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Abstract
Objectives  The present retrospective registry-based cohort study aimed to identify parameters associated with the onset of 
periodontitis in young adults.
Material and methods  A total of 345 Swedish subjects were clinically examined at age 19 years (as part of an epidemiological 
survey) and then followed up to 31 years through the Swedish Quality Registry for Caries and Periodontal diseases (SKaPa). 
The registry data including periodontal parameters were obtained for the period 2010–2018 (23–31 years). Logistic regres-
sion and survival models were used to identify risk factors for periodontitis (PPD ≥6 mm at ≥2 teeth).
Results  The incidence of periodontitis during the 12-year observation period was 9.8%. Cigarette smoking (modified pack-
years; HR 2.35, 95%CI 1.34–4.13) and increased probing pocket depth (number of sites with PPD 4–5 mm; HR 1.04, 95%CI 
1.01–1.07) at 19 years were risk factors for periodontitis in subsequent young adulthood. No statistically significant associa-
tion was identified for gender, snuff use, plaque and marginal bleeding scores.
Conclusion  Cigarette smoking and increased probing pocket depth (≥4 mm) in late adolescence (19 years) were relevant 
risk factors for periodontitis in young adulthood.
Clinical relevance  Our study identified cigarette smoking and increased probing depth in late adolescence as relevant risk 
factors of periodontitis in young adulthood. Preventive programs should therefore consider both cigarette smoking and prob-
ing pocket depths in their risk assessment.
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Introduction

Periodontitis affects about 40% of adults [1, 2], while the 
more severe forms of the disease occur in ~10% of the global 
adult population [3, 4]. Plaque-induced gingivitis is revers-
ible, whereas the conversion into periodontitis is character-
ized by a breakdown of the tooth-supporting tissues [5, 6]. 
Periodontitis is a multifactorial disease which is subject to 
individual susceptibility and has been associated with a vari-
ety of risk factors, including lifestyle-related (e.g., tobacco 
smoking), systemic health (e.g., diabetes), and socio-eco-
nomic parameters [6–9].

Periodontitis usually has its onset after the age of 20 years 
and the incidence of more advanced forms peaks between 
the ages of 30 years and 40 years [3, 10]. While factors 
associated with established periodontitis have been exten-
sively studied, the understanding of relevant risk factors in 
the years preceding onset is limited. To exemplify, effective 
self-performed oral hygiene is crucial in the prevention and 
treatment of periodontitis [11]. However, high levels of den-
tal plaque and gingivitis are frequent findings in young indi-
viduals [12, 13]. To what degree these are determinants of 
subsequent periodontitis remains unknown. A better under-
standing of early risk factors may increase the effectiveness 
of future preventive strategies through more personalized 
and tailored approaches.

National health registries, such as the Swedish Quality 
Registry for Caries and Periodontal diseases (SKaPa), allow 
for longitudinal monitoring of large cohorts. In general, 
Swedish health registries have a high degree of complete-
ness [14]. Thus, high external validity may be expected, 
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which allows for reliable assessments of disease patterns. 
Combining an initial clinical evaluation with subsequent 
longitudinal registry data, the present study aims to identify 
risk factors for the onset of periodontitis in young adulthood.

Material and methods

The present retrospective registry-based cohort study was 
approved by the Swedish Ethical Review Authority (file no: 
2019-02306). The patient cohort was identified in an earlier 
(baseline) cross-sectional evaluation [13], for which partici-
pants provided written consent. Longitudinal follow-up was 
based on registry data. STROBE guidelines [15] were fol-
lowed in the reporting.

Study population

The original study population consisted of 506 subjects born 
in 1987 and residing in two predominantly rural counties 
in Sweden [for details see 13]. Briefly, individuals were 
examined at “age 19y” (in 2005–2006) by four calibrated 
registered dental hygienists. The following clinical variables 
were recorded (3rd molars excluded):

•	 Number of teeth.
•	 Plaque score (Plaque Index/PI); percentage of sites with 

visible plaque at four surfaces of the six Ramfjord index 
teeth [16].

•	 Marginal bleeding score (Marginal Bleeding Index/MBI); 
percentage of sites with bleeding following circumfer-
ential probing of the sulcus [17] scored at four sites per 
tooth.

•	 Probing pocket depth (PPD); registered at four sites per 
tooth using a UNC 15 periodontal probe. The distal sur-
faces of the second molars were not considered.

Marginal bone levels were measured on bitewing radi-
ographs. The distance from the cemento-enamel junction 
(CEJ) to the marginal bone was assessed mesially and dis-
tally at premolars and molars, as well as at distal aspects of 
the canines. The number of teeth presenting with signs of 
radiographic marginal bone loss (distance CEJ to marginal 
bone level >2 mm) was recorded for each individual, exclud-
ing the distal surfaces of the second molars.

Participants completed a series of questionnaires regard-
ing oral health-related perception, attitude, and behavior 
[18, 19]. The item “How do you consider your oral health 
today?” (Very good/Good/Poor/Very poor) from the Self-
Perceived Oral Health questionnaire was included in the 
present analysis.

Information regarding tobacco habits was collected. Thus, 
self-reported number of cigarettes/day, snuff boxes/week and 
years of smoking/snuff use were noted. Individuals reporting 

occasional smoking (“party smoking”) were given a value 
of 0.5 cigarettes/day.

Considering the young age, we assumed a gradual 
increase in tobacco use and therefore modified the calcu-
lation of pack- and box-years at age 19 years by dividing 
duration by 2:

  

Data extraction and study variables

The SKaPa registry contains dental care data from individ-
uals treated in both public and several private dental care 
organizations across Sweden. The registry is automatically 
updated from electronic dental records on a daily basis and 
currently includes over 7 million individuals which corre-
sponds to >50% of the population [20, 21].

Based on the original study population (age 19 years in 
2006; N=506) and using the unique social security identifica-
tion number, a professional data analyst at SKaPa extracted 
registry data for the period 2010–2018 (i.e., up to 31 years 
of age) on an annual basis. Longitudinal data were available 
for 345 individuals. Baseline data for the 161 individuals for 
whom longitudinal data were not available from the registry 
are summarized in Table A1.

The mean time of follow-up (in years) was 11.0 ±1.9 
(range 4–12). In all, 79.4% of the included subjects had 
entries in the registry representing a minimum of 5 unique 
years (mean 7.2 ±2.7; range 1–9).

Parameters of interest, extracted for each year of follow-
up (2010–2018), included the number of teeth, number of 
teeth with PPD 4-5 mm, and number of teeth with PPD ≥6 
mm (3rd molars excluded). An individual was considered to 
present with periodontitis if PPD ≥6 mm had been recorded 
at ≥2 teeth.

Scores on the self-rated question “How do you assess 
your oral health today?” (Very good/Good/Poor/Very poor), 
which is part of the routine examination protocol within the 
public dental healthcare, were also retrieved.

The registry captures legal rather than biological sex 
(female/male), which is hereby referred to as “gender”.

Data analysis

Potential risk factors for the onset of periodontitis (PPD ≥6 
mm at ≥2 teeth; primary outcome) were assessed through 
two different approaches. First, simple and multiple logistic 
regression models were built two evaluate the incidence of 

Modified pack-years =
Daily cigarettes

20
×

Number of years smoking

2

Modified box-years =
Weekly boxes

7
×

Number of years using snuff

2
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periodontitis (yes/no). In a second step, the age of onset 
was evaluated through survival models. For these analyses, 
individuals with PPD ≥6 mm or signs of radiographic mar-
ginal bone loss at baseline were excluded. All analyses were 
performed in Stata (Stata SE version 17.0, StataCorp LLC, 
TX, USA).

Logistic regression models

Potentially relevant risk factors for the incidence of peri-
odontitis were included in the multiple logistic regression 
models (function logit). Three separate models were built 
due to collinearity between risk factors (plaque index, 
marginal bleeding index, and sites with PPD 4–5 mm; 
Table A2). Results were expressed as odds ratios (ORs) with 
95% confidence intervals (95%CIs).

Survival analysis

A flexible parametric survival model (function stpm2) was 
built to illustrate the onset of periodontitis and included rel-
evant risk factors identified in the logistic regression analy-
ses. Cumulative incidence curves were drawn by significant 
risk factors. Outcomes were reported as hazard ratios (HRs) 
with 95%CIs.

Results

Status at age 19 years

Demographic, clinical, and self-assessed information from 
the examination at age 19 years (baseline) is provided in 
Table 1. A total of 56.2% of the 345 included subjects were 
female. Eighty-six percent of individuals considered their 
general health to be good, while 14% reported a variety of 
diseases and conditions, the most frequent being lactose 
intolerance (12), asthma (9), diabetes (3), and psychologi-
cal disorders such as depression (3).

Thirty-six individuals were regular smokers (mean: 7.7 
±5.0 cigarettes/day, range 1–20), and 24 were occasional 
smokers. On average, subjects started smoking at age 15.0 
±1.7 years and the mean modified pack-years was 0.6 ±0.7 
(range 0.03–2.5). Among the 45 snuff users (2.8 ±1.6 boxes/
week, range 1–7), 5 and 9 subjects were regular and occa-
sional smokers, respectively. Snuff users, on average, started 
at age 15.6 ±1.5 years and the mean modified box-years was 
0.8 ±0.6 (range 0.07–2.5).

At baseline (19 years), the average number of teeth was 
27.3 ±1.3, and mean PI and MBI scores were 45.4 ±24.0% 
and 54.8 ±18.8%, respectively. The mean number of sites 
with PPD ≥4 mm was 6.7 ±8.3 (4.8 ±4.9 teeth). Two indi-
viduals presented with PPD ≥6 mm (a single site in both 

subjects) and 6 with localized signs of radiographic marginal 
bone loss (1 tooth in each subject). These 8 individuals were 
excluded from further analyses.

Most individuals assessed their oral health to be either 
good or very good (91.3%).

Status during follow‑up (age 23‑31y)

The mean number of teeth remained unchanged over the 
follow-up period. The mean number of teeth with PPD ≥4 
mm was lower at age 23 years and increased slightly over 

Table 1   Demographics and data from the clinical examination at age 
19 years. Counts (%) and mean ±SD

N=345 unless specified otherwise

Gender
  Female 195 (56.5%)
  Male 150 (43.5%)

Smokers (N=300)
  No 240 (80.0%)
  Occasional 24 (8.0%)
  Regular 36 (12.0%)

Cigarettes/day (N=36) 7.7 ±5.0
Years smoking (N=57) 4.0 ±1.7
Modified pack-years (N=57) 0.6 ±0.7
Snuff users (N=307)
  No 261 (85.0%)
  Yes 46 (15.0%)

Snuff boxes/week (N=38) 2.8 ±1.6
Years using snuff (N=44) 3.4 ±1.5
Modified box-years (N=37) 0.8 ±0.6
Number of teeth 27.3 ±1.3
Plaque Index (%) 45.4 ±24.0
Marginal Bleeding Index (%) 54.8 ±18.8
PPD ≥4 mm
  Number of sites 6.7 ±8.3
  Number of teeth 4.8 ±4.9

PPD ≥6 mm
  Number of sites 0.0 ±0.1
  Number of teeth 0.0 ±0.1
≥1 tooth with PPD ≥6 mm
  No 343 (99.4%)
  Yes 2 (0.6%)

Signs of radiographic marginal bone loss
  No 339 (98.3%)
  Yes 6 (1.7%)

Self-assessed oral health
  Very good 120 (34.8%)
  Good 195 (56.5%)
  Poor 29 (8.4%)
  Very poor 1 (0.3%)
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time (Fig. 1, Table A3). Thirty-three of the 337 subjects 
(9.8%) included in the analysis developed periodontitis 
up to age 31 years. The number of new cases by age is 
illustrated in Fig. 2.

The proportion of individuals rating their oral health 
as impaired (poor or very poor) tended to be larger among 
those who developed periodontitis (Fig. 3).

Risk factors for periodontitis

In the simple analyses, baseline PI, number of sites/teeth with 
PPD 4–5 mm and smoking (dichotomized ≤10 cigarettes/day 
versus ≥11 cigarettes/day, and modified pack-years) were asso-
ciated with periodontitis, whereas no association with gender, 
snuff use (dichotomized yes/no and modified box-years) or 

Fig. 1   Number of teeth and 
number of teeth with periodon-
tal pocketing during the follow-
up period by age. Please note 
that the figure has two Y-axis 
(for the total number of teeth 
to the left and pocketing to the 
right) and that the number of 
examined subjects varies at the 
different ages as not all partici-
pants were examined every year 
(see also Table A-2). 

Fig. 2   New cases of periodonti-
tis during the follow-up period
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MBI was noted (see Tables 2 and A4). In the adjusted mod-
els, the association remained significant for smoking (modi-
fied pack-years; adjusted OR 2.56, 95%CI 1.26–5.20) and the 
number of sites with PPD 4–5 mm (adjusted OR 1.04, 95%CI 
1.00–1.08) (Fig. 4; Tables 2 and A5).

Figure 5 illustrates the cumulative incidence of perio-
dontitis by potential risk factors included in adjusted model 
3. In the survival model, both modified pack-years at 19 
years (HR 2.35, 95%CI 1.34–4.13) and baseline number of 
sites with PPD 4–5 mm (HR 1.04, 95%CI 1.01–1.07) were 
significant risk factors for future periodontitis (Table A6). 

The association with gender was not statistically significant 
(p=0.074).

Discussion

The purpose of the present study was to identify parameters 
associated with the onset of periodontitis in young adults. 
Up to 31 years of age, the incidence of periodontitis was 
9.8%. Cigarette smoking and increased probing pocket depth 
(≥4 mm) in late adolescence (19 years) were risk factors for 

Fig. 3   Self-assessed oral health 
according to the incidence of 
periodontitis (≥2 teeth with 
PPD ≥6 mm) during the follow-
up period. Please note that 
N varies each year, see notes 
below and Table A-2 
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the onset of periodontitis in subsequent young adulthood 
(modified pack-years HR 2.35; number of sites with PPD 
4–5 mm HR 1.04). No significant association was identified 
for gender, snuff use, plaque or marginal bleeding scores.

The incidence of periodontitis in the present study was 
assessed based solely on the presence of deep periodontal 
probing (at least 2 teeth displaying PPD ≥6 mm), as the 
SKaPa registry lacks reliable data on attachment loss. Thus, 

Table 2   Logistic regression analyses for the onset of periodontitis (≥2 teeth with PPD ≥6 mm; dependent variable)

Subjects with PPD ≥6 mm or signs of radiographic marginal bone loss at baseline have been excluded
Adjusted model 1 includes gender, modified pack-years, plaque index
Adjusted model 2 includes gender, modified pack-years, marginal bleeding index
Adjusted model 3 includes gender, modified pack-years, sites with PPD 4–5 mm
N=337 (except for †N=293, ‡N=290, §N=300, ¶N=292)
*p<0.05

Independent variables Unadjusted
 OR (95%CI)

Adjusted model 1‡

OR (95%CI)
Adjusted model 2‡

OR (95%CI)
Adjusted model 3‡

OR (95%CI)

Gender (ref: female)
Male

1.94 (0.94–4.02)
p=0.073

1.97 (0.85–4.54)
p=0.113

2.08 (0.92–4.71)
p=0.080

1.96 (0.86–4.45)
p=0.109

Smoking† (ref: ≤10 cigarettes/day)
≥11 cigarettes/day

7.50* (1.59–35.35)
p=0.011

- - -

Modified pack-years‡ (continuous) 2.60* (1.34–5.04)
p=0.005

2.52* (1.24–5.13)
p=0.010

2.67* (1.33–5.34)
p=0.006

2.56* (1.26–5.20)
p=0.009

Snuff use§ (ref: no)
Yes

1.65 (0.63–4.32)
p=0.308

- - -

Modified box-years¶ (continuous) 0.72 (0.18 – 2.99)
p=0.655

- - -

Plaque index (continuous) 1.02* (1.00–1.03)
p=0.018

1.01 (0.99–1.03)
p=0.240

- -

Marginal bleeding index (continuous) 1.02 (1.00–1.04)
p=0.103

- 1.01 (0.99–1.04)
p=0.282

-

Sites with PPD 4–5 mm (continuous) 1.05* (1.01–1.08)
p=0.009

- - 1.04* (1.00–1.08)
p=0.047

Teeth with PPD 4–5 mm (continuous) 1.08* (1.01–1.15)
p=0.016

- - -

Fig. 4.   Risk for onset of peri-
odontitis according to smoking 
habits at age 19 years (modified 
pack-years) and baseline num-
ber of sites with PPD 4–5 mm
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our case definition does not fully adhere to the recommenda-
tions proposed by the 2017 World Workshop [7]. It should 
be noted, however, that epidemiological studies have used a 
variety of definitions for periodontitis [3, 4]. Similar to our 
methodology, the Community Periodontal Index of Treat-
ment Needs (CPITN), for instance, relies on probing pocket 
depth as the single criterion to identify cases of periodonti-
tis. In other epidemiological studies such as NHANES [e.g., 
2] and SHIP [e.g., 22], clinical attachment levels were con-
sidered. The longitudinal evaluations from Jönköping also 
assessed marginal bone levels [e.g., 1]. This issue reflects 
one limitation of registry research, where, as in our case, 
detailed information on clinical attachment levels, bleeding 
on probing and/or marginal bone levels was not available.

Nevertheless, the incidence of periodontitis of just below 
10% corresponds well with the concept that the age span of 
20–30 years may represent a critical period in the develop-
ment of the disease. Thorbert-Mros et al. [10], for instance, 
evaluated disease onset retrospectively in patients present-
ing with generalized severe periodontitis. Using radio-
graphic data, the authors identified ages 22 to 28 years to 
be a typical period during which initial signs of periodontal 
attachment loss become evident. Evidence points to a peak 

incidence of severe periodontitis in the late thirties [3, 23]. 
Corresponding estimates for advanced forms of disease were 
not possible as the present patient cohort was still in their 
mid-thirties.

Cigarette smoking was the most relevant risk factor for 
periodontitis in the present study, with a clear dose-depend-
ent effect. Tobacco smoking has previously been identified 
as an important factor in the onset and progression of peri-
odontitis, both in early adulthood [24] and later in life [25, 
26]. Smoking was also considered a criterion for prognosis-
grading in the most recent classification of periodontitis [7]. 
The lack of association between snuff use and periodontitis 
is in line with previous data [27, 28].

We described tobacco use in late adolescence through a 
modification of the pack/box-years measure. The duration of 
smoking/snuff use was given a smaller relative importance 
assuming that tobacco dosage gradually increased during 
adolescence. We relied solely on self-reported data and 
could not confirm whether smokers and snuff users contin-
ued the habit into young adulthood. These are limitations 
that must be considered when interpreting the results.

The present study evaluated marginal bleeding at age 19 
years rather than bleeding on probing. It could be argued that 

Fig. 5   Cumulative incidence of periodontitis (≥2 teeth with PPD ≥6 mm) by risk factors included in the survival model
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in individuals not presenting with deep pocketing, differences 
between the two measures are probably negligible. While the 
number of sites with PPD ≥4 mm in late adolescence (age 
19 years) was a relevant risk factor for periodontitis, gingival 
bleeding was not. The latter may seem in conflict with data 
from long-term follow-up of periodontally susceptible individ-
uals, where bleeding scores were generally attributed to high 
predictive values for disease progression [29–31]. The popula-
tion was markedly different from those referenced above, both 
in terms of age and most likely also in terms of disease suscep-
tibility. Furthermore, gingival inflammation has been shown 
to be highly prevalent in younger ages [12, 32, 33], which may 
limit its prognostic value. Thus, parameters other than bleed-
ing on probing may be more suitable for prognostic models in 
younger age groups. The decline in the number of teeth with 
PPD ≥4 mm from 19 years (4.8) to the later follow-up (23–31 
years; 0.2–1.7) is not fully understood but may be related to 
improved oral hygiene habits in early adult life.

Previous studies reported a higher prevalence of peri-
odontitis in males [2, 22]. While the incidence in the pre-
sent study tended to be greater in males, differences by gen-
der did not reach statistical significance. The discrepancy 
between our data and the results described elsewhere might 
be explained by the obvious differences in age but also by 
generational aspects.

Interestingly, a considerable proportion of individuals 
who developed periodontitis (>60%) still rated their oral 
health to be good. Considering the important role of the 
patient in the prevention and treatment of periodontitis, the 
apparent lack of disease awareness is noteworthy. Preventive 
efforts may become more effective if they are combined with 
further emphasis on patient education.

There are some further limitations that should be con-
sidered when interpreting the results from this study and its 
external validity. Our sample consists of subjects in Sweden 
seeking dental care from clinicians providing data to SKaPa, 
which may have entailed a selection bias. Furthermore, it 
was not possible to assess whether non-attenders (32% of the 
initial sample) differed in disease incidence. Also, the sta-
tistical power in detecting relevant risk factors, for instance, 
gender, may have been limited.

Conclusion
The incidence of periodontitis was not an uncommon event 
in young adults. Cigarette smoking and increased probing 
pocket depth (≥4 mm) in late adolescence (19 years) were 
relevant risk factors for periodontitis in young adulthood.
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