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Abstract

Aim: Aim of this study was to investigate the association between periodontitis and arterial hypertension, both of
which show correlations with classical cardiovascular risk factors and inflammatory activity.

Materials and methods: A cross-sectional analysis of data from a large population-based health survey (the
Hamburg City Health Study, HCHS) including 5934 participants with complete periodontal examination and blood
pressure data, of whom 5735 had medical records regarding anti-hypertensive medication, was performed. Prob-

ing depths, gingival recessions, bleeding on probing (BOP), dental plaque, and decayed-missing-filled teeth (DMFT)
indices were recorded as measures of oral health. Clinical attachment loss (CAL) per tooth was calculated and peri-
odontitis was staged into three groups (no/mild, moderate, severe). Arterial hypertension was diagnosed based on
the participants’ medication history and systolic and diastolic blood pressure values. Logistic regression models were
constructed accounting for a set of potential confounders (age, sex, smoking, body mass index (BMI), diabetes, educa-
tional level, alcohol intake) and high sensitivity-C-reactive protein (hsCRP).

Results: The odds of arterial hypertension increased significantly along with periodontitis severity (OR for severe
periodontitis: 2.19; 95% Cl 1.85-2.59; p<0.001; OR for moderate periodontitis: 1.65; 95% Cl 1.45-1.87; p<0.001).
Participants with moderate or severe periodontitis also had significantly higher age- and sex-adjusted odds of arterial
hypertension, which was slightly weakened when additionally adjusted for BMI, diabetes, smoking, educational level,
and alcohol intake (OR for severe PD: 1.28, 95% Cl 1.04-1.59, p=10.02; OR for moderate PD: 1.30,95% CI 1.11-1.52,
p=0.001). The fraction of participants with undertreated hypertension (untreated and poorly controlled hyperten-
sion) was considerably larger in participants with severe periodontitis than in those with no/mild periodontitis (50.1%
vs. 37.4% for no/mild periodontitis).
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Conclusions: The study shows an association between periodontitis and arterial hypertension that is independent
of age, sex, diabetes, BMI, smoking, educational level, and alcohol intake. In addition, undertreatment of hypertension
was more common in people with severe periodontitis compared with periodontally more healthy people.

Keywords: Periodontitis, Hypertension, Blood pressure, Epidemiology, Cross-sectional studies

Introduction

Arterial hypertension refers to a condition of consistently
elevated blood pressure, which is specified as systolic
blood pressure (SBP) of 140 mmHg or higher, or diastolic
blood pressure (DBP) of 90 mmHg or higher [1, 2]. It was
estimated that the global age-standardized prevalence of
arterial hypertension was 24% in men and 20% in women
in 2015 [3]. Established risk factors for the development
of arterial hypertension are male sex, increased age, obe-
sity, physical inactivity, stress, high salt intake, high alco-
hol consumption and predisposing genetic factors [4,
5]. There are two traditional working hypotheses for the
mechanisms leading to arterial hypertension. The first is
the “kidney-centric” hypothesis proposed by Guyton [6],
which states that the kidney is crucial in mediating the
relationship between salt and hypertension. The second
hypothesis stresses the critical importance of the control
of peripheral vascular resistance [7]. Increasing evidence
indicates that hypertension and hypertensive end-organ
damage are not only mediated by hemodynamic injury
but also by inflammation [8—12], such as periodontitis
(PD) [13], which in its severe form has a prevalence of
about 14% among the global adult population [14]. PD is
a bacterially induced chronic inflammation that leads to
an irreversible destruction of the periodontium caused by
a dysbiotic microflora, which can trigger an overaggres-
sive host response [15]. Previous studies have identified
Porphyromonas gingivalis, Aggregatibacter actinomycet-
emcomitans and Tannerella forsythia as causative agents
of PD [16-18]. It could recently been demonstrated that
the oral microbiome’s ability to reduce inorganic nitrate
to nitrite and nitric oxide may provide a plausible mecha-
nism linking PD to arterial hypertension [19].

A number of previous epidemiological studies and
meta-analyses support that patients with PD have higher
mean blood pressure compared with people without
PD and that severe PD is associated with hypertension
[20-24]. However, the effect sizes observed in individual
studies varied widely in relation to the severity of PD
and the dependence on sex, the influence of anti-hyper-
tensive medication, and the role of confounding were
not well-established according to a recently published
meta-analysis [24]. Thus, we were interested in examin-
ing the association between PD and blood pressure in a
large population-based sample of middle-aged and older
men and women recruited between February 2016 and

November 2018 in Hamburg, Germany, with special
emphasis on PD severity staging, potential confounders,
and antihypertensive medication. Since evidence that is
based on prospective analyses is still scarce, this cross-
sectional analysis should also serve as a starting point for
future prospective analyses.

Methods

Subjects, study design and setting

The Hamburg City Health Study (HCHS) is a large, pop-
ulation-based cohort study conducted by the Univer-
sity Medical Center Hamburg—Eppendorf (UKE). Major
chronic diseases, such as myocardial infarction, atrial
fibrillation, stroke, or dementia are studied to understand
their risk factors by relating the effects of genetics, pre-
vious diseases, lifestyle and environmental conditions on
health and disease [25].

The HCHS started in spring 2016 and is projected to
include a random sample of 45,000 inhabitants aged from
45 to 74 years over a period of 6 years. General inclu-
sion criteria are an adequate knowledge of the German
language as well as physical and psychological capability
to take part in the investigation. This study represents a
cross-sectional evaluation of the baseline data from the
first 10,000 participants.

The recruitment procedure was described in Ref. [25].
Briefly, potential participants aged 45-74 years were
identified from a random sample from the official inhab-
itant data file (N=45,000) divided into six age brackets
stratified by men and women. The participants received
an invitation letter to their home address and an infor-
mation leaflet providing basic study information. Partici-
pants were asked to organize their own appointment at
the epidemiological study center at the University Medi-
cal Center Hamburg—Eppendorf. The appointment was
initiated by a study nurse explaining the study rationale
and participants were asked to sign informed consent
forms including study participation, an extraction of a
skin punch to create induced pluripotent stem cells and
either none, one or all of the following options: external,
virtual or internal autopsy in the event of death. In the
end, participants also signed a consent accepting that
both double de-identified and pseudo-anonymized data
may be transferred to cooperation partners. Participants
were also asked for consent to match their health insur-
ance and pension insurance data with the HCHS data set.
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During a 7-h examination participants underwent vali-
dated examinations of different organ systems. The par-
ticipation rate was 65%. The dental sub-cohort consisted
of 6209 participants. Blood pressure values were available
for 5934 participants, which were included (for details
see Additional files 1 and 2).

The article was written in accordance with recommen-
dations issued by the “The Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) Ini-
tiative” [26].

Variables

Assessment of arterial hypertension

The diagnosis of arterial hypertension was based on a
detailed medical history, with focus on antihyperten-
sive drugs, a blood pressure measurement and patients’
self-report. Blood pressure was measured by calibrated
and certified study nurses on the right arm after 5 min
rest for two times sitting. The average of two measure-
ments of SBP was calculated. High blood pressure was
defined according to the World Health Organization as
SBP > 140 mmHg and/or DBP >90 mmHg. Participants
were classified in four groups: (1) “healthy” participants
with no sign for arterial hypertension (SBP <139 mmHg).
(2) Hypertensive participants with a positive drug history
and SBP values within the normal range were categorized
as "controlled”; (3) ‘untreated hypertensive participants
(SBP >140), and (4) participants with a positive drug his-
tory and high blood pressure (SBP >140) were catego-
rized as “poorly controlled.

Oral examination

The periodontal examination, which took about 30 min,
was performed by trained and calibrated examiners fol-
lowing a pre-specified SOP under the supervision of a
dentist as described in Ref. [27]. Probing was performed
with a PCP UNC 15 periodontal probe (Hu-Friedy, Chi-
cago, IL, USA). Briefly, 49 examiners, who were also
involved in conducting the oral health examinations for
the German National Cohort (GNC) study, collected
the raw data, such as number of teeth, pocket depths,
number of bleeding points on probing etc., which were
used by two dentists to establish the diagnosis. In case of
disagreement, consensus was established by consulting
a third dentist. Data accuracy was established by regular
training and calibration of the staff in the pilot phase of
the study and while the study was ongoing. Electronic
data capture and transfer, longitudinal performance eval-
uation, and statistical monitoring were performed regu-
larly during the study. The validity of the results obtained
by trained non-dental examiners was confirmed in a
published quality control study by Holtfreter et al. on the
basis of data from the GNC study [28]. The plaque index
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(PI) was measured at two interproximal sites as a vari-
ant of the index described in Ref. [29] and the bleeding-
on-probing index (BOP) was determined at one site per
tooth as a variant of the index described in Ref. [30].

The probing depths of the periodontal pockets and the
recessions were measured at six sites per tooth and the
clinical attachment loss (CAL=probing depth+ reces-
sion) was calculated for each tooth. The degree of PD
severity was staged according to the criteria of Eke and
Page [31] as described by Lamprecht et al. [27]. In addi-
tion, the decayed-missing-filled-teeth (DMFT) index was
determined by trained and calibrated examiners. Train-
ing and calibration was performed by two experienced
dentists by photograph and slide-based training follow-
ing by in vivo training and calibration exercises. The
in vivo training sessions allowed examiners to discuss
and evaluate their scoring of the in vivo presentation of
decayed, missing, and filled teeth before data collection.
The calibration process started with an examination of
a test person performed by an experienced dentist who
set the “gold standard” Subsequently, several examina-
tions on the same person were performed by up to five
different examiners. The scoring of each examiner was
recorded and the calibration ended only successfully if
the examiner was able to achieve 100% agreement with
the “gold standard” in at least five different test persons.

Confounders

Each participant completed validated self-report ques-
tionnaires before (lifestyle, environment, family, soci-
odemographic and educational characteristics, age,
nationality, sex,) and during (medical backgrounds,
medical and family history of widespread chronic dis-
eases including diabetes) the baseline visit [32]. Smoking
behaviour was assessed using the Fagerstrom question-
naire [33]. The body mass index (BMI) expressed as kg/
m? (normal range: 18.5 bis 24.9) and waist-to-hip ratio
(normal range: < 1.0 for men and < 0.85 for women) were
calculated. In addition, high-sensitive C-reactive pro-
tein (hsCRP, normal range:<0.5 mg/dL), fasting glucose
(normal range: 70-99 mg/dL) and triglycerides (nor-
mal range: <150 mg/dL), HDL- (40-60 mg/dL), LDL-
(<116 mg/dL) and total cholesterol (<200 mg/dL), were
measured by routine laboratory tests.

Statistical analysis

Basic characteristics were summarized for each status
of PD with frequency distributions for the categori-
cal variables and median (interquartile range [IQR])
for continuous variables). The Kruskal-Wallis test was
applied to compare central tendency measures and dif-
ferences in prevalence were assessed by the chi-square
test. Crude and progressively adjusted logistic models
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were used to evaluate the association between the peri-
odontal status (exposure) and arterial hypertension
(outcome). Hypertension was modelled as dichotomic
dependent variable defined by systolic blood pressure
of 140 mmHg or more and/or diastolic blood pressure
of 90 mmHg or more and/or current use of antihyper-
tensives. Independent variables were selected among
clinical and demographic characteristics and included
age, sex, BMI, diabetes, smoking, education, and alco-
hol intake. Following the initial crude model (model
1, unadjusted), three extended models were generated
with adjustment for age and sex (model 2), additional
inclusion of hsCRP after log-transformation (model 3),
and an additional model including age, sex, BMI, dia-
betes, smoking, educational level, and alcohol intake
(model 4). The results of each model were expressed as
odds ratio per standard deviation (OR per SD) and a p
value <0.05 was considered statistically significant. All
statistical analyses were performed using R software,
version 4.0.5 (R Project for Statistical Computing).

Table 1 Characteristics of the study population
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Results

Characteristics of participants

Table 1 presents distributions of baseline characteristics
of the study participants stratified by PD severity grades
(none/mild N=1453 [women N=878]); (moderate
N=3580 [women N=1814]); (severe N=1176 [women
N=460]).

The BOP and the plaque index showed a steep
increase as a function of PD severity grades (BOP:
From 2.08 to 21.05; PI: From 0 to 21.74), whereas the
DMFT index increased more moderately from 17 to
21. Significant differences were detected for the educa-
tional level and proportion of women/men (p <0.001).
Men (p <0.001) and participants of older age (p <0.001)
were more likely to present with severe PD. This pat-
tern was also detected for the BMI (p<0.001). The
level of education differed significantly according to
PD severity grades (p=0.001, Table 1). Except median
non-HDL-cholesterol and alcohol intake, all variables
shown in Table 1 differed significantly according to PD
severity grades. As is evident from Fig. 1, hypertension

Periodontitis None/mild Moderate Severe p value
1453 (23.4) 3580 (57.7) 1176 (18.9)
Median [IQR] or n (%)

Socio-demographic characteristics
Sex=female 878 (60.5) 1814 (50.7) 460 (39.1) <0.001
Age (years) 59 [52, 66] 63 [55,69] 66 [59, 71] <0.001
Education <0.001

Low 43 (3.2) 151 (44) 55(5)

Medium 675 (484) 1711 (50.0) 605 (54.5)

High 675 (48.4) 1559 (45.6) 450 (40.5)
Risk factors
BMI (kg/m?) 25.56 [23.03, 28.67] 26.02 [23.55,29] 2645 [24.14,29.69] <0.001
Arterial hypertension =VYes 768 (54.9) 2265 (66.3) 810 (72.5) <0.001
Smoking <0.001

Current 234(16.2) 607 (17.1) 293 (25.1)

Former 625 (43.2) 1581 (44.4) 550 (47)

Never 588 (40.6) 1369 (38.5) 326 (27.9)
Diabetes mellitus =Yes 85(6.2) 242 (7.4) 122 (11.3) <0.001
Alcohol intake (g/day) 9.33[2.69,21.52] 9.38[2.7,22.94] 1044 [2.78,26.41] 0.14
Blood values
Non-HDL-cholesterol (mg/dL) 140 [115, 169] 143117,171] 144 114,171] 0.19
hsCRP (mg/dL) 0.1[0.06, 0.23] 0.11[0.06,0.25] 0.13[0.07,0.3] <0.001
Dental parameters
DMFT-Index 17 [14,21] 19 (16, 23] 21[17,24.25] <0.001
BOP (%) 2.08 [0, 7.14] 8.331[2.17,9.23] 21.05[9.26,41.67] <0.001
Plaque index (%) 0[0,10.71] 8.8110,27.78] 21.7415.77,54.76] <0.001

6209 Participants with dental examination. Provided are number and percentage or median and interquartile range. Statistically significant: p <0.05

BMI body mass index, HDL high-density lipoprotein, hsCRP high sensitivity C-reactive protein, DMFT decayed, missing and filled teeth, BOP bleeding on probing
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Proportion of periodontitis with and without arterial hypertension
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Fig. 1 Prevalence of arterial hypertension according to severity grades of periodontitis. Shown are percentages of participants with hypertension
(y-axis) stratified according to periodontitis severity grades (x-axis)

was highly prevalent in participants with PD. Almost %
of the participants with severe PD and ?/, of those with
moderate PD had hypertension. As shown in Table 2,
the untreated group with normal blood pressure
showed an inverse relationship between prevalence and
PD severity. In contrast, the prevalence increased con-
siderably from no/mild, moderate to severe periodonti-
tis in the untreated group with hypertension, whereas
the group with controlled hypertension showed a much
more leveled increase. As is also evident from Table 2,
undertreatment of hypertension (untreated and poorly
controlled hypertension) was quite common in all stud-
ied groups. However, the fraction of participants that
was undertreated for hypertension was much larger
in participants with severe PD (50.1%) compared with
those with no/mild PD (37.4%).

Multiple logistic regression analyses

The odds of arterial hypertension increased signifi-
cantly along with PD severity in the unadjusted regres-
sion model (Table 3, model 1, odds ratio (OR) for
moderate PD: 1.65; 95% confidence interval (CI) 1.45-
1.87; p<0.001); OR for severe PD: 2.19; 95% CI 1.85-2.59;
p<0.001)]. PD was also associated with arterial hyper-
tension in the adjusted models (Table 3—models 2 to 4
and Additional file 3, models 5 and 6). After adjusting
for age and sex, participants with moderate and severe
PD had significantly higher odds of arterial hypertension
compared with periodontal healthy participants (OR for
moderate PD: 1.29; 95% CI 1.13-1.48; p<0.001); OR for
severe PD: 1.37; 95% CI 1.14-1.64; p<0.001) (Table 3,
model 2). Further adjustment for hs-CRP (Table 3, model
3) did hardly change the association, whereas adjusting

Table 2 Effects of antihypertensive medication in groups stratified according to periodontitis severity grades

Periodontitis Untreated normal blood  Controlled Untreated Poorly controlled Sum
pressure, N (%) hypertension, N (%) hypertension, N (%) hypertension, N (%)

None/mild periodontitis 696 (50.8) 161 (11.8% 318(23.2) 194 (14.2%) 1369

Moderate periodontitis 1324 (40.3%) 463 (14.1% 898 (27.3%) 602 (18.3%) 3287

Severe periodontitis 356 (33.0%) 182 (16.9% 327 (30.3%) 214 (19.8%) 1079

All 2376 (41.4%) 806 (14.1%, 1543 (26.9%) 1010 (17.6%) 5735




Koénnecke et al. European Journal of Medical Research (2022) 27:181

Table 3 Association between arterial hypertension and periodontitis
severity grades

Parameter OR per SD (95% Cl) p value
Model 1 (unadjusted)
Periodontitis

None/mild Reference

Moderate 1.64 (1.45,1.87) <0.001

Severe 2.19(1.85,2.59) <0.001
Model 2 (age, sex)
Periodontitis

None/mild Reference

Moderate 1.29(1.13,1.48) <0.001

Severe 1.37(1.14,1.64) <0.001
Age 1.98(1.87,2.11) <0.001
Sex

Male Reference

Female 0.57(0.51,0.64) <0.001
Model 3 (age, sex, hsCRP)
Periodontitis

None/mild Reference

Moderate 1.29(1.12,1.48) <0.001

Severe 137 (1.14,1.64) <0.001
Age 1.96 (1.84, 2.09) <0.001
Sex

Male Reference

Female 0.58 (0.51,0.65) <0.001
hsCRP 1.33(1.2,1.47) <0.001
Model 4 (age, sex, BMI, diabetes, smoking, education, alcohol intake)
Periodontitis

None/mild Reference

Moderate 13(1.11,1.52) 0.001

Severe 1.28 (1.04,1.59) 0.02
Age 1.99 (1.85,2.14) <0.001
Sex

Male Reference

Female 0.62 (0.54,0.72) <0.001
BMI 1.79 (1.65,1.94) <0.001
Diabetes

No Reference

Yes 2.18(1.55,3.08) <0.001
Smoking

Never Reference

Current 0.81(0.67,0.97) 0.03

Former 0.92 (0.79,1.07) 0.28
Education

Low Reference

Medium 0.89 (0.6, 1.3) 0.53

High 0.72 (0.49, 1.06) 0.1
Alcohol intake (g/day) 0.99(0.92, 1.06) 0.73

5735 participants with complete data. Shown are odds ratio (OR) per SD and
95% confidence interval (Cl) resulting from crude and progressively adjusted
logistic regression models as described in the Methods section. Statistically
significant: p <0.05

BMI, body mass index, hsCRP, high sensitivity C-reactive protein
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for age, sex, BMI, diabetes, smoking, education, and alco-
hol intake (Table 3, model 4) mitigated the association
slightly (ORs for moderate/severe PD: 1.30/1.28) but it
still remained significant (p =0.001/0.02).

Further models including adjustments for age, sex,
BM]I, diabetes, smoking, and education (Additional file 3,
model 5) or age, sex, BMI, diabetes, smoking, education,
and hsCRP (Additional file 3, model 6) provided similar
results as model 4 (Table 3), which included adjustments
for age, sex, BMI, diabetes, smoking, education, and alco-
hol intake.

Discussion

The current study shows an association between PD and
arterial hypertension that was independent of age, sex,
diabetes, BMI, smoking, educational level, and alcohol
intake. Both, moderate and severe PD were associated
with arterial hypertension and people with PD exhibited
higher median SBP when compared with none/mild PD.
Several previous cross-sectional studies and meta-anal-
yses support a positive association between periodontal
disease and arterial hypertension [20-24]. The probably
largest came from the National Health and Nutrition
Examination Survey (NHANES) and demonstrated that
people with PD on average had higher blood pressure
and more often arterial hypertension than orally healthy
people [20]. Significant associations with SBP and arte-
rial hypertension were found in all periodontal meas-
urements. After adjustment for a range of covariates,
individuals with 10% increased gingival bleeding had 1.1
times higher odds of arterial hypertension. Furthermore,
participants with PD had a higher probability of arterial
hypertension in both sexes, but a clear linear trend was
observed only in men [20].

A unique observation of our study is that PD severity
was strongly linked to different forms of arterial hyper-
tension depending on antihypertensive treatment effi-
ciency. As might be expected, optimal periodontal health
was linked to the untreated group with normal blood
pressure that showed an inverse relationship between
prevalence and PD severity. The worst periodontal
health was linked to the untreated hypertensive group,
whereas the groups with controlled and uncontrolled
hypertension showed intermediate results. We observed
that undertreatment of hypertension (untreated and
poorly controlled hypertension) was quite common in
all groups. However, the fraction of participants that was
undertreated for hypertension was particularly large in
the group with severe PD.

Our results show that PD is one of the morbidities
showing a strong association between inflammation and
blood pressure. Czesnikiewicz-Guzik et al. showed that
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Thl immune responses induced by bacterial antigens
derived from Porphyromonas gingivalis increased the
sensitivity to subpressor pro-hypertensive insult in mice
and provided a mechanistic link between PD-associated
chronic infection and hypertension [34]. Moreover, it
could be demonstrated that intensive periodontal treat-
ment improved the periodontal status and lowered blood
pressure in humans [35].

A causal relationship between PD and arterial hyper-
tension cannot not be concluded from our study due to
the cross-sectional design. However, a recent Mendelian
randomization study demonstrated that periodontitis-
linked SNPs were associated with increased BP, sug-
gesting that the relationship between PD and arterial
hypertension may in fact be causal [35]. In addition, the
oral microbiome’s ability to reduce inorganic nitrate to
nitrite and nitric oxide may provide a plausible mecha-
nism linking PD to arterial hypertension [19].

Our study has a number of strengths: (1) it is one of the
largest studies on this topic to date. (2) The diagnosis of
arterial hypertension was based on a detailed medical
history, with focus on antihypertensive drugs, two blood
pressure measurements and self-reports. (3) Due to the
mono-centric study design, blood pressure measure-
ment could be performed with the same device by the
same calibrated and certified study nurses. (4) The meas-
urements were performed routinely on the right arm
after 5 min rest while sitting. (5) The participants were
randomly recruited from the residents’ registry office.
(6) an unusually large number of potential confounders
were assessed, and (7) PD was diagnosed based on a full-
mouth examination according to internationally accepted
guidelines, whereas NHANES and other large surveys
mostly employed half- or partial-mouth protocols that
may have tended to underestimate the prevalence of PD
[36].

On the other hand, also limitations have to be noted.
The distributions of baseline characteristics of the study
participants shown in Table 1 and the distribution of
missing data shown in (Additional files 1 and 2) suggest
no bias with educational level as one obvious exception.
Participants with low educational level were under-
represented, while participants with high educational
level were overrepresented, which may potentially be
explained by the exclusion of people with “poor German
language skills” (not being able to comprehend the con-
sent forms) and a participation bias favoring participation
of highly over lowly educated people. It is well-known
that a low educational level may have negative effects on
the general health status in a similar manner as low SES
[37]. This would lead to the expectation of a healthier
study population compared to the general population.
However, a higher participation rate of lowly educated
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people would rather have strengthened than weakened
the association. The values observed for prevalence of
exposure and outcome were similar to the expected val-
ues from nationally representative surveys (severe PD
19.8 vs. 21.5% in this study and AH 67.1 vs. 64.8% in this
study) [38, 39]. Thus, we are confident that our findings
have a high degree of external validity and generalisabil-
ity. On the other hand, we could not implement the most
recent PD case classification [30, 40], because our study
started in 2016 before the new classification was issued.
Therefore, our examination routine was optimized to
stage periodontitis according to the 2012 classification
[31]. However, the 2012 classification has been used in
virtually all previous epidemiological studies related to
the topic of this work. Thus, its use in our present study
made comparisons with NHANES and other previously
published studies straightforward. In addition, the BOP
and PI indices used in this study were simplified, which
was necessary due to the restricted time, which had been
allocated to the dental examination in the HCHS.

In conclusion, this large cross-sectional study demon-
strates an association between PD and arterial hyperten-
sion that is independent of age, sex, diabetes, smoking,
BMI, educational level, and alcohol intake. Moreover,
undertreatment of hypertension was more common in
people with severe PD compared with periodontally
more healthy people. Since arterial hypertension is a
major preventable risk factor of cardiovascular disease
and PD has been linked to increased risk of heart disease
and stroke, these results are of clinical relevance.
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