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greater incidence of major adverse cardiovascular events: A
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Abstract
Background: Periodontitis and erectile dysfunction (ED) have been linked with
cardiovascular disease. The association of periodontitis and ED with the occur-
rence of major adverse cardiovascular events has not been previously assessed.
The aim of this study was to determine if the presence of periodontitis and ED
has any effect on the incidence of major adverse cardiovascular events.
Methods: Male patients that attended the Urology service were enrolled in a
prospective study. Erectile dysfunction was diagnosed according to the Interna-
tional Index of Erectile Function. Sociodemographic data and periodontal clin-
ical parameters were gathered (pocket probing depth, clinical attachment loss,
bleeding on probing (BoP), plaque index and number of teeth) at baseline. Major
adverse cardiovascular events occurred both before and during the follow-up
time were registered. Bivariate analyses, as well as a multivariate analysis were
performed, adjusting for potential confounders.
Results:A total of 158 patientswere included,with amean follow-up of 4.2 years.
A greater number of major adverse cardiovascular events occurred in the group
that presented periodontitis and ED (P= 0.038). After adjusting by age and previ-
ous cardiovascular disease in themultivariate analysis, the annualmajor adverse
cardiovascular event rate was estimated to be 3.7 times higher in the same group
(P = 0.049). Other periodontal clinical variables together with ED supported
these results and were close to statistical significance.
Conclusions: Patients with periodontitis and ED, adjusted by age and a cardio-
vascular disease, showed 3.7 times more risk of suffering major adverse cardio-
vascular events after mean follow-up of 4.2 years.
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1 INTRODUCTION

Atherosclerotic cardiovascular disease is one of the most
studied links between systemic disease and periodonti-
tis, after type 2 diabetes mellitus.1 As shown in recent
evidence,2,3 the atherosclerotic lesion begins with an
endothelial dysfunction that can be early diagnosed
through a decrease in the flow-mediated dilation (FMD)
of the brachial artery. This ultrasonography assessment
is considered the gold standard in vascular epidemiol-
ogy. This evidence was confirmed by a meta-analysis in
which an intima-media thickness 0.08 mm greater and
a FMD 5.1% lower was found in the internal carotid
artery of patients with periodontitis. Amean improvement
FMD of 6.6% was also found after successful periodontal
therapy.4
Erectile dysfunction (ED) is a multifactorial pathology

described as the repeated or continuous inability to achieve
and maintain a sufficient penile erection to complete a
satisfactory sexual intercourse, with a general prevalence
in the male population of 24%.5 About 65% of ED cases
are caused by an organic pathology, and within this, the
inability of the vessels of the corpora cavernosa of the penis
to accumulate blood and achieve an erection, is the most
common cause.6 Based on the above evidence, it is reason-
able to believe that periodontitis may be associated with
ED through an atherosclerotic process in the vessels of
the penis. The association between periodontitis and ED
has been summarized by six systematic reviews,7–12 four
of them with meta-analysis,7,8,10,11 and four observational
studies with ORs between 1.29 and 2.7513–16 in the last
6 years.
Major Adverse Cardiovascular Events (MACEs) is an

acronym used to describe a composite of cardiovascu-
lar clinical outcomes that address aspects of “safety”
and “effectiveness.”17 Nonfatal ischemic stroke, nonfatal
myocardial infarction, and cardiovascular death are com-
monly endpoints used asMACEs, but a standard definition
has not yet been defined.18 The definition varies between
studies, referring to a bigger composite endpoint, including
heart failure, acute coronary syndrome (stable and unsta-
ble), coronary artery bypass grafting, or percutaneous coro-
nary intervention.18 MACEs have been extensively used as
a cardiovascular outcome after particularmedicalmanage-
ment or after undergoing certain procedures.19 Also, recent
evidence has shown that periodontal disease inflammation
is an independent predictor of the risk of MACEs, sug-

gesting that arterial inflammation is the link behind this
association.20
Our study hypothesis (alternative) is that, given the

smaller size of the penile vessels, the diagnosis of ED and
periodontitis can be predictive and additive factors for
future MACEs. The association of periodontitis and ED
with the occurrence of MACEs has not been previously
assessed in the literature. Our objective was to prospec-
tively determine the incidence of MACEs in a group of
patientswithEDandperiodontitis, and assess the joint risk
of periodontitis and ED in the occurrence of MACEs.

2 MATERIALS ANDMETHODS

A longitudinal observational study of two parallel cohorts
was conducted in the Urology service of the “San Cecilio
PTS” University Hospital (Granada, Spain). Cases were
patients with ED, and controls were patients that attended
the same service for different reasons and ED diagnosis
was excluded, such as phimosis, vasectomy, lithotripsy,
renal calculi, benign prostatic hyperplasia or family plan-
ning. Preliminary results from this group of patients were
presented in a study published in 2018.16 The procedures
in this study were in accordance with the Declaration of
Helsinki, accordingly to the last revision in 2013. All par-
ticipants signedwritten informed consent and before being
enrolled in the study. The study protocol received approval
from the Research Ethics Committee University Hospi-
tal (Ref. C-10.12). Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines were
followed for reporting the results of this manuscript.21
Inclusion criteria were the same as previously described

in the previously published retrospective study.16 All the
patients were of age between 18 and 70 years and they
were required to have at least 11 present teeth. Partici-
pants were excluded if they had received previous peri-
odontal treatment, if they were in treatment with atenolol,
hydrochlorothiazide or had untreated hypertension (to
exclude potential ED as side effect), if they had received
antibiotic or anti-inflammatory therapy in the 2 months
prior to the examination, if they presented any diagnosed
psychiatric disorder and if they presented neoplastic dis-
eases, HIV or other severe systemic infections. Sample
size calculation was performed, and at least 126 subjects
were necessary to detect a medium-sized standardized dif-
ference of 0.5 according to Cohen’s22 and Sawilowsky’s23
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scales with a power of 80% and an alpha error of 5%.16 The
final sample size was of 158 patients, which provided an
increased statistical power of 88%. All sample size calcula-
tions and power analyses were performed using a specific
software*.
ED was diagnosed by two urologists (M.A. and M-A.A.)

at the time of consultation, following the International
Index of Erectile Function,24 alongwith sociodemographic
data for all participants on age, consumption of alcohol
(grams per day) and tobacco (cigarettes per day), as well
as comorbidities such as previous cardiovascular disease
or diabetes. Periodontal clinical variables were determined
by clinical examination by a previously calibrated dentist
(A.M.). The calibration procedure was performed using
an experienced researcher as reference (F.M.). Intraclass
correlation coefficients were calculated for probing pocket
depth (PPD), accepting ± 1 mm variability between mea-
surements, and obtaining a result of 0.79.16 The researcher
whoperformed all clinical examinationswas blinded to the
cohort allocation of each patient after urologic consulta-
tion, and offered to receive periodontal care at the school of
Dentistry if periodontitis was diagnosed during the exam-
ination. The number of present teeth, PPD, gingival reces-
sion, clinical attachment loss, bleeding on probing (BoP)25
and plaque index26 were registered. Periodontitis case def-
inition was performed according to the criteria by López
et al.,27 which would be equivalent to a Stage II or higher
of periodontitis according to the new classification of the
European Federation of Periodontology (EFP) and Ameri-
canAcademy of Periodontology (AAP) of 2018.28 Periodon-
titis severity was assessed through the Periodontal Inflam-
matory Severity Index (PISI) score, as the sum of the prod-
uct of the number of sites and the PPD at each site divided
by the number of remaining teeth (PISI=Σ (di ni)/t, where
“i” is the site, “d” is the PPD of the site in mm, “n” is
the absolute frequency of the sites, and t is the number of
remaining teeth.16 For periodontitis extension, the criteria
defined by Arbes et al., considering the percentage of sites
per subject with clinical attachment loss ≥3 mm.29
The follow-up went from January 2015 to March 2020.

A dentist (A.R.) reviewed the hospital medical records of
each patient to obtain data about newly diagnosed comor-
bidities and the occurrence of MACEs. Also, telephone
calls were performed to each patient in order to obtain
confirmation and further information if available, regard-
ing MACEs in all the study participants. The information
was collected in a specific confidential spreadsheet for this
purpose. The MACEs included in the study were: non-
fatal ischemic stroke, non-fatal myocardial infarction, car-
diovascular death, heart failure, acute coronary syndrome

* Sample Power 2.0 (IBM Inc., Chicago, IL).

(stable and non-stable angina), coronary artery bypass
graft or percutaneous coronary intervention.

2.1 Statistical analysis

To analyze the impact of having simultaneously both con-
ditions, ED and periodontitis, on the risk of MACEs events
compared with any other health situation, having none or
just one of these two conditions, was considered. This con-
sideration was also tested with the rest of the periodontal
clinical variables assessed in the study. The cut-off point
used for the corresponding continuous variables was the
median. For variables of interest an exploratory analysis
was carried out to describe their univariate and bivariate
characteristics, considering ANOVA in case of a contin-
uous normally distributed variable, and a Kruskal-Wallis
test in case of a non-normal continuous variable. In case of
two binary variables the Fisher’s exact test was applied.
MACEs were assumed to follow a Poisson-distribution

and modelled using a General Linear Model (GLM) with
logarithmic link function.30 To adjust for different length
of observations an offset with respect to the follow-up time
was included into the model. As a consequence, the risk
of MACEs is expressed as an occurrence-rate relative to
the time-unit year. Among the adjusting variables consid-
ered were age, smoking habits, drinking habit, the pres-
ence of diabetes and the presence of a previously diagnosed
cardiovascular condition. Variables were included into the
model according to their significance level as well as to the
Akaike Information Criterion; also, bivariate interactions
terms were considered. To ensure absence of any substan-
tial overdispersion of the estimated GLM a dispersion-test
suggested by Cameron and Trivedi was applied.31,32 For
the variable of interest marginal means of the rates were
estimated together with their 95%-confidence intervals.33
Furthermore, contrasts were calculated to reflect the ratio
of estimates of the two population-groups together with
the corresponding P-values. All analyses were performed
using a specific statistical software package†. Statistical sig-
nificance threshold was P ≤ 0.05. Statistical analyses are
detailed in table footnotes.

3 RESULTS

Data from 158 patients with information on ED and
periodontitis were included in the analysis with a mean
follow-up time was 4.2 ± 0.9 years. No patient diagnosed
with periodontitis reported to receive periodontal care
during the follow-up period. In three patients, only

†RStudio in R-4.0.2 (RStudio, PBC, Boston, MA).
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partial follow-up data was gathered, due two of them that
had incomplete medical records, had moved away and
were not traceable by phone, and other one that died
of cancer. However, these patients provided 38.9, 36.4,
and 49.1 months of follow-up for the study, respectively.
Sociodemographic variables related to age, previous
diagnosis of diabetes and cardiovascular diseases (CVD),
smoking and drinking habit, were already described in
the original case-control study.16 Baseline description
of sociodemographic variables, including age, smoking
habit, drinking habit, diabetes and CVD, and periodontal
clinical variables associated with ED in the patients of the
study are detailed in Table 1.
In Table 2, the number of MACEs registered (0, 1, and 2)

before the study start are described and compared with the
sociodemographic and each periodontal variable together
with ED. The only variable significantly associated with a
higher occurrence of MACEs before the study, was a pre-
vious diagnosis of CVD, as expected. Table 3 describes the
occurrence of MACEs until the study ended, following the
same structure. In the group of patients with ED and Peri-
odontitis, seven of them suffered a total of 10MACEs (three
patients suffered two events), compared to the rest of the
patients, in which only three patients suffered one event
each (P= 0.038). Diagnosis of ED togetherwith high values
of BoP and PISI, showed a relationship with higher num-
ber of MACEs during the study close to statistical signifi-
cance. Previous diagnosis of CVDwas also associated with
higher number of MACEs during the study.
Table 4 depicts the comparison between each sociode-

mographic variable with each periodontal clinical variable
together with ED. No statistical differences were found
regarding any of these variables in the group of patients
with both ED and periodontitis compared to the other
groups. Patients with ED and higher levels of BoP and
plaque index were associated with diabetes and CVD.
Table 5 describes the results of the GLM following the

Poisson distribution, where the MACEs occurrence and
the presence of ED and periodontitis is assessed, adjust-
ing for age and CVD. After the adjustment, the higher
occurrence of MACEs in the ED and periodontitis group
was still statistically significant (P = 0.049). Means and
contrasts were calculated in Table 6 to provide a ratio
of the occurrence of MACEs between the two compari-
son groups, showing that the ED and periodontitis group
presented a rate of 0.018 MACEs/y compared to 0.005
MACEs/y in the rest of the groups. This difference led to a
risk 3.7 higher of developingMACEs. The samemodel was
applied to the rest of periodontal variables together with
ED, and although PISI and IG supported the tendency of
results obtained with periodontitis, statistical significance
was close to but did not achieve significance (P= 0.064 and
P = 0.094, respectively).

TABLE 1 Descriptive baseline sociodemographic and erectile
dysfunction−periodontal variables in the study patients (n = 158)

Variable Value
Age, mean (SD) 52.8 (8.7)
Smoker
No (%) 122 (77.2)
Yes (%) 36 (22.8)

Tobacco (Cigs. /d), mean (SD) 3.0 (7.1)
Drinker
No (%) 57 (36.1)
Yes (%) 101 (63.9)

Alcohol (g/d), mean (SD) 9.2 (12.7)
Diabetes
No (%) 131 (82.9)
Yes (%) 27 (17.1)

Cardiovascular disease
No (%) 87 (55.1)
Yes (%) 71 (44.9)

ED_Periodontitis
Yes (%) 59 (37.3)
Other (%) 99 (62.7)

ED_PISIa

Yes (%) 44 (27.8)
Other (%) 114 (72.2)

ED_ARBESa

Yes (%) 47 (29.7)
Other (%) 111 (70.3)

ED_BoP
Yes (%) 44 (27.8)
Other (%) 114 (72.2)

ED_Plaque index
Yes (%) 40 (25.3)
Other (%) 118 (74.7)

Abbreviations: ED, Erectile dysfunction; BoP, Bleeding on Probing.
aPISI (variable related to periodontal severity) and ARBES (variable related to
periodontal extension) described in Martin et al., 2018.16

Each ED-periodontal parameter variable was constructed accounting for the
patients that presented both conditions. In the case of continuous variables,
such as PISI or ARBES, the chosen cut-off points for considering them as affir-
mative was the median.

4 DISCUSSION

The main question considered here was whether patients
having simultaneously both conditions ED and periodon-
titis face a higher risk of experiencing MACEs than those
patients having just one of the conditions or none. In
patients with both pathologies, periodontitis presence
(given its pathogenesis, chronicity and evolution) would
be already present when the diagnosis of ED is per-
formed in most cases. ED is a disease that, because of its
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TABLE 2 Bivariate comparisons of MACEs before the beginning of the study

Number of previous MACEs 0 1 2 P-value
Age Mean (SD) 52.53 (8.82) 56.00 (4.93) 55.25 (9.43) 0.499b

Smoker No (%) 112 (76.19) 7 (100.00) 3 (75.00) 0.339b

Yes (%) 35 (23.81) 0 (0.00) 1 (25.00)
Tobacco (Cigs./d) Median (IQR) 0.00 (0.00) 0.00 (0.00) 0.00 (1.25) 0.349c

Drinker No (%) 51 (34.69) 5 (71.43) 1 (25.00) 0.127b

Yes (%) 96 (65.31) 2 (28.57) 3 (75.00)
Alcohol (g/d) Median (IQR) 7.68 (15.36) 0.00 (7.68) 5.09 (9.09) 0.429c

Diabetes No (%) 124 (84.35) 5 (71.43) 2 (50.00) 0.140b

Yes (%) 23 (15.65) 2 (28.57) 2 (50.00)
Cardiovascular disease No (%) 87 (59.18) 0 (0.00) 0 (0.00) 0.001b

Yes (%) 60 (40.82) 7 (100.00) 4 (100.00)
ED_Periodontitis Yes (%) 54 (36.73) 4 (57.14) 1 (25.00) 0.483b

Other (%) 93 (63.27) 3 (42.86) 3 (75.00)
ED_PISIa Yes (%) 41 (27.89) 2 (28.57) 1 (25.00) 0.991b

Other (%) 106 (72.11) 5 (71.43) 3 (75.00)
ED_ARBESa Yes (%) 44 (29.93) 2 (28.57) 1 (25.00) 0.975b

Other (%) 103 (70.07) 5 (71.43) 3 (75.00)
ED_BoP Yes (%) 40 (27.21) 3 (42.86) 1 (25.00) 0.660b

Other (%) 107 (72.79) 4 (57.14) 3 (75.00)
ED_Plaque index Yes (%) 38 (25.85) 1 (14.29) 1 (25.00) 0.789b

Other (%) 109 (74.15) 6 (85.71) 3 (75.00)

Abbreviations: ED, Erectile dysfunction; BoP, Bleeding on Probing; MACEs, Major Adverse Cardiovascular Events.
Each ED-periodontal parameter variable was constructed accounting for the patients that presented both conditions. In the case of continuous variables, such as
PISI or ARBES, the chosen cut-off points for considering them as affirmative was the median.
aPISI (variable related to periodontal severity) and ARBES (variable related to periodontal extension) described in Martin et al., 2018.16
bANOVA.
cKruskall-Wallis test.

personal implications, leads to a quicker medical consul-
tation by the patient. Periodontitis, when usually diag-
nosed, has already been progressing for years and therefore
could be a risk factor for ED and therefore, an early predic-
tor of cardiovascular disease given their relationship with
endothelial dysfunction.
To our knowledge, these are the first results to demon-

strate the association with MACEs in patients with ED
and periodontitis in a follow-up study which reached to
5.3 years in some patients. Its main finding was that
patients with ED and periodontitis were associated with a
higher occurrence ofMACEs events compared to the other
three groups (periodontitis without ED, patients without
periodontitis with ED, patients without periodontitis and
without ED). According to the results of this study, out
of every 100 patients with periodontitis and ED, 1.8 peo-
ple/y would suffer an event, this occurrence rate being 3.7
times higher than in an individual without these patholo-
gies. The importance of being able to prevent MACEs is
a first-order problem in public health, given that they are
eventswith highmorbidity andmortality, which constitute

both a vital risk and a high possibility of leaving sequelae
for life, in patients who suffer from them.34
The vessels of the corpora cavernosa of the penis

are smaller than the coronary arteries; patients with
an atherosclerotic pathology are more likely to initially
present with ED and then develop a cardio-cerebr-
ovascular lesion, with more serious clinical repercussions.
Vlachopoulos et al., reported that the prevalence of ED
was 47% in patients with cardiovascular events, a figure
much higher than the 24% prevalence of ED in the gen-
eral population. In addition, they demonstrated that the
severity (IIEF <10) and the duration (>24 months) of the
ED indicated a greater coronary compromise measured by
angiography.35 These data support the hypothesis of con-
sidering ED as an early diagnosis manifestation to predict
a future MACEs. Two recent studies, one of them a meta-
analysis, concluded that ED is a predictor of future car-
diovascular events, independently of other associated risk
factors.36,37
In this study, performed in patients with ED and sub-

sequently diagnosed with periodontitis, we confirmed
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TABLE 3 Bivariate comparisons of MACE events after the study start

Number of posterior MACEs 0 1 2 P-value
Age Mean (SD) 52.52 (8.77) 57.14 (7.78) 54.00 (4.58) 0.379b

Smoker No (%) 115 (77.70) 5 (71.43) 2 (66.67) 0.842b

Yes (%) 33 (22.30) 2 (28.57) 1 (33.33)
Tobacco (Cigs. /d) Median (IQR) 0.00 (0.00) 0.00 (1.50) 0.00 (10.00) 0.828c

Drinker No (%) 52 (35.14) 3 (42.86) 2 (66.67) 0.493c

Yes (%) 96 (64.86) 4 (57.14) 1 (33.33)
Alcohol (g/d) Median (IQR) 7.13 (15.36) 7.68 (7.68) 0.00 (9.04) 0.522c

Diabetes No (%) 124 (83.78) 5 (71.43) 2 (66.67) 0.525c

Yes (%) 24 (16.22) 2 (28.57) 1 (33.33)
Cardiovascular disease No (%) 86 (58.11) 1 (14.29) 0 (0.00) 0.011b

Yes (%) 62 (41.89) 6 (85.71) 3 (100.00)
ED_Periodontitis Yes (%) 52 (35.14) 4 (57.14) 3 (100.00) 0.038b

Other (%) 96 (64.86) 3 (42.86) 0 (0.00)
ED_PISIa Yes (%) 38 (25.68) 4 (57.14) 2 (66.67) 0.061b

Other (%) 110 (74.32) 3 (42.86) 1 (33.33)
ED_ARBESa Yes (%) 42 (28.38) 3 (42.86) 2 (66.67) 0.264b

Other (%) 106 (71.62) 4 (57.14) 1 (33.33)
ED_BoP Yes (%) 38 (25.68) 4 (57.14) 2 (66.67) 0.061b

Other (%) 110 (74.32) 3 (42.86) 1 (33.33)
ED_Plaque index Yes (%) 35 (23.65) 3 (42.86) 2 (66.67) 0.131b

Other (%) 113 (76.35) 4 (57.14) 1 (33.33)

Abbreviations: ED, Erectile dysfunction; BoP, Bleeding on Probing; MACEs, Major Adverse Cardiovascular Events.
Each ED-periodontal parameter variable was constructed accounting for the patients that presented both conditions. In the case of continuous variables, such as
PISI or ARBES, the chosen cut-off points for considering them as affirmative was the median.
aPISI (variable related to periodontal severity) and ARBES (variable related to periodontal extension) described in Mart in et al., 2018.16
bANOVA.
cKruskall-Wallis test.

and quantified the highest occurrence of MACEs. Seven
patients with both diagnoses, suffered 10 MACEs events
(three patients, two events), compared to three patients
with a single event each, in the other groups (no patient
with two events). Although these differences are statisti-
cally significant (adjusted P-value = 0.049), we think that
these results would have been even higher if the peri-
odontitis evolution time had been longer (mean age of
52.52 years in the ED_Periodontitis group). Similarly, the
periodontal clinical variables PISI and BoP with ED were
close to statistical significance when related to the occur-
rence ofMACEs. Chou et al., reported results in Taiwanese
adult population, treated for periodontitis, with a slight
but significant risk association between treated severe peri-
odontitis and MACEs in patients older than 60 years and
not in patients younger than this age,38 these authors,
however, they included two events, malignant dysrhyth-
mia and thrombolysis, which we did not include in our
study. Other studies have recently described that the het-
erogeneity often found in the periodontitis and systemic
diseases association might be explained by a combination

of genetic, environmental and behavioral factors that con-
stitute a biological age, that may be different to the most
used chronological one in each patient.39
The relationship of patients with a single pathology

(periodontitis or ED) and the occurrence of serious cardio-
vascular events and/orMACEs have been recently studied.
A prospective 3-year study performed on German popula-
tion did not find any statistical significance when analyz-
ing the occurrence of a composite endpoint of several CVD
similar to MACEs in patients with periodontitis, although
patients with severe periodontitis achieved this combined
CVD endpoint more often (HR = 1.05) and other peri-
odontal parameters where statistically significant such as
BoP and missing teeth. These results may be explained
by a short follow-up period compared to our study and
other published evidence, despite the significantly big
sample size of 1000 patients approximately.40 Another
study performed in a cohort of patients selected from the
Swedish National Study of Aging and Care, a prospec-
tive 17-year follow-up study, Periodontitis increased the
risk for all-cause mortality in men, with a hazard ratio of
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TABLE 5 General linear model with Poisson regression of the
relationship between MACEs and the variable ED_Periodontitis

Variable Estimate Std. error z value Pr (> |z|)
(Intercept) −4.670 2.232 −2.093 0.036
ED_Periodontitis
(Other)

−1.307 0.664 −1.968 0.049

Age −0.013 0.041 −0.307 0.759
CVD (Yes) 2.682 1.106 2.425 0.015

ED: Erectile dysfunction; MACEs: Major Adverse Cardiovascular Events;
CVD: Cardiovascular Disease.
ED_Periodontitis was constructed accounting for the patients that presented
both conditions.
Model adjusted for the variables age and CVD.

1.5.41 Other study in Danish population reported a 2.02 rate
cardiovascular death in patients with periodontitis after
a 15-year follow-up.42 Despite having different follow-up
periods, these studies present lower rates than the one
reported in our study. This could be explained by the fact
that in our study both diseases together (ED and Peri-
odontitis) are considered. Also, these studies use different
outcomes (all-cause mortality and cardiovascular death,
respectively) compared to the ones considered in our study
(MACEs) that include a wider variety of events, and not
only mortality-related ones.
Regarding the association of ED with MACEs, a study

performed as a sub-sample of the Multi-Ethnic Study
of Atherosclerosis, a prospective 7-year follow-up cohort
study, ED was a significant predictor of CVD events,
with a ratio of 1.9.43 In a recent systematic review and
meta-analysis, performed in 25 studies, risk of total CVD
(RR = 1.43), coronary heart disease (RR = 1.59) and all-
cause mortality (RR= 1.33) were significantly increased in
ED.37 Likewise, most of the studies involved in this review
were carried out in a population older than 55 years (older
than that of the present study) and most of the follow-
up times were longer than 7 years, compared to 4.2 years
of mean follow-up of the present study. In summary, tak-
ing into account the presence of both pathologies together,
more powerful results are obtained in terms of association,
they occur in a younger population, and in a shorter follow-
up period.
For the case definition of periodontitis, criteria different

from those currently recommended by the EFP in the new

classification of periodontal and peri-implant diseases
have been followed. We would like to highlight that this
research project began in 2014, with a patient recruitment
period until 2016. In this period, the new case definition
of periodontitis from the EFP and the AAP was not still
available.28 In addition, the criteria established by López
et al, are more strict than those of the EFP/AAP, because
they consider as a case, that patient with a PPD of ≥4 mm
in ≥ 4 different teeth, with clinical attachment loss of
≥3 mm and BoP, at these same sites,27 whereas the new
case definition of periodontitis considers an interden-
tal clinical attachment loss of >3 mm in ≥2 different
teeth, or in buccal or lingual sites together with ≥4 mm
PPD.28
Among this study strengths are being the first that

jointly assesses these three diseases. The previously pub-
lished case-control (retrospective study)16 and the present
prospective one are both longitudinal studies of high
evidence level. Also, the evidence about the role of ED and
periodontitis is scarce in European population, because
the majority of the studies have been performed on Asian
population.13–15,44–47 As potential limitations of this study,
the use of medical records as source for the assessed
outcomes could have led to a loss of information. This
information bias was managed by contacting each subject
by phone as possible and ensure that the data in medical
records were precise. Although the follow-up period of the
present study is long, longer follow-up periods are needed
in order to assess with greater accuracy the incidence of
MACEs, because cardiovascular disease outcomes have
a long latency. The borderline results of the P-values are
also a potential limitation and should be viewed with cau-
tion, until further confirmation by posterior studies with
longer follow-ups or multicentric designs. Also, another
potential limitation is that the role of phosphodiesterase-5
inhibitors in the occurrence of MACEs has not been eval-
uated. Although they are commonly used drugs in these
patients for improving erectile function, two reasons have
influenced this decision. They are not included among
the drugs covered and funded by the Spanish National
Health System, and are only used on demand by patients
who can afford them, and also making their registration
and tracking of its usage in the medical records reliable
enough.

TABLE 6 Marginal means and contrast from general linear model: Incidence rate ratio of MACEs according to the variable
ED_Periodontitis

ED_Periodontitis Rate SE 95% CI Ratio SE z-ratio P-value
Yes 0.018 0.010 0.006-0.054 3.693 2.452 1.968 0.049
Other 0.005 0.004 0.001-0.020

Abbreviations: ED, Erectile dysfunction; MACEs, Major Adverse Cardiovascular Events.
ED_Periodontitis was constructed accounting for the patients that presented both conditions.
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5 CONCLUSION

In conclusion and within the limitations of the present
study patients with periodontitis and ED, adjusted by age
and CVD, showed 3.7 times more risk of suffering MACEs
after a mean follow-up 4.2 years.
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