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SUMMARY

Aim: The aim of present study is to investigate any relation-
ship between hyperlipidemia and periodontal disease.
Materials and Methods: In this cross sectional study, a to-
tal of 160 individuals were divided into two groups based
on their metabolic status: hyperlipidemic group (n= 97) and
normolipidemic group (n= 63). Plaque index, gingival index,
bleeding on probing (BOP), probing depth (PD), clinical at-
tachment level (CAL) and CPITN scores were measured.
Triglyceride (TG), total cholesterol (TC), low density lipopro-
tein-cholesterol (LDL-C) and high density lipoprotein-choles-
terol (HDL-C) levels had been determined during previously
routine systemic examinations. Daily brushing habits, inter-
dental cleaning, dietary habits, alcohol consumption and
physical activity were also recorded.

Results: The mean BOP (%), PD, CAL, CPITN scores of the
hyperlipidemic group were higher than the normolipidem-
ic group (P< 0.05). TG showed positive association with TC,
LDL-C, CAL, and negative association with HDL-C, CPITN (P<
0.05). Positive correlations were detected between TC and
TG, LDL-C, HDL-C, BOP, PD, CAL, BMI (P< 0.05). LDL-C was
positively correlated with PD, CAL (P< 0.05). Positive correla-
tions were detected among all periodontal parameters as ex-
pected.

Conclusion: Our findings suggest that patients with hyper-
lipidemia manifested higher values of periodontal parame-
ters compared to normalipidemic individuals and are more
prone to periodontal disease.

Key words: HDL cholesterol, hyperlipidemia, LDL cholester-
ol, periodontal disease, triglyceride.

ClinicalTrials.gov ID: NCT02826720

OZET

Amac: Bu calismanin amaci, hiperlipidemi ve periodontal
hastalik arasindaki herhangi bir iliski olup olmadigini arastir-
maktir.

Gerec¢ ve Yontem: Bu kesitsel calismada toplam 160 kisi me-
tabolik durumlarina gére hiperlipidemik grup (n = 97) ve nor-
molipidemik grup (n = 63) olarak iki gruba ayrildi. Plak indek-
si, gingival indeksi, sondalamada kanama (SK), sondalama
derinligi (SD), klinik atagsman seviyesi (KAS) ve CPITN skorlari
olculda. Rutin yapilan sistemik incelemelerden trigliserid
(TG), total kolestrol (TK), low density lipoprotein-cholester-
ol (LDL-C) ve high density lipoprotein-cholesterol (HDL-C)
duzeyleri belirlendi. Gunluk fircalama aliskanliklar, arayuz
temizligi, beslenme aliskanliklari, alkol tuketimi ve fiziksel ak-
tivite de anket formuna kaydedildi.

Bulgular: Hiperlipidemik grubun ortalama SK (%), SD, KAS,
CPITN skorlan normolipidemik gruba gére daha yuksek
bulundu (p<0,05). TG; TK, LDL-C, KAS ile pozitif ve HDL-C,
CPITN ile negatif iliski gosterdi (p<0,05). TK ve TG, LDL-C,
HDL-C, SK, SD, KAS, BMI arasinda pozitif korelasyonlar tespit
edildi (p<0,05). LDL-C ile SD, KAS arasinda pozitif korelasyon
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saptandi (p<0,05). Tum periodontal parametreler arasin-
da pozitif korelasyonlar tespit edildi.

Sonug: Bulgulanimiz, hiperlipidemili hastalarin, normo-
lipidemik hastalara kiyasla daha yuksek periodontal
parametre degerlerine sahip oldugunu ve periodontal
hastaliga daha yatkin olduklarini ortaya koymaktadir.
Anahtar Kelimeler: HDL kolesterol, hiperlipidemi, LDL
kolesterol, periodontal hastalik, trigliserid.

INTRODUCTION

The periodontium, defined as the supporting tissues of
the teeth, constitutes a developmental, biologic, and
functional unit which undergoes certain changes under
certain situations.’ Periodontal disease, a common in-
flammatory and infectious disease, is initiated by specif-
ic microorganisms living in the microbial dental plaque
accumulating on the root surface of the tooth.?* It is as-
sumed that such pathogenic microorganisms are directly
involved in the destruction of periodontium.?* Host-re-
lated factors including genetics, inflammatory immune
response and environmental factors especially systemic
health, diet, smoking etc. are all currently accepted as
major predisposant factors, the initiation and progression
of periodontal disease.? If the human body is viewed as
a single unit, a local disturbance of the health balance
cannot be assumed as a restricted entity limited in its im-
pact region.®%” Hence, there are potentially two mecha-
nisms describing the distant organ effects of periodontal
inflammatory response oriented cells and mediators: 1)
Direct migration and colonization of periodontal microor-
ganisms in distant organs, bringing out an inflammatory
reaction away from the point of invasion, 2) Systemic in-
flammation as a result of metastatic periodontal inflam-
mation or activated soluble inflammatory pathways by
blood-borne periodontal bacteria.38'® As a chronic in-
flammatory situation, periodontal disease has common
action pathways like other systemic inflammatory diseas-
es. To this end, strong evidence is building up supporting
the possible associations between periodontitis and oth-
er inflammatory diseases one of which is cardiovascular
disease (CVD).3&10

Hyperlipidemia develops due to the failure in the lipid
metabolism characterized with the increase in plasma
total cholesterol (TC), low density lipoprotein-cholesterol
(LDL-C) and/or triglyceride (TG) levels and leads to ath-
erosclerosis.” Initiation of an atherosclerotic plaque can
represent a pathological basis of coronary heart disease
together with CVD which is one of the frequent reasons
of early death.">"* The existence of oral bacteria has been
presented in the atheromatous plaques.’'® From the eti-
ologic point of view, it has been stated that inflammation
is a causative factor in the development of atherosclerot-
ic plaque.™2024 Although the exact relationship between
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serum lipid levels, CVD and periodontal disease cannot
be determined so far, a number of studies suggested a
probable association among them.6812222537 |t has been
propounded that both cardiovascular and periodontal
diseases share the same risk factors such as smoking, ag-
ing, physical activity, diabetes, and male gender.25313842
An acceptable prominence has been raised about the
relation between periodontal diseases and cardiovas-
cular disorders by means of inflammatory processes.”¥”
Direct interaction between lipids and macrophage cell
membrane can alter the periodontal disease associat-
ed growth factor and proinflammatory cytokine expres-
sion.®"4 Moreover, hyperlipidemia may be more essen-
tial compared to hyperglycemia in relation to the hyper
responsive monocytic phenotype in periodontal diseas-
es.%14446 |n this cross-sectional study, we aimed to inves-
tigate any interaction/association between hyperlipid-
emia and periodontal disease regarding the periodontal
parameters together with age, gender, body mass index
(BMI), dietary habit, physical activity, alcohol consump-
tion and plasma lipid parameters.

MATERIALS AND METHODS

Study Population

A total of 240 subjects were examined among patients
who attended to the Department of Periodontology,
Marmara University or the Turkish Heart Foundation and
had their plasma lipid values determined within the last
3 months. Out of 240, 160 subjects (57 male, 103 female,
age range 35-65 years) eligible for this study were select-
ed. Inclusion criteria were as follows: subjects having no
periodontal treatment within previous 6 months, number
of natural teeth =10, no history of cancer and systemic
disease that affects lipid levels or periodontium, no histo-
ry of medical treatment for hyperlipidemia, BMI< 30 kg/m2,
no pregnancy, no history of systemic antibiotic treatment
within previous 3 months, no smoking.

After being informed about the content and purpose of
the study, patients signed informed consent forms. The
study protocol was approved by the Ethical Commission
of Preliminary Evaluation of Clinical Researches, Institute
of Health Sciences, Marmara University with the number
of 25.

Lipid Parameters and Patients’ Habits

A specially designed questionnaire was used for indi-
viduals whose personal information, dietary habits, fre-
quency of physical activity, medical status, resting blood
pressure levels, plasma lipid levels {TG, TC, LDL-C, high
density lipoprotein-cholesterol (HDL-C)}, number of miss-
ing teeth, frequency of tooth brushing and interdental
cleaning were recorded. Plasma levels of TG, TC, LDL-C,
and HDL-C had been determined previously at the labo-
ratory as a part of individuals routine systemic examina-
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tions. Plasma lipid levels were evaluated based on the cri-
teria defined by National Cholesterol Education Program
Expert Panel on Detection, Evaluation and Treatment of
High Blood Cholesterol in Adults (Adults Treatment Pan-
el 1) (National Cholesterol Education Program Expert
Panel, 2001).#” For each subject, height and weight were
measured and BMI was calculated as kg/m2 Subjects
were also asked for alcohol consumption and catego-
rized as regular, rare or never.*® According to the amount
of physical activity, subjects were classified as active, par-
tially active or inactive.*

Periodontal Clinical Parameters

All periodontal clinical examinations were carried out
by the same examiner (GTK). The plaque index (Pl) as
the measurement of the state of oral hygiene based on
recording dental plague accumulation,® gingival index
(Gl) as an assessment level of gingival health and inflam-
mation®" and bleeding on probing (BOP) as a sign of gin-
gival inflammation were assessed on the buccal, lingual,
mesial and distal sites of each tooth. Probing depth (PD)
was measured as the distance from the gingival margin
to bottom of the pocket with using 0.5 mm diameter peri-
odontal probe (University of North Carolina 15, Hu-Friedy,
Chicago, IL, USA) at mesiobuccal, midbuccal, distobuc-
cal, distolingual, midlingual and mesiolingual sites of
each tooth. Similarly, clinical attachment level (CAL) was
measured as the distance between the cemento-enamel
junction and bottom of the pocket. Additionally, the oral
cavity was divided into sextants and each sextant was giv-
en a Community Periodontal Index of Treatment Needs
(CPITN) score as described by Ainamo et al.>? The CPITN
scores of 0, 1, 2, 3, 4 were used to represent healthy peri-
odontium, bleeding after probing, dental calculus detect-
ed by probing, 4-56 mm deep pockets and deep pockets >
6 mm, respectively. While the CPITN scores of all sextants
were measured, the highest value of sextants was record-
ed as the subject’s CPITN score.5?

Definition of Groups

First, all data obtained from 160 subjects were evaluat-
ed. Then, individuals were divided into groups based on
their metabolic status. Subjects with plasma TG or TC lev-
els > 200 mg/dl*” and LDL-C levels > 130 mg/dl*” were
included in the hyperlipidemic group, while the normo-
lipidemic group comprised of patients with plasma TG
or TC levels below the aforementioned limits.*” And then
the groups were further evaluated for clinical periodontal
parameters as well as to define the effects of the patient’s
habits on hyperlipidemia.

Statistical Analysis

All statistical analyses were performed using the Statis-
tical Package for Social Sciences (SPSS) for Windows
21.0 software (SPSS for Windows, Release 21.0, SPSS
Inc. Chicago, IL, USA). Following descriptive statistical

analyses of each group, comparisons of qualitative and
quantitative data between the groups were performed
using the Pearson chi-Square test and Mann Whitney-U
test, respectively. Spearman correlation test was used to
measure the degree of association between all parame-
ters. Results are reported as 95% confidence interval and
the p value was set at <0.05.

RESULTS

Demographic data, plasma lipid parameters and clinical
periodontal parameters of the hyperlipidemic and nor-
molipidemic group patients are elucidated in Table 1.

Table 1. Patients” Characteristics, Lipid and Periodontal Parameters.

Total Hyperlipidemic Normolipidemic
(n=160) group (n=97) group (n=63) P Value™
Mean+SD Mean+SD Mean+SD
Age 49.8 48.0 51.0+8.1 477+£79 0.016
BMI (kg/m?) 26.0 £2.6 263 +2.4 25.0+2.6 0.002
Number of missing 4944 5747 3838 0.010
teeth
Systolic blood 12004160 1224+ 121 12124213 0270
pressure (mmHg)
Diastolic blood
pressure (mmilg) 80.0 =10.0 80.2+7.0 78.4+13.1 0.651
Lipid parameters
TG (mg/d)) 190719 19004789 11684433 0.000
TC (mg/dl) 221.6+463 250.7+31.8 176.9 + 24.1 0.000
LDL-C (mg/dl)  139.6 +42.2 165341324 100.1+ 183 0.000
HDL-C (mg/dl)  532+137 53.0+ 129 53.5+15.0 0.829
Periodontal
parameters
PI 1105 12405 11404 0627
GI 1.2+0.5 1.3+0.5 12+04 0.191
BOP (%) 372+244 41.0+25.6 31.2+214 0.014
PD (mm) 2.7+0.5 2.8+05 25+03 0.000
CAL (mm) 2.9+0.7 3.1+0.7 2.6+04 0.000
CPITN 31+08 33038 27+07 0.000
CPITN 0 0.1+0.1 03+02 0.332
CPITN 1 0.1+0.5 08=13 0.000
CPITN 2 14+18 27+18 0.000
CPITN 3 28+1.7 20+1.8 0.002
CPITN 4 1.1+14 02+08 0.000

SD: standard deviation, BMI: body mass index, TG: triglyceride, TC: total cholesterol, LDL-C: low density
lipoprotein-cholesterol, HDL-C: high density lipoprotein-cholesterol, PI: plaque index, GI: gingival index, BOP:
level, CPITN:

bleeding on probing, PD: probing depth, CAL: clinical ity periodontal index of

treatment needs, * Mann-Whitney U test, p<0.05.

Age, BMI and number of missing teeth were significantly
higher in the hyperlipidemic group compared to the nor-
molipidemic group (P=0.016, P= 0.002, P= 0.010, respec-
tively). No significant difference was observed in the sys-
tolic and diastolic blood pressures between the groups
(P=0.270 and P= 0.651). HDL-C level was similar in both
groups (P= 0.829). The clinical periodontal parameters
Pl and Gl showed no difference between the two groups
(P= 0.627, P= 0.191, respectively), whereas mean BOP
(%), PD and CAL of the hyperlipidemic group were signifi-
cantly higher than those of the normolipidemic group (P=
0.014, P= 0.000, P= 0.000, respectively). CPITN scores of
the normolipidemic group were lower than the hyperlip-
idemic group (P= 0.000). CPITN 1 and CPITN 2 scores of
the normolipidemic group were higher than those of the
hyperlipidemic group (P= 0.000, P= 0.000, respectively),
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on the contrary, CPITN 3 and CPITN 4 scores of the nor-
molipidemic group were significantly lower than those of
the hyperlipidemic group (P=0.002, P= 0.000, respective-
ly).

Table 2 represents habits of patients in the hyperlipidem-
ic and normolipidemic groups. Daily brushing, interden-
tal cleaning and dietary habits were all similar between
the two groups (P= 0.285, P= 0.108 and P= 0.566, respec-
tively). Statistically significant differences were observed
between the groups regarding alcohol consumption and
physical activity (P= 0.035, P= 0.000, respectively). Odds
ratio of inactive subjects having hyperlipidemia was esti-
mated as 3.8 compared to the active subjects. Hyperlipid-
emia in the patients that drink alcohol was 2.1 times more
than the patients that never consume alcohol.

Table 2. Comparisons of the Patients” Habits Between the Groups

Hyperlipidemic Normolipidemic

group group P Value” OddsRatio
n (%) n (%)
Daily brushing habits
Never 3(3) 0(0)
Once a day 42 (43) 22 (35) 0.285
Twice a day 48 (50) 39 (62)
Three times a day 4(4) 2(3)
Interdental cleaning
Yes 11(11) 13 21) 0.108
No 86 (89) 50 (79)
Dietary habits
Well-balanced 64 (66) 45 (71)
Plant based 24 (25) 11(18) 0.566
Animal orgin 8(8) 5(8)
Starchy 1(1) 203)
Alcohol consumption
Never 67 (69) 52(82)
Rare 24 (25) 8 (13) 0.035 21
Regular 6(6) 3(5)
Physical activitiy
Active 7(7) 8 (13)
Partially active 17 (18) 27 (43) 0.000 338

Inactive 73 (75) 28 (44)

" Pearson chi-square test, , p<0.05

Table 3 displays the correlation coefficients between the
patient’s characteristics, plasma lipid levels and clinical
periodontal parameters. Age was positively correlated
with number of missing teeth (p= 0.405, P= 0.000), systol-
ic blood pressure (p=0.166, P=0.036) and CAL (p=0.179,
P=0.024).

Table 3. Correlations of the Patient’s Characteristics, Plazma Lipid Levels and
Periodontal Parameters
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BMI: body mass index, TG: triglyceride, TC: total cholesterol, LDL-C: low density lipoprotein-cholesterol, HDL-
C: high density lipoprotein-cholesterol, PI: plaque index, GI: gingival index, BOP: bleeding on probing, PD:
probing depth, CAL: clinical level, CPITN: ity periodontal index of treatment needs,” p<0.05,
*p<0.01.

Positive associations were observed between the BMI
and systolic blood pressure (p= 0.254, P= 0.001), TG (p=
0.235,P=0.003), TC (p=0.162, P=0.040), LDL-C (p=0.183,
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P=0.021) and CAL (p=0.222, P= 0.005). Number of miss-
ing teeth showed positive correlation with both systolic
(p= 0.250, P= 0.000) and diastolic (p= 0.278, P= 0.000)
blood pressure together with all clinical parameters; Pl (p=
0.298, P= 0.000), Gl (p= 0.283, P= 0.000), BOP (p= 0.226,
P= 0.002), PD (p= 0.332, P= 0.001), CAL (p= 0.379, P=
0.000). Systolic blood pressure was positively associated
with diastolic blood pressure (p= 0.609, P= 0.000), TG (p=
0.171, P=0.003), PD (p=0.167, P= 0.035), CAL (p=0.166,
P=0.036). Diastolic blood pressure showed positive cor-
relations with TG (p= 0.213, P= 0.007), PI (p= 0.157, P=
0.047), Gl (p= 0.168, P= 0.033), PD (p= 0.227, P= 0.004),
CAL (p=0.233, P=0.003). Negative associations were ob-
served between daily brushing habit and BMI (p=-0.214,
P=0.000), number of missing teeth (p=-0.447, P= 0.000),
systolic (p=-0.161, P= 0.036) and diastolic (p=-0.162, P=
0.040) blood pressure together with all clinical parame-
ters (Pl (p=-0.397, P= 0.036), Gl (p=-0.410, P= 0.000), BOP
(p=-0.362, P= 0.000), PD (p=-0.425, P= 0.000), CAL (p=
-0.453, P= 0.000) as expected. TG showed positive asso-
ciation with TC (p= 0.273, P= 0.000), LDL-C (p= 0.188, P=
0.017) and CAL (p= 0.185, P= 0.019), whereas negative
association with HDL-C (p=-0.487, P= 0.000) and CPITN
(p=-0.187, P= 0.022). Positive correlations were detect-
ed between TC and TG (p= 0.273, P= 0.000), LDL-C (p=
0.939, P= 0.000), HDL-C (p= 0.180, P= 0.022), BOP (p=
0.160, P=0.044), PD (p=0.327, P= 0.000), CAL (p=0.338,
P=0.000), BMI (p= 0.162, P= 0.040). LDL-C was positive-
ly correlated with PD (p= 0.255, P= 0.001) and CAL (p=
0.274, P= 0.000). Positive correlations were detected
among all periodontal parameters as expected; between
Pl and Gl (p= 0.874, P= 0.000), BOP (p= 0.759, P= 0.002),
PD (p= 0.651, P= 0.001), CAL (p= 0.628, P= 0.000); be-
tween Gl and BOP (p=0.921, P= 0.000), PD (p= 0.715, P=
0.000), CAL (p= 0.676, P= 0.000); between BOP and PD
(p=0.688, P= 0.000), CAL (p= 0.655, P= 0.000); between
PD and CAL (p=0.915, P= 0.000).

DISCUSSION

The precise underlying mechanisms explaining the link
between hyperlipidemia and periodontal disease have
not yet been defined clearly. A number of hypotheses
and models were proposed to address the possible inter-
action between these. The literature demonstrating the
relationship is based on 2 different models. First model
describes the interaction by offering a set point serum lip-
id level which is within a physiological range and is high-
ly influenced by individual factors including diet, inherit-
ed physiology, metabolism, presence of systemic disease
and periodontal condition.™ In case of crossed upper
lipid level which can be described as a threshold level
of physiological set point serum lipid level, it can cause
severe impairments in tissue response with a synergistic
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manner by affecting the cytokine profiles, inhibition of
enzyme activities, overstated proinflammatory monocyt-
ic responses and inhibited macrophage growth factor
production.’034346 Second model puts forward a cyclic
relationship. The cycle may begin with the elevation of
serum lipid levels or with the presence of periodontitis,
both of which may lead to further elevation of serum
proinflammatory cytokine levels causing an exaggerated
tissue response that lasts with more severe periodontitis,
metabolic disturbances and systemic diseases.? 026435354
It is noteworthy that both hyperlipidemia and periodonti-
tis are risk factors for CVD which is the number one cause
of death worldwide.”® Thus, there is still a great necessity
for addressing the association between periodontitis and
hyperlipidemia. Therefore, this cross sectional study was
planned to investigate any relation between periodontal
clinical parameters and plasma lipid levels together with
age, gender, BMI, dietary habits, physical activity and al-
cohol consumption, in a total of 160 individuals.

The comparisons of periodontal clinical parameters be-
tween normolipidemic individuals and hyperlipidemic
patients showed that PD, BOP, CAL and CPITN in the
hyperlipidemic group were significantly higher com-
pared with normolipidemic group. This result demon-
strates that patients with hyperlipidemia may have a
pronounced tissue response and show a high rate peri-
odontal disease susceptibility than those who are normo-
lipidemic, 0222627293156 glthough Pl and Gl of the groups
were similar. Hence, the similarity in the oral hygiene
regimens of the groups by means of brushing/interden-
tal cleaning is of importance in creation a homogeneous
population necessary for true assessment of any relation-
ship between periodontal disease and hyperlipidemia. If
higher Pl score had been detected in the hyperlipidemic
group this might cause more inflammation acting as a
confounder and might represent a limitation in consider-
ing the tissue response. Sangwan et al.*’ reported similar
periodontal clinical findings and concluded that patients
with hyperlipidemia are more prone to periodontal dis-
ease and, also underlined the importance of revealed Pl
result to enlighten the exact relation between hyperlipid-
emia and periodontitis. Interestingly, in the present study
CPITN 1 and CPITN 2 scores which reflect the bleeding of
gingival tissues and the amount of dental calculus were
significantly higher in the normolipidemic group com-
pared to the hyperlipidemic group; on the contrary, CPITN
3 and CPITN 4 which reflect probing depths were signifi-
cantly higher in the hyperlipidemic group. These findings
may also favor an affirmative relationship between serum
lipids and periodontal tissue response or vice-versa and
are in line with aforementioned studies.02226.27.29.31.56

In the present study, age, number of missing teeth and
BMI were significantly higher in the hyperlipidemic group

compared to the normolipidemic group. The finding of
revealed number of missing teeth was consistent with
the assumption stating association between periodontal
disease progression and serum lipid levels. However, it
should be kept in mind that our patients might not have
lost their teeth only because of periodontal disease. In
contrast with our study, Fentoglu et al.®' declared no dif-
ferences between the hyperlipidemic and the systemical-
ly healthy groups with regard to number of missing teeth
data. It has been shown that BMI was significantly asso-
ciated with hyperlipidemia.®'57%8 Assessing the metabolic
control by evaluating the factors such as BM|, diet, physi-
cal activity, alcohol consumption which are important for
lipid metabolism is very crucial to eliminate these possi-
ble confounders for defining the association between hy-
perlipidemia and periodontitis.

Comparisons of patients’ habits between the groups
demonstrated that physical activity in the hyperlipidemic
group was significantly lower and alcohol consumption
was significantly higher than the normolipidemic group.
Hyperlipidemia may occur from a high-fat diet which
leads to functional abnormalities in polymorphonuclear
leukocytes (PMNL).2"% It has been suggested that dietary
lipids and endotoxins can stimulate PMNL which play a
maijor role in the pathogenesis of periodontitis.?"¢%6" Re-
cently published studies also concluded that obesity
and hyperlipidemia can alter the host response leading
to increase periodontal breakdown®? and a cholester-
ol-enriched diet could lead to alveolar bone loss togeth-
er with increasing periodontal inflammation and serum
pro-oxidants levels.® It is widely known that lifestyle ad-
justments such as increased level of physical activity, de-
creased level of alcohol consumption, acceptable dietary
habit and stress administration are significant issues not
only in the prevention of hyperlipidemia but also in the
treatment of CVD.%4% Although BMI result of our study
which represents an objective parameter compare to the
diet is in line with the literature,3"37.6266 dietary habits of
patients were similar. The physical activity and alcohol
consumption results of the present study are in confor-
mity with the studies suggesting a possible interaction
between hyperlipidemia and periodontal disease. 8496567
A probable association between hyperlipidemia and
periodontitis were investigated by assessing the bio-
chemical parameters together with periodontal param-
eters in a number of studies.?23136:37.47.626769 gangwan et
al.®” reported significant positive associations between
PD and TC, CAL and LDL-C as well as between Gl and
TG. Similarly, our findings suggest a positive correlation
between PD and TC, CAL and LDL-C parameters, howev-
er, no significant correlation was present between Gl and
TG levels. Fentoglu et al.?" reported significant negative
correlations between HDL-C and CAL parameters while
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confirming significant positive correlations between TG
and BOP/PD parameters. On the contrary; the present
study demonstrates no significant correlations between
these parameters. Johansson et al.®” and Wakai et al.%®
found that low level of HDL-C is associated with lower
number of teeth loss and higher CPITN score. Results of
our study proposes no significant correlations between
HDL-C and number of missing teeth together with HDL-C
and CPITN scores. Katz et al."? reported a strong associ-
ation between CPITN 4 and TC also between CPITN 4
and LDL-C parameters, and proposed that the severity of
periodontal disease is related to patients’ TC level. But,
Nno association was demonstrated with regard to TG level
similar with the other studies.®®%® Similar to the findings,
present study demonstrates higher CPITN 3 and 4 scores
in the hyperlipidemic group. However, we found signifi-
cant negative correlation between TG and CPITN param-
eters. This difference can be explained with discrepan-
cies in the disease profile and severity of the participants
included to the studies. On the other hand, Cavagni et
al.%2 evaluated the role of obesity/hyperlipidemia on alve-
olar bone loss in rats and reported that the animals with
obesity/hyperlipidemia together with alveolar bone loss
showed statistically significantly higher TG and TC levels
than those without periodontal breakdown. Interesting-
ly our BMI results strongly support these evidences with
detected positive correlations with TG, TC, LDL-C and
CAL parameters. Also, Morita et al.*° detected a notewor-
thy relation between TG and periodontal parameters.
In another study, researchers suggested a positive rela-
tionship between CAL and TC, LDL-C, and TG parame-
ters, whereas PD was found to be related with TG but not
with TC in hyperlipidemic female patients.® Our study
demonstrates significant positive associations between
TG and CAL, also TC and BOP, PD and CAL parameters.
Moreover, LDL-C was found to be positively correlated
with PD and CAL. Findings of this study may support the
evidences that suggest a strong association between hy-
perlipidemia and periodontal disease.?227-31.3536556.58
There are also studies demonstrating that periodontal
disease is highly associated with coronary heart dis-
ease,*® even with acute myocardial infarction.”® Keeping
in mind that the role of hyperlipidemia together with the
inflammation in the formation of atherosclerosis cannot
be hypothetically rejected.”'8%” Periodontal disease with
multifactorial chronic inflammatory properties can be re-
lated to CVD as a contributing factor.”.22252841

However, there are some limitations of our study. Two
way cause-effect relationships and specific interactions
cannot be well established by cross sectional study de-
sign. Longitudinal studies with larger number of partici-
pants are necessary to confirm the accurate cause-effect
relationship. Within the limits of this study, it can be con-
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cluded that a probable association is present between
hyperlipidemia and periodontal disease. Such results
may guide both dentists and physicians to develop novel
preventive and therapeutic protocols for both periodon-
tal disease and CVD.

REFERENCES

1.Cho M|, Garant PR. Development and general structure
of the periodontium. Periodontol 2000 2000; 24: 9-27.
2.Haffajee AD, Socransky SS. Microbiology of periodontal
diseases: introduction. Periodontol 2000 2005; 38: 9-12.
3.Hasturk H, Kantarci A. Activation and resolution of peri-
odontal inflammation and its systemic impact. Periodon-
tol 2000 2015; 69: 255-273.

4.Socransky SS, Haffajee AD. Periodontal microbial ecol-
ogy. Periodontol 2000 2005; 38: 135-187.

5.Salvi GE, Lawrence HP, Offenbacher S, Beck JD. Influ-
ence of risk factors on the pathogenesis of periodontitis.
Periodontol 2000 1997; 14: 173-201.

6.Beck J, Garcia R, Heiss G, Vokonas PS, Offenbacher S.
Periodontal disease and cardiovascular disease. J Peri-
odontol 1996; 67(10 Suppl): 1123-1137.

7.Dave S, Van Dyke T. The link between periodontal dis-
ease and cardiovascular disease is probably inflamma-
tion. Oral Dis 2008; 14: 95-101.

8.Cutler CW, Shinedling EA, Nunn M, Jotwani R, Kim BO,
Nares S, lacopino AM. Association between periodontitis
and hyperlipidemia: cause or effect? J Periodontol 1999;
70: 1429-1434.

9.lacopino AM. Diabetic periodontitis: possible lipid-in-
duced defect in tissue repair through alteration of mac-
rophage phenotype and function. Oral Dis 1995; 1: 214-
229.

10.lacopino AM, Cutler CW. Pathophysiological relation-
ships between periodontitis and systemic disease: recent
concepts involving serum lipids. J Periodontol 2000; 71:
1375-1384.

11.Stamler J, Wentworth D, Neaton JD. Is relationship
between serum cholesterol and risk of premature death
from coronary heart disease continuous and graded?
Findings in 356,222 primary screenees of the Multiple
Risk Factor Intervention Trial (MRFIT). JAMA 1986; 256:
2823-2828.

12.Katz J, Chaushu G, Sharabi Y. On the association be-
tween hypercholesterolemia, cardiovascular disease and
severe periodontal disease. J Clin Periodontol 2001; 28:
865-868.

13.Ross R. Atherosclerosis is an inflammatory disease.
Am Heart J 1999; 138: S419-420.

14.Woolf N. The distribution of fibrin within the aortic in-
tima. An immunohistochemical study. Am J Pathol 1961;
39:521-532.

15.Figuero E, Sanchez-Beltran M, Cuesta-Frechoso S,



Hiperlipidemia and periodontitis relationship

Tejerina JM, del Castro JA, Gutiérrez JM, Herrera D, Sanz
M. Detection of periodontal bacteria in atheromatous
plaque by nested polymerase chain reaction. J Periodon-
tol 2011; 82: 1469-1477.

16.Gaetti-Jardim E, Jr., Marcelino SL, Feitosa AC, Romi-
to GA, Avila-Campos MJ. Quantitative detection of peri-
odontopathic bacteria in atherosclerotic plaques from
coronary arteries. J Med Microbiol 2009; 58: 1568-1575.
17.Haraszthy VI, Zambon JJ, Trevisan M, Zeid M, Genco
RJ. Identification of periodontal pathogens in atheroma-
tous plaques. J Periodontol 2000; 71: 1554-1560.
18.Ishihara K, Nabuchi A, Ito R, Miyachi K, Kuramitsu HK,
Okuda K. Correlation between detection rates of peri-
odontopathic bacterial DNA in coronary stenotic artery
plaque [corrected] and in dental plaque samples. J Clin
Microbiol 2004; 42: 1313-1315.

19.Paraskevas S, Huizinga JD, Loos BG. A systematic re-
view and meta-analyses on C-reactive protein in relation
to periodontitis. J Clin Periodontol 2008; 35: 277-290.
20.Danesh J, Collins R, Peto R. Chronic infections and
coronary heart disease: is there a link? Lancet 1997; 350:
430-436.

21.Epstein SE, Zhou YF, Zhu J. Infection and athero-
sclerosis: emerging mechanistic paradigms. Circulation
1999; 100: €20-28.

22 Katz J, Flugelman MY, Goldberg A, Heft M. Associa-
tion between periodontal pockets and elevated choles-
teroland low density lipoprotein cholesterol levels. J Peri-
odontol 2002; 73: 494-500.

23.Kol A, Bourcier T, Lichtman AH, Libby P. Chlamyd-
ial and human heat shock protein 60s activate human
vascular endothelium, smooth muscle cells, and macro-
phages. J Clin Invest 1999; 103: 571-577.

24.Libby P, Egan D, Skarlatos S. Roles of infectious
agents in atherosclerosis and restenosis: an assessment
of the evidence and need for future research. Circulation
1997; 96: 4095-4103.

25.Beck JD, Offenbacher S, Williams R, Gibbs P, Garcia R.
Periodontitis: a risk factor for coronary heart disease? Ann
Periodontol 1998; 3: 127-141.

26.Cutler CW, Machen RL, Jotwani R, lacopino AM.
Heightened gingival inflammation and attachment loss
in type 2 diabetics with hyperlipidemia. J Periodontol
1999; 70: 1313-1321.

27.Fentoglu O, Bozkurt FY. The Bi-Directional Relation-
ship between Periodontal Disease and Hyperlipidemia.
Eur J Dent 2008; 2: 142-146.

28.Fentoglu O, Kirzioglu FY, Bulut MT, Kumbul Doguc D,
Kulag E, Onder C, Giinhan M.

Evaluation of lipid peroxidation and oxidative DNA dam-
age in patients with periodontitis and hyperlipidemia. J
Periodontol 2015; 86: 682-688.

29.Fentoglu O, Koroglu BK, Hicyilmaz H, Sert T, Ozdem

M, Sttcu R, Tamer MN, Orhan H, Ay ZY, Ozttrk Tongug M,
Kirzioglu FY. Pro-inflammatory cytokine levels in associa-
tion between periodontal disease and hyperlipidaemia. J
Clin Periodontol 2011; 38: 8-16.

30.Fentoglu O, Koroglu BK, Kara Y, Dogan B, Yilmaz G,
Sutcu R, Ay ZY, Tongug MO, Orhan H, Tamer MN, Kirziog-
lu FY. Serum lipoprotein-associated phospholipase A(2)
and C-reactive protein levels in association with peri-
odontal disease and hyperlipidemia. J Periodontol 2011;
82: 350-359.

31.Fentoglu O, Oz G, Tasdelen P, Uskun E, Aykac Y, Boz-
kurt FY. Periodontal status in subjects with hyperlipid-
emia. J Periodontol 2009; 80: 267-273.

32.Losche W, Karapetow F, Pohl A, Pohl C, Kocher T.
Plasma lipid and blood glucose levels in patients with
destructive periodontal disease. J Clin Periodontol 2000;
27:537-541.

33.Maglakelidze N, Galogre A, Tsagareli Z. [Function-
al-morphologic aspects of changes of mucosal gingiva
microcirculatory bed vessels in experimental gingivitis
against the background of hypercholesterolemia). Geor-
gian Med News 2005; 121: 71-74.

34.Mattila KJ, Valle MS, Nieminen MS, Valtonen VV, Hiet-
aniemi KL. Dental infections and coronary atherosclero-
sis. Atherosclerosis 1993; 103: 205-211.
35.Moeintaghavi A, Haerian-Ardakani A, Talebi-Ardakani
M, Tabatabaie I. Hyperlipidemia in patients with peri-
odontitis. J Contemp Dent Pract 2005; 6: 78-85.
36.Morita M, Horiuchi M, Kinoshita Y, Yamamoto T, Wata-
nabe T. Relationship between blood triglyceride levels
and periodontal status. Community Dent Health 2004;
21: 32-36.

37.Sangwan A, Tewari S, Singh H, Sharma RK, Narula SC.
Periodontal status and hyperlipidemia: statin users ver-
sus non-users. J Periodontol 2013; 84: 3-12.
38.Andriankaja OM, Genco RJ, Dorn J, Dmochowski J,
Hovey K, Falkner KL, Trevisan M. Periodontal disease and
risk of myocardial infarction: the role of gender and smok-
ing. Eur J Epidemiol 2007; 22: 699-705.

39.Bahekar AA, Singh S, Saha S, Molnar J, Arora R. The
prevalence and incidence of coronary heart disease is
significantly increased in periodontitis: a meta-analysis.
Am Heart J 2007; 154: 830-837.

40.DeStefano F, Anda RF, Kahn HS, Williamson DF, Rus-
sell CM. Dental disease and risk of coronary heart disease
and mortality. BMJ 1993; 306: 688- 691.

41.Friedewald VE, Kornman KS, Beck JD, Genco R, Gold-
fine A, Libby P, Offenbacher S, Ridker PM, Van Dyke TE,
Roberts WCThe American Journal of Cardiology and
Journal of Periodontology Editors’ Consensus: periodon-
titis and atherosclerotic cardiovascular disease. Am J
Cardiol 2009; 104: 59-68.

42.Joshipura KJ, Douglass CW, Willett WC. Possible ex-

Ttepeklinik



planations for the tooth loss and cardiovascular disease
relationship. Ann Periodontol 1998; 3: 175-183.

43.Chu X, Newman J, Park B, Nares S, Ordonez G, lacopi-
no AM. In vitro alteration of macrophage phenotype and
function by serum lipids. Cell Tissue Res 1999; 296: 331-
337.

44 .Jovinge S, Ares MP, Kallin B, Nilsson J. Human mono-
cytes/macrophages release TNF-alpha in response to Ox-
LDL. Arterioscler Thromb Vasc Biol 1996; 16: 1573-1579.
45.Thomas CE, Jackson RL, Ohlweiler DF, Ku G. Multiple
lipid oxidation products in low density lipoproteins in-
duce interleukin-1 beta release from human blood mono-
nuclear cells. J Lipid Res 1994; 35: 417-427.

46.Van der Poll T, Braxton CC, Coyle SM, Boermeester
MA, Wang JC, Jansen PM, Montegut WJ, Calvano SE,
Hack CE, Lowry SF. Effect of hypertriglyceridemia on en-
dotoxin responsiveness in humans. Infect Immun 1995;
63: 3396-3400.

47.Third Report of the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel Ill) final report. Circulation 2002; 106:
3143-3421.

48.Albert CM, Manson JE, Cook NR, Ajani UA, Gaziano
JM, Hennekens CH. Moderate alcohol consumption and
the risk of sudden cardiac death among US male physi-
cians. Circulation 1999; 100: 944-950.

49.Abbott RD, Rodriguez BL, Burchfiel CM, Curb JD.
Physical activity in older middle-aged men and reduced
risk of stroke: the Honolulu Heart Program. Am J Epidemi-
ol 1994; 139: 881-893.

50.Silness J, Loe H. Periodontal Disease in Pregnancy.
li. Correlation between Oral Hygiene and Periodontal
Condtion. Acta Odontol Scand 1964; 22: 121-135.
51.Loe H, Silness J. Periodontal Disease in Pregnancy. I.
Prevalence and Severity. Acta Odontol Scand 1963; 21:
533-551.

52.Ainamo J, Barmes D, Beagrie G, Cutress T, Martin J,
Sardo-Infirri J. Development of the World Health Organi-
zation (WHO) community periodontal index of treatment
needs (CPITN). Int Dent J 1982; 32: 281-91.

53.Doxey DL, Cutler CW, lacopino AM. Diabetes prevents
periodontitis-induced increases in gingival platelet de-
rived growth factor-B and interleukin 1-beta in a rat mod-
el. J Periodontol 1998; 69: 113-119.

54.Lopes-Virella MF. Interactions between bacterial lipo-
polysaccharides and serum lipoproteins and their possi-
ble role in coronary heart disease. Eur Heart J 1993; 14
Suppl K:118-124.

55.Ramirez-Tortosa MC, Quiles JL, Battino M, Granados
S, Morillo JM, Bompadre S, Newman HN, Bullon P. Peri-
odontitis is associated with altered plasma fatty acids and
cardiovascular risk markers. Nutr Metab Cardiovasc Dis

Ttepeklinik

Hiperlipidemia and periodontitis relationship

2010; 20: 133-139.

56.Fentoglu O, Kirzioglu FY, Ozdem M, Kogak H, Sutcu R,
Sert T.Proinflammatory cytokine levels in hyperlipidemic
patients with periodontitis after periodontal treatment.
Oral Dis 2012; 18: 299-306.

57.Sarlati F, Akhondi N, Ettehad T, Neyestani T, Kamali
Z. Relationship between obesity and periodontal status
in a sample of young Iranian adults. Int Dent J 2008; 58:
36-40.

58.Ylostalo P, Suominen-Taipale L, Reunanen A, Knuutti-
la M. Association between body weight and periodontal
infection. J Clin Periodontol 2008; 35: 297-304.
59.Uhlinger DJ, Burnham DN, Mullins RE, Kalmar JR,
Cutler CW, Arnold RR, Lambeth JD, Merrill AH Jr. Func-
tional differences in human neutrophils isolated pre- and
post-prandially. FEBS Lett 1991; 286: 28-32.

60.Cutler CW, Wasfy MO, Ghaffar K, Hosni M, Lloyd DR.
Impaired bactericidal activity of PMN from two brothers
with necrotizing ulcerative gingivo-periodontitis. J Peri-
odontol 1994; 65: 357-363.

61.Cutler CW, Kalmar JR, Genco CA. Pathogenic strat-
egies of the oral anaerobe, Porphyromonas gingivalis.
Trends Microbiol 1995; 3: 45-51.

62.Cavagni J, de Macedo IC, Gaio EJ, Souza A, de Molon
RS, Cirelli JA, Hoefel AL, Kucharski LC, Torres IL, Rosing
CK. Obesity and Hyperlipidemia Modulate Alveolar Bone
Loss in Wistar Rats. J Periodontol 2016; 87: €9-e17.
63.Kirzioglu FY, Fentoglu O, Bulut MT, Dogan B, Ozdem
M, Ozmen O, Carsancakli SA, Ergin AG, Orhan H. Is a
Cholestrol-Enriched Diet a Risk Factor for Alveolar Bone
Loss? J Periodontol 2016; 87: 529-538.

64.Noe JG, Dosa A, Ranky M, Pavlik G. Cardiovascular
results of an individually controlled complex prevention.
Acta Physiol Hung 2014; 101: 1-12.

65.La Torre G, Sferrazza A, Gualano MR, de Waure C, Cle-
mente G, De Rose AM, Nicolotti N, Nuzzo G, Siliquini R,
Boccia A, Ricciardi W. Investigating the synergistic inter-
action of diabetes, tobacco smoking, alcohol consump-
tion, and hypercholesterolemia on the risk of pancreatic
cancer: a case-control study in Italy. Biomed Res Int 2014;
2014:481019.

66.Saito T, Shimazaki Y, Sakamoto M. Obesity and peri-
odontitis. N Engl J Med 1998; 339: 482-483.
67.Johansson |, Tidehag P, Lundberg V, Hallmans G.
Dental status, diet and cardiovascular risk factors in mid-
dle-aged people in northern Sweden. Community Dent
Oral Epidemiol 1994; 22: 431-436.

68.Awartani F, Atassi F. Evaluation of periodontal status
in subjects with hyperlipidemia. J Contemp Dent Pract
2010; 11: 33-40.

69.Wakai K, Kawamura T, Umemura O, Hara Y, Machida J,
Anno T, Ichihara Y, Mizuno Y, Tamakoshi A, Lin Y, Nakaya-
ma T, Ohno Y.Associations of medical status and physical



Hiperlipidemia and periodontitis relationship

fitness with periodontal disease. J Clin Periodontol 1999;
26: 664-672.

70.Emingil G, Buduneli E, Aliyev A, Akilli A, Atilla G. Asso-
ciation between periodontal disease and acute myocar-
dial infarction. J Periodontol 2000; 71: 1882-1886.

Ttepeklinik



