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Abstract

Aim: To determine periodontitis prevalence in patients with systemic lupus erythe-
matosus (SLE) and to assess whether periodontitis in SLE patients is associated with a
greater subclinical atherosclerosis.

Methods: An observational case-control study was conducted in SLE (cases) and pa-
tients without any rheumatic diseases (controls), matched for sex. Sociodemographic
and cardiometabolic variables were gathered, and SLE activity was assessed through
several indexes. Periodontal examination registered probing pocket depth, clinical at-
tachment level, bleeding on probing, plaque index, and tooth loss. Subclinical athero-
sclerosis was assessed by measuring the carotid-femoral pulse wave velocity (PWV)
by Doppler velocimetry, homocysteine levels, C-reactive protein (CRP), and erythro-
cyte sedimentation rate (ESR). Bivariate analyses and logistic regression were used to
assess the association of any of the studied variables with SLE.

Results: Seventy-one cases and 72 controls were included in the study. Thirty-nine
SLE patients (54.9%) were diagnosed with periodontitis, compared with 16 controls
(22.2%). High levels of PWV (27.7 m/s, 75th percentile) were shown by 44.3% of the
cases vs. 22.4% of the controls (p = .011). Among SLE patients, those with periodon-
titis showed higher PWV values (8.1 + 1.52 vs. 7.16 + 1.11 m/s, p = .006) and higher
homeostasis model assessment index (indicative of insulin resistance) (1.7 + 0.73 vs.
2.92 + 3.05, p = .028) compared to those with periodontal health. Logistic regression
showed that waist circumference (OR 1.06, 95% Cl 1.01-1.12, p = .015); ESR (OR
1.09, 95% Cl 1.03-1.16, p = .003); and bleeding on probing (OR 1.1, 95% Cl 1.01-1.19,
p = .018) were associated with the risk of SLE.

Conclusion: Systemic lupus erythematosus patients showed a higher periodontitis
percentage than controls. Higher PWV values were found in SLE patients with peri-
odontitis, indicating a higher prevalence of subclinical atherosclerosis. Patients with
higher gingival bleeding showed a higher risk of SLE.
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1 | INTRODUCTION

Systemic lupus erythematosus (SLE) is a prototype of a systemic
autoimmune disorder characterized by inflammation, which mainly
affects women of reproductive age.1 Early diagnosis and the im-
provement of the available treatments have led to a greater sur-
vival of these patients, mainly through a good control of infections
and SLE outbreaks.? Cardiovascular disease (CVD) is currently the
leading cause of death, in the period beginning 5 years after initial
diagnosis, due to the high prevalence of atherosclerosis and faster
atherosclerosis progression among SLE patients.® A good cardiovas-
cular risk assessment is necessary in order to achieve lower CVD
mortality in SLE patients.*

Periodontitis is an inflammatory disease, associated with and
probably caused by a multifaceted dynamic interaction among dys-
biotic biofilm, host immune responses, hazardous environmental
exposure, and genetic propensity.> A controversial two-way rela-
tionship has been proposed between periodontitis and SLE, and the
reported rates of periodontitis in SLE patients have been compared
to the ones found between periodontitis and type 2 diabetes mel-
litus.® The use of systemic immunosuppressive drugs in patients
with SLE may contribute to an earlier manifestation of periodon-
titis. Periodontitis, on the other side, would aggravate SLE-related
cardiovascular complications such as endothelial dysfunction and
atherosclerosis. Two metanalyses on the relationship between peri-
odontitis and SLE reported contradictory results. One meta-analysis
performed on four studies reported a risk of periodontitis in SLE
cases compared with controls significantly greater, with a risk ratio
of 1.76, but no differences were found in clinical periodontal param-
eters, like probing pocket depth (PPD) or clinical attachment loss.”
The other metanalysis showed a significant association between
periodontitis and SLE (OR 5.32), and SLE patients presented higher
bleeding on probing (BOP) and higher mean clinical attachment loss
compared with controls.®

Scientific evidence has widely linked periodontitis with a higher
incidence and prevalence of CVD and specifically with acute myo-
cardial infarction. Marfil-Alvarez et al.” demonstrated that severe
and extensive periodontitis led to more severe acute myocardial
infarction. This relationship has been recently explained in two met-
analyses by atherosclerosis. A higher atherosclerotic process has
been found in patients with periodontitis, measured by pulse wave
velocity (PWV).1% PWV is the gold standard and the most vali-
dated noninvasive method for the assessment of arterial stiffness.'?
Endothelial damage and inflammation are one of the first steps in
CVD development, and many novel biomarkers related to those ini-
tial steps have been investigated. Homocysteine has been proposed
as a disruptor of the endothelial function, leading to vessel damage,
atherosclerosis progression and, ultimately, to CcVvD.®® Maintained
high erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP) levels are other biomarkers associated with atherosclerosis
and CVD predictors.“’15

Our study hypothesis is that patients with SLE have a higher risk
of presenting periodontitis. Also, patients with SLE and periodontitis

present more CVD affections due to an aggravated atherosclerotic
process. The objectives of our study were to determine the preva-
lence of periodontitis in patients with SLE and assess whether the
diagnosis of periodontitis in SLE patients is associated with a more
severe atherosclerotic process, measured by PWYV, ESR, and CRP,
and also determine whether periodontitis or any periodontal clinical

variable could be considered as risk factors for SLE.

2 | PATIENTS AND METHODS

2.1 | Participants

An observational case-control study was conducted on patients
from the Autoimmune Diseases Unit at the University Hospital
Virgen de la Nieves in Granada (Spain). Cases were patients with SLE
consecutively attended at the service. SLE diagnosis was considered
if the patient met 24 of the 11 criteria from the American College
of Rheumatology, as revised in 2019.}¢ Control subjects without
SLE, matched for sex, were recruited from hospital staff, relatives of
hospitalized patients, and staff from different companies. Exclusion
criteria for SLE patients were as follows: impaired mental state, preg-
nancy or breastfeeding, previous periodontal treatment, antibiotic
therapy in the last 3 months, and <1 year of follow-up. The exclu-
sion criteria for control group were as follows: impaired mental state,
pregnancy or breastfeeding, SLE or any other systemic disease, pre-
vious periodontal treatment, antibiotic therapy in the last 3 months,
and corticosteroid therapy. Approval was obtained from the Hospital
biomedical research ethics committee (CEIH Granada ref. 0843-N-
21). Written informed consent was signed by each patient at the
enrollment. Patients were treated in accordance with the Helsinki
Declaration, following its last revision of 2013. STROBE guidelines

were followed for the preparation of the present manuscript.17

2.2 | Variables

Sociodemographic and cardiometabolic variables were gathered
from each participant in both groups: sex, age, higher education level,
waist circumference (cm), smoking habit, menopausal status, and
sedentary lifestyle according to the level of daily physical activity (no
physical activity or less than 30 min/day). CVD diagnosis was con-
sidered positive when subjects presented at least one of the follow-
ing parameters in their medical record: coronary heart disease (acute
myocardial infarction or angina), valvular heart disease, chronic heart
failure, or a cerebrovascular accident. A family history of premature
CVD was defined as the presence of a first-degree relative who had
experienced an acute myocardial infarction or cerebrovascular acci-
dent before the age of 55 in men or 65 in women. Blood pressure was
measured twice using a calibrated automatic device (HEM-7051T,
Omrom Health Care). Patients were considered hypertensive when
systolic blood pressure (SBP) was higher than 140 mmHg or diastolic
blood pressure (DBP) was higher than 90 mmHg. Carotid-femoral
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PWV was measured by Doppler velocimetry (Complior-Analyse,
ALAM-MEDICAL). The cutoff values for PWV were established as
the 75th percentile of the control group. Cardiovascular risk score
was determined using the Framingham criteria.’® Treatment with
statins, antihypertensive drugs, immunosuppressants, and hydroxy-
chloroquine was also registered in all participants.

SLE Disease Activity Index (SLEDAI)'® and the Systemic Lupus
International Collaboration Clinics (SLICC)Y indexes were used to
measure SLE activity and cumulative organ damage.

All oral and periodontal clinical examinations were performed
by a single periodontal and calibrated specialist (R.M-A.). An inter-
examiner agreement of 80% was obtained for the agreement be-
tween R.M-A. and the reference researcher (F.M.) in a sample of 10
patients. A variability of +1 mm in the measurement of PPD was ac-
cepted. A calibrated PCPUNC15 periodontal probe (Hu-Friedy) was
used to determine the PPD and the clinical attachment loss (CAL) in
six sites per tooth (mesiobuccal, buccal, distobuccal, mesiolingual,
lingual, and distolingual) except in the case of third molars and teeth
that were rehabilitated with crowns or dental implants. Periodontitis
case definition was made according to the criteria of the EFP peri-
odontal definition and classification.”> Periodontitis extension was
measured using the Arbes index, calculated as the percentage of
sites with CAL 23 mm,?° and periodontitis severity was assessed
using PIRIM index (PIRIM = X (di ni)/t, where “iI" 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.” BOP was determined as
the percentage of bleeding teeth, following the criteria by Ainamo
and Bay,21 and the presence of plaque was registered scored using
plaque disclosing tablets according to plaque index by O'Leary.??

At the same appointment or in morning next to it, blood sam-
ples were gathered from each participant to determine biochem-
ical and immunological parameters. Total cholesterol (mg/dl),
HDL-cholesterol (mg/dl), LDL-cholesterol (mg/dl), and triglycerides
(mg/dl) were assessed, as well as fasting blood glucose (mg/dl). C-
reactive protein (mg/dl), ESR (mm/h), uric acid (mg/dl), homocyste-
ine (umol/L), and insulin (uU/ml) levels were assessed. Homeostasis
Model Assessment (HOMA) index for insulin resistance was calcu-
lated.?® All samples were processed, and all laboratory tests were
performed at the clinical analysis laboratory of the “Virgen de las

Nieves” University Hospital in Granada (Spain).

2.3 | Statistical analysis

A conservative sample size calculation was made, taking into account
that the prevalence of periodontitis according to recent evidence
in general population is 35%, and in patients with SLE is 60%. The
prevalence of periodontitis in SLE patients presented a wide range
of values in publications from the last 6 years, going from the 35%
of Wu et al. in 2017,%* and the 89% of Fabbri et al. in 2014.2° Taking
these values into account, and in order to achieve a statistical power
of 85%, necessary to detect differences in the null hypothesis test
HO: p1 = p2, using a bilateral Chi-squared test for two independent
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samples with a significance threshold of 5%, A minimum of 71 pa-
tients would be needed in each group, making a total of 142 subjects
in the study.

Normality testing of the study variables was performed using
the Shapiro-Wilk test. A bivariate analysis was performed to iden-
tify those variables associated with SLE in the study participants
applying Chi-squared test, Fisher's exact test, Student's t test, and
Mann-Whitney's U-test based on each variable's characteristics. A
multivariate logistic regression model was implemented, with SLE/
control as the dependent variable, using a stepwise approach. Only
independent variables with statistical significance p < .20 in the bi-
variate analysis and p > .10 selection criteria were taken into account
for the model. The odds ratio and confidence interval were calcu-
lated at 95% confidence. A 5% significance threshold was used for all
variables. All the analyses were performed with the same statistical
software package (SPSS Statistics 19 for MAC iOS, IBM).

3 | RESULTS

Seventy-one patients with SLE and 72 control subjects were enrolled
in the study from January to December of 2015, and there were no
losses to follow-up during the study (Figure S1). All participants were
Caucasians. Regarding disease duration in SLE patients, the average
duration was 13 years. Most patients presented with stable disease
(SLEDAI score 2). Organ damage index was also low (SLICC score
0.7). The frequency of lupus-related complications such as nephritis,
neurological, hematological or articular manifestations, and serosi-
tis was 43.7%, 9.9%, 42.3%, 93%, and 28.2%, respectively. 13% of
patients tested positive for antiphospholipid antibodies. Regarding
drug therapy, 58.6% were being treated with prednisone and 93%
with hydroxychloroquine. The average daily dose of prednisone
was 3.35 mg/day, and the cumulative prednisone dose was 1.4 g.
A 35.2% of patients were being treated with immunosuppressive
drugs: 26.8% with mycophenolate, 9.9% with methotrexate, 5.6%
with azathioprine, and 4.2% with cyclophosphamide.

Demographic and cardiometabolic characteristics are shown in
Table 1. In both groups, there was a similar percentage of women
(95.8%). SLE patients were significantly older than control subjects
(39.8 vs. 33.9 years old, respectively, p =.002), and presented higher
levels of triglycerides, homocysteine, ESR, insulin, HOMA index, and
PWYV compared with controls. After considering the PWV cutoff at
the 75th percentile of our sample, being 7.7 the threshold value, the
percentage of SLE patients with PWV 27.7 was almost double com-
pared with the percentage of controls (44.3% vs. 22.4%; p = .011).
In comparison with SLE patients, control subjects presented lower
waist circumference, higher levels of physical activity, and higher
percentage of participants with higher education (university).

Table 2 shows that all periodontal clinical variables were worse
in patients with SLE compared with controls, with the exception of
plagueindex. Following the case definition of periodontitis of the EFP
2018, 39 out of 71 (54.9%) of the SLE patients were diagnosed with
periodontitis (p < .001). Regarding the staging within the patients
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TABLE 1 Sociodemographic and cardiometabolic variables of the study participants (n = 143)

Variable

Sex (female), n (%)

Controls (n = 72)
69 (95.8%)

Age (years), mean + SD 33.93 + 10.79
Height (cm), mean + SD 163.67 + 6.07
Higher education superior, n (%) 49 (73.1%)
Waist circumference (cm), mean + SD 78.28 + 14.34
Smoker, n (%) 10 (14.9%)
Menopause, n (%) 6 (9%)

SBP (mm Hg), mean + SD 121.18 + 13.6
DBP (mm Hg), mean + SD 76.58 + 11.87
Pulse pressure, mean + SD 46.48 + 12.37
Total cholesterol (mg/dl), mean + SD 184.66 + 38.06
LDL-cholesterol (mg/dl), mean + SD 96.2 + 34.55
HDL-cholesterol (mg/dl), mean + SD 73.09 + 20.68
Triglycerides (mg/dl), mean + SD 77.88 +46.43
Uric acid (mg/dl), mean + SD 412 +0.91
CRP (mg/l), mean + SD 0.229 +0.29
ESR (mm/h), mean + SD 10.39 £ 4.72
Homocysteine (umol/I), mean + SD 10.04 + 2.54
Insulin (IU/ml), mean + SD 7.22 + 3.59
HOMA Index, mean + SD 1.52 +0.92
Framingham CV risk, mean + SD 0.853 + 0.99
SCORE coronary risk, mean + SD 1.09 + 5.55
SCORE global risk, mean + SD 0.14 +0.21
Pulse wave velocity (m/s), mean + SD 6.89 +1.29
Cardiovascular disease, n (%) 1(1.5%)
Chronic renal disease, n (%) 0

Metabolic syndrome, n (%) 2(3.1%)
Number of MS criteria, mean + SD 0.48 + 0.87
Statins, n (%) 0
Antihypertensives, n (%) 3(4.5%)

ACE inhibitors, n (%) 2 (3%)

ARB, n (%) 0

Calcium antagonists, n (%) 0
Beta-blockers, n (%) 1(1.5%)
Diuretics, n (%) 1(1.5%)

SLE (n=71) p-Value
68 (95.8%) 986°
39.83 + 11.52 .002°
158.85 + 20.41 .007°
26 (36.6%) <.001?
84.63 + 11.48 <.001¢
14 (20.6%) .390°
17 (25%) .013°
118.3 + 13.96 .222°
75.06 + 10.52 425¢
43.34 +9.33 .094°
175.32 + 26.61 .104¢
96.67 +22.66 928¢
60.87 + 16.66 <.001°
88.64 + 40.20 .038¢
4.59 +1.79 .579¢
0.342 +0.56 .091¢
20.64 + 17.04 .001¢
11.83 + 3.83 .008¢
12.93 + 23.49 <.001¢
2.39 +2.41 .003¢
0.35+1.19 4271
0.083 + 1.29 .893¢
0.153 +0.22 470¢
7.69 +1.43 .001°
3(4.3%) .620¢
9 (13%) .002°
7 (10.1%) 167°
1.13 + 1.06 <.001¢
15 (21.7%) <.001?
26 (37.7%) <.001?
14 (20.3%) .002?
14 (20.3%) <.001?
7 (10.1%) .007°
8 (11.6%) .018°
11 (15.9%) .003?

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; CRP, C-reactive protein; DBP, diastolic blood pressure; ESR,
erythrocyte sedimentation rate; HDL, high-density lipoprotein; HOMA, Homeostasis Model Assessment; LDL, low-density lipoprotein; SBP, systolic
blood pressure; SCORE, systematic coronary risk evaluation.

2Chi-squared test
bStudent's t test
‘Mann-Whitney's U-test
9Fisher's exact test

with periodontitis of the SLE group, 1 (2.56%) presented a stage |, 13
(33.33%) presented a stage Il, 13 (33.33%) presented a stage Ill, and
12 (30.77%) presented a stage V. The grading of the periodontal pa-
tients of the SLE group was grade B for 30 (76.92%) and grade C for
9 (23.08%) patients. The periodontal patients of the control group
presented the following periodontitis staging: 0 (0%) presented

stage |, 3 (18.75%) presented a stage Il, 5 (31.25%) presented a stage
I, and 8 (50%) presented a stage IV. The grading of the periodontal
patients of the control group was grade B for 10 (62.5%) and grade
C for 6 (37.5%) patients. Table 3 shows the comparison of clinical
variables between the subgroups of SLE patients with and with-
out periodontitis. SLE patients with periodontitis presented higher
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TABLE 2 Periodontal clinical variables
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of the study participants (n = 143) Variable ((ilozt;;;s SLE (n = 71) p-Value
Periodontitis, n (%) 16 (22.2%) 39 (54.9%) <.001*
Probing pocket depth 4-6 mm, mean + SD 1.42 +5.08 4.89 + 10.40 <.001°
Probing pocket depth >6 mm, mean + SD 0 0.29 + 1.94 .039°
PIRIM Index, mean + SD 0.25+0.89 1.08 + 3.13 <.001°
Arbes Index, mean + SD 0.031 +0.073 0.11+0.17 <.001°
Missing teeth, mean + SD 1.56 +2.44 3.80 + 5.66 .001°
Bleeding on probing (%), mean + SD 3.59 +7.34 9.95+ 13.75 .001°
Plaque Index (%), mean + SD 9.99 + 6.86 9.67 + 8.62 .806°

2Chi-squared test.

PMann-Whitney's U-test.

‘Student's t test.

insulin resistance according to HOMA index (p = .028) and higher
PWYV (p = .006). Other atherosclerosis biomarkers were higher in
the periodontitis subgroup (homocysteine, ESR, and CRP), but the
differences did not reach statistical significance. The presence of
CVD and Framingham CVR score was also higher in this subgroup,
although differences were not statistically significant. Table 4 shows
the results of the multivariate model, with SLE/control as dependent
variable, with the OR of the variables that showed association with a
higher risk of presenting SLE. Of all periodontal variables, only a high
BoP was associated with a higher risk of presenting SLE (OR = 1.102,
p =.018).

4 | DISCUSSION

The carotid-femoral PWV is a measure of subclinical atherosclerosis
and the gold standard for determining arterial stiffness. In our study,
this variable was statistically significantly higher in SLE patients with
periodontitis (1 point higher) compared with SLE patients without
periodontitis. As shown by Vlachopoulos et al.,?® a difference of
1 m/s in PWYV leads to an increased risk (adjusted for age, sex, and
risk factors) of 14% for cardiovascular events and 15% for cardiovas-
cular mortality and overall mortality.

Blood pressure at the time of registration is key to establish-
ing PWV; the elastic modulus of the arteries changes depending
on whether the pressure is normal or elevated.?”’ As described in
the Materials & Methods section, all patients in the study had their
blood pressure measured, as shown in Table 3. The mean of both
blood pressure values was within normality in both subgroups of SLE
patients (taking into account that 37.7% of SLE patients were in ther-
apy with antihypertensive drugs). Age is another biological factor
that modifies PWYV, although the age between both subgroups was
also different (42 vs. 36 without periodontitis); our results show that
the periodontitis subgroup presented a mean PWV value one point
higher than the optimal PWYV value for their age group in healthy
people, while the mean value in the subgroup without periodontitis
was 0.5 points higher than the ideal one for their age range.?”

Among the biomarkers associated with atherosclerosis, homo-
cysteine levels showed higher levels in the group of SLE patients

with periodontitis, and their values were above normality (the nor-
mal concentration range of homocysteine in blood is 5 to 12 umol/L).
Although it is a very novel biomarker, these values were not statisti-
cally different from SLE patients without periodontitis. ESR and CRP
values showed similar results. These could be explained by the fact
that both ESR and CRP are biomarkers of systemic inflammation and
60% of SLE patients were treated with daily prednisone, and 93%
with hydroxychloroquine, both of them anti-inflammatory drugs.
Also, other therapies like immunosuppressants, such as azathio-
prine, have an anti-inflammatory effect.?® Insulin levels and HOMA
index of peripheral insulin resistance were much higher in this sub-
group (SLE and periodontitis). It is known that systemic inflammation
causes insulin resistance due to the effect of insulin on its cellular
IRS receptor. Cytokines such as TNF-q, IL-6, and IL-1p, (very common
in periodontal inflammatory processes) could contribute to insulin
resistance through multiple mechanisms, such as the activation of
Ser/Thr kinases, the decrease in the expression of IRS-1 receptor,
glucose transporter type 4 and peroxisome proliferator-activated
receptor gamma, or the expression and activation of the suppressor
of cytokine signaling-3.%7

We can deduce that a state of chronic inflammation associated
with periodontitis in SLE patients, aside from known cardiovascu-
lar risk factors, could explain an increased prevalence of subclini-
cal atherosclerosis. Therefore, periodontitis could be considered an
emerging cardiovascular risk factors and may explain the increased
prevalence of cardiovascular disease in SLE patients.

Eleven observational analytic studies, 2 metanalyses, and a ran-
domized controlled trial have been published since year 1993 until
present date on the association between periodontitis and SLE.*°
The range of prevalence of periodontitis in SLE patients is very wide
in these publications, with values up to 89%.%° Our study confirms a
higher percentage of periodontitis,’ greater periodontitis extension
according to Arbes index,?° periodontitis severity assessed through
PIRIM index,” and higher BoP?! in patients SLE compared with con-
trols. Thirty-nine out of 71 SLE patients (54.9%) were diagnosed
with periodontitis according to the case definition of the EFP 2018.
Although they were patients prescribed with daily anti-inflammatory
therapy, which could affect periodontal clinical parameters, the im-
pact of immunosuppressive therapy on SLE patients may be greater
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TABLE 3 Comparison of
cardiometabolic variables among SLE

No Yes patients with and without periodontitis
Variable 32 (45.1%) 39 (54.9%) p-Value (h=71)
SBP (mm Hg), mean + SD 115.03 + 14.46 120.97 + 13.13 0742
DBP (mm Hg), mean + SD 72.03 +8.8 77.54 + 11.25 .0272
Pulse pressure, mean + SD 43 +9.85 43.62 + 9.005 7842
Heart rate (bpm), mean + SD 74.16 + 12.58 81.05 + 14.08 .035?
Total cholesterol (mg/dl), mean + SD 169.41 + 28.37 180.43 + 24.23 .086?
LDL-cholesterol (mg/dl), mean + SD 93.5 +24.76 99.41 + 20.63 .2842
HDL-cholesterol (mg/dl), mean + SD 59.34 + 15.45 62.19 + 17.74 4832
Triglycerides (mg/dl), mean + SD 82.41 + 37.77 98.7 + 41.99 .247°
Uric acid (mg/dl), mean + SD 443 + 1.49 473 +2.03 .824°
CRP (mg/L), mean + SD 0.228 + 0.21 0.441 +0.73 420°
ESR (mm/h), mean + SD 18.03 + 16.71 22.89 +17.23 126°
Homocysteine (umol/L), mean + SD 11.40 + 3.94 12.21 + 3.74 .258°
Insulin (IU/ml), mean + SD 8.56 +2.95 16.72 + 31.68 123°
HOMA Index, mean + SD 1.7 +0.73 2.92 +3.05 .028°
Framingham CV Risk3, mean + SD 0.604 + 0.67 1.074 +1.17 128°
SCORE coronary risk, mean + SD 0.78 + 0.14 0.09 +0.12 485°
SCORE global risk, mean + SD 0.13+0.20 0.18 + 1.52 .304°
Pulse wave velocity (m/s), mean + SD 716 +1.11 8.1+ 1.52 .006?
Cardiovascular disease, n (%) 1(3.1%) 2 (5.4%) .555¢4
Chronic renal disease, n (%) 3 (9.4%) 6(16.2%) .318¢
Metabolic syndrome, n (%) 3(9.4%) 4 (10.8%) .583¢
ACE inhibitors, n (%) 5(15.6%) 9 (24.3%) .370°
ARB, n (%) 6(18.8%) 8(21.6%) 767¢
Calcium antagonists, n (%) 2(6.3%) 5(13.5%) .319°¢
Beta-blockers, n (%) 5(15.6%) 3(8.1%) .275¢
Diuretics, n (%) 7 (21.9%) 4 (10.8%) 211°¢

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; CRP,
C-reactive protein; DBP, diastolic blood pressure; ESR, erythrocyte sedimentation rate; HDL, high-
density lipoprotein; HOMA, Homeostasis Model Assessment; LDL, low-density lipoprotein; SBP,

systolic blood pressure; SCORE, systematic coronary risk evaluation.
Student’s t test.

®PMann-Whitney's U-test.

Fisher’s exact test.

dChi-squared test.

TABLE 4 Logistic regression model for

3% Cl the risk of SLE in the study participants
Variable b p-Value OR Lower Upper
Waist circumference 0.064 .015 1.067 1.013 1.123
ESR 0.092 .003 1.096 1.033 1.163
Bleeding on probing 0.097 .018 1.102 1.017 1.194
Constant -6.629 .003 0.001

Abbreviation: ESR, erythrocyte sedimentation rate.

than the one of the anti-inflammatory drugs. Immunosuppressors in
SLE patients would affect the systemic immune dysregulation of sev-
eral immune cell types, including macrophages, neutrophils, CD4+ T
cells, and dendritic cells and imbalance between pro-inflammatory

and anti-inflammatory cytokines 3! This immune dysregulation
could also contribute to a dysbiosis of the subgingival microbiota,
which would explain the higher prevalence of periodontitis in SLE
patients. A higher proportion of Candida albicans, Aggregatibacter
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actinomycetemcomitans, Tannerella forsythia, and Treponema denti-
cola have been found in juvenile SLE patients and active periodontal
sites of patients with SLE, in comparison with healthy controls.*2 On
the contrary, SLE-related immune complexes have been detected in
gingival biopsies of SLE patients submitted to periodontal surgical
treatment, and the intake of low-dose immunomodulators was asso-
ciated with lower accumulation of immune complexes and improved
periodontal outcomes. 33

The two metanalyses published to date found a statistically
significant increased risk of periodontitis in SLE patients compared
with controls, with a risk ratio of 1.76 (95% ClI 1.29-2.41),” odds
ratio = 5.32, 95% Cl 1.69-16.78.8 Rutter-Locher et al.” report no
differences in periodontal clinical parameters, while Zhong et al.®
found differences in some of them, between SLE patients and con-
trols. Our results showed differences in periodontal clinical parame-
ters between SLE patients and healthy controls (see Table 2), except
in the plaque index. The differences found between the studies in-
cluded in the two previous metanalyses may be due to a difference
in the periodontitis case definition and the clinical measurement
of periodontitis, the dosage of anti-inflammatory and immunosup-
pressive drugs, and the clinical study design (sample size, type of
study). Bae et al. performed a Mendelian randomization study on
the association of periodontitis with rheumatoid arthritis and SLE.
Their results showed a significant association between periodonti-
tis and SLE, concluding that there is a causal relationship between
periodontitis and SLE and that propose periodontitis as a prelude of
these autoimmune diseases rather than a consequence.34

We explored a different way that could be plausible in a bidi-
rectional relationship between SLE and periodontitis, as proposed
by other authors. Wang et al. found that Treponema denticola and
Porphyromonas gingivalis and the combination of both in patients
with SLE was associated with increased titers of anti-p2-glycoprotein
| and anti-cardiolipin antibodies.®® Porphyromonas gingivalis-specific
genotypes fimA-Ib, fimA-Il, and fimA-IV, the ones more associated
with periodontitis, were found as the most prevalent ones in SLE
patients compared with controls.®®

Aggregatibacter actinomycetemcomitans is also a bacterial species
known to be a trigger of the autoimmune response in diseases such
as SLE and rheumatoid arthritis.”

Of the three independent variables that showed to be risk fac-
tors for SLE in our study (waist circumference, ESR, and BoP), ac-
cording to the results of the adjusted logistic regression model, BoP
is the variable that showed the greater OR (1.102) for suffering SLE.
In arecently published randomized clinical trial, the authors reported
that periodontitis treatment improved the response to immunosup-
pressive therapy in SLE patients. This result, however, must be con-
sidered with caution, since the patients of the study were diagnosed
with periodontitis using only the bleeding gingival index as criterion.
The mean PPD was 1.7 mm in the group of treated patients, and the
sample size and duration of the study were very short (32 patients
during 3 months).?®

A limitation of our study is that SLE patients were, on aver-
age, older than controls (40 years vs. 34 years), which could have
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affected the prevalence of periodontitis; however, we think that the
age group where it occurs the difference does not affect this fre-
quency measurement. Another potential limitation is that the SLE
group could not be representative of general SLE patients from a
Caucasian population, due to a selection bias, but the demographic
characteristics of this group are similar to the ones of other previ-
ously published studies with larger samples.®"%8

Our study, the second largest in the European population, pro-
vides the information that periodontitis is a treatable factor, so early
intervention can prevent at least to a certain extent the develop-
ment of an atherosclerotic process that constitutes the basis of fu-
ture cardiovascular events in patients with SLE.

5 | CONCLUSION

In this case-control study, periodontitis was more common in pa-
tients with SLE compared with controls. PWV is higher in patients
with SLE with periodontitis, which indicates a higher percentage of
subclinical atherosclerosis. Gingival BOP was the only modifiable
periodontal variable that was associated 1.102 times with suffering
SLE.

ACKNOWLEDGEMENTS

We would like to thank the patients from the Unit of Autoimmune
Diseases of the “Virgen de las Nieves” University Hospital. This
investigation has not received funds from any private entity. All
procedures in this were performed from the regular care, with re-
sources of the Spanish National Health System. All authors declare
no conflicts of interest, and all authors have approved the final
article.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

ORCID

Ménica Zamora-Pasadas "= https://orcid.org/0000-0003-1789-4226
https://orcid.org/0000-0001-6730-1308
Antonio Magdn-Ferndndez "'* https://orcid.org/0000-0001-6430-2276

https://orcid.org/0000-0002-8293-2527

Pablo Gonzdlez-Bustos

Francisco Mesa

REFERENCES

1. Mosca M, Tani C, Aringer M, et al. European League Against
Rheumatism recommendations for monitoring patients with sys-
temic lupus erythematosus in clinical practice and in observational
studies. Ann Rheum Dis. 2010;69:1269-1274.

2. Chehab G, Fischer-Betz R, Schneider M. [Changes in mortal-
ity and morbidity in systemic lupus erythematosus] Z Rheumatol.
2011;70:480-485.

3. Bongu A, Chang E, Ramsey-Goldman R. Can morbidity and mortality
of SLE be improved? Best Pract Res Clin Rheumatol. 2002;16:313-332.

4. Bernatsky S, Boivin JF, Joseph L, et al. Mortality in systemic lupus
erythematosus. Arthritis Rheum. 2006;54:2550-2557.


https://orcid.org/0000-0003-1789-4226
https://orcid.org/0000-0003-1789-4226
https://orcid.org/0000-0001-6730-1308
https://orcid.org/0000-0001-6730-1308
https://orcid.org/0000-0001-6430-2276
https://orcid.org/0000-0001-6430-2276
https://orcid.org/0000-0002-8293-2527
https://orcid.org/0000-0002-8293-2527

8 |
] 1 f
WILEY-
5.

10.

11.
12.

13.

14.

15.
16.
17.
18.
19.
20.
21.
22.

23.

24.

ZAMORA-PASADAS ET AL.

Tonetti MS, Greenwell H, Kornman KS. Staging and grading of peri-
odontitis: framework and proposal of a new classification and case
definition. J Clin Periodontol. 2018;45(Suppl 20):5149-5161.

Bolstad Al, Sehjpal P, Lie SA, Fevang BS. Periodontitis in patients
with systemic lupus erythematosus: a nation-wide study of 1990
patients. J Periodontol. 2022;1-8.

Rutter-Locher Z, Smith TO, Giles |, Sofat N. Association between
systemic lupus erythematosus and periodontitis: a systematic re-
view and meta-analysis. Front Immunol. 2017;8:1295.

Zhong HJ, Xie HX, Luo XM, Zhang EH. Association between peri-
odontitis and systemic lupus erythematosus: a meta-analysis.
Lupus. 2020;29:1189-1197.

Marfil-Alvarez R, Mesa F, Arrebola-Moreno A, et al. Acute myocar-
dial infarct size is related to periodontitis extent and severity. J Dent
Res. 2014;93:993-998.

Darnaud C, Courtet A, Schmitt A, Boutouyrie P, Bouchard P,
Carra MC. Association between periodontitis and pulse wave ve-
locity: a systematic review and meta-analysis. Clin Oral Investig.
2021;25:393-405.

Schmitt A, Carra MC, Boutouyrie P, Bouchard P. Periodontitis and
arterial stiffness: a systematic review and meta-analysis. J Clin
Periodontol. 2015;42:977-987.

Cavalcante JL, Lima JA, Redheuil A, Al-Mallah MH. Aortic stiffness:
current understanding and future directions. J Am Coll Cardiol.
2011;57:1511-1522.

Balint B, Jepchumba VK, Gueant JL, Gueant-Rodriguez RM.
Mechanisms of homocysteine-induced damage to the endothe-
lial, medial and adventitial layers of the arterial wall. Biochimie.
2020;173:100-106.

Yayan J. Erythrocyte sedimentation rate as a marker for coronary
heart disease. Vasc Health Risk Manag. 2012;8:219-223.

Wang TJ, Nam BH, Wilson PW, et al. Association of C-reactive
protein with carotid atherosclerosis in men and women:
the Framingham Heart Study. Arterioscler Thromb Vasc Biol.
2002;22:1662-1667.

Aringer M, Costenbader K, Daikh D, et al. 2019 European
League Against Rheumatism/American College of Rheumatology
Classification Criteria for Systemic Lupus Erythematosus. Arthritis
Rheumatol. 2019;71:1400-1412.

von Elm E, Altman DG, Egger M, et al. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. J Clin
Epidemiol. 2008;61:344-349.

Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH.
Derivation of the SLEDAI. A disease activity index for lupus pa-
tients. The Committee on Prognosis Studies in SLE. Arthritis Rheum.
1992;35:630-640.

Petri M, Orbai AM, Alarcon GS, et al. Derivation and validation
of the Systemic Lupus International Collaborating Clinics classifi-
cation criteria for systemic lupus erythematosus. Arthritis Rheum.
2012;64:2677-2686.

Arbes SJ Jr, Slade GD, Beck JD. Association between ex-
tent of periodontal attachment loss and self-reported history
of heart attack: an analysis of NHANES IIl data. J Dent Res.
1999,78:1777-1782.

Ainamo J, Bay |. Problems and proposals for recording gingivitis and
plaque. Int Dent J. 1975;25:229-235.

O'Leary TJ, Drake RB, Naylor JE. The plaque control record. J
Periodontol. 1972;43:38.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and
beta-cell function from fasting plasma glucose and insulin concen-
trations in man. Diabetologia. 1985;28:412-419.

Wu YD, Lin CH, Chao WC, Liao TL, Chen DY, Chen HH. Association
between a history of periodontitis and the risk of systemic lupus
erythematosus in Taiwan: a nationwide, population-based, case-
control study. PLoS One. 2017;12:e0187075.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Fabbri C, Fuller R, Bonfa E, Guedes LK, D'Alleva PS, Borba EF.
Periodontitis treatment improves systemic lupus erythemato-
sus response to immunosuppressive therapy. Clin Rheumatol.
2014;33:505-509.

Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of car-
diovascular events and all-cause mortality with arterial stiff-
ness: a systematic review and meta-analysis. J Am Coll Cardiol.
2010;55:1318-1327.

Reference Values for Arterial Stiffness C. Determinants of pulse
wave velocity in healthy people and in the presence of cardiovascu-
lar risk factors: ‘establishing normal and reference values'. Eur Heart
J.2010;31:2338-2350.

Chande N, Patton PH, Tsoulis DJ, Thomas BS, MacDonald JK.
Azathioprine or 6-mercaptopurine for maintenance of remission in
Crohn's disease. Cochrane Database Syst Rev. 2015;CD000067.
Boucher J, Kleinridders A, Kahn CR. Insulin receptor signaling in
normal and insulin-resistant states. Cold Spring Harb Perspect Biol.
2014;6:a009191.

Sojod B, Pidorodeski Nagano C, Garcia Lopez GM, Zalcberg A,
Dridi SM. Systemic lupus erythematosus and periodontal dis-
ease: a complex clinical and biological interplay. J Clin Med.
2021;10(9):1957.

Suarez LJ, Garzon H, Arboleda S, Rodriguez A. Oral dysbiosis and
autoimmunity: from local periodontal responses to an imbalanced
systemic immunity. A review. Front Immunol. 2020;11:591255.
Pessoa L, Aleti G, Choudhury S, et al. Host-microbial interactions
in systemic lupus erythematosus and periodontitis. Front Immunol.
2019;10:2602.

Pires JR, Nogueira MRS, Nunes AJF, et al. Deposition of immune
complexes in gingival tissues in the presence of periodontitis and
systemic lupus erythematosus. Front Immunol. 2021;12:591236.
Bae SC, Lee YH. Causal association between periodontitis and
risk of rheumatoid arthritis and systemic lupus erythematosus: a
Mendelian randomization. Z Rheumatol. 2020;79:929-936.

Wang CY, Chyuan IT, Wang YL, et al. beta2-Glycoprotein I-
dependent anti-cardiolipin antibodies associated with periodon-
titis in patients with systemic lupus erythematosus. J Periodontol.
2015;86:995-1004.

Martinez REM, Herrera JLA, Perez RAD, Mendoza CA, Manrique
SIR. Frequency of Porphyromonas gingivalis and fimA genotypes
in patients with periodontitis and systemic lupus erythematosus.
Lupus. 2021;30:80-85.

Manzano-Gamero V, Pardo-Cabello AJ, Vargas-Hitos JA, et al.
Effect of ethnicity on clinical presentation and risk of antiphospho-
lipid syndrome in Roma and Caucasian patients with systemic lupus
erythematosus: a multicenter cross-sectional study. Int J Rheum Dis.
2018;21:2028-2035.

Piga M, Floris A, Cappellazzo G, et al. Failure to achieve lupus low
disease activity state (LLDAS) six months after diagnosis is associ-
ated with early damage accrual in Caucasian patients with systemic
lupus erythematosus. Arthritis Res Ther. 2017;19:247.

SUPPORTING INFORMATION

Additional supporting information may be found in the online

version of the article at the publisher’s website.

How to cite this article: Zamora-Pasadas M, Marfil-Alvarez
R, Gonzalez-Bustos P, Magan-Fernandez A, Mesa F.
Periodontitis is associated with higher subclinical
atherosclerosis in patients with systemic lupus
erythematosus. J Periodont Res. 2022;00:1-8. doi:10.1111/

jre.12977


https://doi.org/10.1111/jre.12977
https://doi.org/10.1111/jre.12977

