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ABSTRACT
Background & Aims
Chronic liver disease is a major health concern worldwide and the identification of novel
modifiable risk factors may benefit subjects at risk. Few studies have analyzed periodontitis
as a risk factor for liver complications. We studied whether periodontitis is associated with
incident severe liver disease.
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Methods
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The study comprised 6165 individuals without baseline liver disease who participated in the
Finnish population-based Health 2000 Survey (BRIF8901) during 2000–2001, a nationally
representative cohort. Follow-up was until 2013 for liver-related admissions, liver cancer,
and mortality from National Hospital Discharge, Finnish Cancer Registry, and from Causesof-Death Register, Statistics Finland. Mild to moderate periodontitis was defined as ≥1 tooth
with periodontal pocket ≥4 mm deep, and advanced periodontitis as ≥5 teeth with such
pockets. Multiple confounders were considered.

Results
79 subjects experienced a severe liver event during follow-up. When adjusted for age, sex
and number of teeth, hazards ratios by Cox regression regarding incident severe liver disease
were, for mild to moderate periodontitis, 2.12 (95% CI 0.98-4.58), and, for advanced
periodontitis, 3.69 (95% CI 1.79-7.60). These risk estimates remained stable after
additionally adjusting for alcohol use, smoking, metabolic risk, serum gammaglutamyltransferase, dental-care habits, lifestyle, and socioeconomic status. Periodontal
disease-associated liver risk was accentuated among subjects with non-alcoholic fatty liver
disease or heavy alcohol use at baseline.

Conclusions
Periodontitis was associated with incident liver disease in the general population
independently of various confounders. As a preventable disease, periodontal disease might
present a modifiable risk factor for chronic liver disease.
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mortality

Key point box
-

Experimental periodontitis in animal models has been shown to exert liver damage.

-

In this longitudinal epidemiologic study, periodontitis was independently associated
with the risk of incident severe liver disease in the general population.

-

This association was stronger for individuals with preexisting susceptibility for liver
disease (non-alcoholic fatty liver disease or heavy alcohol use at baseline).

-

Prevention and treatment of periodontitis may be warranted in patients at risk for
chronic liver disease.

Introduction
Periodontitis is a bacteria-induced chronic, multifactorial inflammatory disease that causes
destruction of tooth-supporting tissues in the gingiva, periodontal ligament, and alveolar
bone. Its prevalence among US adults is 45-58% (1). In Finland the prevalence is around
64% (2). Severe disease affects 5-15% of the population (3-6).

Accumulation of bacterial plaque on the tooth surface induces inflammation (gingivitis).
When prolonged, this may lead to periodontal pocket formation – a separation of the coronal
portion of the gingiva from the root surface – which is characteristic of chronic periodontitis
(7). Such inflamed periodontal pockets can harbor 108-1010 bacteria, and serve as a focus
from where bacteria, microbial products and locally produced inflammatory mediators can
enter the blood stream and affect distal organs. Epidemiological studies have found
associations between periodontitis and systemic disease, including cardiovascular disease,
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kidney disease, obesity, and adverse pregnancy outcomes (8-14). Emerging evidence also
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suggests a link to liver disease (15-17).

Experimental periodontitis in animal models has been shown to induce liver damage (18-20).
A

link between periodontitis, oral and gut dysbiosis, and gut permeability has also been
described (21). In non-alcoholic fatty liver disease (NAFLD) patients, treatment of
periodontitis was associated with a reduction in serum transaminase levels (22). In another
study, poor oral health was associated with an accelerated progression of liver cirrhosis (23).

Based on these data, we hypothesized that periodontitis could affect the risk for future liver
disease. We analyzed whether an epidemiologic association exists between periodontal
disease and incident liver morbidity and mortality in a large population-based cohort.

Material and methods
Baseline data were extracted from the Health 2000 Survey, which was a multidisciplinary
epidemiologic survey in Finland that used a regional two-stage stratified cluster sampling
procedure to ensure that the sample was representative of the entire Finnish adult population.
The Health 2000 Survey was conducted in 2000–2001, coordinated by the National Public
Health Institute (now known as the National Institute for Health and Welfare), and the main
sample originally comprised 8028 adults aged 30 years and over. Data were collected via
structured home or telephone interviews, self-reported questionnaires, clinical measurements,
blood tests, and by clinical examination by a physician and a dentist. The Health 2000 Survey
protocol is described in detail elsewhere (24,25). The Epidemiology Ethics Committee of the
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Helsinki and Uusimaa Hospital Region approved the Health 2000 Survey protocol, and all
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participants provided signed informed consent.

Clinical oral examination
Baseline data for this study were gathered from clinical oral health examinations including
participants who were edentulous or whose periodontal health was determined, and whose
follow-up data from registers were available (n=6165). Quality of clinical assessment was
assured through parallel measurements by the five field dentists and a reference dentist (2).
Inter-reliability between the five dentists for measurements of probing depth was very good
(kappa-value 0.83). The methods used for clinical oral examination were based on previous
epidemiologic studies (26-28), and the World Health Organization (WHO) protocols (29,30).

A removable dental unit included a dental chair, an air spray, suction and a fiber optic. The
field dentists followed detailed instructions and assessments during the examination and data
collection. The mouth and teeth were examined using a dental mirror and a WHO
periodontal probe in a standardized order; starting from the upper right most distal tooth and
ending at the lower right distal tooth. The intraoral examination included registering the
amount of plaque on the tooth surface, possible bleeding on probing, and measurements of
periodontal probing depth (2). The periodontal probing depth was registered on dentate
subjects separately by each tooth (excluding wisdom teeth) on four different surfaces: no
periodontal pocket, 4 – 5mm, or ≥ 6mm periodontal pocket. From this data, a separate
variable “number of teeth with deepened periodontal pockets ≥4mm” (sum of all periodontal
pockets) was calculated for each subject. Number of teeth was assessed by clinical oral
examination, calculating the upper and lower teeth together.
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Assessment of periodontitis
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Occurrence of periodontitis was defined as at least one tooth with a periodontal pocket at
least 4 mm deep. Subjects with such teeth were divided into 2 groups by the median number
of teeth with ≥4 mm pockets (=5), that is mild to moderate, and advanced periodontitis.
Edentulous patients formed a fourth group. Therefore, we analyzed 4 subgroups based on
periodontal health: Group A (no periodontitis): dentate subjects with no periodontal pockets
(n=1900), Group B (mild to moderate periodontitis): dentate subjects with 1-4 teeth with ≥4
mm deep periodontal pockets (n=1610), Group C (advanced periodontitis): dentate subjects
with 5 or more teeth with ≥4 mm deep periodontal pockets (n=1723), and Group D:
edentulous subjects (n=932).

Demographic data
Data from interviews or questionnaires included questions about marital status, educational
level and employment, tooth-brushing frequency (at least twice daily, once daily or less
often), frequency of dental visits (annually, every two years or less frequently), average
alcohol use (grams per day), smoking status (never, former, current smoker), exercise habits
(frequency of moderate-intensity or high-intensity physical exercise for at least half an hour),
daily use of sweets and sugar-sweetened beverages. Laboratory measurements included
fasting serum triglycerides, HDL cholesterol, glucose, insulin, C-reactive protein (CRP), and
gamma-glutamyltransferase (GGT).
Metabolic syndrome was defined according to the Joint Interim Statement criteria (31).
Diabetes was defined either by fasting serum glucose ≥7.0 mmol/L, taking diabetes
medication, or a previous diabetes diagnosis. The homeostasis model assessment index
(HOMA-IR), calculated based on fasting serum glucose and insulin values, served as an
estimate of insulin resistance (32).
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Non-alcoholic fatty liver disease (NAFLD) was defined as a fatty liver index >60 together
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with average alcohol use <30g/day for men and <20g/day for women (33). The fatty liver
index is based on BMI, waist circumference, GGT and triglyceride level, and is a validated
method, endorsed by the European Association for the Study of the Liver (EASL) guidelines,
to detect NAFLD in large-scale epidemiologic studies (specificity 87% at an index >60).

Follow-up data
Follow-up data for hospital admissions were obtained from the National Hospital Discharge
Register, which covers all hospitalizations in Finland starting in 1969. Data for cancers were
obtained from the Finnish Cancer Registry, and vital status and cause of death data were
obtained from Causes-of-Death Register, Statistics Finland, which systematically collects
data about the deaths of all Finnish citizens. In Finland, each person who dies is by law
assigned a cause of death (in accordance with the International Classification of Diseases,
ICD) to the official death certificate, issued by the treating physician based on medical or
autopsy evidence, or forensic evidence when necessary; the death codes are then verified by
medical experts at the register and recorded according to systematic coding principle. One or
several ICD-diagnoses are assigned to each hospitalization at discharge; these diagnosis
codes are systematically recorded in the National Hospital Discharge Register. Data
collection to all these registries is obligatory and general quality is consistent and complete.
Linkage was performed using the unique personal identifiers assigned to all Finnish residents.

Outcome
The primary outcome event of this study was a first hospitalization due to liver disease or
liver-related death or a diagnosis of (primary) liver cancer, whichever came first. In line with
previous studies (34-36), liver disease was defined as ICD8/9 codes 570–573 and ICD10
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codes K70–K77 and C22. Liver-related death was defined as having one of these diagnoses
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as the underlying cause of death. Patients were followed for deaths and hospitalizations until
December 2013 and for cancers until December 2012.

We excluded participants with records showing that one of the study outcomes (n=37)
occurred before study baseline. We also examined alternate outcomes, liver admission or
cancer (excluding liver-death without prior known liver disease), and non-liver death without
prior known liver disease.

Statistical analysis
For comparing groups, we used chi-square, Mann-Whitney, or Kruskall-Wallis tests as
appropriate. We tested the impact of periodontal health on the risk of incident liver disease by
Cox regression models with various levels of adjustment. Factors included in these models as
potential confounders were identified through literature review, and included age, sex,
number of teeth, alcohol use, smoking, metabolic syndrome, waist circumference, diabetes,
HOMA-IR, GGT, tooth-brushing frequency, use of sweets and sweetened beverages,
exercise, marital status, education, and employment. Subgroup analyses were by alcohol use
and presence of NAFLD, smoking, number of teeth, and excluding individuals with chronic
viral hepatitis at baseline or during follow-up (ICD10: B18, n=16).

The proportional hazard assumptions of the Cox model were tested for each covariate by
visually examining the parallelism of stratified survival curves, but no violations were
detected. The relationship between number of ≥4 mm deep periodontal pockets and incident
liver disease was examined using the penalized spline smoothing method (37) adjusted for
age, sex and number of teeth (edentulous subjects were excluded). P values <0.05 were
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considered statistically significant. Data were analyzed with SPSS version 23 and R software
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version 3.2.5.

Results
The study comprised 6165 subjects. During follow-up, we observed 79 incident severe liver
events (hospitalization due to liver disease, liver cancer or liver death), with the first event
occurring at mean 6.6 years (SD 3.8) after baseline. Of liver events, 35 (44%) occurred in
Group C (advanced periodontitis). The first liver event was hospitalization in 59 cases, liver
cancer in 9, and liver-related death in 11.

There were significant differences among study groups in several demographic factors (Table
1). These differences were mostly fairly small, except for edentulous subjects (Group D),
which differed markedly from the other groups (Table 1).

The mean (SD) number of teeth among all subjects was 22.9 (SD 7.8), varying from 22.4 to
23.8 by study groups A to C (Table 2). The mean (SD) number of teeth with ≥4 mm pockets
among all subjects was 3.5 (4.5).

Subjects with worse periodontal condition seemed to have more frequent dental examinations
compared to those with better periodontal health (Table 2). A significant tendency towards
less frequent tooth-brushing frequency and less interdental cleaning was observed in Group C
(Table 2). Periodontal status correlated significantly with visible plaque and bleeding on
probing (Table 2). In Health 2000 Survey, bleeding on probing was measured on every
sextant and dental plaque on three different index teeth but in this current study, only one of
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each is shown here. Dental plaque on lower left lingual tooth seemed to have the highest
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prevalence of plaque deposits.

The number of ≥4 mm deep periodontal pockets as a continuous variable was significantly
associated with severe liver events (hazards ratio 1.04, 95% CI 1.002-1.08, P=0.04) by Cox
regression analysis adjusted for age, sex, and number of teeth (edentulous subjects excluded)
(Figure 1).

In Cox regression analysis adjusted for age, sex, and number of teeth, Group B (mild to
moderate periodontitis) and Group C (advanced periodontitis) exhibited, respectively, 2.1fold and 3.7-fold increased risks for severe liver events compared to Group A (no
periodontitis) (Table 3). The corresponding risk for Group D (edentulous subjects) was 1.5fold. In multivariate models with various levels of adjustment, the hazards ratios for liver
events varied for Group B from 2.17 to 2.35, and for Group C from 3.29 to 3.72 (Table 3).

Data on frequency of dental visits was available for 2972 individuals (48%). Periodontal
status remained significant after including also this variable as a confounder in the
multivariate model 3 in Table 3 (data not shown).

Subgroup analysis
Of subjects, 10% reported heavy alcohol drinking (average alcohol use ≥30 g/day for men
and ≥20 g/day for women) and 31% presented with NAFLD (fatty liver index >60 without
heavy alcohol use). The impact of periodontitis status on the risk for liver events was
noticeably augmented in the subgroups of heavy drinkers or NAFLD (Table 4). The adjusted
hazards ratio for Group C (advanced periodontitis) compared to Group A (no periodontitis)
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was 6.9 among subjects with NAFLD and 7.8 among heavy drinkers, whereas it was 2.1
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among subjects with neither NAFLD nor heavy drinking (Table 4). Periodontitis status was
also significant for liver events in current smokers, never smokers and subjects with more
than 20 teeth (Supplemental Table 1). Sixteen subjects were diagnosed with chronic viral
hepatitis either at baseline or during follow-up; of these, 3 had a liver event. Exclusion of the
16 subjects with viral hepatitis did not change the findings (Supplemental table 1).

Alternate outcomes
Periodontitis status was significant for liver events also after exclusion of liver-deaths where
the liver disease was unknown at time of death (Supplemental Table 2). In contrast,
periodontitis status did not predict liver-unrelated deaths (Supplemental Table 2).

Discussion
In this nationally representative epidemiologic study we found that periodontitis was
independently associated with the risk of incident severe liver disease. Having advanced
periodontitis (5 or more teeth with deep periodontal pockets) increased the risk for liver
events by 3- to 4-fold compared to no periodontitis. A higher risk for liver disease with more
extensive periodontitis supports a direct link between these two conditions. In addition, the
fact that periodontitis was non-significant for liver-unrelated mortality means that the
increased risk for liver disease observed in our study is not confounded by competing risk
issues. Our study hypothesis was thus confirmed.
The association between periodontitis and incident liver disease remained significant and
robust after various levels of adjustment for relevant confounders. Confounders included in
the analyses were those identified through literature review to be associated with
periodontitis and/or liver disease. We were able to adjust for demographic and social factors,
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metabolic risk factors, alcohol use, smoking, lifestyle factors and oral hygiene habits. We
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were able to exclude subjects with baseline clinical liver disease and adjust for baseline GGT.
The differences in baseline characteristics between study groups A, B and C were mostly
fairly small. Nonetheless, some degree of residual confounding effect cannot be excluded.

Data came from a large, nationally representative cohort, carefully recorded prospectively in
a standardized fashion. Completeness of data in follow-up registries and validity of liver
diagnoses are considered high. Study outcomes represented clinically relevant liver disease
based on standard diagnosis codes (34-36).

We defined periodontitis as having at least one tooth with at least 4 mm deep periodontal
pocket. According to Center for Disease and Prevention (CDP) and the American Academy
of Periodontology (AAP) moderate periodontitis is defined by two or more teeth with clinical
attachment loss > 4mm at interproximal sites, or two or more teeth with pocket probing depth
>5mm at interproximal sites. This classification could not be used in the present
epidemiologic survey-based study. Especially before year 2000, there has been several
definitions and classifications of periodontitis in previous periodontal research. According to
AAP, apart from gingival bleeding and radiographics, basic measures for periodontitis are
clinical attachment loss (CAL) and probing depth (PD) but the measurements have varied and
there has been no consensus on these matters (38).

A link between periodontitis and liver disease is best described in animal models
(18,20,22,39,40), but clinical evidence is now also emerging (21,23). Akinkugbe et al (16)
recently reported that periodontitis was an independent risk factor for incident NAFLD, and
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Yoneda et al (22) found that treatment of periodontitis led to reduction in serum transaminase
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levels.

Periodontitis could affect the liver by several potential mechanisms. First, in periodontitis,
oral bacteria and locally produced proinflammatory cytokines can enter the blood stream and
potentially induce liver damage (18,21,39). Secondly, oral bacteria such as Porphyromonas
gingivalis can cause alterations in the gut microbiota, with subsequent decreased expression
of tight-junction proteins in the ileum and increased gut translocation and systemic
inflammation (40,41). Bacterial translocation from the gut is a key mechanism in the
progression of chronic liver disease (42).

The swallowed saliva of subjects with periodontitis can contain 109 bacteria/ml, and more
than 1012 oral bacteria can enter the gut each day and potentially affect gut microbial
composition (15,43). Interestingly, liver cirrhosis patients were found to have gut dysbiosis
enriched with bacteria of oral origin (44). In another study, salivary dysbiosis was found to
predict decompensation events among patients with liver cirrhosis (45). Periodontitis is a key
driver of salivary dysbiosis (46,47). These data provide potential mechanistic explanation for
the associations observed in our study.

The effect of periodontitis on the risk for liver disease was especially high in the subgroups
of subjects with either NAFLD or heavy alcohol use at baseline. It is well known that only a
small fraction of individuals with NAFLD or heavy alcohol use ever develop clinical liver
disease, but the drivers of this risk are still poorly defined. Based on our findings, it could be
speculated that the hepatic damage from periodontitis is particularly relevant in subjects with
preexisting susceptibility (fatty liver). Supportive of this concept, in steatotic mice orally
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infected with Porphyromonas gingivalis, Furusho et al (40) showed that Porphyromonas
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gingivalis becomes present in the steatotic liver and may promote hepatic inflammation.

Edentulous subjects differed markedly from the other groups by showing lower employment
rates, lower education, less exercise, and a striking burden of metabolic risk. Under the
premise that the reasons for tooth loss in this subgroup most likely included some prior
experience of periodontitis (48), it is striking that this group throughout showed a lower risk
of incident liver disease than the group with untreated, advanced periodontitis. This indirectly
implies that treatment of periodontitis may reduce the risk for liver disease. Considerable
uncertainty, however, remains to the risk estimates.

Treatment of periodontitis has been shown to improve oral dysbiosis and reduce systemic
inflammation (49). However, whether or not treatment of periodontitis actually impacts the
development of liver disease needs further study. Nonetheless, periodontitis is a preventable
disease. Maintaining good oral health requires brushing teeth twice daily with fluoride
toothpaste, regular interdental cleaning and having annual oral examinations by a dentist.
Tobacco cessation is also important (50).

In conclusion, we found an epidemiological link between periodontitis and incident severe
liver disease. This link was independent of multiple confounders. As a preventable disease,
periodontitis might thus present a modifiable risk factor for chronic liver disease, but further
study is needed.

This article is protected by copyright. All rights reserved.

Acknowledgement: We would like to thank all participants of, and persons involved in the

Accepted Article

conduct of the Health 2000 Survey. JHH received research grants from the Ehrnrooth
Foundation and from Helsinki University Hospital EVO grant. FÅ received research grants
from the Ehrnrooth Foundation and from Finska Läkaresällskapet.

References

1. Eke PI, Dye BA, Wei L, et al. Prevalence of periodontitis in adults in the United States:
2009 and 2010. J Dent Res 2012;91(10):914-920.

2. Suominen-Taipale L, Nordblad A, Vehkalahti M, Aromaa A. Oral Health in the Finnish
Adult Population. Health 2000 Survey. Publications of the National Health Institute. B
25/2008. Hakapaino Oy, Helsinki 2008.
http://julkari.fi/bitstream/handle/10024/103030/2008b25.pdf?sequence=1&isAllowed=ykt

3. Papapanou PN. Periodontal diseases: epidemiology. Ann Periodontol. 1996;1(1):1-36.

4. Pihlstrom BL, Michalowicz BS, Johnson NW. Periodontal diseases. Lancet.
2005;366(9499):1809-1820.

5. Demmer RT, Papapanou PN. Epidemiologic patterns of chronic and aggressive
periodontitis. Periodontol 2000. 2010;53:28-44.

6. World Health Organization Oral Health Key facts.
http://www.who.int/mediacentre/factsheets/fs318/en. Accessed October, 2017.

7. Hajishengallis G. Periodontitis: from microbial immune subversion to systemic
inflammation. Nat Rev Immunol. 2015;15(1):30-44.

This article is protected by copyright. All rights reserved.

8. Scannapieco FA, Dasanayake AP, Chhun N. "Does periodontal therapy reduce the risk for

Accepted Article

systemic diseases?". Dent Clin North Am. 2010;54(1):163-181.

9. Pizzo G, Guiglia R, Lo Russo L, Campisi G. Dentistry and internal medicine: from the
focal infection theory to the periodontal medicine concept. Eur J Intern Med.
2010;21(6):496-502.

10. Zeng XT, Leng WD, Lam YY, et al. Periodontal disease and carotid atherosclerosis: A
meta-analysis of 17,330 participants. Int J Cardiol. 2016;203:1044-1051.

11. Mattila KJ, Nieminen MS, Valtonen VV, et al. Association between dental health and
acute myocardial infarction. BMJ. 1989;298(6676):779-781.

12. Ruokonen H, Nylund K, Furuholm J, et al. Oral Health and Mortality in Patients With
Chronic Kidney Disease. J Periodontol. 2017;88(1):26-33.

13. Ylöstalo P, Suominen-Taipale L, Reunanen A, Knuuttila M. Association between body
weight and periodontal infection. J Clin Periodontol. 2008;35(4):297-304.

14. Heimonen A, Janket SJ, Kaaja R, Ackerson LK, Muthukrishnan P, Meurman JH. Oral
inflammatory burden and preterm birth. J Periodontol. 2009;80(6):884-891.

15. Han P, Sun D, Yang J. Interaction between periodontitis and liver diseases. Biomed Rep.
2016;5(3):267-276.

16. Akinkugbe AA, Avery CL, Barritt AS, et al. Do genetic markers of inflammation modify
the relationship between periodontitis and nonalcoholic fatty liver disease? Findings from the
SHIP Study. J Dent Res. 2017;96(12):1392-1399.

This article is protected by copyright. All rights reserved.

17. Gronkjaer LL. Periodontal disease and liver cirrhosis: A systematic review. SAGE Open

Accepted Article

Med. 2015;3:2050312115601122.

18. Tomofuji T, Ekuni D, Irie K, et al. Relationships between periodontal inflammation, lipid
peroxide and oxidative damage of multiple organs in rats. Biomed Res. 2011;32(5):343-349.

19. Dai J, Ma Y, Shi M, Cao Z, Zhang Y, Miron RJ. Initial changes in alveolar bone volume
for sham-operated and ovariectomized rats in ligature-induced experimental periodontitis.
Clin Oral Investig. 2016;20(3):581-588.

20. Ilievski V, Kinchen JM, Prabhu R, et al. Experimental Periodontitis Results in
Prediabetes and Metabolic Alterations in Brain, Liver and Heart: Global Untargeted
Metabolomic Analyses. J Oral Biol. 2016;3(1):10.13188/2377-987X.1000020. Epub 2016
Apr 23.

21. Acharya C, Sahingur SE, Bajaj JS. Microbiota, cirrhosis, and the emerging oral-gut-liver
axis. JCI Insight. 2017;2(19):10.1172/jci.insight.94416.

22. Yoneda M, Naka S, Nakano K, et al. Involvement of a periodontal pathogen,
Porphyromonas gingivalis on the pathogenesis of non-alcoholic fatty liver disease. BMC
Gastroenterol. 2012;12:16-230X-12-16.

23. Åberg F, Helenius-Hietala J, Meurman J, Isoniemi H. Association between dental
infections and the clinical course of chronic liver disease. Hepatol Res. 2014;44(3):349-353.

24. Aromaa A, Koskinen S. Health and functional capacity in Finland. Baseline results of the
Health 2000 health examination survey. Available at:
http://www.terveys2000.fi/julkaisut/baseline.pdf. Accessed October, 2017. Publications of
National Health Institute. Helsinki, Finland 2004;Series B 12.

This article is protected by copyright. All rights reserved.

25. Heistaro S, ed. Methodology report. Health 2000 Survey. Publications of the National

Accepted Article

Health Institute. B26/2008. Hakapaino Oy, Helsinki.
http://www.julkari.fi/bitstream/handle/10024/78185/2008b26.pdf?sequence=1&isAllowed=y

26. Zain RB, Ikeda N, Razak IA, et al. A national epidemiological survey of oral mucosal
lesions in Malaysia. Community Dent Oral Epidemiol. 1997;25(5):377-383.

27. Drury TF, Winn DM, Snowden CB, Kingman A, Kleinman DV, Lewis B. An overview
of the oral health component of the 1988-1991 National Health and Nutrition Examination
Survey (NHANES III-Phase 1). J Dent Res. 1996;75 Spec No:620-630.

28. Kelly M, Steele J, Nuttall N, et al. Adult Dental Health Survey: Oral Health in the United
Kingdom 1998. Her Majesty’s Stationery Office. London. 2000.

29. WHO. Oral health surveys. Basic methods (4. edition), Geneva. WHO 1997.

30. Kramer IR, Pindborg JJ, Bezroukov V, Infirri JS. Guide to epidemiology and diagnosis of
oral mucosal diseases and conditions. World Health Organization. Community Dent Oral
Epidemiol. 1980;8(1):1-26.

31. Alberti KG, Eckel RH, Grundy SM, et al. Harmonizing the metabolic syndrome: a joint
interim statement of the International Diabetes Federation Task Force on Epidemiology and
Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the
Study of Obesity. Circulation. 2009;120(16):1640-1645.

32. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma
glucose and insulin concentrations in man. Diabetologia. 1985;28(7):412-419.

This article is protected by copyright. All rights reserved.

33. Bedogni G, Bellentani S, Miglioli L, et al. The Fatty Liver Index: a simple and accurate

Accepted Article

predictor of hepatic steatosis in the general population. BMC Gastroenterol. 2006;6:33.

34. Hart CL, Morrison DS, Batty GD, Mitchell RJ, Davey Smith G. Effect of body mass
index and alcohol consumption on liver disease: analysis of data from two prospective cohort
studies. BMJ. 2010;340:c1240.

35. Unalp-Arida A, Ruhl CE. Noninvasive fatty liver markers predict liver disease mortality
in the U.S. population. Hepatology. 2016;63(4):1170-1183.

36. Åberg F, Helenius-Hietala J, Puukka P, Färkkilä M, Jula A. Interaction between alcohol
consumption and metabolic syndrome in predicting severe liver disease in the general
population. Hepatology. 2018;64:2141-2149.

37. Roshani D, Ghaderi E. Comparing smoothing techniques for fitting the nonlinear effect of
covariate in Cox models. Acta Inform Med. 2016;24(1):38-41.

38. Burt B, Research, Science and Therapy Committee of the American Academy of
Periodontology. Position paper: epidemiology of periodontal diseases. J Periodontol.
2005;76(8):1406-1419.

39. Zhang J, Huang X, Lu B, Zhang C, Cai Z. Can apical periodontitis affect serum levels of
CRP, IL-2, and IL-6 as well as induce pathological changes in remote organs? Clin Oral
Investig. 2016;20(7):1617-1624.

40. Furusho H, Miyauchi M, Hyogo H, et al. Dental infection of Porphyromonas gingivalis
exacerbates high fat diet-induced steatohepatitis in mice. J Gastroenterol. 2013;48(11):12591270.

This article is protected by copyright. All rights reserved.

41. Arimatsu K, Yamada H, Miyazawa H, et al. Oral pathobiont induces systemic

Accepted Article

inflammation and metabolic changes associated with alteration of gut microbiota. Sci Rep.
2014;4:4828.

42. Schnabl B, Brenner DA. Interactions between the intestinal microbiome and liver
diseases. Gastroenterology. 2014;146(6):1513-1524.

43. Nakajima M, Arimatsu K, Kato T, et al. Oral Administration of P. gingivalis Induces
Dysbiosis of Gut Microbiota and Impaired Barrier Function Leading to Dissemination of
Enterobacteria to the Liver. PLoS One. 2015;10(7):e0134234.

44. Qin N, Yang F, Li A, et al. Alterations of the human gut microbiome in liver cirrhosis.
Nature. 2014;513(7516):59-64.

45. Bajaj JS, Betrapally NS, Hylemon PB, et al. Salivary microbiota reflects changes in gut
microbiota in cirrhosis with hepatic encephalopathy. Hepatology. 2015;62(4):1260-1271.

46. Blasco-Baque V, Garidou L, Pomie C, et al. Periodontitis induced by Porphyromonas
gingivalis drives periodontal microbiota dysbiosis and insulin resistance via an impaired
adaptive immune response. Gut. 2017;66(5):872-885.

47. Belstrom D, Constancias F, Liu Y, et al. Metagenomic and metatranscriptomic analysis of
saliva reveals disease-associated microbiota in patients with periodontitis and dental caries.
NPJ Biofilms Microbiomes. 2017;3:23-017-0031-4. eCollection 2017.

48. Eklund SA, Burt BA. Risk factors for total tooth loss in the United States; longitudinal
analysis of national data. J Public Health Dent. 1994;54(1):5-14.

This article is protected by copyright. All rights reserved.

49. Tonetti MS, D'Aiuto F, Nibali L, et al. Treatment of periodontitis and endothelial

Accepted Article

function. N Engl J Med. 2007;356(9):911-920.

50. Tonetti MS, Eickholz P, Loos BG, et al. Principles in prevention of periodontal diseases:
Consensus report of group 1 of the 11th European Workshop on Periodontology on effective
prevention of periodontal and peri-implant diseases. J Clin Periodontol. 2015;42 Suppl
16:S5-11.

Figure legends
Figure 1. The relationship between number of ≥ 4 mm deep periodontal pockets and and risk
for incident severe liver disease (hospitalization, liver cancer or liver death), by Cox
regression analysis adjusted for age, sex, and number of teeth. Edentulous individuals are
excluded. Dotted lines represent 95% confidence intervals to the relative risk (hazards ratio)
estimate.
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Table 1. Baseline demographics between the study groups.

Subjects

Age (years), mean (SD)

All
subjects

6165

Group A
No
periodontitis

Group B
Mild to
moderate
periodontitis

Group C
Advanced
periodontitis

Group D
Edentulous

1900

1610

1723

932

49.5 (13.2)

47.5 (13.3)

50.0 (13.2)***

51.4 (12.7)***

70.5 (11.4)***

Women, n (%)
Marital status, n (%)

3374 (54.7)

1198 (63.1)

845 (52.5)***

730 (42.4)***

601 (64.5)***

Married/partnership

4288 (69.8)

1431 (75,6)

1161 (72.3)

1204 (70.1)***

492 (52.9)***

Single

1858 (30.2)

462 (24.4)

444 (27.7)

513 (29.9)

439 (47.1)

2419 (39.4)
1975 (32.1)
1749 (28.5)

577 (30.5)
630 (33.3)
685 (36.2)

514 (32.0)
545 (34.0)
545 (34.0)

579 (33.7)***
650 (37.9)
487 (28.4)

749 (80.5)***
150 (16.1)
32 (3.4)

3491 (56.8)

1270 (67.1)

1044 (65.0)**

1059 (61.7)***

118 (12.7)***

2003 (32.6)
653 (10.6)
561 (9.1)

379 (20.0)
244 (12.9)
127 (6.7)

384 (24.0)
177 (11.0)
125 (7.8)

468 (27.2)
190 (11.1)
135 (7.8)

772 (82.8)
42 (4.5)
174 (18.7)***

HOMA-IR, mean (SD)

2.4 (5.6)

2.1 (2.4)

2.3 (4.3)

2.7 (8.5)***

3.2 (3.8)***

Hypertension, n (%) ¥
Metabolic syndrome, n
(%) ¥¥
Body mass index, mean
(SD)
GGT, U/L, mean (SD)
Smoking, n (%)

3887 (63.3)

1061 (56.1)

943 (58.9)

1102 (64.1)***

781 (84.3)***

2752 (44.8)

719 (37.9)

641 (40.0)

796 (46.2)***

596 (64.3)***

26.9 (4.6)

26.4 (4.7)

26.7 (4.4)*

27.1 (4.6)***

28.1 (5.0)***

35.9 (44.9)

31.2 (40.1)

35.2 (43.4)***

40.6 (47.1)***

36.6 (49.9)***

1629 (26.5)

421 (22.2)

401 (25.0)

653 (38.0)***

154 (16.7)***

1342 (21.9)
3169 (51.6)

406 (21.5)
1065 (56.3)

323 (20.1)
880 (54.9)

366 (21.3)
698 (40.7)

247 (26.6)
526 (56.7)

75.1 (144.6)

60.4 (107.2)

84.6 (158.4)***

3325 (55.5)
1528 (25.5)
1136 (19.0)

1032 (55.3)
481 (25.8)
352 (18.9)

866 (54.9)
436 (27.7)
274 (17.4)

946 (56.3)
438 (26.1)
295 (17.6)

481 (55.4)
173 (19.9)
215 (24.7)

229 (3.8)

53 (2.8)

39 (2.5)

50 (3.0)

87 (10.2)***

963 (61.2)
440 (27.9)
172 (10.9)

963 (57.0)
506 (30.0)
219 (13.0)

482, (56.6)***
163 (19.2)
206 (24.2)

Education, n (%)
Basic
Secondary
Higher
Employment status, n
(%)
Part- or fulltime
employed
Retired
Other
Diabetes, n (%)

Current

Former
Never
Average alcohol
consumption
(g/week), mean (SD)
Use of sugar-sweetened
beverages, n (%)
Seldom or never
2-5 times a week
Daily
Use of sweets daily, n
(%)
Exercise habits
Twice or more weekly
2-4 times in a month
Rarely

3515 (58.8)
1107 (59.1)
1679 (28.0) 570 (30.4)
793 (13.2) 196 (10.5)
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105.6 (179.1)*** 33.9 (96.8)***
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¥ Blood pressure above 130/85 mmHg or antihypertensive medication
¥¥ According to the Joint Interim Statement Criteria 31, 3 of the following 5 metabolic syndrome components:
hyperglycemia, elevated triglycerides, reduced HDL, increased waist circumference, and hypertension

Percentages are calculated within groups.
* P<0.05 compared to group A
**P≤0.01 compared to group A
***P≤0.001 compared to group A
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Table 2. Periodontal health data between the groups.

Subjects
No. of teeth, mean (SD)
No. of teeth with ≥4 mm pockets,
mean (SD)
Lower percentile
Median
Higher percentile
Dental examinations, n (%)
Once a year

Every two years
Less frequently
Tooth-brushing frequency, n (%)
At least twice daily

Once daily
Less often
Interdental cleaning, n (%)
Daily
Weekly
Less frequently

Never
Dental plaque, lower left lingual, n
(%)
No

Only at gumline
Other places also
Bleeding on probing, upper right
side
No bleeding, n(%)
Bleeding

All
subjects

Group A
Group B
No
Mild to moderate
periodontitis periodontitis

6165
1900
22.9 (7.8) 22.4 (8.6)

1610
22.6 (8.1)

1723
23.8 (6.3)

2.2 (1.1)
1
2
3

10.5 (5.3) **
6
9
13

702 (74.0)*

690 (77.0)**

205 (21.6)

180 (20.1)

42 (4.4)

26 (2.9)

971 (62.6)*

968 (58.2)**

487 (31.3)

521 (31.3)

94 (6.1)

175 (10.5)

193 (10.7)

160 (10.4)

140 (8.6)**

304 (16.8)

263 (17.1)

221 (13.5)

426 (23.5)

326 (21.2)

328 (20.1)

887 (49.0)

788 (51.3)

946 (57.8)

745 (50.4) **

518 (31.3) **

661 (44.8)

915 (55.2)

61 (4.1)

187 (11.3)

960 (64.2)

641 (47.7) **

334 (21.6) **

503 (33.7)

678 (50.4)

1186 (76.6)

2170
777 (69.1)
(73.0)
674
288 (25.6)
(22.7)
128 (4.3) 60 (5.3)
3148
1201 (66.1)
(62.3)
1551
537 (29.5)
(30.7)
352 (7.0) 80 (4.4)
493 (9.9)
788
(15.8)
1081
(21.6)
2636
(52.7)

2327
1064 (61.9)
(48.0)
2162
586 (34.2)
(44.5)
302 (6.2) 54 (3.1)

1935
(44.1)
2367
(53.9)

Group C
Advanced
periodontitis

Percentages are calculated within groups. Dental plaque and bleeding on probing -variables do not
add up to 100%, some percentages within those groups were non-examinable.
* P<0.05 compared to group A
** P<0.001 compared to group A
# P<0.001
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Table 3. Hazards ratios (HR) with 95% confidence intervals (CI) for incident severe liver
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events (hospitalization, liver cancer or liver death) according to periodontal health status by
Cox regression analyses with various level of adjustment.
Model 1

Model 2

Model 3

Model 4

HR (95% CI)

HR (95% CI)

HR (95% CI)

HR (95% CI)

1 (reference)

1 (reference)

1 (reference)

1 (reference)

2.12 (0.98-4.58)

2.24 (1.00-5.02)*

2.35 (1.01-5.46)*

2.17 (0.98-4.84)

3.69 (1.79-7.60)**

3.63 (1.67-7.86)**

3.72 (1.65-8.34)**

3.29 (1.53-7.05)**

1.48 (0.56-3.92)

1.48 (0.51-4.34)

n.c.

1.29 (0.45-3.68)

No periodontitis
(Group A)
Mild to moderate
periodontitis (Group B)
Advanced periodontitis
(Group C)
Edentelous subjects
(Group D)

HR, Hazards Ratio
* P<0.05; ** P<0.005; n.c., non-calculable
Model 1: adjusted for age, sex, and number of teeth
Model 2: Model 1 + average alcohol use, waist circumference, diabetes, metabolic syndrome, HOMA-IR, GGT, and
smoking status (current, former, never)
Model 3: Model 1 + average alcohol use, metabolic syndrome, teeth-brushing frequency, daily use of sweets, use of
sweetened beverages, and exercise
Model 4: Model 1 + average alcohol use, metabolic syndrome, marital status, education level, and employment
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Table 4. Hazards ratios (HR) with 95% confidence intervals (CI) for incident severe liver events
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(hospitalization, liver cancer or liver death) according to periodontal health status and in subgroups
with baseline non-alcoholic fatty liver disease (NAFLD)1, heavy alcohol use2, or neither condition.
Analyses are by Cox regression adjusted for age, sex, and number of teeth.

No NAFLD, non-heavy drinker

Subjects

Liver events

3438

23

HR

95%CI

No periodontitis (Group A)

1 (reference)

Mild to moderate periodontitis (Group B)

1.85

0.58-5.89

Advanced periodontitis (Group C)

2.09

0.64-6.80

Edentulous subjects (Group D)

0.69

0.14-3.51

NAFLD1

1801

23

No periodontal pockets (Group A)

1 (reference)

Mild to moderate periodontitis (Group B)

3.23

0.62-16.8
1.43-

Advanced periodontitis (Group C)

6.94

33.6*

Edentulous subjects (Group D)

1.34

0.24-7.68

Heavy alcohol use2

613

26

No periodontitis (Group A)

1 (reference)

Mild to moderate periodontitis (Group B)

4.74

0.58-38.6
1.03-

Advanced periodontitis (Group C)

7.83

59.5*

Edentulous subjects (Group D)

4.11

0.19-91.3

1

Fatty liver index >60 and average alcohol use <30 g/day for men and <20 g/day for women

2

Average alcohol use ≥30 g/day for men and ≥20 g/day for women
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