Periodontitis is associated with altered plasma fatty acids, a cardiovascular risk factor
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ABSTRACT

In periodontitis some perturbation in lipid biomarkers, such as increased serum total
cholesterol and low-density lipoprotein cholesterol has been established. Nevertheless, the
relationship between fatty acids and periodontitis has been demonstrated only in a few studies
and remains controversial. The aim of this investigation was to explore the effects of
periodontitis on a cluster of traditional and novel cardiovascular risk factors such as plasma-
lipids profile, types of plasma fatty acids, adhesion molecules and systemic inflammatory
markers. At our dental school, 56 patients all over 35 years old were enrolled and invited to
participate in the study. Total plasma fatty acids, saturated, n-6 polyunsaturated and
monounsaturated fatty acids, peroxidability index, soluble VCAM, TNF-a, cholesterol,
triacylglycerols, and VLDL-c were significantly higher in periodontitis group compared with
non-periodontitis group. This close association among periodontitis and plasma fatty acid
profile leads to the conclusion that there is a close association between periodontitis, plasma

fatty acids profile and the increase in metabolic risk factors for CVD.



INTRODUCTION

Epidemiological studies have implicated routine chronic adult periodontitis (CP) as a
risk factor for atheromatous changes in blood vessels and subsequent vascular events [1].
Cohort and case-control studies have shown that CP is associated with endothelial
dysfunction [2] and atherosclerosis [3]. Also, intensive treatment of chronic periodontitis
results in an improvement in hypercholesterolemia [4], but the clear molecular mechanisms
linking CP to atherosclerosis remain to be defined.

It is known that the resistance to lipid oxidation within lipoproteins can be altered by
the dietary fatty-acid profile and antioxidant content [5,6] . We have demonstrated that a diet
rich in monounsaturated fatty acids (MUFA) in patients with peripheral vascular disease and
in rabbits with experimental atherosclerosis protects LDL particles from oxidation and
decreases plasma-lipid content, whereas diets rich in polyunsaturated fatty acids (PUFA), that
also decrease this plasma-lipid fraction, increase LDL susceptibility to oxidation [7,8].
Furthermore, PUFA intake alters the cell-membrane fatty acid composition [9], which, in turn
modulates response to infection, injury, and inflammatory events [10] and an increase in the
plasma free fatty acid concentration induces oxidative stress and has a pro-inflammatory
effect. This all relates to the influence of lipid metabolism in the pathogenesis of
atherosclerosis.

In periodontitis, some perturbation in lipid biomarkers, for example increased total
cholesterol in serum and low-density lipoprotein cholesterol, has been established. Thus,
severe periodontitis is associated with a modest decrease in HDL and LDL cholesterol, and a
more robust increase in plasma triacylglycerols [11,12]. Intensive periodontal therapy results
in reductions of total and LDL systemic cholesterol [13]. Nevertheless, the relationship
between fatty acids and periodontitis has been demonstrated in only a few studies. Some of

these show that n-3 PUFA dietary supplementation modulates alveolar bone resorption



following P. gingivalis infection in rats and reduces the gingival tissue levels of prostaglandin
E>, platelet-activation factor, and leukotriene Bs [14], this being a useful adjunct in the
treatment of CP. On the contrary, 78 periodontitis patients with bone loss showed a higher n-6
PUFA plasma level than 27 control subjects [15].

To clarify the situation, we investigated the potential linkage between periodontitis

and plasma fatty acids profile, an established cardiovascular disease (CVD) risk factor.

MATERIAL AND METHODS
Study Population and Clinical Examination

Patients attend in our Dental School, all over 35 years old, were invited to participate
in the study. All patients gave voluntary written informed consent. Protocol and consent
forms were approved by the Committee of Ethics and Research of Sevilla University (16-12-
2006). All patients met the following inclusion criteria: had more than 20 teeth, they had not
taken antibiotics or anti-inflammatory drugs in the previous 6 months, suffered no
immunodeficiency, were general healthy, had undergone no previous periodontal treatment,
and more of the women subjects were no pregnant or without hormonal medication. Patients
were recruited over a period of 10 months and one blood sample was taken from each patient
as they were recruited.

A Dbaseline periodontal examination was performed, and full medical and dental
histories were collected by a single examiner. Periodontal data were recorded by a single
trained dental examiner. Periodontal clinical measurements included the presence or absence
of supragingival dental plaque and gingival bleeding on probing. The periodontal probing
depth (PD) and the recession of the gingival margin (GM) relative to the cementoenamel
junction at six sites per tooth (mesiobuccal, buccal, distobuccal, distolingual, lingual, and

mesiolingual) were also recorded. Clinical attachment level (CAL) was calculated by adding



recession to PD. PD and CAL were recorded to the nearest higher millimeter by means of the
North Carolina periodontal probe (Hu-Friedy®, Chicago, IL, USA), 15 mm in length and 0.35
mm in diameter. According to the criteria established by Machtei et al. (16), the clinical entity
of periodontitis is based on the presence of CAL > 6 mm in two or more teeth and one or
more sites with PD > 5 mm. The score for full-mouth gingival bleeding on probing (the
number of sites with gingival bleeding on probing divided by the total number of sites per
mouth, multiplied by 100), and the score for full-mouth plaque (the number of sites with
detectable supragingival dental plaque divided by the total number of sites per mouth,
multiplied by 100) were calculated for each patient and were compared between the two
groups. Two groups of patients were established one with periodontitis (n=30) and another

without periodontitis (n=26).

Dietary assessment

The habitual diet of the subjects was daily checked with 24-hours dietary recalls using
food records of measured and weighed food intake and all recipes of homemade dishes during
one week. Especifically, three recall days were registered at the day of recruitment by a
dietitian. Another four days (including one weekend day) were registered by the patient,
starting the first day after recruitment, with further supervision by the dietitian. The content of
macronutrients and selected micronutrients in the diet was calculated using the computer
program ALIMENTACION Y SALUD 0698.046 (BitASDE General Médica Farmacéutica,

Valencia, Spain).

Sampling
Venous blood samples (5mL) were collected into evacuated glass tubes containing

K3-EDTA (Venoject, Terumo, Leuven, Belgium) after a 12-h fasting period by venipuncture.



All samples were immediately centrifuged at 1000 x g for 15 minutes at 4°C and plasma was
divided into aliquots of 250ul for immediate analysis or for storage at -80 °C during 25 days,

until assayed.

Biochemical Analysis
Glucose, plasma triacylglycerols, total cholesterol, LDL-c, HDL-c and VLDL-c
cholesterol levels were measured using enzymatic methods in an automatic analyser (Roche-

Hitachi Modular PyD Autoanalyzer, Roche Laboratory Systems, Mannheim, Germany).

Total lipids from 0.1 mL of plasma were extracted and quantified as previously
described [17]. A gas-liquid chromatograph (Model HP-5890 Series 11, Hewlett Packard, Palo
Alto, CA, USA) equipped with a flame ionization detector was used to analyse the fatty acids.
Chromatography was performed using a capillary column 60 m long, 0.32 mm internal
diameter and 0.20 um thickness, impregnated with Sp™ 2330 FS (Supelco Inc. Bellefonte,
Palo Alto, CA, USA). Peroxidability index (PI) is the £ (% dienoic acid x 1) + (% trienoic
acid x 2) + (% tetraenoic acid x 3) + (% pentaenoic acid x 4) + (% hexaenoic acid x 5).
Oxidized, reduced and total Coenzyme Qio, and vitamin E were assayed by HPLC-EC as
previously described [18]. The HPLC system comprised of a Beckman Model 126 pump, a
Rheodyne model 7125 valve fitted with a 20 ul loop, a stainless steel column 15 cm long 4.6
mm internal diameter, packed with 3 um ODS Supelcosil from Supelchem, an ESA
Coulochem model 5100 A electrochemical detector and a model 5011 Analytical cell.
Briefly, 50 ul of the sample were precipitated with 150 ul of isopropanol and vortexed for 60
sec. After centrifugation at 12,000 x g for 10 min. in a bench-top centrifuge for Eppendorf

vials, 20 ul of supernatant were injected into the HPLC.



Plasma TNF-a and soluble VCAM (sVCAM) were assessed by quantitative enzyme-
linked immunosorbent assays (BIOSOURCE Europe S.A) according to the manufacturer’s

instructions.

Statistical Analyses

Data were expressed as means + standard error. Comparisons between periodontitis
and control groups were analysed by the student’s T-test when the variations were
homogeneous analysed by Kolmogorov-Smirnov; if not, the Mann-Whitney U Test was
applied instead. Correlations between variables were assessed using Pearson’s correlation
coefficients. Analyses were performed using the software program SPSS version 15.0
(Statistical Package for Social Sciences, SPSS Inc. Chicago, IL, USA). A P value of less than

0.05 was considered significant.

RESULTS

Fifty-six patients met the inclusion criteria and accepted to participate in the study;
30 were diagnosed as CP. No statistical differences in age were detected between
periodontitis and non periodontitis groups. Table 1 summarizes the results of the periodontal
examination with significant differences in all the parameters studied (P<0.001 for GM, PD,
CAL, dental plague and gingival bleeding determinations) and not significant differences
were found for age, height, weight and dietary intake (energy and specific nutrients) among
the considered groups.

Periodontitis group showed significant differences in all plasma-lipid parameters,
which for cholesterol, triacylglycerols, LDL-c, VLDL-c, and cholesterol/HDL-c index were
higher than in the non-periodontitis group, except for the HDL-c level, which was lower

(Table 2). Plasma-glucose level was not significantly different between groups.



Oxidative stress status was measured in plasma using the following parameters:
vitamin E, oxidized and reduced coenzyme Q1o (Table 2) and PI (Table 3). The determination
of the PI was significantly lower in control compared with periodontitis patients. Although,
plasma vitamin E levels did not differ between experimental groups, significant differences
were found for total and oxidized coenzyme Qio, the highest values being found for
periodontitis group.

Patients with periodontitis showed significantly higher values of plasma TNF-a and
soluble VCAM (Table 2).

Plasma fatty acid content (in mg/dl) is presented in Table 3. Myristic (C14:0),
palmitic (C16:0), palmitoleic of the n-9 series (C16:1n-9), stearic (C18:0), linoleic (C18:2n6),
arachidonic (C20:4n6) acid, total saturated fatty acids (SFA), total polyunsaturated fatty acids
(PUFA), total monounsaturated (MUFA) as well as total fatty acids amount were significantly
higher in periodontitis group. When plasma fatty acids were presented in terms of g/100g, the
proportion of most fatty acids and indices were mostly unaffected (results not shown), with
the exception of myristic, palmitic, palmitoleic of the n-9 series and SFA, that were higher (P
< 0.05 or less) for periodontitis group in comparison with non periodontitis group (0.9 £ 0.1
vs. 0.5 + 0.1 for myristic; 25.5 + 0.6 vs. 22.3 + 0.5 for palmitic; 2.3 £ 0.3 vs. 1.3 £ 0.1 for
palmitoleic of the n-9 series and 36.2 £ 0.7 vs. 32.7 =+ 0.5 for SFA).

Finally, some noteworthy and significant correlations among parameters of
cardiovascular risk (triacylglycerols, LDL-c, HDL-c, fatty acids) with periodontal data (GM,
PD and CAL) are in Table 4. Palmitic acid (C16:0) and saturated fatty acids (measured as
mg/dl), as well as total and reduced coenzyme Q showed a significant correlation for GM, PD
and CAL parameters. Meanwhile, LDL-c, triacylglycerols and HDL-c, as well as PUFA, n-6
PUFA, and total fatty acids (measured as mg/dl) were significantly correlated with two of

these periodontitis parameters.



DISCUSSION

CVD remains one of the leading causes of morbidity and mortality worldwide [19].
Periodontal disease is a group of chronic inflammatory diseases characterized by the
breakdown of the tooth supporting tissues and the impaired host inflammatory immune
response. This condition is due fundamentally to an ecological imbalance between the normal
microbial biofilm on theeth and the host tissues [20]. There is increasing evidence linking
chronic periodontitis (CP) to systemic diseases [21], in particular CVD and atherosclerosis [1,
3, 22, 23], but biological parameters supporting this association remain controversial.
Rencently [24], a link between CVD and CP has been established through metabolic
syndrome. Since both states share a common feature of metabolic syndrome, which is
inflammation, several related mechanisms have been postulated to explain this link. However,
nowadays it is not clear to what extent, if any, a relationship exists between the two diseases.

Data from the present study indicate that there is an association between periodontitis
and plasma-lipid profile, with significant differences appearing in total cholesterol,
triacylglycerols, and VLD-c, compared with control group. These results agree with those
from other authors [11] in the sense that periodontitis is often associated with enhanced
concentration of proatherogenic plasma lipids. Our results did not reveal significant
differences for LDL-c and HDL-c, as described also by Rufail et al. [12]. It should be noted
that other authors have not found significant differences for total cholesterol and/or
triacylglycerols [25, 26]. These controversial results could be due to the fact that these studies
differed in the parameters employed to define periodontal disease [16].

Besides measuring the proportions of fatty acids in total plasma, as usually has
traditionally been done, we also determined their concentrations. This is a methodology that is

being used more frequently every day, in studies ranging from obesity [27], aging [9], cystic
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fibrosis [28], vascular risk factors analysis [29], to studies on the smoking impact on health
[30]. In the present study, the importante of the quantitative analysis of fatty acids resides in
the fact that periodontal disease has been related with marked dyslipidaemia [3, 4]. On the
other hand, dyslipidaemia, that may affect plasma fatty acid concentration, might be hidden
since an absence of changes in the proportion of fatty acids does not rule out important
alterations in their concentrations [31]. Plasma fatty acids, an important cardiovascular
biomarker, showed an altered profile, particularly when meassured in concentration, in
periodontitis patients (Table 3), which reported higher amount of total fatty acids, saturated
fatty acids, MUFA, and n-6 PUFA than did control. Dietary fat may affect immune response
and determines lipoprotein susceptibility to oxidation, which affects on the activation of
adhesion molecules and other inflammatory factors [32]. We have previously demonstrated
that patients with peripheral vascular disease fed a diet rich in saturated fatty acids and n-6
polyunsaturated fatty acids, but not those fed on n-3 PUFA, had increased CVD risk factors
due to increased oxidized lipoprotein and vascular inflammation [17, 33]. Essential fatty acids
are precursors of inflammation mediators such as eicosanoids, which regulate the production
of inflammatory cytokines and the expression of some major inflammation genes. Total n-3
PUFA was associated with lower levels of pro-inflammatory markers (IL-6, TNF-a, C
reactive protein), higher levels of anti-inflammatory markers (Soluble IL-6r, IL-10, TGF-a),
and lower levels of some markers of endothelial activation (SVCAM-1 and sICAM-1) [19]. In
the present study, n-6 PUFA (mainly arachidonic and linoleic acids) and saturated fatty acids
in periodontitis group were higher than in the control group. This plasma fatty acid profile
increases CVD risk and might be responsible, at least in part, for the higher values in TNF-a
and sVCAM-1 found in these patients. These results are consistent with those from
Lichtenstein et al. [34], which describe the effects of dietary interventions with fatty acids on

biomarkers of inflammation in randomized clinical trials. This suggests that periodontitis
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itself, maybe, is accompanied by a proatherogenic plasma fatty acid profile. Periodontitis
is a chronic, inflammatory, destructive disease that affects the supporting tissues of the teeth
and is associated with enhanced concentration of inflammatory markers including TNF-a.
The present study shows higher TNF-a in periodontitis than in control group, which agrees
with many authors [e.g. 35]. Soluble vascular cell-adhesion molecule (SVCAM)-1 has a role
in the pathogenesis of atherosclerosis mainly in the early phase of the development of the
atherosclerotic lesion. In this sense, patients with periodontitis had higher sVCAM
concentrations, which agree with other studies [36,37]. Although it has been reported that
periodontal therapy does not reduce plasma sVCAM-1, studies in human subjects have shown
that by increasing plasma n-3 PUFA, sVCAM-1 is reduced [32]. This means that changes in
the plasma fatty acid profile could reduce the CVD risk in patients with periodontitis.

Recently, a new association between lipid peroxidation, oxidative stress and
periodontitis has been suggested and it is also related to the clinical periodontal status [24].
On the other hand, the plasma fatty acid profile plays an important role in the lipid-
peroxidation process, which is intimately related also with inflammation [24]. It has been
reported that high plasma PUFA levels increase lipid peroxidation, and it is well correlated
with PIl. Here, patients with periodontitis showed higher PI, which implies that a putative
decrease in double bound-rich fatty acids, mainly arachidonic acid, could lower lipid
peroxidation susceptibility in these patients, thereby reducing CVD risk. However, this
plasma fatty acid profile can not be due to an increase in PUFA intake because as it has been
described above, dietary intake of this fatty acid fraction is the same between both
experimental groups (table 1).

Plasma antioxidants limit LDL oxidation but the presence of co-antioxidants is
required for effectively scavenging free radicals since some antioxidant molecules per se

would act paradoxically as pro-oxidants once activated in the lipid moiety. Results in our
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periodontitis patients suggest that even if total a-tocopherol amount does not change, a
similarly large extent of oxidative damage occurs. In fact, endogenouns synthesis of the co-
antioxidant coenzyme Q1o was induced, probably to attenuate plasma peroxidation. Several
studies have proved that an induction in coenzyme Q1o synthesis is due in part to an increase
in oxidative stress [38,39].

Evidence suggests an association between inflammatory markers, such as interleukins,
oxidative stress-related parameters and others and CVD events. Taking into account the new
cardiovascular risk markers, some studies suggest an association between periodontal disease
and CVD. It has been hypothesized that CVD may be triggered by systemic mechanisms, in
addition to local inflammatory factors [24], and chronic periodontal infection is one of the
possibilities to be considered. Here, this hypothesis is fully supported by reported results on
oxidative stress status, fatty acid profile, inflammatory interleukines and adhesion molecules.
Indeed, the high correlations found between plasma triacylglycerols, LDL-c, saturated fatty
acids, polyunsaturated fatty acids, total amount of fatty acids and coenzyme Q1o with some of
periodontal data as PD, GM and CAL, leads to the conclusion that there is a close association
between periodontitis, plasma fatty acids profile and the increase in metabolic risk factors for

CVD.



13

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Bahekar AA, Singh S, Saha S, Molna 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.

Janket S, Jones JA , Meurman JH, Baird AE, Van Dyke TE.Oral infection,
hyperglycemia, and endothelial dysfunction. Oral Surg Oral med Oral Pathol Oral
Radiol Endod 2008; 105:173-179.

Fardi A, Papadimitriou D. Periodontal and atherosclerosis-induced diseases. Int
Angiol 2007; 26:197-205.

Oz G, Fentoglu O, Kilicarslan A, Guven G, Tanriover M, Aykar Y, et al. Beneficial
effects of periodontal treatment on metabolic control of hipercolesterolemia. Southern
Medical Associations 2007; 100:686-691

Ramirez-Tortosa MC, Mesa MD, Aguilera MC, Quiles JL, Baro L, Ramirez-Tortosa
CL, et al. Oral Administration Of A Turmeric Extract Inhibits LDL Oxidation And
Has Hypocholesterolemic Effect In Rabbits With Experimental Atherosclerosis.
Atherosclerosis 1999a; 147:371-378.

Quiles JL, Mesa MD, Ramirez-Tortosa CL, Aguilera CM, Battino M, Gil A, et al.
Curcuma longa extract supplementation reduces oxidative stress and attenuates aortic
fatty streak development in rabbits. Arterioscler. Thromb. Vas. Biol 2002; 22:1225-
1231.

Aguilera CM, Ramirez-Tortosa MC, Mesa MD, Ramirez-Tortosa CL, Gil A.
Sunflower, virgin olive and fish oils differentially affect the progression of aortic
lesions in rabbits with experimental atherosclerosis. Atherosclerosis 2002; 162:335-

344.



[8]

[9]

[10]

[11]

[12]

[13]

[14]

14

Ramirez-Tortosa MC, Suarez A, Gomez MC, Ros E, Mataix J, Gil A. Effect of extra
virgin olive oil and fish oil supplementation on plasma lipids and susceptibility of low
density lipoprotein to oxidative alteration in free living Spanish male patients with
peripheral vascular disease. Clin Nutr 1999c; 18:167-174.

Quiles JL, Ochoa JJ, Ramirez-Tortosa MC, Battino M, Huertas JR, Martin Y, et al.
Dietary fat type (virgin olive vs. sunflower oils) affects age-related changes in DNA
double-strand-breaks, antioxidant capacity and blood lipids in rats. Exp Gerontol
2004; 39:1189-1198.

Krauss-Etschmann S, Hartl D, Rzehak P, Heinrich J, Shadid R, Ramirez-Tortosa MC,
et al. Decreased cord blood IL-4, IL-13, and CCR4 and increased TGF-beta levels
after fish oil supplementation of pregnant women. J Allergy Clin Immunol 2007;
121:464-470.

D’Aiuto F, Parkar M, Nibali L, Suvan J, Lessem J, Tonetti M. Periodontal infections
cause changes in traditional and novel cardiovascular risk factors: results from a
randomizaed controlled clinical trial. Am Heart J 2006; 151:977-984.

Rufail ML, Schenkein HA, Koertge TE, Best AM, Barbour SE, Tew JG, et al.
Atherogenic lipoprotein parameters in patients with aggressive periodontitis. J
Periodont Res 2007; 42:495-502.

Tonetti MS, D'Aiuto F, Nibali L, Donald A, Storry C, Parkar M, et al. Treatment of
periodontitis and endothelial function. N Engl J Med 2007; 356:911-920.

Kesevalu L, Bakthavatchalu V, Rahman MM, Su J, Raghu B, Dawson D, et al.
Omega-3 fatty acids regulated inflammatory cytokine/mediator messenger RNA
expression in Porphyromonal gingivalis-induce experimental periodontal disease. Oral

Mircrobiol Immunol 2007; 22:232-239.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

15

Requirand P, Gibert P, Tramini P, Cristol JP, Descomps B. Serum fatty acid imbalance
in bone loss: example with periodontal disease. Clin Nutr 2000; 19:271-276.

Merchant AT, Pitiphat W. Researching periodontitis: challenges and opportunities. J
Clin Periodontol 2007; 34:1007-1015.

Ramirez-Tortosa MC, Lépez-Pedrosa JM, Suérez A, Ros E, Mataix J, Gil A. Olive oil
and fish oil enriched diets modify plasma lipids and susceptibility of low density
lipoprotein to oxidative modification in free living male patients with peripheral
vascular disease: the Spanish Nutrition Study. Br. J Nutr 1999b; 82: 31-39.

Battino M, Leone L, Bompadre S. High-performance liquid chromatography-EC assay
of mitochondrial coenzyme Q9, coenzyme Q9H2, coenzyme Q10, coenzyme Q10H2,
and vitamin E with a simplified on-line solid-phase extraction. Methods Enzymol
2004; 378:156-162.

World Health Organization. The World Health Organization warns of the rising threat
of heart disease and stroke as overweight and obesity rapidly increase 2005. Available
at: http://www.who.int/mediacentre/news/releases/2005/pr44/en/index.html. (Accessed
2009-02-09).

Newman HN. Diet, attrition, plaque and dental disease. Br Dent J 1974; 136:491-497.
Kuo LC, Polson AM, Kang T. Associations between periodontal diseases and systemic
diseases: a review of the inter-relationships and interactions with diabetes, respiratory
diseases, cardiovascular diseases and osteoporosis. Public Health 2008; 122:417-433.
Paquette DW, Brodala N, Nichols TC. Cardiovascular disease, inflammation, and
periodontal infection. Periodontol 2000 2007; 44:113-126.

Ford PJ, Yamazaki K, Seymour GJ. Cardiovascular and oral disease interactions: what
is the evidence? Prim Dent Care 2007; 14: 59-66.

Bullon P, Morillo JM, Ramirez-Tortosa MC, Quiles JL, Newman H, Battino M.



[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

16

Metabolic syndrome and periodontitis: is oxidative stress a common link? J Dental
Res 2009, in press.

Nibali L, D’Aiuto F, Griffiths G, Paterl K, Suvan J, Tonetti M. Severe periodonttitis is
associated with systemic inflammation and a dysmetabolic status: a case-control study.
J Clin Periodontol 2007; 34:931-937.

Bizarro S, Van der Velden U, Ten Heggeler JM, Leivadaros E, Hoek FJ, Gerdes VE,
et al.  Periodontitis is characterized by elevated PAI-1 activity. J Clin Periodontol
2007; 34:574-580.

Larqué E, Gil-Campos M, Ramirez-Tortosa MC, Linde J, Cafeete R, Gil A.
Postprandial response of trans fatty acids in prepubertal obese children. Int J Obes
2006; 30:1488-1493.

Durieu I, Abbas-Chorfa F, Drai J, Iwaz J, Steghens JP, Puget M, Ecochard R, Bellon
G. Plasma fatty acids and lipid hydroperoxides increase after antibiotic therapy in
cystic fibrosis. Eur Respir J 2007; 29:958-964.

Lara JJ, Economoua M, Wallace AM, Rumley A, Lowec G, Slater C, Caslake M,
Sattar N, Lean MEJ. Benefits of salmon eating on traditional and novel vascular risk
factors in young, non-obese healthy subjects. Atherosclerosis 2007; 193:213-221.
Pawlosky RJ, Hibbeln JR, Salem N. Compartmental analyses of plasma n-3 essential
fatty acids among male and female smokers and nonsmokers. J. Lipid Res. 2007;
48:935-943.

Gil-Campos M, Larqué E, Ramirez-Tortosa MC, Linde J, Villada I, Cafiete R, Gil A.
Changes in plasma fatty acid composition after intake of a standardised breakfast in
prepubertal obese children. Br J Nutr 2008; 99:909-17.

Von Schacky C, Harris WS. Cardiovascular benefits of omega-3 fatty acids.

Cardiovasc Res 2007; 73:310-5.



[33]

[34]

[35]

[36]

[37]

[38]

[39]

17

Ghosh S, Novak EM, Innis SM. Cardiac proinflammatory pathways are altered with
different dietary n-6 linoleic to n-3 alpha-linolenic acid ratios in normal, fat-fed pigs.
Am J Physiol Heart Circ Physiol 2007; 293:2919-2927.

Lichtenstein AH, Erkkila AT, Lamarche B, Schwab US, Jalbert S M, Ausman LM.
Influence of hydrogenated fat and butter on CVD risk factors: remnant-like particles,
glucose and insulin, blood pressure and C-reactive protein. Atherosicerosis 2003;
171:97-107.

Yun F, Firkova EI, Xun H, Jun Qi L. Effects of surgical periodontal therapy on serum
levels of TNF-alpha in patients with chronic periodontitis. Folia Med (Plovdiv) 2007,
49:37-40.

Pischon N, Hagewald S, Kunze M, Heng N, Christan C, Kleber BM, et al. Influence of
periodontal therapy on the regulation of soluble cell adhesion molecule expression in
aggressive periodontitis patients. J Periodontol 2007; 78:683-90.

Schenkein HA, Best AM, Brooks CN, Burmeister JA, Arrowood JA, Kontos MC, et
al. Anti-cardiolipin and increased serum adhesion molecule levels in patients with
aggressive periodontitis. J Periodontol 2007; 78:459-66.

Isobe C, Murata T, Sato C, Terayama Y. Increase of oxidized/total coenzyme Q-10
ratio in cerebrospinal fluid in patients with Parkinson's disease. J Clin Neurosci 2007;
14:340-3.

Battino M, Bompadre S, Politi A, Fioroni M, Rubini C, Bullon P. Antioxidant status
(CoQ10 and Vit. E levels) and immunohistochemical analysis of soft tissues in

periodontal diseases. Biofactors 2005; 25:213-7.



18

Table 1. Estimated daily nutrient intakes and periodontal data from periodontitis patients and

control groups.

PERIODONTITIS

NON PERIODONTITIS

(n=30) (n=26)
Nutrient intake data
Age (years) 47+ 1.8 41.8+ 1.8
Height (cm) 169+ 1.8 164+ 1.6
Weight (kg) 79+ 2.6 7129
Total energy (kcal/d) 2782+ 102 2641+ 91
Carbohydrates (g/d) 275+ 14 271+ 11
% energy 39.2+1.2 41+ 15
Protein (g/d) 129+ 6.5 130+ 5.2
% energy 18.5+ 0.6 19.6+ 0.6
Total fat (g/d) 122+ 5.6 115+ 5.3
% energy 39.7+ 2.6 39.4+1.6
SFA (g/d) 35,6+ 2,2 36,8+2,9
MUFA (g/d) 56,7+ 2,6 51,3+ 2,9
PUFA (g/d) 13,5+ 1,2 16,3+ 2,4
Cholesterol (mg/d) 262+ 33 257+ 26
Dietary fiber (g/d) 21+ 2.5 25+ 1.6
Periodontal data
GM -0.75+ 0.12* -0.15+ 0.04
PD 3.0+ 0.09* 2.30+£0.10
CAL 3.7+ 0.2 246+ 0.1
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Table 1 continued
Dental Plaque 42.0+3.7* 29.15+ 3.7

Gingival Bleeding 63.6+ 4.4+ 47.93+4.0

Values are expressed as X +s.e.m.

Significantly different periodontitis vs controls: *P<0.001.

CAL: clinical attachment level; GM: recession of the gingival margin; MUFA:
monounsaturated fatty acids; PD: periodontal probing depth; PUFA: polyunsaturated fatty

acids; SFA: saturated fatty acids.



Table 2. Biochemical parameters, TNF-a, SVCAM and selected antioxidants in

plasma of periodontitis and control groups.

PERIODONTITIS

NON PERIODONTITIS

(n=30) (n=26)
Glucose (mg/dl) 97.7£4.3 89.2+ 25
Cholesterol (mg/dl) 217.7+£ 7.6* 193.8+7.9
Triacylglycerols (mg/dl) 144.6+ 13.9* 92.3+11.4
HDL-cholesterol (mg/dl) 54.3+ 3.9 60.3+ 3.7
LDL-cholesterol (mg/dl) 135.4+ 8.3 113.4+ 7.3
VLDL-cholesterol (mg/dl) 28.4+ 2.5¢ 18.3+ 2.3
Total Cholesterol /HDL-c 4.58+ 0.3* 3.5+0.3
TNF-o (pg/ml) 35.4+ 5.2* 14.148.9
SVCAM (ng/ml) 421.6+ 8.1 388.8+9.8
Vitamin E (UM) 7.6+ 0.6 7.6+05
Coenzyme QioH2 (LM) 0.81+ 0.01 0.66+ 0.07
Coenzyme Q1o (UM) 0.14+ 0.01* 0.09+ 0.01
Total Coenzyme Q1o (UM) 1.04+ 0.08* 0.7+ 0.08

Values are expressed as X +s.e.m

Significantly different periodontitis vs controls: “P<0.05; *P<0.001.

TNF-o: tumour necrosis factor alpha; sVCAM: soluble vascular cell-adhesion

molecule.
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Table 3. Plasma fatty acid profile in periodontitis patients and in control groups.

PERIODONTITIS

NON PERIODONTITIS

Fatty acids (mg/dl)

(n=30) (n=26)
C14:0 2.6+ 0.3* 1.4+ 0.2
Cl16:0 77.1%+ 3.8* 53.4+ 3.4
C16:1n9 4.2+ 1.1 3.2+ 0.3
C18:0 24.4+ 1.1} 18.1+1.1
C18:1n9 46.8+ 2.4* 37.3t 25
C18:2n6 99.3+ 3.7* 85.4+ 5.4
C20:3n6 2.7+ 0.1 2.2+ 0.2
C20:4n6 (AA) 16.1+ 0.7* 13.7+£0.7
C24:0 3.4+04 3.1+ 0.4
C24:1n9 5.4+ 0.3 4.1+ 0.3
C22:6n3 (DHA) 9.9+ 0.7 8.4+ 0.7
SFA 109.1+5.1% 78.5£ 5.0
MUFA 60.1+ 3.8* 45.7+ 2.9
PUFA n-6 118.2+ 4.1* 101.4+5.9
PUFA n-3 12.4+1.0 11.9+1.2
PUFA 130.6+ 4.6* 113.4+ 6.7
MUFA/PUFA 0.5+ 0.04 0.4+ 0.03
AA/DHA 1.8+0.1 1.8+0.1
n-6/n-3 11.6+ 1.0 9.5+ 0.6
TFA 300+ 10.6% 237.6x£13.0
Plasma PI 67.5+ 2.5 57.6+ 3.2
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Table 3 continued

Values are expressed as X +s.e.m.

Significantly different periodontitis vs controls: “P<0.05; 'P<0.01; *P<0.001.
Pl= (% dienoic acid x 1) + (% trienoic acid x 2) + (% tetraenoic acid x 3) + (%
pentaenoic acid X 4) + (% hexaenoic acid x 5).

MUFA: monounsaturated fatty acids; PI: peroxidizability index; PUFA:

polyunsaturated fatty acids; SFA: saturated fatty acids; TFA: total fatty acids.
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Table 4. Selected correlations among parameters of cardiovascular risk with periodontal data

Cardiovascular risk

Correlation (Pearson) p
factors

GM PD CAL GM PD CAL
Triacylglycerols -0.51 0.38 0.0001 0.003
LDL-c -0.32 0.29 0.02 0.03
HDL-c 0.32 0.01
Palmitic acid (16:0) -0.46 0.34 0.46 0.0001 0.009 0.0001
SFA -0.39 0.32 0.41 0.003 0.013 0.001
PUFA n-6 0.36 0.34 0.05 0.009
PUFA 0.32 0.31 0.016 0.02
TFA -0.28 0.26 0.03 0.04
Oxidised Coenzyme Q -0.30 0.56 0.50 0.02 0.0001  0.0001
Total Coenzyme Q -0.27 0.30 0.33 0.04 0.02 0.01

CAL: clinical attachment level; GM:

recession of the gingival margin; PD: periodontal

probing depth; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids; TFA: total fatty

acids.
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