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Abstract 

Aim: To investigate whether the metabolic syndrome (MetS) is associated with deepened 
periodontal pockets and alveolar bone loss.  

Materials and methods: This study was based on a subpopulation of the Northern Finland Birth 
Cohort 1966 survey (n = 1964). The criteria of the AHA/NHLBI were used to determine MetS. The 
analyses were based on the metabolic data at ages 31 and 46, and probing pocket depth and 
alveolar bone level data at age 46. Relative risks (RR, 95% CI) were estimated using Poisson 
regression models. 

Results: RRs for PD ≥ 4 mm and BL ≥ 5 mm were higher in individuals with an exposure to MetS ≥ 15 
years (RR 1.8, 95% CI 1.6–2.1 and RR 1.5, 95% CI 1.3–1.9, respectively) than in those whose exposure 
was < 15 years (RR 1.2, 95% CI 1.1–1.3 and RR 1.1, 95% CI 1.0–1.3, respectively). Consistently 
stronger associations were found in never-smokers. Females showed stronger associations of MetS 
with PD ≥ 4 mm than males. The association with BL ≥ 5 mm was observed only in males. 

Conclusion:  A long-term exposure by MetS was associated independently and in an exposure–
dependent manner with periodontal pockets and alveolar bone level.     

Clinical Relevance:  

Scientific rationale for the study: Metabolic syndrome (MetS) has been found to be associated with 
periodontitis in a number of cross-sectional studies. The aim was to study whether a long-term 
metabolic syndrome is associated with periodontal disease parameters such as pocketing and bone 
loss.     

Principal findings: The long-term metabolic  syndrome was associated with periodontal pockets and 
alveolar bone loss in an exposure dependent manner.  
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Practical implications: MetS was found to be related to a high number of sites with deepened  
periodontal pockets and bone loss. Patients diagnosed with MetS have a higher risk of developing 
periodontitis.  

Individuals with MetS have an increased risk for periodontitis. 

  

Introduction 

Metabolic syndrome (MetS) consists of a group of metabolic conditions including central obesity, 
insulin resistance and associated glucose imbalance, dyslipidemia and hypertension. It has been 
defined using different criteria and commonly used definitions include those set by the International 
Diabetes Federation (IDF) (Alberti et al. 2005), the American Heart Association / National Heart, Lung 
and Blood Institute (AHA/NHLBI) (Grundy 2005, Grundy et al. 2005), the World Health Organization 
(WHO) (Alberti & Zimmet 1998) and the National Cholesterol Education  Panel  (NCEP) (Expert Panel 
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 2002).  

 

As the prevalence of MetS varies by age, gender, ethnicity and race and, importantly, the criteria of 
MetS, its true prevalence is hard to determine. It has been reported to affect 10 to 84% of the 
population worldwide and around 25% of the population in developed countries (Kaur 2014, Misra & 
Khurana 2008, O'Neill & O'Driscoll 2015).  

 

Like MetS,  periodontitis is a highly prevalent disease. While the prevalence of moderate 
periodontitis ranges from 23% to 46% in Germany, Australia and the United States (Demmer & 
Papapanou 2010) (Eke et al. 2015), the overall proportion of individuals with severe disease forms 
varies between 10% and 20% (Demmer & Papapanou 2010, Kassebaum et al. 2014).   

 

A vast majority of earlier studies approached the association between MetS and periodontitis using 
a cross-sectional study design with either MetS or periodontitis as the outcome. In many cases, 
those studies reported statistically significant associations between the two conditions  (Lamster & 
Pagan 2017, Nibali et al. 2013, Watanabe & Cho 2014). A self-evident shortcoming of these cross-
sectional studies is that they do not allow interpretations of causality between MetS and 
periodontitis. 

 

To our knowledge, only a few longitudinal studies have shown that a long-term metabolic syndrome 
predisposes to the progression of periodontitis (Iwasaki et al. 2015, Kaye et al. 2016) and to tooth 
loss (Furuta et al. 2016). None of the above longitudinal studies addressed possible gender 
differences in the studied associations.   
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In light of the overall high prevalence of both MetS and periodontitis, it is important to study 
whether MetS is a risk factor for periodontitis. To this end, longitudinal studies are obviously 
needed. The aim in our study was therefore to investigate whether MetS is related to periodontal 
parameters such as periodontal pockets and alveolar bone loss.  

Materials and methods 

The Northern Finland Birth Cohort 1966 (NFBC1966) is a life-span cohort study of health and well-
being of individuals born in 1966 in the two northernmost provinces in Finland (Oulu and Lapland). 
In 2012–2013, when the subjects were 46-year-olds, an oral health examination was conducted for 
the first time on 1,964 participants living in the city of Oulu or within a 100 km radius of Oulu, the 
largest city in the area. The data used in this study included periodontal data from the 46-year 
follow-up examination and the metabolic data from the examinations at ages 31 and 46. Subjects 
with rheumatic and inflammatory intestinal and lung diseases were excluded; these diagnoses were 
obtained from the registries of the National Institute for Health and Welfare (THL).  The study was 
approved by the Ethical Committee of the Hospital District of Northern Ostrobothnia. 

Periodontal variables 

Periodontal data, including dental plaque, probing pocket depth (PD) and bleeding on probing (BOP) 
from all teeth excluding third molars and residual roots were collected by seven calibrated dentists 
using a mouth mirror and a ball pointed periodontal probe with 2 mm grading (LM 8-520B, 
Lääkintämuovi, Finland).  

 

The presence of plaque was examined from buccal sites and categorized as follows: 1 = no plaque, 2 
= visible plaque or plaque, as measured by touching tooth site lightly with the periodontal probe. 
The number of teeth with dental plaque (continuous variable) was used in the statistical analyses.  

 

Probing pocket depths were measured at four sites per tooth (mesiobuccal, midbuccal, distobuccal, 
midoral).  Probing force (25 g) was calibrated using a letter scale before examining each participant. 
The number of sites with ≥ 4 mm probing depth (PD ≥ 4 mm), was used both as a continuous and as 
a categorized (0, 1–3, 4–7 and ≥ 8 sites) variable. The inter- and intra-examiner agreements for PD 
measurements were 70% and 82% and the Cohen’s kappa values were 0.35 and 0.50, respectively.   

 

Bleeding on periodontal probing (BOP) at the four sites was registered and, in the analyses, the 
variable was employed as percentages of bleeding sites.  

 

Alveolar bone level (BL) on approximal sites of all teeth was measured from panoramic radiographs 
by one dental hygienist and one dentist. Panoramic radiographs were available of 1,584 subjects. 
The distance from the cemento-enamel junction (CEJ) to the most coronal point where the 



A
cc

ep
te

d
 A

rt
ic

le
 

This article is protected by copyright. All rights reserved. 

periodontal ligament space still remained at its normal width was measured in millimeters. Any sites 
where the CEJ or the alveolar crest could not be identified were excluded. The number of sites with 
≥ 5 mm BL was used both as a continuous and as a categorized (0, 1–3, 4–7 and ≥ 8 sites) variable. 
The inter- and intra-examiner agreements for BL measurements were 68% and 70% and the Cohen’s 
kappa values were 0.54 and 0.59 respectively.  

Metabolic syndrome 

The metabolic syndrome at ages 31 and 46 was defined by the AHA/NHLBI (Grundy 2005, 

Grundy et al. 2005) criteria as follows:  

a) elevated waist circumference (≥ 102 cm in males, ≥ 88 cm in females),  

b) elevated triglycerides (≥ 1.7 mmol/l or on drug treatment),  

c) reduced HDL cholesterol (< 0.9 mmol/l in males, < 1.1 in females or on drug 

treatment),  

d) elevated blood pressure (≥ 130 mmHg / ≥ 85 mmHg or on drug treatment), and  

e) elevated fasting glucose (≥ 100 mg/dl or on drug treatment).  

 

As any combination of at least three of these five components constitutes the definition of 
metabolic syndrome (Grundy 2005, Grundy et al. 2005), the components were categorized into two 
categories: less than three components versus three or over. Information for defining the MetS 
components was obtained in clinical and laboratory examinations. Drug treatment data were 
obtained by means of a questionnaire.   

Other variables 

The data on socio-demographics and health behavior were based on a questionnaire (Tables 1-3). 
With the exception of  smoking history, the data were based on the examination made at age 46. 
Education was categorized into three categories: basic (no upper secondary school or vocational 
education), intermediate (graduated from upper secondary school or vocational school) and higher 
(graduated from university or university of applied sciences). The frequency of physical exercise was 
divided into four categories: 2–3 times a month or less frequently, once a week, 2–3 times a week 
and daily or 4–6 times a week. Alcohol consumption (g/day) was categorized as follows: abstainers 
(0 g/day) and tertiles of alcohol users (< 3.0 g/day, 3.0–11.1 g/day and > 11.1 g/day). Toothbrushing 
frequency was divided into three categories: twice a day or more frequently, once a day, and less 
frequently. Information on the most recent dental visit was divided into three categories: less than 1 
year ago, 1–2 years ago and ≥3 years ago. Smoking history, based on the questionnaire data at ages 
31 and 46, was divided into three categories: never-smokers, former smokers and current smokers.   
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Statistical analyses 

The associations of MetS with the numbers of sites with PD ≥ 4 mm  and BL ≥  5 mm were 
investigated  using the periodontal data of the examination at age 46 and metabolic data as follows: 
(i) metabolic status at the age of 31, (ii) long-term metabolic status between ages 31 and 46: < 15 
where MetS manifested itself between ages 31 and 46 and ≥ 15 years where MetS was manifest at 
both ages, and (iii) metabolic status at the age of 46 (Table 5). 

 

The long-term metabolic status could be defined for 1496 subjects. MetS never affected 1,102 
individuals (62%) and manifested itself in 243 individuals (14%) between ages 31 and 46 (duration < 
15 years). A reversal from MetS to normal metabolic status occurred in 60 individuals (3%) and MetS 
was manifest in 91 individuals (5%) at both ages (duration ≥ 15 years) (Table 3).  

  

In the analyses, the numbers of sites with PD ≥ 4 mm and BL ≥ 5 mm at the age of 46 were used as 
continuous outcome variables and the metabolic status as the explanatory variable.  Relative risks 
(RR) and 95% confidence intervals (95% CI) were estimated using Poisson regression models (Table 
5).  Smoking history, gender, dental visits, education and plaque, all associated with both the 
outcome and the main explanatory variable, were used as covariates; plaque as a continuous and 
the others as categorized variables. The number of sites (continuous variable) was used as an offset 
variable. The analyses were carried out among male, female and never-smokers. The statistical 
analyses were done using the IBM SPSS statistical software, version 22.   

 

Results 

Characteristics of subjects 

Participants with high numbers of sites with PD ≥ 4 mm and BL ≥ 5 mm were more often males, less 
educated, current smokers and had poor health habits (Tables 1 and 2). MetS was more common in 
less educated subjects, participants with poor health habits and individuals with a poor periodontal 
conditions (Table 3). In both genders, the prevalence of MetS increased between ages 31 and 46: in 
men from 14.1% to 28.9% and in women from 6.7% to 16.5% (Table 4). With the exception of the 
weight variables, increased waist circumference and BMI ≥ 30, and low HDL at age 31 years, all 
components of MetS occurred more frequently in men than in women at both ages (Table 4). The 
mean number of teeth (third molars excluded) was 26.7 for individuals without MetS, 26.6 for those 
whit MetS < 15 years and 26.1 for those with  MetS ≥ 15 years (Table 3).  

Results of the regression models 

The results of the regression models are presented in Table 5. MetS at the age of 31 was associated 
with PD ≥ 4 mm but not with BL ≥ 5 mm. The association with PD ≥ 4 mm was strongest in the sub-
group of never-smokers (RR 1.4, 95% CI 1.2–1.7).  
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MetS < 15 years was only weakly associated with the number of sites with PD ≥ 4 mm. The strongest 
associations of MetS with PD ≥ 4 mm and BL ≥ 5 mm were found in cases where the metabolic  
syndrome had been manifest for ≥ 15 years. In these cases, the relative risk for PD ≥ 4 mm was 1.8 
(95% CI 1.6–2.1) and for BL ≥ 5 mm 1.5 (95% CI 1.3–1.9) in the total population. Never-smokers 
presented consistently stronger associations between MetS and both PD ≥ 4 mm and BL ≥ 5 mm 
when compared with the total population. In the stratified analysis according to gender, it was 
observed that MetS ≥ 15 years was associated with PD ≥ 4 mm both in males (RR 1.6, 95% CI 1.4–1.9) 
and in females (RR 2.8, 95% CI 2.2–3.4). The association with BL ≥ 5 mm was observed only in males 
(RR 1.7, 95% CI 1.4–2.1). 

 

MetS at the age of 46, was associated with the number of sites with PD ≥ 4 mm in the total 
population (RR 1.3, 95% CI 1.2–1.4). The associations were stronger in the subgroups of never-
smokers (RR 1.7, 95% CI 1.5–1.9) and females (RR 1.7, 95% CI 1.5–1.9). The association of MetS with 
BL ≥ 5 mm was consistently weaker than with PD ≥ 4 mm. 

 

In order to explore the effect of health habits not included in the above analyses, alcohol 
consumption, toothbrushing frequency and physical activity were separately added into the 
regression models. This had no essential effect on the risk estimates; with the  exception of RR for 
PD ≥ 4 mm in females at the age of 31, which decreased by 0.5, risk estimates did not change more 
than 0.2.   

Discussion 

This study provided evidence that MetS is associated with the extent of periodontal pocketing and 
alveolar bone loss in an exposure dependent manner. This association was stronger among never 
smokers than in the total study population.   

 

In terms of the long-term effects of MetS on the periodontium, our findings are in line with earlier 
longitudinal studies. A study among older Japanese adults reported that MetS was associated with 
the development of periodontal disease defined as loss of attachment of  ≥ 3 mm in ≥ 2 teeth over a 
3-year period (RR 2.67, 95% CI 1.1–6.5) (Iwasaki et al. 2015). Another Japanese study reported that, 
compared with metabolically healthy individuals, those with ≥ 3 metabolic components were 50% 
more likely to lose teeth during a 5-year period (OR 1.54, 95% CI 1.0–2.4) (Furuta et al. 2016). To 
study whether MetS is a risk factor for periodontal disease, Kaye and his group (Kaye et al. 2016) 
followed a cohort of 720 men for a mean follow-up period of 17 years and found out that MetS 
predicted greater risks of tooth loss and the development or worsening of periodontitis. In addition, 
supporting the conclusion that individuals with signs of metabolic syndrome at a young age might 
have a high risk for periodontitis as adults (Lee et al. 2015), we found that MetS at the age of 31 
associated with the presence of   PD ≥ 4 mm 15 years later.   
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The exposure–dependent association between MetS and the extent of pocketing and alveolar bone 
level lends supports to a view that MetS could be causally related to periodontal condition; a 
conclusion that fits well to the prevailing conception that a low-grade systemic inflammation 
mediates the association of MetS with periodontium. Systemic inflammation has, indeed, been 
associated with MetS as a composite condition and with its individual components (Haffner 2003, 
Kirilmaz et al. 2010, Yudkin et al. 2004) and  ̶  in ‘a consistent and dose–dependent manner’ – with 
periodontitis (Pink et al. 2015). As to the biological pathways between the low-grade systemic 
inflammation and periodontitis, the detrimental effects of pro-inflammatory cytokines (Graves 2008, 
Passoja et al. 2011, Saxlin et al. 2009) and oxidative stress (Bullon et al. 2009) on periodontal tissues 
are well known. Our study showed associations specifically between long-term MetS (≥ 15 years) 
and BL ≥ 5 mm, a long-term measure of periodontal infection, suggesting that MetS could be a 
predisposing factor to alveolar bone loss.  

 

Several cross-sectional studies have reported stronger associations of MetS with periodontal 
pocketing (PD ≥ 4) mm in females than males (Andriankaja et al. 2010, Furuta et al. 2013, Kwon et al. 
2011, Tu et al. 2013), but so far no data exist of possible gender differences in the response of 
periodontal tissues to long-term metabolic burden. At ages 31 and 46, MetS was almost twice as 
prevalent in males than in females. Due to longer exposure by MetS in males, we expected gender 
differences and therefore stratified the sample by gender. Another explanation for the differences 
between genders could relate to life-style or health habits, which mask the true association of MetS 
with periodontal pocketing. Speculations on other reasons, such as a higher level of systemic 
inflammation due to abdominal obesity in females or the role of oestrogen in the inflammatory 
process have been previously presented by other authors (Andriankaja et al. 2010, Kwon et al. 
2011).  

 

To control for confounding in the studied associations we adjusted for potential confounding factors.  
Of the potential confounders, gender, smoking, education and dental visits were common 
denominators in common for MetS and the outcome variables. Regrettably we had no suitable data 
to study whether periodontal treatment had any effect on the studied associations. The previous 
means that we cannot definitely exclude the possibility of bias due to residual confounding. To avoid 
biases due to smoking (Hujoel et al. 2002), we also performed analyses among non-smokers. These 
analyses showed consistently stronger associations than in the total population, which supports the 
interpretation that the association is not a result of confounding due to smoking. Finally, in terms of 
confounding, the complexity of the relation between MetS and periodontitis should be kept in mind. 
Here we are making reference to ‘a vicious circle’ in which periodontal infection itself increases the 
risk for MetS (Morita et al. 2010).   

 

Our study includes several strengths; one of them is the life-long NFBC1966 survey data, which made 
it possible for us to determine the long-term exposure of MetS.  Importantly, the prevalence of MetS 
in the present study population was close to the levels reported in earlier national studies in Finland 
(Hu et al. 2008, Ilanne-Parikka et al. 2004). The accuracy of the clinical data is supported by the fact 
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that the strength of the association between MetS and periodontal infection at the age of 46 was on 
the level reported in earlier studies (Furuta et al. 2013, Kwon et al. 2011, Tu et al. 2013).  

 

Another strength was that we could use a long-term measure of periodontal infection (BL ≥ 5 mm) 
and relate it to the long-term exposure by MetS. From the methodological point of view, it was 
salient that the number of teeth at risk of periodontal infection was quite high and, notably, similar 
in individuals with and without MetS. This means that selective tooth loss may not have any 
essential effect on the results. Another methodological point was that we took into account possible 
systemic inflammation due to reasons other than MetS by excluding individuals with systemic 
inflammatory diseases. Lastly, we used continuous outcome variables (numbers of sites with PD ≥ 4 
mm and BL ≥ 5 mm) in the regression analyses to reduce misclassification of periodontal infection 
(Kwon et al. 2011).   

  

In the context of this study, we focused on MetS as one condition and defined its long-term duration 
based on the presence of any three of its components at ages 31 and 46. One shortcoming in this 
study  was that we could not determine the time of exposure by MetS more precisely. In our 
approach, an exposure of < 15 years meant that the conversion from a normal metabolic state to 
MetS occurred at an unknown point in time between the ages 31 and 46. Also, regarding the 
exposure of ≥ 15 years, we do not know, how long it took before the age of 31 that MetS manifested 
itself. The lack of periodontal follow-up data is due to the fact that the oral examination was 
included in the NFBC survey protocol for the first time when the cohort was 46 years old. This 
naturally prevented us from determining the effect of MetS on the true incidence of pocket 
formation and alveolar bone loss. Another shortcoming was the overall poor reproducibility of the 
periodontal and radiological data, which was no higher than moderate. The effect of the poor 
reproducibility is most likely towards zero, i.e. attenuating the observed association.  

 

To summarize, long-term exposure by MetS was associated independently and in an exposure–
dependent manner with periodontal disease parameters such as periodontal pockets and alveolar 
bone level.     
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Table 1. Basic characteristics of the study population; proportions/means and their standard 
deviations (SD) in the categories of sites with ≥ 4 mm periodontal pockets (PD) 

 Number of sites with PD ≥ 4 mm 
 
 

0
(n = 882) 

1–3
(n = 507) 

4–7 
(n = 173) 

≥ 8 
(n = 192) 

Gender, % (n = 1754)
  Males 40.5 50.5 

 
53.2 

 
62.0 

Education, % (n = 1652)
  Basic 
  Intermediate 
  Higher 

31.7 
46.4 
21.8 

41.4 
41.0 
17.5 

 
47.2 
39.8 
13.0 

 
62.2 
31.7 
6.1 

Number of teeth mean (SD) (n = 1754) 26.8 (1.9) 26.6 (1.9) 26.6 (2.3) 26.2 (2.6)
Number of teeth with plaque, mean (SD) (n = 1754) 5.3 (6.0) 6.4 (6.3) 7.8 (7.0) 9.8 (7.8)
Smoking history, % (n = 1691) 
  Never smokers 
  Former smokers 
  Current smokers 

60.4 
24.4 
15.2 

56.5 
25.6 
17.9 

 
39.9 
28.2 
31.9 

 
31.7 
29.0 
39.3 

Toothbrushing frequency, % (n = 1702) 
  Twice a day or more 
  Once a day 
  Less frequently 

72.3 
25.6 
2.1 

65.1 
33.3 
1.6 

 
62.2 
36.0 
1.8 

 
50.8 
42.1 
7.1 

Most recent dental visit, % (n = 1704) 
  Less than 1 year ago 
  1–2 years ago 
  ≥ 3 years ago  

59.6 
28.2 
12.2 

57.9 
27.2 
14.9 

 
55.4 
22.6 
22.0 

 
46.7 
28.8 
24.5 

Frequency of physical exercise, % (n = 1679)
  2–3 times a month or less frequently 
  Once a week 
  2–3 times a week 
  Daily or 4–6 times a week 

23.1 
21.0 
37.6 
18.2 

26.3 
21.0 
37.9 
14.8 

 
29.8 
21.7 
32.9 
15.5 

 
34.8 
21.0 
29.8 
14.4 

Alcohol consumption, % (n = 1703) 
  0 g / day 
  < 3.0 g / day 
  ≥ 3.0–11.1 g /day 
  > 11.1 g / day  

11.0 
31.4 
30.5 
27.0 

11.1 
31.8 
28.5 
28.5 

 
7.3 

25.0 
26.2 
41.5 

 
7.7 

25.1 
30.1 
37.2 

MetS, % (n = 1465) 
  No Mets at 31 yrs / no MetS at 46 yrs  
  No MetS at 31 yrs / MetS at 46 yrs 
  MetS at 31 yrs / no Mets at 46 yrs 
  MetS at 31 yrs / MetS at 46 yrs 

76.0 
15.5 
3.9 
4.6 

73.6 
16.0 
4.5 
6.0 

66.7 
17.7 
5.7 
9.9 

 
67.7 
20.5 
1.9 
9.9 

Prevalence of MetS at 31 yrs, % (n = 1465) 8.5 10.5 15.6 11.8
Prevalence of MetS at 46 yrs, % (n = 1754) 19.8 21.3 28.9 30.7

MetS, metabolic syndrome. 
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Table 2. Basic characteristics of the study population; proportions/means and their standard 
deviations (SD) in the categories of sites with ≥ 5 mm alveolar bone level (BL) 

 Number of sites with BL ≥ 5 mm 
 
 

0
(n = 778) 

1–3
(n = 671) 

4–7 
(n = 106) 

≥ 8 
(n = 29) 

Gender, % (n = 1584)
  Males 43.6 50.8 

 
59.4 

 
69.0 

Education, % (n = 1493)
  Basic 
  Intermediate 
  Higher 

35.7 
42.7 
21.7 

42.1 
43.5 
14.4 

 
44.4 
44.4 
11.1 

 
60.7 
28.6 
10.7 

Number of teeth, mean (SD) (n = 1571) 26.8 (1.8) 26.6 (2.2) 26.5 (1.9) 25.6 (2.4)
Number of teeth with plaque, mean (SD) (n = 1562) 5.9 (6.5) 6.5 (6.5) 6.8 (6.6) 6.1 (5.8)
Smoking history, % (n = 1526) 
  Never smokers 
  Former smokers 
  Current smokers 

60.8 
23.0 
16.2 

49.9 
28.0 
22.1 

 
42.6 
27.7 
29.7 

 
22.2 
18.5 
59.3 

Toothbrushing frequency, % (n = 1538) 
  Twice a day or more 
  Once a day 
  Less frequently 

68.5 
29.4 
2.1 

66.7 
30.7 
2.6 

 
64.0 
33.0 
3.0 

 
60.7 
25.0 
14.3 

Most recent dental visit, % (n = 1535) 
  Less than 1 year ago 
  1–2 years ago 
  ≥ 3 years ago  

60.1 
27.0 
12.9 

52.2 
29.2 
18.6 

 
63.5 
23.1 
13.5 

 
64.3 
17.9 
17.9 

Frequency of physical exercise, %  
(n = 1518) 
  2–3 times a month or less frequently 
  Once a week 
  2–3 times a week 
  Daily or 4–6 times a week 

 
25.6 
20.5 
36.4 
17.5 

 
26.5 
21.7 
36.3 
15.6 

 
 

31.3 
17.2 
32.3 
19.2 

 
 

44.4 
22.2 
22.2 
11.1 

Alcohol consumption, % (n = 1539) 
  0 g / day 
  < 3.0 g / day 
  ≥ 3.0–11.1 g /day 
  > 11.1 g / day 

12.0 
30.7 
30.9 
26.4 

10.3 
29.9 
28.2 
31.6 

 
5.0 

26.7 
27.7 
40.6 

 
0.0 

21.4 
14.3 
64.3 

MetS, % (n = 1316) 
  No Mets at 31 yrs / no MetS at 46 yrs  
  No MetS at 31 yrs / MetS at 46 yrs 
  MetS at 31 yrs / no Mets at 46 yrs 
  MetS at 31 yrs / MetS at 46 yrs  

72.8 
17.0 
4.3 
5.9 

75.0 
14.6 
4.5 
5.8 

 
69.6 
17.4 
2.2 

10.9 

 
60.0 
28.0 
0.0 

12.0 
Prevalence of MetS at 31 yrs, % (n = 1316) 10.2 10.3 13.0 12.0
Prevalence of MetS at 46 yrs, % (n = 1584) 23.5 20.0 29.2 34.5

MetS, metabolic syndrome. 
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Table 3. Basic characteristics of the study population; proportions/means and their standard 
deviations (SD) in subjects with no metabolic syndrome (MetS), with MetS < 15 years and with MetS 
≥ 15 years 

 
 

No Mets 
 

(n = 1102) 

MetS 
< 15 years 
(n = 243) 

MetS  
≥ 15 years 

(n = 91) 
Gender, %  
  Males 40.8 58.8 

 
64.8 

Education, %  
  Basic 
  Intermediate 
  Higher 

36.1 
44.4 
19.5 

48.1 
39.8 
12.1 

 
48.8 
42.9 
8.3 

Smoking history, %  
  Never smokers 
  Former smokers 
  Current smokers 

58.4 
24.1 
17.5 

43.8 
32.3 
23.8 

 
49.2 
28.8 
22.0 

Toothbrushing frequency, %  
  Twice a day or more 
  Once a day 
  Less frequently 

70.8 
27.6 
1.6 

62.3 
34.7 
3.0 

 
50.8 
44.1 
5.1 

Most recent dental visit, %  
  Less than 1 year ago 
  1–2 years ago 
  ≥ 3 years ago 

57.9 
27.5 
14.6 

61.4 
26.3 
12.3 

 
53.4 
25.0 
21.6 

Frequency of physical exercise, %  
  2–3 times a month or less frequently 
  Once a week 
  2–3 times a week 
  Daily or 4–6 times a week 

23.5 
18.6 
37.9 
19.9 

28.9 
25.0 
37.9 
8.2 

 
44.0 
19.0 
29.8 
7.1 

Alcohol consumption, %  
  0 g / day 
  < 3.0 g / day 
  ≥ 3.0–11.1 g /day 
  > 11.1 g / day 

10.3 
33.2 
30.8 
25.6 

8.9 
21.6 
25.4 
44.1 

 
11.6 
27.9 
20.9 
39.5 

Number of teeth, mean (SD)  26.7 (1.9) 26.6 (1.8) 26.1 (2.4) 
Number of teeth with plaque, mean (SD) 6.0 (6.5) 7.2 (6.9) 8.4 (7.7) 
BOP, % of sites, mean (SD)  27.5 (18.4) 30.4 (19.7) 36.1 (18.3) 
Number of sites with PD ≥ 4 mm, mean (SD) 2.6 (5.8) 3.6 (7.4) 4.6 (7.4) 
Number of sites with BL ≥ 5 mm, mean (SD) 1.2 (1.8) 1.3 (2.2) 1.5 (2.3) 
BOP, bleeding on probing; PD, periodontal pocket; BL, bone level. 
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Table 4. Metabolic syndrome (MetS) and its components at the age of 31 and 46 by gender 

 31 yrs 46 yrs 
 Males

(n = 845)
Females
(n = 946)

Males 
 (n = 845) 

Females 
 (n = 946) 

Prevalence of MetS, %
(n = 1496 at 31 yrs, n = 1791 at 46 yrs) 
 

14.1 6.7 28.9 16.5 

Waist circumference, % 
≥ 102 cm in males, ≥ 88 cm in females  
(n = 1438 at 31 yrs, n = 1786 at 46 yrs) 
 

8.8 15.5 30.8 
 

 
40.4 

BMI (kg/m2), %  
  < 25 
  25–29.9 
  ≥ 30 
(n = 1484 at 31 yrs, n = 1790 at 46 yrs) 
 

52.6 
40.6 
6.8 

69.4 
22.1 
8.5 

30.9 
50.3 
18.8 

 
47.1 
30.9 
22.0 

Triglycerides, %  
≥ 1.7 mmol/l or on drug treatment  
 (n = 1484 at 31 yrs, n = 1747 at 46 yrs) 
  

21.1 11.2 31.1 
 

 
12.6 

 

HDL cholesterol, %  
< 0.9 mmol/l in males,  
< 1.1 mmol/l in females or on drug treatment  
(n = 1484 at 31 yrs, n = 1739 at 46 yrs) 
 

 
2.3 

 

 
3.1 

 
7.5 

 
 

5.2 

Blood pressure, %  
≥ 130 mmHg / ≥ 85 mmHg or on drug treatment 
 (n = 1480 at 31 yrs, n = 1759 at 46 yrs) 
 

55.0 24.2 68.9 
 

48.2 

Glucose, %  
≥ 100 mg/dl or on drug treatment  
(n = 1475 at 31 yrs, n = 1572 at 46 yrs) 
 

51.9 29.4 48.8 
 

22.7 

BMI, body mass index (kg/m2); HDL, high-density lipoprotein. 
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Table 5. Association of MetS with the numbers of sites with ≥ 4 mm deep periodontal pockets (PD ≥ 
4 mm) and ≥ 5 mm alveolar bone level (BL ≥ 5 mm) in the total population and in the stratified 
samples of never smokers, males and females using Poisson regression models [relative risk (RR) 
with 95 % confidence interval (95 % CI)] 

 Total Never 
smokers 

Males Females 

 Unadjusted 
RR 

(95% CI) 

Adjusted 
RR1 

(95% CI) 

Adjusted 
RR2 

(95% CI) 

Adjusted 
RR3 

(95% CI) 

Adjusted 
RR3 

(95% CI) 
Metabolic status at age 31 years   

PD ≥ 4 mm 
No Mets (reference) 
MetS   

1 
1.5 (1.4–

1.6) 

1 
1.3 (1.2–

1.4) 

1 
1.4 (1.2–

1.7) 

 
1 

1.2 (1.1–
1.4) 

 
1 

1.3 (1.1–
1.5) 

BL ≥ 5 mm 
No Mets (reference) 
MetS  
 

1 
1.1 (0.9–

1.3) 
 

1 
1.0 (0.9–

1.2) 

1 
1.2 (0.9–

1.5) 

 
1 

1.2 (1.0–
1.5) 

 
1 

0.7 (0.5–
1.0) 

Metabolic status between ages 31 
and 46 years 

  

PD ≥ 4 mm 
No Mets (reference) 
4MetS < 15 years 
5MetS ≥ 15 years 

1 
1.5 (1.4–

1.6) 
2.4 (2.2–

2.7) 

1 
1.2 (1.1–

1.3) 
1.8 (1.6–

2.1) 

1 
1.3 (1.1–

1.5) 
2.2 (1.8–

2.7) 

 
1 

1.1 (1.0–
1.2) 

1.6 (1.4–
1.9) 

 
1 

1.3 (1.2–
1.5) 

2.8 (2.2–
3.4) 

BL ≥ 5 mm 
No Mets (reference) 
4MetS < 15 years 
5MetS ≥ 15 years 

 

1 
1.3 (1.1–

1.4) 
1.7 (1.5–

2.1) 

1 
1.1 (1.0–

1.3) 
1.5 (1.3–

1.9) 

1 
1.2 (0.9–

1.5) 
2.5 (1.8–

3.4) 

 
1 

1.2 (1.0–
1.4) 

1.7 (1.4–
2.1) 

 
1 

1.0 (0.8–
1.3) 

1.2 (0.8–
1.9) 

Metabolic status at age 46 years   
PD ≥ 4 mm 

No Mets (reference) 
MetS   

1 
1.8 (1.7–

1.9) 

1 
1.3 (1.2–

1.4) 

1 
1.7 (1.5–

1.9) 

 
1 

1.2 (1.1–
1.3) 

 
1 

1.7 (1.5–
1.9) 

BL ≥ 5 mm 
No Mets (reference) 
MetS 

1 
1.4 (1.2–

1.5) 

1 
1.2 (1.0–

1.3) 

1 
1.4 (1.2–

1.7) 

 
1 

1.1 (1.0–
1.3) 

 
1 

1.3 (1.0–
1.5) 

1Adjusted for gender, smoking, education, dental visits, number of teeth with plaque and number of 
tooth sites (offset). 

2 Adjusted for gender, education, dental visits and number of teeth with plaque and number of tooth 
sites (offset). 
3Adjusted for smoking, education, dental visits and number of teeth with plaque and number of 
tooth sites (offset). 
4No MetS at 31 years, manifest MetS at 46 years. 
5Manifest MetS at 31 and 46 years.  


