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Abstract
Objective To examine the association between periodontitis, diabetes, and prediabetes, assessed by fasting plasma glucose
(FPG).
Materials and methods Workers’ Oral Health Study is a cross-sectional survey conducted on a representative sample of the
Spanish employed population including 5154 participants (59.5%men, aged 16–65). Examination of periodontal status assessed
Community Periodontal Index (CPI) and clinical attachment levels (CAL). Biochemical determinations included fasting plasma
glucose (FPG), triglycerides, and total cholesterol. Logistic regression analysis with adjustment for potential confounders was
used to evaluate the association between periodontitis and abnormal glucose regulation.
Results Ninety-five participants (2.2%) of the study population had diabetes, while 373 (8.8%) presented prediabetes.
Prediabetes was not associated with CPI or CAL in fully adjusted multivariate logistic regressions models. Diabetes was
significantly associated with subjects having a CPI 4 after adjustment for potential confounders (odds ratio OR = 1.9, 95%
confidence interval (CI) 1.1–3.1). This association was stronger in subjects < 45 years (OR = 4.0, 95% CI 1.2–12.7).
Conclusion Periodontitis was associated with diabetes mellitus, but not with prediabetes, in a representative sample of the
Spanish employed population. The association was stronger for younger subjects, which emphasizes the need for early detection
of diabetes in younger patients affected by periodontitis, particularly because periodontal therapy may help to improve glycemic
control.
Clinical relevance Periodontitis is associated with diabetes mellitus, having at the same time a negative effect on glycemic
control. It is important to develop proper early diagnosis strategies for both conditions, particularly in young male adults.
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Introduction

Prediabetes (either impaired fasting glucose (IFG), impaired
glucose tolerance (IGT), or A1c levels of 5.7–6.4%) is a con-
dition currently relevant since there is evidence that it is a
strong predictor for future development of diabetes [1, 2].

Data on fasting glucose levels from epidemiologic studies
and surveys in 370 countries with approximately 2.7 million
participants have reported a clear global trend towards in-
creased glycemic levels since 1980 [3]. The International
Diabetes Federation (IDF) in its 2017 Diabetes Atlas has
projected that in 2045 the number of people with IGT, be-
tween 20 and 79 years, will increase to 587 million, or 8.3%
of the adult population [4]. In Spain, according to the
Di@bet.es study, almost 30% of the adult population has
some carbohydrate disturbance, with an overall prevalence
of diabetes mellitus of 13.8%, and with prevalence rates for
IFG and IGT of 3.4% and 9.2% respectively [5]. The health
implications of this increase are important since prediabetes
itself is not only associated with diabetes development, but it
has also been associated with higher frequency of cardiovas-
cular, renal, or neurologic complications [2, 6, 7].
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Concomitantly, National Health and Nutrition Examination
Survey (NHANES) 2009–2012 in the USA have reported an
estimated 46% prevalence of periodontitis in adults 30 years
or older, which represents 64.7 million subjects affected of
this disease in the USA, with 8.9% being severe periodontitis
[8]. Similarly, in Europe, it is estimated that around 50% of the
adult population suffers from some form of periodontitis, with
more than 10% affected by severe forms of the disease [9–11].
This high prevalence of the severe forms of the disease has
been regarded as an important public health problem, not only
for its oral implications (tooth loss and decreased masticatory
function) but also for its effects on the social and quality of life
of those affected [12, 13]. Moreover, severe periodontitis has
been associated with different chronic systemic inflammatory
diseases, such as diabetes. In fact, there is clear epidemiolog-
ical evidence on the association between periodontitis and
diabetes [14, 15] and on the negative effects of periodontitis
on glycemic control [16]. Furthermore, some of the biological
mechanisms by which periodontitis is a risk factor for the
onset of diabetes, its metabolic control, and the advent of
complications have been recently elucidated [17].

In spite of the clear association between severe periodonti-
tis as a significant risk factor for the development of diabetes
in previously non-diabetic subjects [18], the possible associa-
tion between periodontitis and prediabetes or prediabetes
states has not yet been elucidated. Although several cross-
sectional studies have reported a significant association be-
tween periodontitis and prediabetes [19–22], others did not
demonstrate this significance [23–26]. In the Study of
Health in Pomerania (SHIP) [25], a significant association
between periodontitis and edentulousness and poorly con-
trolled type 2 diabetes mellitus was reported, but not with
prediabetes or well-controlled diabetes.

The aim of this epidemiological investigation was to study
the association between periodontitis and prediabetes in a rep-
resentative sample of the Spanish employed population. This
study was part of a wider survey, WORALTH (Workers’ Oral
Health), studying the oral health status and oral health care
needs of the Spanish adult employed population [11].

Material and methods

Study design

WORALTH Study is an oral epidemiological survey using the
WHO criteria for oral health surveys [27] that was conducted
on a representative sample of the Spanish employed popula-
tion, from April 2008 to June 2011. The specific epidemio-
logical methodology of this survey was detailed in the previ-
ous publication reporting the periodontal data [11]. In brief,
workers were examined during their regulated annual health
evaluation within the context of a broader epidemiological

study of cardiovascular risk assessment comprising a struc-
tured interview, physical examination, and laboratory determi-
nations (ICARIA, Ibermutuamur CArdiovascular RIsk
Assessment) [28–31].

After applying a proportionate stratified random sampling
method according to the geographical area, age, and gender of
workers, 5130 subjects were included in the oral health exam-
ination, after excluding 47 subjects who refused to attend the
oral examinations and 24 fully edentulous subjects (Fig. 1).
The sample size of each stratum had been previously defined
in relation with the Spanish Labour Force Survey, 2nd quarter
[32], and the protocol had been reviewed and approved by
Ibermutuamur Ethics Committee.

Socio-demographic and behavioral variables

These variables were obtained from the medical examination
(age, gender, smoking status) and the questionnaire of oral
health (country of origin, education and income levels, dental
visits). Subjects were stratified in different categories accord-
ing to the different variables:

& Age: under 25 years old, 25–34 years, 35–44 years, 45–
54 years, and 55 years or older.

& Smoking habits: never, former (who quit at least
12 months ago), and current smokers.

& Country of origin: from Spain and Bother countries^.
& Occupation: white-collar (non-manual occupations) and

blue-collar (manual occupations)
& Education level: low (primary school), medium (second-

ary school), or high (university).
& Income level (based on the net income of the family unit):

≤ 1200 euro/month, 1200–3600 euro/month, and > 3600
euro/month.

& Visits to the dentist: regular visits (at least once during the
previous year) and irregular

General health conditions

Data from physical examinations included weight, height,
waist circumference, and two measures of blood pressure.
Body mass index (BMI) was calculated and stratified in
three groups: obese (≥ 30 kg/m2), overweight (25–29 kg/
m2), and normal (< 25 kg/m2). Waist circumference (WC)
was measured while the subject was standing, using the
midpoint between the lowest rib and the iliac crest as a
reference, and subjects were stratified in Normal (<
94 cm in males and < 80 cm in females), High (≥ 94 cm
in males and ≥ 80 cm in females), and Very High (≥ 102 cm
in males and ≥ 88 cm in females) [33].
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Biochemical analysis

Analyses were carried out in reference laboratories using stan-
dard protocols and following Spanish Society of Clinical
Biochemistry andMolecular Pathology’s (SEQC) quality con-
trol recommendations. The variation coefficient for the main
serum analyses was within the range accepted by the SEQC
[34].

Subjects were advised to fast 12 h prior to the blood anal-
ysis. The biochemical determinations included fasting plasma
glucose (FPG), triglycerides, total cholesterol, and high-
density lipoprotein (HDL)-cholesterol. Low-density lipopro-
tein (LDL)-cholesterol was also calculated using Friedewald’s
equation [35].

According to the FPG, subjects were categorized into three
groups [36]:

& Normal glucose level: FPG < 100 mg/dL (5.6 mmol/L)
& Prediabetes: FPG ≥ 100 but < 126 mg/dL (7.0 mmol/L)
& Diabetes: (i) FPG ≥ 126 mg/dL, (ii) were taking medica-

tion for diabetes, or (iii) they had a prior diagnosis of
diabetes

Oral and periodontal examination

Following theWHO criteria [27], periodontal conditions were
assessed by the Community Periodontal Index (CPI) and clin-
ical attachment levels (CAL). The ten index teeth were
assessed at three buccal sites (mesiobuccal, midbuccal,
distobuccal) and three lingual sites (mesiolingual, midlingual,

distolingual), and the highest value was recorded at each sex-
tant. Training and calibration sessions were conducted by an
experienced WHO epidemiologist, and crossed-examinations
with gold standard were carried out to determine the degree of
inter-examiner agreement. Calibration data was provided in
the previous publication [11].

Data analysis

Participants were excluded from analyses in case of missing
data on fasting plasma glucose (n = 913). The final analyses
included 4241 participants, of which 4222 received a peri-
odontal examination.

Descriptive statistics were calculated by categories of FPG
(normal glucose level, prediabetes, and diabetes). Three sets
of binomial logistic regression analyses were carried out with
the following dependent variables: (i) subjects who had as
highest code CPI 4, (ii) subjects with CAL ≥ 6 mm, and (iii)
subjects with ≤ 15 missing teeth versus subjects with ≥ 16
missing teeth. The independent variable was glucose regula-
tion (diabetes mellitus, prediabetes, and normal glucose regu-
lation as the reference category). For each of the three sets of
logistic regression analyses, three different models are pre-
sented as follows: (i) an unadjusted model; (ii) a model ad-
justed for age and sex; and (iii) a model adjusted for age, sex,
occupation, education, smoking, BMI, waist circumference,
triglycerides, total cholesterol, systolic/diastolic blood pres-
sure, and frequency of dental attendance.

The analyses were carried out using STATA version 13.1
with SVY package (StataCorp, College Station, TX, USA).

Subjects selected for the oral 
health examina�on

(n = 5201)

Subjects included in the oral health examina�on
(n = 5154)

Subjects with FPG data (missing teeth analysis)
(n = 4241)

Subjects with missing 
data on FPG

(n = 913)

Subjects receiving a periodontal examina�on (CPI and 
CAL analyses)

(n = 4222)

Edentulous Subjects 
(n=19)

Subjects refusing to 
a�end the oral health 

examina�on
(n = 47)

Fig. 1 Flow-chart of the subjects
included/excluded in the
WORALTH study and in the
glycemic control analysis. FPG
fasting plasma glucose, CPI
Community Periodontal Index,
CAL clinical attachment loss
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Results

The sample consisted of 60.58% males with a mean age of
38.69 years (standard deviation (SD) 10.89). In Table 1, the
characteristics of the participants were described according to
the pre-established fasting glucose level categories. Ninety-

five participants had diabetes (2.24%) and 373 IFG (8.80%).
Unadjusted comparisons showed that age, gender (male), ed-
ucational level, occupation (white collar/blue collar), smoking
habit, BMI, waist circumference, triglycerides, total cholester-
ol, and systolic/diastolic blood pressure were associated with
poorer glucose regulation.

Table 1 Characteristics of
participants by categories of
glucose regulation (N = 4241)

n Normal
glucose level

Prediabetes Diabetes p value

n (%) 4241 3773 (89.0%) 373 (8.8%) 95 (2.2%)

Gender < 0.001

Male 2569 2200 (85.6%) 281 (10.9%) 88 (3.4%)

Female 1672 1573 (94.1%) 92 (5.5%) 7 (0.4%)

Age (years) < 0.001

< 25 377 359 (95.2%) 18 (4.8%) 0 (0%)

25–34 1339 1272 (95.0%) 62 (4.6%) 5 (0.4%)

35–44 1239 1137 (91.8%) 89 (7.2%) 13 (1.1%)

45–54 862 705 (81.8%) 120 (13.9%) 37 (4.3%)

≥ 55 424 300 (70.8%) 84 (19.8%) 40 (9.4%)

Occupation < 0.001

White collar 2225 2028 (91.2%) 165 (7.5%) 32 (1.4%)

Blue collar 2016 1745 (86.6%) 208 (10.3%) 63 (3.1%)

Country of origin 0.065

Spain 3656 3252 (89.0%) 319 (8.7%) 85 (2.3%)

Others 436 400 (91.7%) 30 (6.9%) 6 (1.4%)

Education < 0.001

Primary school 1041 868 (83.4%) 124 (11.9%) 49 (4.7%)

Secondary school 1705 1543 (90.5%) 130 (7.6%) 32 (1.9%)

University 1345 1245 (92.6%) 90 (6.7%) 10 (0.7%)

Net income (monthly) 0.312

< 1200 € 1184 1055 (89.1%) 100 (8.5%) 29 (2.5%)

1201–3600 € 2138 1919 (89.8%) 179 (8.4%) 40 (1.9%)

> 3600€ 436 396 (90.83%) 32 (7.34%) 8 (1.83%)

Smoking Status 0.020

Non smoker 2017 1834 (90.9%) 157 (7.8%) 26 (1.3%)

Former smoker 593 487 (82.1%) 77 (13.0%) 29 (4.9%)

Smoker 1360 1208 (88.8%) 118 (8.7%) 34 (2.5%)

BMI (kg/m2) < 0.001

Normal 1908 1803 (94.5%) 94 (4.9%) 11 (0.6%)

Overweight 1617 1407 (87.0%) 168 (10.4%) 42 (2.6%)

Obese 687 537 (78.2%) 109 (15.9%) 41 (6.0%)

Waist circumference (cm) < 0.001

Normal 2270 2102 (92.6%) 143 (6.3%) 25 (1.1%)

High 996 885 (88.9%) 91 (9.1%) 20 (2.0%)

Very high 975 786 (80.6%) 139 (14.3%) 50 (5.1%)

Triglycerides (mg/dl) 4225 100.77 (69.92) 131.87 (124.63) 170.92 (114.87) < 0.001

Total cholesterol (mg/dl) 4212 194.42 (37.40) 211.67 (38.64) 212.72 (41.49) < 0.001

Systolic blood pressure (mmHg) 3943 119.31 (15.67) 131.09 (18.95) 139.01 (20.69) < 0.001

Diastolic blood pressure (mmHg) 3943 74.39 (10.69) 70.63 (11.58) 83.18 (11.18) < 0.001

BMI, body mass index
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In Table 2, the associations between the subject’s oral/
periodontal condition and glucose control were depicted.
Subjects with poorer glycemic control tended to present a
greater extent of attachment loss and a higher value of CPI
(p < 0.01). Also, the number of missing teeth or the frequency
of dental attendance was associated with altered glucose me-
tabolism (p < 0.01).

In unadjusted logistic regression models (Table 3, model
1), subjects with IFG or diabetes were significantly more like-
ly to have a CAL ≥ 6 mm and a CPI 4. A lower number of
teeth (≤ 12 teeth) also significantly correlated with abnormal
glucose regulation. When using age-sex-adjusted models
(model 2), these significant associations between periodontitis
and prediabetes and diabetes expressed diminished odds ratios
(ORs). In fact, prediabetes was not significantly associated
with periodontal destruction, defined either by CAL or CPI.
IFG was only significantly associated with presenting ≥ 16
missing teeth (OR = 1.91; 95% confidence interval (CI)
1.08–3.35). In fully adjusted models (model 3; adjusted for
age, sex, occupation, education, smoking, BMI, waist circum-
ference, triglycerides, total cholesterol, systolic/diastolic
blood pressure, and frequency of dental attendance), the
resulting ORs were further reduced for both prediabetes and
diabetes. In fact, the association between diabetes and CAL ≥
6 mm (OR = 0.95; 95% CI 0.52–1.72) and the presence of a
lower number of teeth (OR = 1.57; 95% CI 0.62–3.97) was
not significant. Only the association between diabetes and CPI
4 (OR = 1.86; 95% CI 1.13–3.07) remained statistically
significant.

After stratifying by sex and age (Table 4) and adjusting for
all potential confounders, subjects with CPI 4 were signifi-
cantly more likely to have diabetes in the < 45 years group
(OR = 3.97; 95% CI 1.24–12.68) than in the ≥ 45 years (OR =
1.69; 95% CI 0.99–2.90). In females, the presence of deep
periodontal pockets (CPI 4) was not significantly associated
with altered glucose levels. In males, the severity of periodon-
titis (CPI 4) increased in subjects with diabetes (OR = 1.88;
95% CI 1.12–3.16), but significant association was not found
for IFG.

Discussion

In this epidemiological survey of the Spanish employed pop-
ulation (WORALTH), diabetes mellitus was significantly as-
sociated with severe periodontitis (CPI 4) (OR = 1.86; 95% CI
1.13–3.07). Conversely, the association between prediabetes
(as defined by IFG) and periodontitis (assessed by CPI and
CAL) was not statistically significant.

Although some studies have reported a significant associ-
ation between periodontitis and prediabetes [19–22, 24],
others did not demonstrate a significant association, such as
the study of Health in Pomerania (SHIP) [25] using the Ta
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European Workshop in Periodontitis case definition [37] and
other measures of periodontitis (mean probing pocket depth
(PPD) and percentage of sites with CAL ≥ 4 mm). Also, in
agreement with the results from this investigation, Noack et al.
[23] in a cohort of 100 patients in Germany did not find sig-
nificant differences between the periodontal condition of sub-
jects with IGT and normal metabolic status.

Other cross-sectional and nationally representative sur-
veys, such as the National Health and Nutrition Examination
Survey (NHANES) in the USA or the KNHANES in South
Korea depicted inconclusive results. While data from
NHANES III (1988–1994) positively correlated IFG with
periodontitis measured by CAL and PPD [20], more recent
data derived from NHANES 2009–2010 and NHANES
2009–2012 failed to prove that periodontitis, as defined by
the Center for Disease Control/American Academy of
Periodontology (CDC/AAP) case definitions [38], was more
likely in people with IFG [24, 26]. On the contrary, data from
KNHANES 2012–2013 identified IFG as a risk indicator of
periodontitis (defined by a CPI ≥ 3), although just in its higher
range (111–125 mg/dl) [22]. Recently, a subgroup analysis of
a multi-center randomized controlled trial suggested that non-
surgical periodontal treatment may reduceHbA1c among peo-
ple with prediabetes [39]. However, other studies evaluating
the effect of scaling and root planing on the glycemic control
of patients with prediabetes reported inconsistent results [40,
41].

The present study demonstrated a significant association
between diabetes and periodontal condition (CPI 4), which
is in accordance with most of the published studies reporting
a significantly higher prevalence of severe periodontitis in

people with diabetes [42, 43]. Specifically, approximately
30% of people with diabetes had severe forms of periodontitis
[26]. Other studies also using CPI have reported similar re-
sults, with subjects with diabetes being approximately 1.5-
fold more likely to suffer from severe periodontitis, after the
adjusted logistic regression analysis [22]. Other studies have
evaluated the effect of glycemic control on the odds for having
periodontitis, with most of these studies reporting significant
associations between periodontitis and diabetes only in people
with uncontrolled diabetes [25, 26, 44]. In the present study, it
was not possible to evaluate the effect of glycemic control as
A1c data was not available, and single FPG measurements are

Table 3 Odds ratios (OR) and
95% confidence intervals (95%
CI) for different measures of
periodontitis and tooth loss by
categories of glucose regulation

Model 1 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% CI)

CPI code 4

Diabetes mellitus 4.73 (3.02–7.42) 1.93 (1.20–3.09) 1.86 (1.13–3.07)

Prediabetes 1.40 (1.00–1.96) 0.79 (0.56–1.12) 0.78 (0.54–1.13)

Normal glucose regulation 1 1 1

CAL ≥ 6 mm

Diabetes mellitus 3.53 (2.07–6.01) 1.13 (0.65–1.96) 0.95 (0.52–1.72)

Prediabetes 1.99 (1.41–2.80) 1.03 (0.71–1.47) 0.93 (0.63–1.38)

Normal glucose regulation 1 1 1

Missing teeth (≤ 15 vs ≥ 16)
Diabetes mellitus 5.15 (2.27–11.67) 2.02 (0.87–4.69) 1.57 (0.62–3.97)

Prediabetes 3.43 (1.99–5.90) 1.91 (1.08–3.35) 1.81 (0.98–3.35)

Normal glucose regulation 1 1 1

OR, odds ratio; CI, confidence interval; CPI, Community Periodontal Index; CAL, clinical attachment level

Model 1: crude ORs, no adjustment

Model 2: adjusted for age and sex

Model 3: adjusted for age, sex, occupation, education, smoking, BMI, waist circumference, triglycerides, total
cholesterol, and systolic/diastolic blood pressure

Table 4 Sex and age-stratified Odds Ratios (ORs) and 95% confidence
intervals (95% CI) for subjects with Community Periodontal Index (CPI)
code 4 by categories of glucose regulation

Subjects with CPI = 4
OR (95%CI)

Prediabetes Diabetes

Sex

Female 1.04 (0.45–2.40) 1.24 (0.13–11.61)

Male 0.74 (0.49–1.11) 1.88 (1.12–3.16)

Age

< 45 years 0.68 (0.29–1.59) 3.97 (1.24–12.68)

≥ 45 years 0.80 (0.53–1.22) 1.69 (0.99–2.90)

Logistic regressions were adjusted for age, sex, occupation, education,
smoking, body mass index (BMI), waist circumference, triglycerides,
total cholesterol, and systolic/diastolic blood pressure. Normal Glucose
Level served as reference category (OR = 1.00)
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not adequate to evaluate the metabolic control in diabetes
patients.

The strength of the associations between periodontal con-
dition and diabetes also varied among the published studies. In
the present investigation, the reported degree was weak (after
adjusting for confounders, there was a significant association
for CPI, but not for mean CAL or lower number of teeth). This
may be due to the low prevalence of diabetes in this sample
(2.24%), lower than the prevalence reported in other
population-based studies, such as NHANES 2009–2012 in
the USA (12.6%) or SHIP-Trend in Germany (11.8%) [25,
26]. The present study is restricted to the employed popula-
tion, with a mean age (38.8 years) and range (16–65 years)
relatively young, which may account for this low prevalence
of diabetes, since this disease prevalence significantly in-
creases with age. Indeed, diabetes prevalence in the entire
Spanish population is sixfold higher than the one presented
in this sample comprising just a working population.

Another possible explanation for the absence of an associ-
ation between periodontitis and CAL or lower number of teeth
underlies on the biological plausibility of the relationship.
Both the direct (bacteremia) and indirect (pro-inflammatory
cytokines) mechanisms proposed require the presence of an
ulcerated pocket epithelium. While CPI is related with the
probing pocket depth component, mean CAL and the number
of missing teeth could represent gingival recession or past
disease, without any impact on the periodontal inflamed sur-
face area (PISA) [45].

This study has also reported differences by sex and age,
with periodontitis being significantly associated with diabetes
in men, but not in women. Again, these results may have been
influenced by the low number of cases of females with diabe-
tes. Similar findings have been reported in NHANES 2009–
2012 [26]. Also, when different phenotypes of periodontitis
have been proposed based on gingival tissue transcriptomic
data, gender was an important independent risk factor for the
extent and severity of periodontitis [46]. In terms of age, this
study reported a stronger association between diabetes and
CPI 4 in adults < 45 years, which may imply a higher aggres-
siveness of the chronic inflammation secondary to periodon-
titis or diabetes.

The present study is not free of limitations. The study de-
sign is cross-sectional and, therefore, does not allow for a
causal or temporal relationship. The included population was
limited to employed subjects and did not include older adults,
which may reflect the quite low diabetes prevalence in the
study. What is more, a single fasting glucose test was per-
formed, while current standards for the diagnosis of diabetes
mellitus advise for repeated testing in absence of unequivocal
hyperglycemia [36]. As discussed previously, one limitation
of this study could emanate from the partial recording protocol
used [11]. CPI is not the gold standard in periodontal epide-
miology and has several limitations, although this method is

highly sensitive for prevalence estimates in presence of 4–
6 mm probing pocket levels (≥ 90%) [47].

The major strength of the study was the large, representa-
tive sample of the Spanish employed population since peri-
odontal and FPG data were available from 4222 subjects.

In conclusion, this epidemiological survey has found a sig-
nificant association between severe periodontitis (CPI 4) and
diabetes mellitus, especially in men and younger adults (<
45 years). Conversely, there was no significant association
between the periodontal health status and prediabetes
(assessed by IFG). The present findings highlight the impor-
tance of providing oral health education as well as regular
periodontal examinations to patients with diabetes. These rec-
ommendations are in agreement with the guidelines proposed
in the recent workshop on periodontal diseases and diabetes
organized by the International Diabetes Federation (IDF) and
the European Federation of Periodontology [48].

Funding This study was supported by Cualtis, previously named
Sociedad de Prevención de Ibermutuamur, a company that focuses spe-
cifically on preventing diseases and accidents, by monitoring and pro-
moting workers’ health. The authors were fully independent in preparing
the protocol, conducting the research, interpreting the results and prepar-
ing the manuscript.

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of
interests.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR,
Pratley R, Zinman B, American Diabetes A (2007) Impaired fasting
glucose and impaired glucose tolerance: implications for care.
Diabetes Care 30:753–759. https://doi.org/10.2337/dc07-9920

2. Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M
(2012) Prediabetes: a high-risk state for diabetes development.
Lancet 379:2279–2290. https://doi.org/10.1016/S0140-6736(12)
60283-9

3. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan MJ, Paciorek
CJ, Lin JK, Farzadfar F, Khang YH, Stevens GA, Rao M, Ali MK,
Riley LM, Robinson CA, Ezzati M, Global Burden of Metabolic
Risk Factors of Chronic Diseases Collaborating G (2011) National,
regional, and global trends in fasting plasma glucose and diabetes
prevalence since 1980: systematic analysis of health examination
surveys and epidemiological studies with 370 country-years and 2.7

Clin Oral Invest

https://doi.org/10.2337/dc07-9920
https://doi.org/10.1016/S0140-6736(12)60283-9
https://doi.org/10.1016/S0140-6736(12)60283-9


million participants. Lancet 378:31–40. https://doi.org/10.1016/
S0140-6736(11)60679-X

4. Federation ID (2017) IDF diabetes atlas. Brussels, Belgium
5. Soriguer F, Goday A, Bosch-Comas A, Bordiu E, Calle-Pascual A,

Carmena R, Casamitjana R, Castano L, Castell C, Catala M,
Delgado E, Franch J, Gaztambide S, Girbes J, Gomis R, Gutierrez
G, Lopez-Alba A, Martinez-Larrad MT, Menendez E, Mora-Peces
I, Ortega E, Pascual-Manich G, Rojo-Martinez G, Serrano-Rios M,
Valdes S, Vazquez JA, Vendrell J (2012) Prevalence of diabetes
mellitus and impaired glucose regulation in Spain: the Di@bet.es
study. Diabetologia 55:88–93. https://doi.org/10.1007/s00125-011-
2336-9

6. Fonseca VA (2009) Defining and characterizing the progression of
type 2 diabetes. Diabetes Care 32(Suppl 2):S151–S156. https://doi.
org/10.2337/dc09-S301

7. Shaye K, Amir T, Shlomo S, Yechezkel S (2012) Fasting glucose
levels within the high normal range predict cardiovascular outcome.
Am Heart J 164:111–116. https://doi.org/10.1016/j.ahj.2012.03.
023

8. Eke PI, Dye BA, Wei L, Slade GD, Thornton-Evans GO,
Borgnakke WS, Taylor GW, Page RC, Beck JD, Genco RJ
(2015) Update on prevalence of periodontitis in adults in the
United States: NHANES 2009 to 2012. J Periodontol 86:611–
622. https://doi.org/10.1902/jop.2015.140520

9. Konig J, Holtfreter B, Kocher T (2010) Periodontal health in
Europe: future trends based on treatment needs and the provision
of periodontal services–position paper 1. Eur J Dent Educ 14(Suppl
1):4–24. https://doi.org/10.1111/j.1600-0579.2010.00620.x

10. Schutzhold S, Kocher T, Biffar R, Hoffmann T, Schmidt CO,
Micheelis W, Jordan R, Holtfreter B (2015) Changes in prevalence
of periodontitis in two German population-based studies. J Clin
Periodontol 42:121–130. https://doi.org/10.1111/jcpe.12352

11. Carasol M, Llodra JC, Fernandez-Meseguer A, Bravo M, Garcia-
Margallo MT, Calvo-Bonacho E, Sanz M, Herrera D (2016)
Periodontal conditions among employed adults in Spain. J Clin
Periodontol 43:548–556. https://doi.org/10.1111/jcpe.12558

12. Tonetti MS, Jepsen S, Jin L, Otomo-Corgel J (2017) Impact of the
global burden of periodontal diseases on health, nutrition and
wellbeing of mankind: a call for global action. J Clin Periodontol
44:456–462. https://doi.org/10.1111/jcpe.12732

13. Montero J, Yarte JM, Bravo M, Lopez-Valverde A (2011) Oral
health-related quality of life of a consecutive sample of Spanish
dental patients. Med Oral Patol Oral Cir Bucal 16:e810–e815

14. Borgnakke WS, Ylostalo PV, Taylor GW, Genco RJ (2013) Effect
of periodontal disease on diabetes: systematic review of epidemio-
logic observational evidence. J Clin Periodontol 40(Suppl 14):
S135–S152. https://doi.org/10.1111/jcpe.12080

15. Chapple IL, Genco R (2013) Diabetes and periodontal diseases:
consensus report of the Joint EFP/AAP Workshop on
Periodontitis and Systemic Diseases. J Clin Periodontol 40(Suppl
14):S106–S112. https://doi.org/10.1111/jcpe.12077

16. Graziani F, Gennai S, Solini A, Petrini M (2018) A systematic
review and meta-analysis of epidemiologic observational evidence
on the effect of periodontitis on diabetes an update of the EFP-AAP
review. J Clin Periodontol 45:167–187. https://doi.org/10.1111/
jcpe.12837

17. Polak D, Shapira L (2018) An update on the evidence for patho-
genic mechanisms that may link periodontitis and diabetes. J Clin
Periodontol 45:150–166. https://doi.org/10.1111/jcpe.12803

18. Demmer RT, Desvarieux M, Holtfreter B, Jacobs DR Jr,
Wallaschofski H, Nauck M, Volzke H, Kocher T (2010)
Periodontal status and A1C change: longitudinal results from the
study of health in Pomerania (SHIP). Diabetes Care 33:1037–1043.
https://doi.org/10.2337/dc09-1778

19. Saito T, Shimazaki Y, Kiyohara Y, Kato I, KuboM, IidaM, Koga T
(2004) The severity of periodontal disease is associated with the

development of glucose intolerance in non-diabetics: the Hisayama
study. J Dent Res 83:485–490

20. Choi YH, McKeown RE, Mayer-Davis EJ, Liese AD, Song KB,
Merchant AT (2011) Association between periodontitis and im-
paired fasting glucose and diabetes. Diabetes Care 34:381–386.
https://doi.org/10.2337/dc10-1354

21. Lalla E, Cheng B, Kunzel C, Burkett S, Ferraro A, Lamster IB
(2015) Six-month outcomes in dental patients identified with
hyperglycaemia: a randomized clinical trial. J Clin Periodontol
42:228–235. https://doi.org/10.1111/jcpe.12358

22. Hong JW, Noh JH, Kim DJ (2016) The prevalence and associated
factors of periodontitis according to fasting plasma glucose in the
Korean adults: the 2012-2013 Korea National Health and Nutrition
Examination Survey. Medicine (Baltimore) 95:e3226. https://doi.
org/10.1097/MD.0000000000003226

23. Noack B, Jachmann I, Roscher S, Sieber L, Kopprasch S, Luck C,
Hanefeld M, Hoffmann T (2000) Metabolic diseases and their pos-
sible link to risk indicators of periodontitis. J Periodontol 71:898–
903. https://doi.org/10.1902/jop.2000.71.6.898

24. Arora N, Papapanou PN, RosenbaumM, Jacobs DR Jr, Desvarieux
M, Demmer RT (2014) Periodontal infection, impaired fasting glu-
cose and impaired glucose tolerance: results from the Continuous
National Health and Nutrition Examination Survey 2009-2010. J
Clin Periodontol 41:643–652. https://doi.org/10.1111/jcpe.12258

25. Kowall B, Holtfreter B, Volzke H, Schipf S,Mundt T, RathmannW,
Kocher T (2015) Pre-diabetes and well-controlled diabetes are not
associated with periodontal disease: the SHIP Trend Study. J Clin
Periodontol 42:422–430. https://doi.org/10.1111/jcpe.12391

26. Eke PI, Wei L, Thornton-Evans GO, Borrell LN, Borgnakke WS,
Dye B, Genco RJ (2016) Risk indicators for periodontitis in US
adults: NHANES 2009 to 2012. J Periodontol 87:1174–1185.
https://doi.org/10.1902/jop.2016.160013

27. WHO (1997) Oral health surveys: basic methods. World Health
Organization, Geneva

28. Sanchez-Chaparro MA, Roman-Garcia J, Calvo-Bonacho E,
Gomez-Larios T, Fernandez-Meseguer A, Sainz-Gutierrez JC,
Cabrera-Sierra M, Garcia-Garcia A, Rueda-Vicente J, Galvez-
Moraleda A, Gonzalez-Quintela A (2006) Prevalence of cardiovas-
cular risk factors in the Spanish working population. Rev Esp
Cardiol 59:421–430

29. Sanchez-Chaparro MA, Calvo-Bonacho E, Gonzalez-Quintela A,
Fernandez-Labandera C, Cabrera M, Sainz JC, Fernandez-
Meseguer A, Banegas JR, Ruilope LM, Valdivielso P, Roman-
Garcia J, Ibermutuamur Cardiovascular Risk Assessment Study G
(2008) Occupation-related differences in the prevalence of metabol-
ic syndrome. Diabetes Care 31:1884–1885. https://doi.org/10.2337/
dc08-0431

30. Valdivielso P, Sanchez-Chaparro MA, Calvo-Bonacho E, Cabrera-
Sierra M, Sainz-Gutierrez JC, Fernandez-Labandera C, Fernandez-
Meseguer A, Quevedo-Aguado L, Moraga MR, Galvez-Moraleda
A, Gonzalez-Quintela A, Roman-Garcia J, group Is (2009)
Association of moderate and severe hypertriglyceridemia with obe-
sity, diabetes mellitus and vascular disease in the Spanish working
population: results of the ICARIA study. Atherosclerosis 207:573–
578. https://doi.org/10.1016/j.atherosclerosis.2009.05.024

31. Sanchez-Chaparro MA, Calvo Bonacho E, Gonzalez Quintela A,
Cabrera M, Sainz JC, Fernandez-Labander C, Quevedo-Aguado L,
Gelpi JA, Fernandez Meseguer A, Brotons C, de Teresa E,
Gonzalez Santos P, Roman Garcia J, Icaria Study Group (2011)
High cardiovascular risk in Spanish workers. Nutr Metab
Cardiovasc Dis 21:231–236. https://doi.org/10.1016/j.numecd.
2009.10.001

32. Estadística INd (2008) Encuesta de Población Activa 2° Trimestre
(EPA 2008TII). Book title., Available at: http://www.ine.es/daco/
daco42/daco4211/epa0208.pdf [Accessed 15 March 2015]

Clin Oral Invest

https://doi.org/10.1016/S0140-6736(11)60679-X
https://doi.org/10.1016/S0140-6736(11)60679-X
https://doi.org/10.1007/s00125-011-2336-9
https://doi.org/10.1007/s00125-011-2336-9
https://doi.org/10.2337/dc09-S301
https://doi.org/10.2337/dc09-S301
https://doi.org/10.1016/j.ahj.2012.03.023
https://doi.org/10.1016/j.ahj.2012.03.023
https://doi.org/10.1902/jop.2015.140520
https://doi.org/10.1111/j.1600-0579.2010.00620.x
https://doi.org/10.1111/jcpe.12352
https://doi.org/10.1111/jcpe.12558
https://doi.org/10.1111/jcpe.12732
https://doi.org/10.1111/jcpe.12080
https://doi.org/10.1111/jcpe.12077
https://doi.org/10.1111/jcpe.12837
https://doi.org/10.1111/jcpe.12837
https://doi.org/10.1111/jcpe.12803
https://doi.org/10.2337/dc09-1778
https://doi.org/10.2337/dc10-1354
https://doi.org/10.1111/jcpe.12358
https://doi.org/10.1097/MD.0000000000003226
https://doi.org/10.1097/MD.0000000000003226
https://doi.org/10.1902/jop.2000.71.6.898
https://doi.org/10.1111/jcpe.12258
https://doi.org/10.1111/jcpe.12391
https://doi.org/10.1902/jop.2016.160013
https://doi.org/10.2337/dc08-0431
https://doi.org/10.2337/dc08-0431
https://doi.org/10.1016/j.atherosclerosis.2009.05.024
https://doi.org/10.1016/j.numecd.2009.10.001
https://doi.org/10.1016/j.numecd.2009.10.001
http://www.ine.es/daco/daco42/daco4211/epa0208.pdf
http://www.ine.es/daco/daco42/daco4211/epa0208.pdf


33. WHO (2000) Global strategy for the prevention and control of
noncommunicable diseases. World Health Organization (WHO),
Geneva

34. Sacks DB, ArnoldM, Bakris GL, Bruns DE, Horvath AR, Kirkman
MS, Lernmark A, Metzger BE, Nathan DM (2011) Guidelines and
recommendations for laboratory analysis in the diagnosis and man-
agement of diabetes mellitus. Clin Chem 57:e1–e47. https://doi.org/
10.1373/clinchem.2010.161596

35. Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of the
concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin Chem 18:499–
502

36. American Diabetes A (2014) Diagnosis and classification of diabe-
tes mellitus. Diabetes Care 37(Suppl 1):S81–S90. https://doi.org/
10.2337/dc14-S081

37. Tonetti MS, Claffey N, European Workshop in Periodontology
group C (2005) Advances in the progression of periodontitis and
proposal of definitions of a periodontitis case and disease progres-
sion for use in risk factor research. Group C consensus report of the
5th European Workshop in Periodontology. J Clin Periodontol 32:
210–213. https://doi.org/10.1111/j.1600-051X.2005.00822.x

38. Eke PI, Dye BA, Wei L, Thornton-Evans GO, Genco RJ (2012)
Prevalence of periodontitis in adults in the United States: 2009 and
2010. J Dent Res 91:914–920. https://doi.org/10.1177/
0022034512457373

39. Kocher T, Holtfreter B, Petersmann A, Eickholz P, Hoffmann T,
Kaner D, Kim TS, Meyle J, Schlagenhauf U, Doering S,
Gravemeier M, Prior K, Rathmann W, Harks I, Ehmke B, Koch R
(2018) Effect of periodontal treatment on HbA1c among patients
with prediabetes. J Dent Res 22034518804185:171–179. https://
doi.org/10.1177/0022034518804185

40. Javed F, Ahmed HB, Mehmood A, Bain C, Romanos GE (2014)
Effect of nonsurgical periodontal therapy (with or without oral
doxycycline delivery) on glycemic status and clinical periodontal
parameters in patients with prediabetes: a short-term longitudinal
randomized case-control study. Clin Oral Investig 18:1963–1968.
https://doi.org/10.1007/s00784-014-1185-6

41. Alshehri FA, Javed F (2015) Impact of scaling and root planing on
clinical periodontal status and glycemic levels in prediabetic pa-
tients. Interv Med Appl Sci 7:17–21. https://doi.org/10.1556/
IMAS.6.2014.004

42. Nelson RG, Shlossman M, Budding LM, Pettitt DJ, Saad MF,
Genco RJ, Knowler WC (1990) Periodontal disease and NIDDM
in Pima Indians. Diabetes Care 13:836–840

43. Emrich LJ, Shlossman M, Genco RJ (1991) Periodontal disease in
non-insulin-dependent diabetes mellitus. J Periodontol 62:123–131

44. Demmer RT, Squillaro A, Papapanou PN, Rosenbaum M,
Friedewald WT, Jacobs DR Jr, Desvarieux M (2012) Periodontal
infection, systemic inflammation, and insulin resistance: results
from the continuous National Health and Nutrition Examination
Survey (NHANES) 1999-2004. Diabetes Care 35:2235–2242.
https://doi.org/10.2337/dc12-0072

45. Nesse W, Abbas F, van der Ploeg I, Spijkervet FK, Dijkstra PU,
Vissink A (2008) Periodontal inflamed surface area: quantifying
inflammatory burden. J Clin Periodontol 35:668–673. https://doi.
org/10.1111/j.1600-051X.2008.01249.x

46. Kebschull M, Demmer RT, Grun B, Guarnieri P, Pavlidis P,
Papapanou PN (2014) Gingival tissue transcriptomes identify dis-
tinct periodontitis phenotypes. J Dent Res 93:459–468. https://doi.
org/10.1177/0022034514527288

47. Kingman A, Albandar JM (2002) Methodological aspects of epide-
miological studies of periodontal diseases. Periodontol 29:11–30

48. Sanz M, Ceriello A, Buysschaert M, Chapple I, Demmer RT,
Graziani F, Herrera D, Jepsen S, Lione L, Madianos P, Mathur M,
Montanya E, Shapira L, Tonetti M, Vegh D (2018) Scientific evi-
dence on the links between periodontal diseases and diabetes: con-
sensus report and guidelines of the joint workshop on periodontal
diseases and diabetes by the international Diabetes Federation and
the European Federation of Periodontology. J Clin Periodontol 45:
138–149. https://doi.org/10.1111/jcpe.12808

Clin Oral Invest

https://doi.org/10.1373/clinchem.2010.161596
https://doi.org/10.1373/clinchem.2010.161596
https://doi.org/10.2337/dc14-S081
https://doi.org/10.2337/dc14-S081
https://doi.org/10.1111/j.1600-051X.2005.00822.x
https://doi.org/10.1177/0022034512457373
https://doi.org/10.1177/0022034512457373
https://doi.org/10.1177/0022034518804185
https://doi.org/10.1177/0022034518804185
https://doi.org/10.1007/s00784-014-1185-6
https://doi.org/10.1556/IMAS.6.2014.004
https://doi.org/10.1556/IMAS.6.2014.004
https://doi.org/10.2337/dc12-0072
https://doi.org/10.1111/j.1600-051X.2008.01249.x
https://doi.org/10.1111/j.1600-051X.2008.01249.x
https://doi.org/10.1177/0022034514527288
https://doi.org/10.1177/0022034514527288
https://doi.org/10.1111/jcpe.12808

	Prediabetes and diabetes prevalence in the Workers’ Oral Health Study
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Material and methods
	Study design
	Socio-demographic and behavioral variables
	General health conditions
	Biochemical analysis
	Oral and periodontal examination
	Data analysis

	Results
	Discussion
	References


