis, we did not measure the
clinical attachment level (CAL) due to time constraints
during examination. However, CAL and radiographic alve-
olar bone loss have shown a good correlation (r = 0.73;
p < 0.0001) and either variable may be used alone in long-
term prospective studies.’® Interestingly, we observed a
significant decrease in the proportion of deeper PPD >
5 mm after 12 years and a non-significant decrease of PPD
> 6 mm. This finding is consistent with national data from
Sweden.” At 18-year follow-up, the prevalence of both PPD
> 5 mm and PPD > 6 mm remained stable. This trend
may be explained by the increased prevalence of gingi-
val recession with aging. A recently published European
population-based seven-country study”’ in adults aged 18
years and older reported nearly 70% of individuals aged
78-89 years had at least one site with gingival recession
> 1 mm. That study also found a mean BOP value of
approximately 30% in the same age group.’’ The increase
in gingival recession may explain why PPD remained sta-
ble in our study, despite an increase in BOP. At the 18-year
follow-up, 52.6% of the participants had at least one PPD >
5 mm, and 28.9% had PPD > 6 mm. From a clinical stand-
point, deeper periodontal pockets in combination with
increased BOP and alveolar bone loss may pose a risk to
periodontal stability.*

Periodontitis increases with age, and it poses a health
concern especially in an older population. The presence
of periodontal pathogens leads to increased inflammation
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and enhanced immune activation in the periodontium.*
Biologically, inflammation constitutes a crucial compo-
nentin protecting health and longevity, but in concert with
pathogens and rising age it can become harmful.*’ Dam-
aged periodontal tissues have increased permeability*’
and periodontal pathogens may be translocated to the
circulatory system and cause systemic inflammation and
increased risk for comorbidities and frailty. These harm-
ful consequences can threaten general health, especially in
older people.*! Dental care plays a great role in preventing
periodontitis progression in older people, which is impor-
tant for overall reduction of systemic inflammation and
beneficial to general health, as highlighted by Renvert &
Persson.*?

By following younger old individuals 60 and 66 years
over an extended period, this study gives an insight into
the fact that people are keeping their natural teeth as they
age which is in line with previous studies.'>** In our study,
participants lost an average of 1.5 teeth between baseline
and 18-year follow-up, which does not indicate a dramatic
risk for periodontal conditions at present. Despite this,
we still need to think critically, as the majority of partic-
ipants (88.6%) had at least one site with bone loss > 5 mm,
indicating an increased risk for of periodontal status dete-
rioration at a later stage. Notably, in recent decades in
Sweden, the proportion of adults with periodontitis who
did not receive periodontal therapy increased from 16.5%
in 2011-2013 to 20.7% in 2021-20237 which may have a neg-
ative impact on periodontal status with aging as well as
longevity.** Furthermore, previous studies have identified
smoking®®—! and lower educational level* as significant
risk factors for periodontal outcomes. Our findings sup-
port these observations, as both smoking and education
were associated with periodontitis in the study popula-
tion. To prevent periodontal destruction and tooth loss in
older people, an understanding of age-related changes in
the periodontium as well as key determinants mentioned
above is vital for future dental care planning. For that rea-
son, itis important to release resources aimed at improving
oral health care for older population.

4.1 | Strengths and limitations

A strength of this 18-year longitudinal study is that we
followed periodontal status in individuals at ages 60 and
66, at baseline for 18 years. These participants undergo
recurrent clinical and radiographical examinations every
6 years. The examinations include a full-mouth assess-
ment, and the measurements cannot be biased by prior
outcomes, which enhances internal validity. Since not all
individuals participated in both the 12-year and 18-year
follow-up examinations, changes were analyzed separately

among those who were examined at each respective time
point (between baseline and 12-year follow-up and base-
line and 18-year respectively). In the present study, BOP
was included in the definition of periodontitis which has
highly clinical relevance.’®*® The value of BOP poten-
tially can act both as an indicator of gingival health and a
predictor of periodontal tissues pathology.”® This variable
has also been used as a reliable parameter in periodon-
tal therapy for several decades.*’~*° The cutoff level of
5 mm was used to define actual bone loss, aligning with
concerns regarding the effects of distortion and magnifi-
cation (plus a measurement error + 1 mm) when using
panoramic radiograph.’® Regarding radiographical vari-
ables, the same dentists read the panoramic radiograph
over the follow-up period, which is a strength.

However, the present study has limitations. A major
limitation of the present study is the substantial attrition
over the 18-year follow-up period. Only 79 of the 340 indi-
viduals examined at baseline participated in the 18-year
re-examination. Although attrition is expected in aging
cohorts, this degree of loss to follow-up introduces a risk
of survivor bias. Consequently, the findings should be
interpreted as descriptive longitudinal observations among
surviving and participating individuals, rather than as fully
generalizable estimates of periodontal disease progression
in the original cohort.

The relatively small number of participants at the
18-year follow-up also limited the possibility of conduct-
ing extensive multivariable analyses. Although systemic
conditions such as diabetes and cardiovascular disease,
medication use, smoking intensity, and periodontal treat-
ment during follow-up are relevant factors for periodontal
outcomes, the low frequency of several of these variables
and the limited sample size would have made multivari-
able models with multiple covariates statistically unstable.
Thus, residual confounding cannot be excluded. Smoking
was assessed as a dichotomous variable, which represents a
limitation. Information on smoking intensity, duration, or
cumulative exposure was not available, and potential dose-
response associations between smoking and periodontal
outcomes could therefore not be evaluated. Furthermore,
the absence of CAL measurements is a limitation, reducing
diagnostic precision and limiting comparisons with other
studies. An additional limitation is that information on
whether participants received periodontal treatment dur-
ing the follow-up period was not available, which may have
influenced the observed results.

Moreover, dropout analysis showed that some individu-
alswho dropped out had periodontitis at baseline. It should
be noted that the dropout group included individuals who
died during the follow-up period, which may have further
contributed to the underrepresentation of periodontitis
progression in the final sample. Regardless of these limi-
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tations, there were still 79 participants aged 78 years and
84 years who attended the 18-year reexamination.

5 | CONCLUSION

The present study demonstrated that periodontal status
deteriorates over 18 years among participants who were 60
and 66 years old at baseline.
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