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Ratio as a Novel Inflammatory Marker in Periodontal Disease: 
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Ab s t r ac t
Aim: The monocyte-to-high-density lipoprotein cholesterol ratio (MHR) has currently been proposed as an indicator of inflammation. The 
aim of the present study was to assess the relationship between the monocyte-to-high-density lipoprotein cholesterol ratio and periodontal 
health and disease.
Materials and methods: A total of 90 patients were selected for the study – 30 healthy patients (group I) and 60 periodontitis patients (groups II 
and III). All the patients were subjected to blood sampling and serum malondialdehyde (MDA), high-density lipoprotein cholesterol (HDL) levels 
and monocyte counts were estimated.
Results: Monocyte-to-high-density lipoprotein cholesterol ratio was 80.64 ± 28.71 for patients with moderate periodontitis (group II), 95.14 ± 
53.21 in severe periodontitis (group III), and 14.28 ± 16.05 for the healthy patients. Monocyte-to-high-density lipoprotein cholesterol ratio 
values were found to be statistically significantly higher than the control group (p < 0.001). Monocyte-to-high-density lipoprotein cholesterol 
ratio also showed significantly positive correlation with the severity of periodontitis.
Conclusion: Malondialdehyde and MHR are increased in periodontal disease and correlate with severity of the periodontal disease. 
Clinical significance: Monocyte-to-high-density lipoprotein cholesterol ratio is a novel, readily available inflammatory and oxidative stress 
marker in patients with periodontitis and can be useful to evaluate periodontitis and disease severity.
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In t r o d u c t i o n
Periodontal disease is initiated by periodontopathic bacteria but 
perpetuated by inflammation, leading to bone loss and eventually 
tooth loss. Inflammation seems to be the cardinal and common 
phenomenon in the pathogenesis of periodontal disease and it 
also links various systemic diseases to periodontal disease. This 
inflammation is kick-started by components of biofilm bacteria 
such as lipopolysaccharide, which triggers a series of immune 
and inflammatory mechanisms. However, in a healthy individual, 
resolution ensues and the offending organisms are cordoned off. 
However, if the offending attack is overwhelming or the host 
immune system is compromised, the array of pro-inflammatory 
cytokines from cells like neutrophils and macrophages along 
with the matrix metalloproteinases promotes the bystander 
tissue damage that f inally leads to bone and tooth loss.1 
Moreover, the milieu in periodontal disease tips toward oxidative 
distress rather than oxidative stress. Reactive oxygen species 
(ROS) are generated in multiple compartments within the cell. 
Oxidative stress due to excessive production or due to defective 
neutralization leads to ROS-mediated damage through oxidation 
of cellular constituents, including nucleic acids, lipids, and 
proteins. Reactive oxygen species-mediated lipid peroxidation 
processes cause break in the cell membrane lipid bilayer, leading 
to inactivation of membrane-bound receptors and enzymes, 
and increase in membrane permeability. Malondialdehyde is 
one of the end products of lipid peroxidation and its levels are 
increased in patients with periodontitis.2 Monocytes are the 
largest among the leukocytes, make up 3–7% of the total cells, 

and are generally the second cell type to move to the site of 
inflammation. Monocytes differentiate into macrophages in 
tissues and like neutrophils, they can eradicate the offending 
pathogens and clear the debris by phagocytosis. However, the 
accumulation of monocytes exacerbates oxidative stress and 
inflammation. Moreover, activated monocytes, macrophages, 
and fibroblasts produce cytokines within periodontal lesions, 
including tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), 
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and interleukin-6 (IL-6).3 In contrast, HDL, a complex molecule, 
has potent anti-inflammatory effects – decreasing activation 
of monocytes and neutrophils, inhibiting leukocyte adhesion, 
and also has antithrombotic effects,4 thus protecting against 
cardiovascular disease. A number of environmental factors 
can modify HDL resulting in a defective or impaired molecule, 
altering its beneficial effects. Such a scenario exists in many 
chronic inflammatory conditions/diseases like cardiovascular 
disease, hypercholesterolemia, and diabetes mellitus. An array 
of studies has studied the relationship between dyslipidemia 
and periodontal disease and a subset of studies have reported 
reduced levels of HDL in subjects with periodontitis.5–7 Recently, 
a relation between a low HDL level and a high monocyte count 
has been described. Monocyte-to-HDL ratio is now considered as 
an early marker/predictor in many chronic inflammatory diseases 
like cardiovascular disease, polycystic ovarian disease, chronic 
kidney disease, metabolic syndrome, etc. To date, no study has 
explored the association between periodontitis and the MHR. 
Therefore, the aim of this pilot study was to estimate the levels 
of MDA and MHR in health and periodontal disease (moderate 
and severe), and also to correlate their levels with severity of 
periodontal disease.

Mat e r ia  l s a n d Me t h o d s
This was a single-centered study, and the patients were recruited 
from the OP Department of Periodontics, Thai Moogambigai 
Dental College and Hospital, Chennai from January 2019 to March 
2019. Ethical clearance was procured from the Institutional Review 
Board, the study purpose as well as the details were explained, 
and informed consent was obtained from patients undergoing 
this study. A total of 90 patients were selected for the study. 
All participants were between 25 and 58 years old – 30 healthy 
patients (group I) and 60 periodontitis patients (groups II and III). 
Periodontal health was diagnosed based on the absence of 
bleeding on probing and absence of pockets. Periodontitis was 
diagnosed as per the 2017 AAP Classification of Periodontal 
Disease.8 Group II consisted of 30 patients, with stage-II grade-B 
periodontal disease (moderate periodontitis), and group III 
included 30 patients with stage III grade B periodontal disease 
(severe periodontitis with potential for additional tooth loss). 
A single examiner with calibrated Williams periodontal probe 
carried out the examination. The presence of interdental clinical 
attachment loss at ≥2 nonadjacent teeth, or buccal/oral clinical 
attachment loss ≥3 mm with pocketing ≥3 mm at ≥2 teeth, 
was taken into consideration for identification of periodontitis. 
The presence of cardiovascular disease, diabetes, chronic lung 
disease, liver diseases, malignancies, other endocrine disorders, 
renal dysfunction, alcoholism, and subjects on lipid-lowering 
drugs were considered as exclusion criteria for participation in 
this study.

Blood Sampling
Following diagnosis, patients were subjected to blood sampling. 
A nonfasting blood sample of 10 mL was collected from all the 
patients via venipuncture of the right/left arm from the antecubital 
vein using a 21-gauge sterile syringe and processed for monocyte 
counts and HDL levels following the standard pathology protocol. 
Serum MDA levels were estimated by the method previously 
described by Yagi9 and expressed as µM/L. To obtain the reaction 
product of malonaldehyde with TBA, 1,1,3,3-tetraethoxypropane 

was used.4 One nanomole of tetraethoxypropane dissolved in 
4.0  mL of distilled water was mixed with 1.0 mL of TBA reagent 
(0.67% TBA aqueous solution + glacial acetic acid, 1: 1, v/v), heated 
at 95°C for 60 minutes. The reaction product had an absorption 
peak at 532 nm and fluorescence green. The excitation and emission 
spectra were measured using a spectrofluorophotometer.

The HDL levels were estimated using HDL Direct from Diatek 
(Diatek Healthcare Pvt. Ltd., Kolkata) and were analyzed using a 
sophisticated semi-auto clinical chemistry analyzer (Erba Manheim 
Chem 5 Plus v2, Erba Diagnostics Mannheim GmbH, Germany). 
Monocyte count was calculated by multiplying white blood cell 
percentage by total white blood cell count. Monocyte-to-high-
density lipoprotein cholesterol ratio was calculated by dividing 
monocyte count into HDL. 

Statistical Analysis
Statistical analyses were performed using SPSS software, version 
21 (IBM Corp.) for Windows. Initially, normality was assessed for the 
collected data. It was found to be normally distributed, and hence 
parametric tests were followed for the study. Mean and standard 
deviations were used to express continuous variables, and 
categorical variables were expressed as counts and percentages. 
Significance level was fixed at 0.05. The intergroup comparison 
between the healthy, moderate periodontitis group, and severe 
periodontitis group was calculated for HDL, MHR, MDA, and 
monocyte using analysis of variance (ANOVA). The power of the 
study was estimated to be 95% using G power 3.1.9.2 statistical 
tool.

Re s u lts 
The demographic characteristics and the baseline values are given 
in Table 1. The total number of subjects was 90, of which 30 were 
healthy subjects. In the healthy group (group I), the mean age was 
36 ± 10.9, of which 73.3% were females and 26.7% were males. 
The periodontitis group had 60 subjects, among which 44.8 ± 8.5 
belonged to moderate periodontitis (group II), and 43.3 ± 11.2 in the 
severe periodontitis category (group III). The moderate periodontitis 
(group II) had 53.3% females and 46.7% males. Among the severe 
periodontitis (group III), 66.7% were females and 33.3% were  
males. Table 2 depicts the comparison of the serum MDA, monocytes, 
HDL levels, and MHR ratio among the periodontitis group (groups II 
and III) and the healthy control group (group I). The observed values 
for the MDA levels in the healthy subjects and the two groups of 
periodontitis patients were 0.08 ± 0.01, 1.06 ± 0.27, and 1.37  ± 
0.52 µM/L, respectively. Differences in the MDA levels of patients 
with moderate and severe periodontitis in comparison with those 

Table 1: Demographic table

Variables

Healthy 
Moderate 

periodontitis
Severe 

periodontitis

Mean ± SD Mean ± SD Mean ± SD

Age 36 ± 10.9 44.8 ± 8.5 43.3 ± 11.2

(%) (%) (%) 

Female 73.3% 53.3% 33.3%

Male 26.7% 46.7% 66.7%

Values are presented as mean ± standard deviation. SD, standard deviation; 
(%), percentage
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of healthy subjects were also noted, which was highly statistically 
significant (p ≤ 0.0001). The monocyte levels also increased from 
health to periodontitis, 0.80 ± 0.93 (group I), 2.71 ± 0.85 (group II), 
and 3.1 ± 1.04 (group III), and statistical significance was noted. On 
analyzing the HDL values among the groups, it was also statistically 
significant (p ≤ 0.05) as elevated values were observed in the 
periodontitis group i.e., 36.26 ± 11.15 (group I), 36.46 ± 20.2 (group II) 
compared with group I (54.1 ± 14.89). However, significance was 
not noted between moderate and severe periodontitis. The MHR in 
healthy group (group I) was 14.28 ± 16.05, 80.64 ± 28.71 in group II, 
and 95.14 ± 53.21 in group III. Highly significant (p ≤ 0.001) difference 
between the health and periodontitis variables was perceived for 
monocytes and MHR. From the results, it was inferred that MDA and 
MHR are increased in periodontal disease and correlated with the 
severity of the periodontal disease.

Di s c u s s i o n
Periodontal disease, a common inflammatory disease, initiated 
by a dysbiotic biofilm and subsequently propagated by the host 
immune system, results in destruction of investing structures 
of the teeth and also has a potential impact on systemic well-
being. In conjunction with the bacterial challenge, the host’s 
immune response plays an important role in the onset and 
progression of periodontitis. Activated monocytes, macrophages, 
and fibroblasts produce cytokines within periodontal lesions, 
including TNF-α, IL-1β, and IL-6.10 Oxidative stress is integral in 
periodontal disease, and one of the key features in development 
and progression of periodontal disease. During inflammation, 
ROS production is dramatically increased, predominantly by 
polymorphonuclear lymphocytes, monocytes, and macrophages 
during respiratory burst phenomenon,11 which overwhelms the 
antioxidant system, leading to tissue damage. In addition to 
the indirect damage caused by ROS, oxidative stress can cause 
disruptions in normal mechanisms of cellular signaling. Several 
biomarkers can be assessed to reflect the oxidative stress state of 
the tissue. However, due to shorter dwindling lifespan of ROS, it is 
a formidable challenge. Of the widely investigated ROS markers in 
periodontitis, lipid peroxidation products produced in vivo, such 
as MDA, 4-hydroxy-nonenal (HNE), and isoprostane, have been 
considered for both local and systemic burden associated with 
periodontitis. Malondialdehyde is technically easier to quantify and 
has proven to be a valid clinical marker, though it does not have 
any functional impact on the pathogenesis of periodontal disease. 
Wei et al.2 found higher levels of MDA in gingival crevicular fluid, 

saliva, and serum of patients with chronic periodontitis compared 
with controls. Also, Ghallab et al.12 detected more levels of MDA in 
aggressive periodontitis than in chronic periodontitis and healthy 
subjects. In our estimation of salivary MDA in healthy, moderate, 
and severe periodontitis, increased levels were seen with increased 
severity of disease. Our results are akin to Khalili and Biloklytska,13 
where a significant increase in the MDA level existed in the samples 
obtained from the three groups of patients (early, moderate, and 
severe periodontitis) compared with the control subjects, which 
incrementally elevated as a function of the progression in disease 
severity among the three groups of patients in comparison with 
the healthy control subjects. Having established the oxidative 
distress milieu of periodontal disease, we set forth to investigate 
the novel biomarker MHR ratio. Monocytes, during inflammation 
produce a multitude of cytokines, which will further aggravate 
the inflammatory process, whereas, HDL cholesterol, which has 
anti-inflammatory, antioxidant, and antithrombotic properties, 
strongly decreases pro-inflammatory and pro-oxidant effects of 
monocytes.14 So, it seems convincing to incorporate both values 
into a single MHR ratio, which can echo the underlying inflammation 
and serve as an inflammatory as well as an oxidative stress marker. 
White blood cells represent the main constituent of the immune and 
inflammatory response, and increase in any one of the components 
of white blood cells reflects the inflammatory process. Many 
authors have shown that venous blood of patients with chronic 
periodontitis had elevated white blood cell levels.15,16 In our study, 
the circulating levels of monocytes are higher in periodontitis 
group compared with the healthy individuals corroborating with 
the findings of Buhlin et al.17 Moreover, systemic inflammation 
characterized by an elevated white blood cell count in venous 
blood could be caused by higher endotoxin levels detected in the 
plasma of periodontitis patients, compared with those in healthy 
patients.18 Chronic inflammation can cause dyslipidemia, a common 
link connecting periodontal disease, cardiovascular disease, and 
diabetes mellitus. Literature survey yields conflicting results on 
the correlation between serum lipids and periodontal health. 
As early as 1999, Ebersole and Taubman19 observed a transient 
decline in HDL in ligature-induced periodontitis in a nonhuman 
primate model. Fentoğlu et al.20 noticed that a statistically 
significant negative correlation was observed between HDL 
and clinical attachment loss, and statistically significant positive 
correlations were observed between clinical attachment loss and 
triglycerides, total cholesterol, and low-level-density cholesterol. 
Interestingly, few studies have reported decreased levels of anti-
atherogenic HDL in subjects with periodontitis.5–7 In our study, 
serum HDL was reduced in chronic periodontitis patients, which 
was statistically significant when compared with controls. The 
results are on par with the above-mentioned subset of studies. 
As for MHR, elevated levels were noted in periodontitis compared 
with healthy subjects. Similar increased HDL monocyte ratio has 
been seen in cardiovascular disease, diabetes, smokers, and many 
more systemic diseases.21–23 Inflammation is the major common 
development/progression factor in all these chronic diseases. 
This pilot study is the first, associating HDL monocyte ratio to 
periodontal disease. Moreover, in the present study, MHR was found 
significantly higher in moderate and severe periodontitis groups 
when compared with the control group and MHR increased as the 
severity of disease increased. Therefore, higher MHR ratio may be 
associated with adverse periodontal inflammatory processes and 
can serve as a useful marker of chronic inflammatory stress. Since 
the test is relatively easy, readily available, and cheap, it can be used 

Table 2: Comparison of the serum MDA, monocytes, HDL levels, and 
MHR ratio among healthy group (group I) and periodontitis group 
(groups II and III) 

Variables

Healthy
(Group I)

Moderate 
periodontitis

(Group II)

Severe 
periodontitis

(Group III)

LOS*Mean ± SD Mean ± SD Mean ± SD

Monocyte 0.80 ± 0.93 2.71 ± 0.85 3.1 ± 1.04 <0.001a

HDL 54.1 ± 14.89 36.26 ± 11.15 36.46 ± 20.2 0.004b

MHR 14.28 ± 16.05 80.64 ± 28.71 95.14 ± 53.21 <0.001a

MDA 0.08 ± 0.01 1.06 ± 0.27 1.37 ± 0.52 <0.001a

*Significant (p ≤ 0.05). HDL, high-density lipoprotein cholesterol; LOS, level 
of significance; MHR, monocyte-to-HDL ratio; MDA, malondialdehyde. 
aStatistically highly significant. bStatistically significant
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for follow-up of chronic periodontitis patients. Certain limitations 
of the study must be acknowledged. The biochemical parameters 
were assessed in serum, following the studies done in other 
systemic diseases, whereas gingival crevicular fluid would have 
been a more promising medium. Periodontal disease associated 
with other comorbidities like cardiovascular disease, diabetes, 
obesity, and environmental influences like smoking has not been 
included. An expanded study with a larger sample size, using 
gingival crevicular fluid as the sample with more specific severity 
categories of periodontitis, will shed more light on the clarity of 
MHR association with periodontal disease.

Co n c lu s i o n
This study was the first to investigate MHR in periodontitis subjects. 
The results indicated that periodontitis subjects had a higher MHR 
ratio than the healthy subjects. It is simple and cost-effective and 
serves as a beneficial marker of inflammation and oxidative stress 
of periodontal disease. 

Ac k n ow l e d g m e n ts
We thank the Department of Biochemistry, ACS Medical College 
and Hospital for their valuable assistance in conducting the study. 

Re f e r e n c e s
	 1.	 Page RC, Offenbacher S, Schroeder HE, et al. Advances in the 

pathogenesis of periodontitis: summary of developments, clinical 
implications and future directions. Periodontol 2000 1997;14:216–248. 
DOI: 10.1111/j.1600-0757.1997.tb00199.x.

	 2.	 Wei D, Zhang XL, Wang YZ, et al. Lipid peroxidation levels, total 
oxidant status and superoxide dismutase in serum, saliva and gingival 
crevicular fluid in chronic periodontitis patients before and after 
periodontal therapy. Aust Dent J 2010;55(1):70–78. DOI: 10.1111/j.1834-
7819.2009.01123.x.

	 3.	 Morandini ACF, Sipert CR, Gasparoto TH, et al. Differential production of 
macrophage inflammatory protein-1alpha, stromal-derived factor‑1, 
and IL-6 by human cultured periodontal ligament and gingival 
fibroblasts challenged with lipopolysaccharide from P. gingivalis. 
J Periodontol 2010;81(2):310–317. DOI: 10.1902/jop.2009.090375.

	 4.	 Canpolat U, Çetin EH, Cetin S, et al. Association of monocyte-to-
HDL cholesterol ratio with slow coronary flow is linked to systemic 
inflammation. Clin Appl Thromb Hemost 2016;22(5):476–482. DOI: 
10.1177/1076029615594002.

	 5.	 Buhlin K, Gustafsson A, Pockley AG, et al. Risk factors for cardiovas-
cular disease in patients with periodontitis. Eur Heart J 2003;24(23): 
2099–2107. DOI: 10.1016/j.ehj.2003.09.016.

	 6.	 Pussinen PJ, Jauhiainen M, Vilkuna-Rautiainen T, et al. Periodontitis 
decreases the antiatherogenic potency of high density lipoprotein. 
J Lipid Res 2004;45(1):139–147. DOI: 10.1194/jlr.M300250-JLR200.

	 7.	 Monteiro AM, Jardini MAN, Alves S, et al. Cardiovascular disease 
parameters in periodontitis. J Periodontol 2009;80(3):378–388. DOI: 
10.1902/jop.2009.080431.

	 8.	 Tonetti MS, Greenwell H, Kornman KS. Staging and grading of 
periodontitis: Framework and proposal of a new classification and 
case definition. J Clin Periodontol 2018;45(Suppl 20):S149–S161. DOI: 
10.1111/jcpe.12945.

	 9.	 Yagi K. A simple fluorometric assay for lipoperoxide in blood plasma. 
Biochem Med 1976;15(2):212–216. DOI: 10.1016/0006-2944(76)90049-1.

	 10.	 Cekici A, Kantarci A, Hasturk H, et al. Inflammatory and immune 
pathways in the pathogenesis of periodontal disease. Periodontol 
2000 2014;64(1):57–80. DOI: 10.1111/prd.12002.

	 11.	 Mittal M, Siddiqui MR, Tran K, et al. Reactive oxygen species in 
inflammation and tissue injury. Antioxid Redox Signal 2014;20(7): 
1126–1167. DOI: 10.1089/ars.2012.5149

	 12.	 Ghallab NA, Hamdy E, Shaker OG. Malondialdehyde, superoxide dismu-
tase and melatonin levels in GCF of aggressive and chronic periodontitis 
patients. Aust Dent J 2016;61(1):53–61. DOI: 10.1111/adj.12294.

	 13.	 Khalili J, Biloklytska HF. Salivary malondialdehyde levels in 
clinically healthy and periodontal diseased individuals. Oral Dis 
2008;14(8):754–760. DOI: 10.1111/j.1601-0825.2008.01464.x.

	 14.	 Enhos A, Cosansu K, Huyut MA, et al. Assessment of the relationship 
between monocyte to high-density lipoprotein ratio and myocardial 
bridge. Arq Bras Cardiol 2019;112(1):12–17. DOI: 10.5935/abc.20180253.

	 15.	 Inoue K, Kobayashi Y, Hanamura H, et al. Association of periodontitis 
with increased white blood cell count and blood pressure. Blood 
Press 2005;14(1):53–58. DOI: 10.1080/08037050510008869.

	 16.	 Renvert S, Ohlsson O, Pettersson T, et al. Periodontitis: A future risk 
of acute coronary syndrome? A follow-up study over 3 years. J Perio-
dontol 2010;81(7):992–1000. DOI: 10.1902/jop.2010.090105.

	 17.	 Buhlin K, Hultin M, Norderyd O, et al. Risk factors for atherosclerosis 
in cases with severe periodontitis. J Clin Periodontol 2009;36(7): 
541–549. DOI: 10.1111/j.1600-051X.2009.01430.x.

	 18.	 Shaddox LM, Wiedey J, Calderon NL, et al. Local inflammatory 
markers and systemic endotoxin in aggressive periodontitis. J Dent 
Res 2011;90(9):1140–1144. DOI: 10.1177/0022034511413928.

	 19.	 Ebersole JL, Taubman MA. The protective nature of host responses 
in periodontal diseases. Periodontol 2000 1994;5:112–141. DOI: 
10.1111/j.1600-0757.1994.tb00021.x.

	 20.	 Fentoğlu O, Oz G, Taşdelen P, et al. Periodontal status in subjects 
with hyperlipidemia. J Periodontol 2009;80(2):267–273. DOI: 10.1902/
jop.2009.080104.

	 21.	 Cetin MS, Ozcan Cetin EH, Kalender E, et al. Monocyte to HDL 
cholesterol ratio predicts coronary artery disease severity and future 
major cardiovascular adverse events in acute coronary syndrome. 
Heart Lung Circ 2016;25(11):1077–1086. DOI: 10.1016/j.hlc.2016.02.023.

	 22.	 Vahit D, Akboga MK, Samet Y, et al. Assessment of monocyte to high 
density lipoprotein cholesterol ratio and lymphocyte-to-monocyte 
ratio in patients with metabolic syndrome. Biomark Med 2017;11(7): 
535–540. DOI: 10.2217/bmm-2016-0380.

	 23.	 Yılmaz M, Kayançiçek H. A new inflammatory marker: Elevated 
monocyte to HDL cholesterol ratio associated with smoking. J Clin 
Med 2018;10;7(4):76. DOI: 10.3390/jcm7040076.


