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According to the current literature, peri-
odontitis is associated with coronary 
heart disease (CHD)2 and cerebral ischae-
mia.3 Preterm low-weight birth, chronic 
obstructive pulmonary disease and erec-
tile dysfunction4 were also associated with 
periodontitis. 

A bi-directional association between 
periodontitis and diabetes mellitus (DM) 
has been established in the literature. DM 
adversely affects periodontal condition and 
periodontitis adversely affects glycaemic 
control, increasing the risk of complications 
in the diabetic patient.5 Hyperglycaemia 
and consequently advanced glycation 
endproducts (AGEs) induce oxidation 
stress. This oxidation stress contributes 
to chronic monocytic upregulation and 
secretion of cytokines (eg TNF- α , IL-1 
β  and IL-6) that involve infl ammation 
and destruction of the periodontium.5 
Blockade of AGE-receptors reduces the 
bacterial-induced alveolar bone loss in 
diabetic mice.6

Although the amplification effect 
between DM and periodontitis is well 
established,5 rarely studied is the rela-
tionship between periodontal condition 
and plasma glucose level in non-dia-
betic individuals. Katz et al.7 studied the 

INTRODUCTION
Periodontitis, a chronic infectious dis-
ease of the supporting tissues of the 
teeth, is caused by colonisation of the 
periodontal tissues by a complex mix of 
anaerobic, gram-negative bacteria and, 
to a lesser extent, gram-positive bacte-
ria. The inflammatory reaction causes 
slow progression of alveolar (periodontal) 
bone loss. If untreated, teeth lose their 
alveolar bone support, become mobile 
and eventually exfoliate. Periodontitis, a 
major cause of tooth loss among adults, 
results in reduced oral function and 
quality of life.1

An emerging concept in the dental liter-
ature is ‘periodontal medicine’, which deals 
with the association between periodontal 
infl ammation and systemic conditions. 

Objective  To determine whether there is an association between fasting plasma glucose level and periodontal condition in 
a non-diabetic male population. Methods  Data of periodic medical examinations of 815 non-diabetic male adults (mean 
age 38.1 ± 7.0 years) were analysed. Blood samples were drawn from each subject following a 14-hour fast. The distance 
between the cement-enamel-junction to alveolar bone crest was measured at inter-proximal sites on two standardised 
posterior bitewing radiographs. Results  Higher prevalence of alveolar bone loss was found among individuals with a 
fasting glucose level of ≥100 mg/dL than among individuals with <100 mg/dL (p = 0.032) and among individuals with BMI 
≥25 than among individuals with BMI <25 (p = 0.025). Associations were found between bone loss prevalence and serum 
triglyceride levels of ≥ 200mg/dL, total cholesterol level of ≥ 200mg/dL and LDL-cholesterol level of ≥130mg/dL (p = 0.010, 
p <0.001, p = 0.009, respectively). Conclusions  In the studied non-diabetic adult population, periodontal disease was as-
sociated with impaired glucose level. Periodontal disease could serve as a predictor for future diabetes mellitus, or play a 
possible role in the glucose imbalance and diabetes mellitus development. 

relationship between periodontal treatment 
needs as measured by the World Health 
Organisation’s CPITN method and plasma 
glucose level in a healthy adult popula-
tion. In their cohort, male individuals 
with greater periodontal treatment needs 
had an increased average fasting plasma 
glucose level (95.0 mg/dL) compared to 
individuals with reduced periodontal 
needs (91.49 mg glucose/dL, p <0.0001). 
The effect was pronounced, especially in 
individuals with body mass index (BMI) 
≥25 kg/m2. No such relationship between 
periodontal treatment need and glucose 
level was found in female adults.7 Since 
hyperlipidaemia was previously associated 
with periodontal infl ammation,8 it was 
postulated that the DM-related elevation 
in plasma triglycerides was the linkage 
between DM and alveolar bone destruc-
tion.7-9 However, it is controversial whether 
there is an association between periodon-
tal condition and metabolic syndrome 
and BMI.10,11

The aim of the present study was to fur-
ther examine the association between fast-
ing plasma glucose level and alveolar bone 
condition in a non-diabetic male popu-
lation. BMI, triglycerides and cholesterol 
levels were also examined. 
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• The fi rst report on the possible association 
between impaired glucose level and 
alveolar bone loss in non-diabetic adults.

• An association between periodontitis and 
high BMI, serum triglycerides, cholesterol 
and LDL-cholesterol levels is also reported.

• The fi ndings could imply a relationship 
between early alveolar bone loss and the 
development of metabolic syndrome.

• Periodontal disease could serve as a 
predictor for future metabolic illness.
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METHODS

Subjects

The Israel Defence Forces personnel older 
than 25 years of age are required to take 
periodic medical examinations at 3- to 
5-year intervals. Data of periodic exami-
nations of male adults were analysed. 

Measurement of 
metabolic parameters

Each subject completed a detailed ques-
tionnaire assessing demographic, nutri-
tional, lifestyle, and medical factors. Blood 
samples were drawn after a 14-hour fast 
and analysed. A trained medical techni-
cian measured height and weight, and a 
physician performed a complete physical 
examination. Individuals with pre-exist-
ing diagnosed DM and/or fasting glucose 
level >126 mg/dL were excluded from 
further analysis.

Assessment of 
periodontal condition

Measurements of the alveolar bone height 
were performed by two experienced den-
tists (YZ and RB) from two bilateral pairs 
of standardised posterior bitewing dental 
radiographs in each individual. The dis-
tance between the cement-enamel junc-
tion (CEJ) and the alveolar bone crest 
was measured at interproximal sites from 
the distal aspect of the fi rst premolars to 
the mesial aspect of the second molars. 
Measurements were made with the aid 
of a viewing box and a magnifying lens. 
For statistical analysis, periodontitis was 
defi ned when distance ≥6 mm  between 
CEJ and alveolar bone crest was meas-
ured in at least one site.12,13 The examiners 
were blinded to the metabolic values of 
the subjects at the time of alveolar bone 
evaluation. Disagreements were resolved 
by discussion. 

Statistical analysis
BMI was calculated by dividing the weight 

in kilograms by the square of the height 
in metres. Continuous variables were 
expressed by mean ± standard deviation. 
The Student’s t-test was used to compare 
the mean parametric variables between 
individuals with periodontitis and indi-
viduals without periodontitis. The χ2-test 
was used to compare the prevalence of 
non-parametric variables between these 

two groups. The χ2-test was also used to 
evaluate the statistical differences between 
alveolar bone loss by severity levels of 
metabolic values. Statistical signifi cance 
was accepted at the probability level of 
p <0.05. Data were analysed by SPSS 12.0 
(SPSS Inc., Chicago, IL, USA).

RESULTS
The analysis included 815 adults who met 
the inclusion criteria. The mean age (±SD) 
of subjects was 38.1 (±7.0) years. Fifty-fi ve 

(6.7%) subjects had ≥6 mm alveolar bone 
loss. Age was positively associated with 
alveolar bone loss (p <0.0001).

Individuals with fasting glucose level 
≥100 (but <126) mg/dL had a higher prev-
alence of bone loss ≥6 mm than other indi-
viduals (Fig. 1; p = 0.032). Other glucose 
cut levels (82, 87, 91 and 95 mg/dL) did 
not yield signifi cant differences in bone 
loss proportions. 

Individuals with BMI ≥ 25 kg/m2 had 
a higher prevalence of bone loss than 
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Fig. 1  Alveolar bone loss by fasting plasma glucose level*

Table 1  Prevalence of alveolar bone loss by levels of fasting serum triglycerides, (total) 
cholesterol, LDL and HDL cholesterol

Metabolic parameter Low High p value

Fasting serum triglycerides level

Values, mg/dL <200 ≥200

N* 672 117

Prevalence of bone loss ≥6 mm 6.1% 8.6% 0.010

Fasting (total) cholesterol level

Values, mg/dL <200 ≥200

N‡ 448 338

Prevalence of bone loss ≥6 mm 4.2% 9.5% <0.001

Fasting LDL cholesterol level

Values, mg/dL <130 ≥130

N§ 441 299

Prevalence of bone loss ≥6 mm 4.5% 7.7% 0.009

Fasting HDL cholesterol level

Values, mg/dL <60 ≥60

N|| 720 57

Prevalence of bone loss ≥6 mm 6.7% 5.3% 0.464

*Data of 26 subjects were missing.

‡Data of 29 subjects were missing.

§Data of 75 subjects were missing.

||Data of 38 subjects were missing.
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radiographs, as in the present study, is 
one of the most effective methods for sur-
veying periodontal disease in large-scale 
studies.12,13 The present study focused on 
male adults according the results of Katz 
et al.7  Moreover, alveolar bone loss was 
also related to BMI, serum triglyceride lev-
els, cholesterol and LDL-cholesterol levels. 
These parameters are components in the 
defi nition of metabolic syndrome, which 
include abdominal obesity, triglyceride 
level, cholesterol level, blood pressure, and 
fasting blood sugar level. It is possible that 
there is a relation between early alveolar 
bone loss and the development of meta-
bolic syndrome. 

A fasting plasma glucose level of 
>126 mg/dL has been used to diag-
nose DM. However, according to the 
Expert Committee on the Diagnosis and 
Classification of Diabetes Mellitus of 
the American Diabetes Association, an 
impaired fasting plasma glucose level of 
above 100 mg/dL is currently considered.19 
Elevated fasting plasma glucose level 
(≥100 mg/dL) in young adults may predict 
type 2 diabetes in older age, more than 
fasting plasma glucose level of <100 mg/
dL.20,21  The present results revealed a 
higher occurrence of alveolar bone loss in 
subjects with elevated (although still con-
sidered non-diabetic) fasting glucose level 
of ≥100 mg/dL. Thus, periodontal disease 
might serve as a predictor for future DM, or 
as a possible causative factor for impaired 
glucose balance and the development of 
DM. However, more longitudinal research 
is needed to evaluate the actual relation-
ship between these two situations.

The major limitation of this study was 
the studied military personnel cohort 

that may be considered representative of 
a unique group of healthy young men.22 
However, the characteristics of  the popu-
lation are strikingly similar to cohorts 
in other studies of young men, regard-
ing blood glucose, DM, and periodontal 
conditions.7,21 Another limitation was the 
number of subjects (n = 815) which did 
not enable further statistical analysis of 
the infl uence of confounders and co-fac-
tors. A larger-scale study with confounder 
analysis and a follow-up study in these 
subjects to examine whether periodontal 
disease is predisposed to older-age DM 
are warranted.

CONCLUSIONS
In this cross-sectional study, a signifi cant 
association was found between periodon-
tal infection-related bone loss and fasting 
glucose level among Israeli non-diabetic 
male adults. Moreover, alveolar bone loss 
was related to BMI, serum triglyceride lev-
els, cholesterol and LDL-cholesterol lev-
els, which are major components in the 
defi nition of metabolic syndrome. These 
fi ndings could imply that there is a rela-
tion between early alveolar bone loss and 
the development of metabolic syndrome. 
Further long-term longitudinal studies 
are warranted.
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