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Abstract

Background The relationships between periodontitis and non-communicable diseases (NCDs) have been inves-
tigated through several different case-definitions. The differences in methodology may have hindered the basis

of comparison between these studies. The classification from the 2017 World Workshop on the Classification of Peri-
odontal and Peri-implant Diseases and Conditions offers a unison platform that may facilitate future comparison

of such research. The present study aimed to reproduce associations between periodontitis and other NCDs using
the 2017 Classification, in the Trendelag Health Study (HUNT).

Material and methods The fourth HUNT-survey was carried out between 2017 and 2019. Clinical variables, blood
samples and answers to questionnaires were collected from 4933 participants. Periodontal status was assessed based
on the latest staging system, and its associations with NCDs were estimated by logistic regression models adjusted
for potential confounders.

Results Compared to no or Stage | periodontitis, participants with Stage lll/IV periodontitis (radiographic bone loss
exceeding 33%) were associated with cardiovascular disease, hyperglycemia in participants with diabetes and chronic
obstructive pulmonary disease (COPD)/emphysema. Associations with hyperglycemia in participants with diabetes
and COPD/emphysema were also observed in participants with Stage Il periodontitis. The only observed association
when considering never-smokers alone, was with COPD/emphysema.

Conclusion Periodontitis Stage Il and Ill/IV were associated with major NCDs. Effect sizes increased with increas-
ing periodontitis stages, which implies greater occurrence of coincident comorbidities in patients with severe
periodontitis.
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Introduction

Periodontitis is a destructive inflammatory disease, caus-
ing loss of supporting bone and soft tissue surrounding
the teeth, and may lead to tooth loss if left untreated.
Periodontitis has been reported in 40% of the US adult
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Periodontitis is associated with several non-communi-
cable diseases (NCDs) [4—6]. Shared immunological and
inflammatory reactions in the host or bacteremia caused
by pathogens of periodontal origin are suggested mecha-
nisms of these associations. Disease activity is modulated
through production of inflammatory factors, including
interleukins, prostaglandins, and matrix metalloprotein-
ases [7].

The supporting evidence of an association between
periodontitis and systemic diseases includes several
mechanisms. It is suggested that elevated systemic
inflammation, observed through acute-phase proteins
and oxidative stress biomarkers is a result of organ-
isms entering the circulation. AGE-RAGE interactions
are central in the plausible mechanistic links between
periodontitis and diabetes, and leads to the exaggerated
inflammatory response and periodontal tissue destruc-
tion seen in diabetics. Moreover, diabetes is associated
with elevated levels of several cytokines and other media-
tors in saliva and gingival crevicular fluid (GCF) [4].
Translocated circulating oral microbiota is also thought
to impact on development of atherothrombogenesis
through induction of systemic inflammation [5]. P. gin-
givalis has been shown to accelerate atherosclerosis in
animal models, and to induce aorta fatty streaks after
bacteremia [8, 9]. Further mechanistic evidence includes
elevated levels of antibodies that have been shown to
cross-react with antigens in cardiovascular tissues and
increased production of reactive oxygen species (ROS) in
peripheral neutrophils in periodontitis patients [8, 10].

The 2017 Classification redefines the outline of case
criteria and disease severities. The aim of this cross-
sectional study was to reproduce associations between
periodontitis with the use of the 2017 Classification and
several prevalent NCDs.

Material and methods

Study design and population

The investigated population was a part of The Trgndelag
Health Study (HUNT). HUNT is a longitudinal popula-
tion-based study which constitutes a large database of
questionnaire data, clinical measurements and biologi-
cal samples [11-13]. The present cross-sectional study
was based on data from HUNT4 which was conducted
between September, 2017 and February, 2019. The county
of Nord-Trendelag had 137,233 residents in 2017. All
residents in the county, turning 20 years within the year
of participation and older (#=103,800), were invited of
whom 56,042 (54.0%) participated [13]. At HUNT4 field
stations in six larger municipalities (Stjordal, Levanger,
Verdal, Steinkjer, Neeroy, and Namsos) a random sam-
ple were invited to the oral health examination, HUNT4
Oral health study, where periodontal examination was
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included for the first time. This constituted a subpopula-
tion of 7347 HUNT4 participants. Finally, 4933 (67.1%)
participated in clinical and/or radiographic oral examina-
tions (Fig. 1).

Periodontal examination, questionnaires and blood
samples

Periodontal and systemic health status was assessed
by clinical and radiological examination, answers
to questionnaires and by collection of blood sam-
ples. Trained, calibrated dentists/dental hygien-
ists (n=19) performed all clinical examinations, as
described in a previous publication [3]. Briefly, peri-
odontal probing depths (PPD), bleeding on probing
(BoP) and suppuration were registered at six surfaces
per tooth in addition to mobility grade 2 and 3 [14, 15].
Third molars and root remnants were excluded. PPD
was measured with a WHO periodontal probe (LM
550BSI Probe WHO ErgoNorm, LM-Instruments,
Parainen, Finland), and was recorded in the following

Invited to HUNT4
n=103800

Invited to Oral Health
Survey

n=7347

Declined
n=2414

Participants in Oral
- Health Survey

n=4933

Not analyzed due to few
teeth and/or missing
radiographs

n=70

Clinical and radiological
examination

n=4863

Fig. 1 Study participants
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intervals: 0-3.5 mm, >3.5-5.5 mm,>5.5-8.5 mm, >8.5—
11.5 mm,>11.5 mm. Calibration of the clinical examin-
ers consisted of theoretical lectures and repeated clinical
practical training supervised by experienced, certified
periodontists (OCK, AV). The radiographic examination
consisted of four bitewings (BW) and one orthopanto-
mogram (OPG) radiograph. The OPGs were obtained
with a panoramic imaging unit, Planmeca ProOne (Plan-
meca Oy, Helsinki, Finland). The BW radiographs were
obtained using an intraoral imaging unit, Planmeca Intra
(Planmeca Oy, Helsinki, Finland), with a rectangular col-
limator (length 35 cm) and an intraoral sensor, ProSen-
sor HD (Planmeca Oy, Helsinki, Finland). Examination
of radiographs was performed by three calibrated peri-
odontists (IHS, AV and OCK). Inter-investigator calibra-
tion was performed on radiographs and clinical variables
from 70 participants. Each investigator registered per-
centage of bone loss for every tooth in the dentition and
determined stage. In cases of disagreement, consensus
was reached by discussions in plenary [3].

Periodontitis definition and classification of stages

A description of case definition and periodontitis clas-
sification has been published previously [3], in short; A
periodontitis case was defined as a subject with a dis-
tance between the cementum enamel junction (CEJ) and
the alveolar bone crest (AC) exceeding 1.5 mm at>2
non-adjacent teeth. This was determined from BW radi-
ographs and was considered “detectable interproximal
bone loss”. The distance from the CE]J to the top of the AC
where the periodontal ligament (PDL) presented normal
width [16], and the distance from the CEJ to the radio-
graphic apex were measured in mm in the entire denti-
tion to calculate the percentage of bone loss for all teeth.
The radiographic bone loss (RBL) for each tooth was
recorded in the following intervals: < 15%, 15—33%, > 33%.
The most severely affected tooth was used to determine
initial stage. If BW examination was not performed, the
distance between the CEJ and the AC was determined
from OPGs (n=64). For participants with only BW
radiographic examination available (n=22), the percent-
age of bone loss was determined according to a study
of average root lengths [17]. All participants were clas-
sified based on the 2017 World Workshop on the Clas-
sification of Periodontal and Peri-implant Diseases and
Conditions [18-20]. Determination of final stage was
based on RBL in OPGs, the number of teeth considered
lost due to periodontitis and relevant complexity fac-
tors. The complexity factors included vertical bone loss
(radiographic defects>3 mm deep and<3 mm wide),
furcation grade >2 (overt radiolucency evident in the fur-
cation areas) [21, 22], bite collapse/drifting/flaring (>3
teeth with obvious change of position and/or mobility
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grade>2 within the same sextant, in combination with
presence of periodontal bone loss likely to cause this con-
dition) and PPD > 5.5 mm (used to identify Stage III when
the RBL corresponded to Stage II definition) [3]. The
complexity factors vertical bone loss, furcation involve-
ment and bite collapse/drifting/flaring were determined
from OPG radiographs. If clinical parameters were not
available, determination of stage was based on radio-
graphic evaluation only (n="71).

Outcomes

Self-reported history of NCDs (CVD, rheumatoid dis-
order, COPD/emphysema) and hyperglycemia in self-
reported diabetics, were the study endpoints. CVD was
defined as a composite of myocardial infarction and/
or angina pectoris and/or apoplexia [23]. Rheuma-
toid disorder was defined as a composite of rheumatoid
arthritis and/or ankylosing spondylitis. Hyperglycemia
(HbA1lc>48 mmol/mol) was described in subjects with
self-reported diabetes.

Exposure of interest

The exposure periodontitis stage was grouped into three
categories (no periodontitis/Stage I, Stage II and Stage
I/IV).

Covariates

Selected confounders included age (continuous), sex,
smoking (never smokers,<10, 10-20,>20 pack years),
years of education (9-10 years, 11-13 years, college/
university), total gross household income (<40,000,
40-70000,>70,000 EUR), BMI (kg/m? continuous),
hypertension (>140/90 mmHg) and HbAlc-level (con-
tinuous) [24-27]. Information about sociodemographic
and lifestyle factors were assessed via self-reported ques-
tionnaires. Anthropometric variables including weight,
height and blood pressure were measured by trained per-
sonnel at HUNT4 field stations. Blood pressure measure-
ments were based on automatic oscillometric method,
using Dinamap CARESCAPE V100 (GE Healthcare, Chi-
cago, US) with GE TruSignal for pulse oximetry. Blood
pressure was measured in a sitting position according
to standardized methods. Three consecutive automatic
oscillometric BP-measurements were recorded at 1-min
intervals and the mean of the second and the third read-
ings were calculated. Blood pressure was registered to the
nearest 2 mmHg. Blood samples were drawn and ana-
lyzed for HbAlc in non-fasting serum or whole blood.
Two separate enzymatic analysis; HbAlc and THb, were
used to calculate the percentage (NGSP-units) and the
hemoglobinfraction (IFCC-units) of HbAlc (Reagent kit;
4P52-21 Hemoglobin Alc, Multigent, Abbot Laborato-
ries, USA). Missing responses in the questionnaires were
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Table 1 Characteristics of study population, by periodontal disease
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Characteristics Total No or Stage | Stage Il periodontitis Stage lll/IV periodontitis p-value
(n=4933)? periodontitis (n=2028) (n=866)
(n=1969)
Age (years) 51.8(16.6) 38.2(123) 585(11.9) 65.9(10.8) <0.001
Sex
Male 441 (42.7-454)  438(41.6-46.1) 439 (41.8-46.1) 46.0 (42.6-49.3) 0.12
Female 55.9 (54.5-57.3) 56.2 (53.9-584) 56.1(53.9-58.2) 54.0 (50.7-57.4)
Education
Primary (9-10 years) 73 (6.6-8.1) 28(2.6-3.7) 7.7 (6.6-8.9) 14.8(12.5-17.3) <0.001
Secondary (11-13 years) 47.2 (45.8-48.6) 45.1 (42.9-47.3) 47.8 (45.6-50.0) 50.7 (47.3-54.1)
University/College 450 (43.6-464)  51.6(49.3-53.8)  44.1(41.9-463) 33.7 (30.6-37.0)
Missing information 0.5(0.3-0.8) 0.5 (0.2-0.9) 04 (0.2-0.8) 0.8 (0.3-1.7)
Income, total household
<40.000 EUR 257 (245-269)  23.0(21.1-249) 227 (20.9-24.6) 37.3 (34.1-40.6) <0.001
40.000-70.000 EUR 284 (27.1-29.7) 24.1 (22.2-26.1) 29.7 (27.7-31.7) 35.8(32.6-39.1)
>70.000 EUR 438(424-45.1) 509 (48.7-53.2)  45.7 (43.5-47.9) 24.1 (21.3-27.1)
Missing information 2.1(1.8-26) 20(14-27) 1.9 (1.4-2.6) 2.8(1.8-4.1)
BMI (kg/m?) 27.1 (4.6) 266 (4.9) 272 (43) 276 (4.6) <0.001
Missing information 0.3 (0.2-0.5) 0.2 (0.03-0.4) 0.3(0.1-0.6) 0.3(0.1-1.0)
Smoking
Never smokers 453 (43.9-46.7) 559 (53.6-58.1) 433 (41.2-455) 264 (23.5-29.5) <0.001
Pack years
>0.0-99 246 (234-258)  204(187-223)  29.0(27.0-31.0) 244 (215-274)
10-20 10.9 (10.0-11.8) 44 (3.5-54) 13.0(11.6-14.6) 20.6 (17.9-234)
>20 7.7 (7.0-85) 1.1(0.7-1.6) 6.9 (5.8-8.1) 23.6 (20.8-26.5)
Missing information 11.6(10.7-12.5) 18.3 (16.6-20.1) 7.7 (6.6-9.0) 5.1(3.7-6.8)
HbA1c (mmol/mol) 34.1 (6.0) 320 (4.4) 35.0(6.1) 36.5(7.0) <0.001
HbATc (%) 53(0.5) .1(04) 53(06) 55(06)
Missing information 1.0(0.8-14) 9 (0.5-1.4) 1.2(0.8-1.8) 1.0 (0.5-2.0)
Hypertension 20.7 (19.6-21.9) .3(8.1-10.7) 255 (23.6-27.4) 35.1(31.9-384) <0.001
Missing information 0.2 (0.1-04) .1 (0.01-04) 0.2(0.1-0.5) 05(0.1-1.2)
Myocardial infarction/apoplexia/angina 5(5.8-7.2) 6(1.1-2.3) 5 (6.4-8.7) 140 (11.7-16.5) <0.001
Missing information 8(24-33) 6(1.1-2.2) 2 (25-4.1) 4.3(3.0-5.8)
HbA1c >48 mmol/mol (6.5%) in diabetics 7(2-32) 7(1.2-24) 5 (4.6-6.6) 2(6.5-10.2) <0.001
Missing information 3(1.9-2.8) 1 (0.7-1.6) 1.2(0.8-1.8) 1(1.2-3.3)
Rheumatoid disorder 9(5.3-6.6) 0(2.3-3.8) 1(6.0-8.3) 92(74-114) <0.001
Missing information 4(29-39) 9(1.4-26) 8(3.0-4.7) 0 (3.6-6.6)
COPD/emphysema 1(1.7-25) .2 (0.03-04) 1(1.2-2.8) 9(4.4-77) <0.001
Missing information 3.8(3.3-44) 2(1.6-29) 43(3.5-53) 5.7 (4.2-74)
Number of teeth 254 (4.3) 27.1(2.1) 255 (34) 223(5.3) <0.001
Number of participants with
PPD>4 mmin=>1 site 48,6 (47.2-50.0) 32.8(30.7-34.9) 51.1 (48.9-53.3) 81.2(78.4-83.7) <0.001

PPD=6 mmin=1 site
Missing information

94 (8.6-10.3)
23(1.9-27)

1.7 (1.2-2.4)
1.2(0.8-1.8)

35(2.7-43)
1.5(1.0-2.1)

41.6(38.3-44.9)
20(1.1-3.1)

Data are presented as mean (SD) or percentage (95% Cl). Differences among groups were analyzed by One-way ANOVA for continuous variables and by x 2 for

categorical variables

Abbreviations: SD standard deviation, Cl confidence interval, PPD periodontal probing depth
70 participants (1.4%) were considered ineligible for periodontal diagnosis, i.e., edentulous participants or participants missing radiographs
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reported as “Missing information” All variables are listed
in Table 1.

Statistical analyses

Descriptive statistics are presented as mean and stand-
ard deviation for continuous variables, and percentages
with 95% confidence intervals for categorical variables.
The one-way ANOVA test was used to assess significant
differences across group means for continuous variables
and Pearson chi-square test was used for categorical vari-
ables. Logistic regression analyses were used to assess
associations between periodontitis stages and CVD (0:
no, 1: history of CVD), hyperglycemia in diabetics (0: no,
1: HbAlc>48 mmol/mol (6.5%) in self-reported diabet-
ics), rheumatoid disorders (0: no, 1: history of rheuma-
toid disorders) and COPD/emphysema (0: no, 1: history
of COPD/emphysema). All models were adjusted for
potential confounders, listed in footnotes of Table 2.
Selection of confounders was based on variables known
to be associated with periodontitis or any of the out-
comes. For testing p for trend, periodontitis stages were
included as a continuous variable. Sensitivity analyses
were conducted to assess the robustness of the findings
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by i) exclusion of participants 75 years and older, ii)
separate analysis of non-diabetics, iii) separate analysis
of participants reporting diabetes diagnosis, but with-
out considering HbAlc-level and iv) separate analysis of
never-smokers. The odds ratios (OR) with corresponding
95% confidence intervals were computed.

Inter-rater reliability for clinical measurement (PPD)
was calculated using intraclass correlation coefficient
(ICC) two-way mixed effect model, assessing absolute
agreement.

ICC (95% CI) for the clinical examiners were:

0.57 (0.52-0.60), 0.68 (0.65-0.71), 0.71 (0.68—0.74),
0.77 (0.75-0.79), 0.77 (0.74-0.79), and 0.79 (0.75-0.82).
Inter-rater reliability for evaluation of generalized stage
and localized stage were calculated using ICC two-way
mixed effect model, assessing absolute agreement.

— Generalized stage: ICC (95% CI) =0.92 (0.88-0.95)
— Localized stage: ICC (95% CI)=0.94 (0.91-0.96)

Inter-rater reliability for radiographic bone loss assess-
ment (percentage of root length) was calculated using
ICC two-way mixed effects, assessing consistency.

Table 2 Association between periodontitis stages and cardiovascular disease, diabetes, rheumatoid disorders and COPD/emphysema,

by logistic regression analysis

NCD 2b< No. of observations Crude OR (95% Cl) No. of observations Adjusted OR (95% Cl)
Cardiovascular disease?
Stage |l n=4730 4.99 (4.40-7.36) n=4055 1.39(0.88-2.22)
Stage llIi/IV 10.18 (6.83-15.17) 1.73(1.04-2.89)
Per unitincrease 2.84 (241-3.35) 1.29 (1.02-1.63)
p-linear trend <0.001 0.032
Diabetes, HbA1c =48 mmol/mol (6.5%) in self-reported diabetics?
Stage |l n=4750 4.64 (2.60-8.30) n=4114 2.12(1.05-4.30)
Stage lll/IV 8.12 (4.45-14.84) 2.56 (1.17-5.61)
Per unit increase 2.52(1.97-3.23) 144 (1.03-2.03)
p-linear trend <0.001 0.035
Rheumatoid disorders®
Stage |l n=4705 2.53(1.85-345) n=4083 1.20 (0.79-1.81)
Stage IIl/IV 342 (241-4.83) 1.08 (0.66-1.77)
Per unit increase 1.82 (1.55-2.14) 1.01 (0.80-1.28)
p-linear trend <0.001 0.948
COPD/emphysema®
Stage |l n=4130 14.52 (4.50-46.89) n=4061 4.17 (1.20-14.57)
Stage lll/IV 42.68(13.28-137.15) 540 (1.48-19.78)

Per unit increase
p-linear trend

4.22 (3.08-5.78)
<0.001

1.62 (1.08-2.43)
0.020

Reference: No periodontitis/ periodontitis Stage |

Abbreviations: NCD non-communicable disease, OR odds ratio, C/ confidence interval

@ Adjusted for HbA1c-level, BMI, hypertension, age, sex, smoking (pack years), income and years of education

b Adjusted for BMI, hypertension, age, sex, smoking (pack years), income and years of education

€ Adjusted for hypertension, age, sex, smoking (pack years), income and years of education
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Periodontal bone loss: ICC (95% CI)=0.95 (0.918—
0.964). All statistical analyses were based on complete
cases and were performed using Stata/MP 16.0 (Stata
Corp., TX, USA).

Ethical approval

The HUNT4 Survey was approved by the Norwe-
gian Data Protection Authority. Informed consent was
obtained from all participants and/or their legal guard-
ians. The current study was performed in accordance
with relevant guidelines and regulations and was evalu-
ated and approved by the Norwegian Regional Com-
mittees for Medical and Health Research Ethics during
the conception of the study and when the data collec-
tion commenced (2016/1879/REK, 2020/10417/REK,
2021/264485/REK). The paper was prepared following
the STROBE guidelines.

Results

Characteristics of the total population by periodontitis
stages are presented in Table 1. Of the 4933 participants,
56% were female. The age distribution ranged from 19 to
94 years, and the mean age was 51.8 years (standard devi-
ation (SD) 16.6). The number of edentulous participants
was 33 (0.66%), and the average number of teeth present
was 25.4 (SD 4.3). PPD>4 mm in at least one site was
observed in 2399 participants (48.6%). PPD>6 mm in
at least one site was observed in 466 participants (9.4%).
For teeth considered “missing due to periodontitis’, 247
(5.0%) had lost 1-4 teeth, whereas 106 (2.1%) had lost 5
teeth or more. Dental examinations and/or radiographic
assessments were not performed in 70 of the participants
included in the oral health survey, leaving a total of 4863
participants for statistical analysis (Fig. 1). Significant dif-
ferences across periodontitis stages in relation to demo-
graphic-, lifestyle-, anthropometric- and clinical factors
was observed (Table 1). Participants with periodontitis
Stage II-IV were relatively older, smoked more frequently
and had lower levels of education and income compared
to participants with no or Stage I periodontitis. Further,
comorbid conditions and hypertension were observed
more frequently for participants with periodontitis Stage
II-IV.

Association with periodontitis stages

The associations between periodontitis stages and
NCDs are presented in Table 2. In the adjusted models,
periodontitis Stage I1I/TV was associated with increased
occurrence of CVD (OR, 1.73, 95% CI 1.04—2.89), hyper-
glycemia in diabetics (OR 2.56, 95% CI 1.17-5.61) and
COPD/emphysema (OR 5.40, 95% 1.48-19.78), com-
pared to no/Stage I periodontitis. The effect sizes for per-
iodontitis Stage II, were relatively lower. No association
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was observed between periodontitis and rheumatoid
disorders. Positive linear trends were observed between
stages of periodontitis and CVD, hyperglycemia in dia-
betics, and COPD/emphysema.

Sensitivity analyses

The analyses of participants below 75 years and of non-
diabetics, corresponded to the results of the main anal-
yses (Supplementary Tables 1 and 2). In the sensitivity
analysis of participants with diabetes regardless of gly-
cemic control, no association was observed (Supplemen-
tary Table 3). In analysis of never-smokers, associations
were observed for periodontitis Stage II (OR 10.79, 95%
CI 1.04-111.90) and Stage III/IV (OR 14.58, 95% CI
1.00-212.58) with COPD/emphysema (Supplementary
Table 4).

Discussion

This cross-sectional study of 4933 adult participants
assessed associations between self-reported NCDs and
periodontitis stages based on the 2017 Classification. The
results suggest that periodontitis is associated with CVD,
hyperglycemia in participants with diabetes and with
COPD/emphysema related to the severity of periodon-
tal disease. The associations were generally stronger with
increasing stage severity. No association was observed
between periodontitis and rheumatoid disorders.

The observed associations between periodontitis and
CVD in the present investigation are consistent with
other previous studies [28, 29]. The most recent study [28]
used NHANES data to investigate associations between
coronary heart disease/stroke (CVD) and periodonti-
tis by the 2017 Classification of Periodontal and Peri-
Implant Diseases and Conditions. The authors assessed
clinical periodontal attachment loss and reported that
Stage III and IV periodontitis were associated with 3.59
times greater occurrence of CVD compared to Stage I
periodontitis. This is higher, but comparable to the pre-
sent study (OR 1.73 (95% CI 1.04-2.89). Further, the
increasing effect sizes of periodontitis stages and CVD in
the present study confirm findings by Ngamdu and cow-
orkers with OR 2.58 (95% CI 0.97-6.89) and 3.59 (95%
CI 1.12-11.54), for Stage II and Stage III/IV, respectively.
Studies with different design are also supportive of these
findings. A large longitudinal study of Korean individu-
als older than 40 years [30], showed that periodontitis
assessed from medical records was associated with future
cardiac events in individuals without previous cardiac
disease and that this association was reduced with good
oral hygiene and more frequent dental visits. Improved
oral hygiene behavior was suggested as a modifier of the
association between periodontitis and CVD. Another fol-
low-up study reported adverse cardiovascular events in
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individuals who had been treated for severe periodontitis
[31]. This association was observed in individuals older
than 60 years, only.

Neither sensitivity analyses of participants below
75 years nor analyses of non-diabetics produced results
that differed vastly from the main analyses in the present
study. The associations between CVD and periodontitis
Stage II (OR 1.65, 95% CI 0.99-2.73) and Stage III/IV
(OR 1.82, 95% CI 1.03-3.21) in participants younger than
75 years, are in line with a report from the PAROKRANK
case—control study [29], despite the differences in study
design. In PAROKRANK the association between myo-
cardial infarction and radiologically assessed periodontal
bone loss (OR 1.28 (95% CI 1.03-1.60) was assessed in
patients <75 years only, to avoid disturbance from accu-
mulation of concomitant disorders.

There is abundant literature on the relationship
between periodontitis and diabetes. It has been stated
that diabetic patients in general have higher severity of
periodontal disease compared to non-diabetics, while
other studies report comparable periodontal status in
patients with controlled diabetes to that of the gen-
eral population [32]. A systematic review by Graziani
and coworkers [33] concluded that due to heterogene-
ity among publications, there is still some conflicting
evidence, and stated that several studies are unable to
confirm periodontitis’ impact on diabetes control, inci-
dence and complications, or that type 2 diabetes in
individuals with periodontitis is associated with higher
levels of HbAlc. The present observations are in line
with the aforementioned statements. Stage II and Stage
III/IV periodontitis were associated with hyperglycemia
in self-reported diabetics in the total population. This
association was also observed with Stage III/IV in the
subpopulation of participants less than 75 years. When
self-reported diabetes was assessed alone without consid-
eration of glycemic control, no association was observed.

Periodontitis was not associated with rheumatoid
disorders in the present study, which is in contrast to a
recent systematic review and meta-analysis [34]. Hussain
and co-workers emphasized that rheumatoid arthritis did
not affect periodontal attachment level, but that there is
moderate evidence to suggest that individuals with peri-
odontitis have more swollen or tender joints, report more
pain on visual analogue scales and have higher erythro-
cyte sedimentation rates, assessed by a disease activity
score tool in 28 joints (DAS28). In the present analysis of
rheumatoid disorders, information about joint pain and
-motion, functionality, duration of symtoms and use of
medication were not assessed, hence the present model
design may have inflicted the contrasting findings.

The present analysis of COPD/emphysema is support-
ive of a Japanese 5-year cohort study [35]. The authors
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reported an association between severe periodontitis and
COPD. Similarly, a systematic review and meta-analysis
have validated associations between periodontitis and
asthma, COPD and pneumonia [36]. The biological plau-
sibility for such associations include epithelial damage to
lower respiratory tract caused by periodontal pathogens
and cytokine release, and neutrophilic inflammation with
subsequent proteolytic destruction of connective tis-
sue [6, 37]. It has been suggested that smoking should be
considered a modifier of associations between COPD and
periodontitis as smoking plays an important role in etiol-
ogy in both diseases [38]. When analyzing never-smokers
in the present investigation, no association with NCDs
were observed with the exception of COPD/emphysema.
The wide confidence intervals in the present analysis
indicates uncertainty of the relationship with COPD/
emphysema. Only 2.1% (n=104) of the total population
reported COPD/emphysema, and 51 of these 104 indi-
viduals (49%) were classified with periodontitis Stage III/
Iv.

The stages of the 2017 classification reflect severity
of periodontitis. Accordingly, it may be used to explore
a dose-dependent relationship between periodontitis
stages and associated conditions, and perhaps more eas-
ily identify if there are certain stages or individuals with
increased likelihood of coincident diseases. This is of
relevance for patients and dental professionals and may
be important in risk factor modification as part of peri-
odontal therapy. Conversely, individuals with systemic
diseases may present more severe stages of periodontitis,
and awareness of this association for patients and medi-
cal doctors is encouraged. The latest staging and grad-
ing system may facilitate research on how established
and potential risk indicators or determinants of peri-
odontitis are distributed between the different stages of
disease. Nevertheless, the suitability of the new classifi-
cation system in epidemiological research, and its poten-
tial benefits for patients’ periodontal health has yet to be
explored. The cross-sectional design of the present study
will not fully reflect disadvantages of the classification in
this respect.

The investigated population is representative of smaller
cities and rural areas in Norway [11, 13] and the results
from the present study may only be generalized to simi-
lar populations. Previous findings from the HUNT Study
have shown that non-participants had lower socioeco-
nomic status and higher prevalence of chronic diseases
and mortality than those who participated [39]. This was
confirmed in the latest cohort profile [13] who reported a
less healthy lifestyle and inferior self-reported health and
higher proportion of cardiovascular diseases, chronic
obstructive pulmonary disease, diabetes and antihy-
pertensive medication use, in non-participants. In the
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present analysis, total household income had a modest
effect on the observed associations. Low socioeconomic
status has been presented as a risk factor for periodon-
tal disease [40], however, the magnitude may be masked
in the present investigation due to inclusion of younger,
healthy individuals in a generally healthy, high-income
population. There was a tendency of a protective rela-
tionship between higher income and NCDs (Supplemen-
tary Table 5).

Moreover, the magnitude of the crude ORs compared
to the adjusted ORs of the statistical estimates suggests
that some of the independent variables have a significant
effect as determinants of the outcomes, together with
periodontitis stages. This should be taken into considera-
tion when interpreting the results.

Self-reported systemic illness is a limitation in the pre-
sent investigation. HUNT cohort profiles [13] indicate
that when compared to hospital journal charts and reg-
istries, the sensitivity, specificity and predictive values
of the self-reported information varies across diagnoses.
In-depth validity studies have been conducted. For self-
reported diabetes, Midthjell and co-workers [41] found
that patient administered questionnaires regarding a
well-defined disease, was highly reliable for epidemio-
logical purposes. The modest inter-examiner reliability of
the clinical examiners is also a limitation. On the other
hand, the clinical measurements and biological samples
are considered strengths. The large sample size of nearly
5000 individuals and full mouth clinical and radiographi-
cal periodontal examination and assessment by the 2017
Classification are also strengths of this study.

Conclusion

The present investigation demonstrates that associations
between periodontitis and history of CVD, diabetes and
COPD/emphysema, increases with periodontitis stage
severity.

ABBREVIATIONS
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HUNT  The Trendelag Health Study
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NCD Non-communicable disease
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PPD. Periodontal probing depth
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SD Standard deviation
WHF World Heart Federation

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-023-03743-z.

Additional file 1: Supplementary table 1. Association between perio-
dontitis stages and cardiovascular disease, diabetes, rheumatoid disorders
and COPD/emphysema, in participants below 75 years.

Additional file 2: Supplementary table 2. Association between peri-
odontitis stages and cardiovascular disease, rheumatoid disorders and
COPD/emphysema, in non-diabetics.

Additional file 3: Supplementary table 3. Association between peri-
odontitis stages and diabetes, without consideration of HbA1c-levels.

Additional file 4: Supplementary table 4. Association between perio-
dontitis stages and cardiovascular disease, diabetes, rheumatoid disorders
and COPD/emphysema, in never-smokers.

Additional file 5: Supplementary table 5. Association between peri-
odontitis stages and NCDs, by logistic regression analysis. Adjusted by five
levels of income

Acknowledgements

The Trandelag Health Study (HUNT) is a collaboration between HUNT
Research Centre (Faculty of Medicine and Health Sciences, Norwegian Uni-
versity of Science and Technology NTNU), Trendelag County Council, Central
Norway Regional Health Authority, and the Norwegian Institute of Public
Health. Dental health personnel from the public dental health service in the
county of Trendelag, performed the clinical examinations.

Authors’ contributions

All authors contributed to the conception of this study. OCK, AV and IHS con-
tributed to data collection. IHS performed the statistical analysis. All authors
contributed in data analysis and in interpretation of results. IHS, AV and OCK
produced the first draft. HH and AS contributed to critical review and revision
of the manuscript. All authors gave final approval of the published version and
agreed to be accountable for all aspects of the work.

Funding

Open access funding provided by University of Oslo (incl Oslo University
Hospital) The Faculty of Dentistry, University of Oslo, Norway and Center for
Oral Health Services and Research, Mid-Norway (TkMidt), Trondheim, Norway,
supported the study.

Availability of data and materials

The Trendelag Health Study (HUNT) has invited persons aged 13-100 years to
four surveys between 1984 and 2019. The data are stored in HUNT databank
and biological material in HUNT biobank. HUNT Research Centre has permis-
sion from the Norwegian Data Inspectorate to store and handle these data.
The key identification in the data base is the personal identification number
given to all Norwegians at birth or immigration, whilst de-identified data are
sent to researchers upon approval of a research protocol by the Regional
Ethical Committee and HUNT Research Centre. To protect participants’ privacy,
HUNT Research Centre aims to limit storage of data outside HUNT databank
and cannot deposit data in open repositories. HUNT databank holds precise
information on all data exported to different projects and can reproduce
these on request. There are no restrictions regarding data export given
approval of applications to HUNT Research Centre. Provided approval from
HUNT Research center, sharing of data from the present investigation will be
supported by the corresponding author upon reasonable request. For more
information see: www.ntnu.edu/hunt/data.

Inquiries regarding access to data is directed to: kontakt@hunt.ntnu.no.
https://biobankregisteret.no/#/biobankDetails/4094, project 2020/26788.


https://doi.org/10.1186/s12903-023-03743-z
https://doi.org/10.1186/s12903-023-03743-z
http://www.ntnu.edu/hunt/data
https://biobankregisteret.no/#/biobankDetails/4094

Stadle et al. BMC Oral Health (2023) 23:999

Declarations

Ethics approval and consent to participate

The HUNT4 Survey was approved by the Norwegian Data Protection
Authority. Informed consent was obtained from all participants and/or

their legal guardians. The current study was performed in accordance with
relevant guidelines and regulations and was evaluated and approved by the
Norwegian Regional Committees for Medical and Health Research Ethics
(2016/1879/REK, 2020/10417/REK, 2021/264485/REK).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 22 November 2023 Accepted: 6 December 2023
Published online: 13 December 2023

References

1. Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA, Genco RJ. Peri-
odontitis in US Adults: national health and nutrition examination survey
2009-2014. J Am Dent Assoc (1939). 2018;149(7):576-88.e6.

2. Kassebaum NJ, Smith AGC, Bernabe E, Fleming TD, Reynolds AE, Vos T,
et al. Global, regional, and national prevalence, incidence, and disability-
adjusted life years for oral conditions for 195 Countries, 1990-2015: a
systematic analysis for the global burden of diseases, injuries, and risk
factors. J Dent Res. 2017;96(4):380-7.

3. Stedle IH, Verket A, Havik H, Sen A, Koldsland OC. Prevalence of peri-
odontitis based on the 2017 classification in a Norwegian population:
The HUNT study. J Clin Periodontol. 2021;48(9):1189-99.

4. Chapple IL, Genco R, Working Group 2 of the Joint EFP/AAP Workshop*.
Diabetes and periodontal diseases: consensus report of the Joint EFP/
AAP Workshop on Periodontitis and Systemic Diseases. J Periodontol.
2013;84:5106-5112.

5. Tonetti MS, Van Dyke TE. Periodontitis and atherosclerotic cardiovascular
disease: consensus report of the Joint EFP/AAP Workshop on Periodonti-
tis and Systemic Diseases. J Clin Periodontol. 2013;40(Suppl 14):524-9.

6. Linden GJ, Lyons A, Scannapieco FA. Periodontal systemic associations:
review of the evidence. J Periodontol. 2013;84:58-19.

7. Novak MJ, Johns LP, Miller RC, Bradshaw MH. Adjunctive benefits of
subantimicrobial dose doxycycline in the management of severe, gener-
alized, chronic periodontitis. J Periodontol. 2002;73(7):762-9.

8. Sanz M, Marco del Castillo A, Jepsen S, Gonzalez-Juanatey JR, D'Aiuto F,
Bouchard P, et al. Periodontitis and cardiovascular diseases: Consensus
report. J Clin Periodontol. 2020;47(3):268-88.

9. Schenkein HA, Loos BG. Inflammatory mechanisms linking periodontal
diseases to cardiovascular diseases. J Periodontol. 2013;84:551-69.

10. Ling MR, Chapple IL, Matthews JB. Neutrophil superoxide release and
plasma C-reactive protein levels pre-and post-periodontal therapy. J Clin
Periodontol. 2016;43(8):652-8.

11. Holmen J, Midthjell K, Kriger @, Langhammer A, Holmen TL, Brat-
berg GH, et al. The Nord-Trandelag Health Study 1995-97 (HUNT 2):
objectives, contents, methods and participation. Norsk epidemiologi.
2003;13(1):19-32.

12. Krokstad S, Langhammer A, Hveem K, Holmen TL, Midthjell K, Stene
TR, et al. Cohort profile: the HUNT study. Norway Int J Epidemiol.
2013;42(4):968-77.

13. Asvold BO, Langhammer A, Rehn TA, Kjelvik G, Grantvedt TV, Sergjerd
EP, et al. Cohort Profile Update: The HUNT Study, Norway. medRxiv.
2021:2021.10.12.21264858.

14. Nyman S, Lindhe J, Lundgren D. The role of occlusion for the stability of
fixed bridges in patients with reduced periodontal tissue support. J Clin
Periodontol. 1975:2(2):53-66.

15. Miller SC. Textbook of periodontia (oral medicine): Blakiston. 1950.

16. Bjorn H, Halling A, Thyberg H. Radiographic assessment of marginal bone
loss. Odontol Revy. 1969,20(2):165-79.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Page 9 of 10

Frederiksen G. Den kliniske gjennomsnittstanns ytre og indre stor-
relsesforhold. Universitets Forlaget. 1972. p. 1-78.

Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman

KS, et al. A new classification scheme for periodontal and peri-implant
diseases and conditions - Introduction and key changes from the 1999
classification. J Periodontol. 2018;89(Suppl 1):51-s8.

Chapple ILC, Mealey BL, Van Dyke TE, Bartold PM, Dommisch H, Eick-
holz P, et al. Periodontal health and gingival diseases and conditions on
an intact and a reduced periodontium: Consensus report of workgroup
1 of the 2017 World Workshop on the Classification of Periodontal and
Peri-Implant Diseases and Conditions. J Periodontol. 2018;89(Suppl
1):574-584.

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 Dis-
eases and Conditions. J Periodontol. 2018;89(Suppl 1):5173-82.

Komsic¢ S, Plancak D, Kasaj A, Puhar I. A comparison of clinical and
radiological parameters in the evaluation of molar furcation involve-
ment in periodontitis. Acta Stomatol Croat. 2019;53(4):326-36.

Zhang W, Foss K, Wang BY. A retrospective study on molar furcation
assessment via clinical detection, intraoral radiography and cone beam
computed tomography. BMC Oral Health. 2018;18(1):75.

Pahau H, Brown MA, Paul S, Thomas R, Videm V. Cardiovascular disease
is increased prior to onset of rheumatoid arthritis but not osteoar-
thritis: the population-based Nord-Trgndelag health study (HUNT).
Arthritis Res Ther. 2014;16(2):1-9.

Scott DL, Wolfe F, Huizinga TW. Rheumatoid arthritis. The Lancet.
2010;376(9746):1094-108.

World Health Organisation (WHO). "Global Report on Diabetes," Work-
ing Papers id:10553, eSocialSciences. 2016.

Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, et al.
Guidelines: Editor’s choice: 2016 European Guidelines on cardiovascu-
lar disease prevention in clinical practice: The Sixth Joint Task Force of
the European Society of Cardiology and Other Societies on Cardiovas-
cular Disease Prevention in Clinical Practice (constituted by representa-
tives of 10 societies and by invited experts) Developed with the special
contribution of the European Association for Cardiovascular Prevention
& Rehabilitation (EACPR). Eur Heart J. 2016;37(29):2315.

Decramer M, Janssens W, Miravitlles M. Chronic obstructive pulmonary
disease. Lancet (London, England). 2012;379(9823):1341-51.

Ngamdu KS, Mallawaarachchi |, Dunipace EA, Chuang L-H, Jafri SH,
Shah NR, et al. Association Between Periodontal Disease and Cardio-
vascular Disease (from the NHANES). Am J Cardiol. 2022;178:163-8.
Rydén L, Buhlin K, Ekstrand E, de Faire U, Gustafsson A, Holmer J, et al.
Periodontitis increases the risk of a first myocardial infarction: a report
from the PAROKRANK study. Circulation. 2016;133(6):576-83.

Park S-Y, Kim S-H, Kang S-H, Yoon C-H, Lee H-J, Yun P-Y, et al.

Improved oral hygiene care attenuates the cardiovascular risk of oral
health disease: a population-based study from Korea. Eur Heart J.
2018;40(14):1138-45.

Chou SH, Tung YC, Lin Y-S, Wu LS, Lin CP, Liou EJW, et al. Major adverse
cardiovascular events in treated periodontitis: a population-based follow-
up study from Taiwan. PLoS One. 2015;10(6):e0130807.

Kinane D, Bouchard P. Periodontal diseases and health: Consensus Report
of the Sixth European Workshop on Periodontology. J Clin Periodontol.
2008;35(8 Suppl):333-7.

Graziani F, Gennai S, Solini A, Petrini M. A systematic review and meta-
analysis of epidemiologic observational evidence on the effect of peri-
odontitis on diabetes an update of the EFP-AAP review. J Clin Periodon-
tol. 2018;45(2):167-87.

Hussain SB, Botelho J, Machado V, Zehra SA, Mendes JJ, Ciurtin C, ...,
D'Aiuto F. Is there a bidirectional association between rheumatoid
arthritis and periodontitis? A systematic review and meta-analysis. In
Seminars in arthritis and rheumatism (Vol. 50, No. 3, pp. 414-422). WB
Saunders. 2020.

Takeuchi K, Matsumoto K, Furuta M, Fukuyama S, Takeshita T, Ogata H,

et al. Periodontitis is associated with chronic obstructive pulmonary
disease. J Dent Res. 2019;98(5):534-40.

. Gomes-Filho IS, Cruz SSD, Trindade SC, Passos-Soares JDS, Carvalho-Filho

PC, Figueiredo ACMG, et al. Periodontitis and respiratory diseases: a
systematic review with meta-analysis. Oral Dis. 2020;26(2):439-46.



Stedle et al. BMC Oral Health

37.

38.

39.

40

41.

(2023) 23:999

Hobbins S, Chapple IL, Sapey E, Stockley RA. Is periodontitis a comor-
bidity of COPD or can associations be explained by shared risk factors/
behaviors? Int J Chron Obstruct Pulmon Dis. 2017;12:1339.

Hyman JJ, Reid BC. Cigarette smoking, periodontal disease, and chronic
obstructive pulmonary disease. J Periodontol. 2004;75(1):9-15.
Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J. The
HUNT study: participation is associated with survival and depends on

socioeconomic status, diseases and symptoms. BMC Med Res Methodol.

2012;12(1):1-14.

Darby I. Risk factors for periodontitis & peri-implantitis. Periodontol 2000.

2022;90(1):9-12.

Midthjell K, Holmen J, Bjerndal A, Lund-Larsen G. Is questionnaire
information valid in the study of a chronic disease such as diabetes?
The Nord-Trendelag diabetes study. J Epidemiol Community Health.
1992;46(5):537-42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Association between periodontitis stages and self-reported diseases in a Norwegian population: the HUNT study
	Abstract 
	Background 
	Material and methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study design and population
	Periodontal examination, questionnaires and blood samples
	Periodontitis definition and classification of stages
	Outcomes
	Exposure of interest
	Covariates
	Statistical analyses
	Ethical approval

	Results
	Association with periodontitis stages
	Sensitivity analyses

	Discussion
	Conclusion
	Anchor 22
	Acknowledgements
	References


