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Abstract:
Background and Objective: The aim of the present study was to evaluate whether periodontitis patients show signs of anemia by measuring hematological parameters like number of erythrocytes, hemoglobin concentration, erythrocyte sedimentation rate, hematocrit (PCV), mean corpuscular volume of erythrocyte, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration and to compare the test results between study groups (patients with severe periodontitis, moderate periodontitis) and controls.
Settings and Design: cross-sectional study
Methods and Material: Sixty patients who visited the Department of Periodontics, Himachal Dental College, Sundernagar, Himachal Pradesh, India from January 2011 to July 2011, were recruited for this study. Full mouth radiographs and hematologic analysis were done and compared between the study groups.
Statistical analysis used: chi square test, ANOVA test, fisher’s Exact test
Results: The mean values of hemoglobin, red blood cells, packed cell volume, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration were significantly lower moderate and severe periodontitis groups while these groups showed significantly higher mean erythrocyte sedimentation rate when compared to those in controls.  
Conclusions: The present study provides evidence that periodontitis, like other chronic conditions, may tend towards anemia, as the number of erythrocytes and levels of hemoglobin were lower in affected patients.
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Key Messages: The oral and the systemic health is related to each other. The study provides an insight into this association by showing anemic conditions and altered haematological levels in patients with periodontitis compared to controls. The present study provides evidence that periodontitis, like other chronic conditions, may tend towards anemia of chronic disease. 

Introduction:

Periodontitis is an inflammatory disease fundamentally initiated by chronic bacterial infection.1 Substantial scientific data indicate that the localized infections characteristic of periodontitis can have a significant effect on the systemic health of humans and animals.2
The bacteria and their products evoke an immune-inflammatory reaction in the host tissue. Although this process is intended to eliminate the microbial challenge, it often results in damage to the host tissue.3 The sulcular epithelium acts as a protective barrier and prevents entry of microorganisms and other irritants into the systemic circulation. The host-microbial interaction in periodontitis leads to ulceration of sulcular epithelium. The ulcerated epithelium acts as a portal of entry for the bacteria to enter the connective tissue and thus into the systemic circulation. Bacteraemia has been observed in patients with periodontitis and has been directly related to the severity of inflammation.4
Hutter et al. have demonstrated that periodontitis is associated with elevated numbers of white blood cells (WBC) and elevated levels of C-reactive protein (CRP).5
Just as the periodontal tissues mount an immune inflammatory response to bacteria and their products, systemic challenges with these agents also induce a major vascular response. This host response may offer explanatory mechanisms for the interactions between periodontal infection and a variety of systemic disorders.6 Infections, malignant cells and autoimmune dysregulation lead to the activation of the immune system and production of cytokines, most notably tumor necrosis factor-alpha, interleukin (IL)-1 and IL-6.7 Such inflammatory cytokines can depress erythropoietin production leading to the development of anemia.8,9
Periodontitis has also been associated with systemic conditions like atherosclerosis, cardiovascular diseases (CVD), stroke and anemia of chronic disease.10,11 Anemia of chronic disease (ACD) has been described in the literature, and seems to be one of the most common forms of anemia observed in clinical medicine.12,13,14 Hutter et al. defined ACD as the anemia that occurs in chronic infections, inflammatory conditions, or neoplastic disorders that is not due to marrow deficiencies or other diseases and occurs despite the presence of adequate iron stores and vitamins. ACD is the second most prevalent after anemia. It is immune driven; cytokines and cells of the reticulo-endothelial system induce changes in iron homeostasis, the proliferation of erythroid progenitor cells, the production of erythropoietin, and the life span of red cells, all of these contribute to the pathogenesis of anemia.5 

A hallmark of ACD is the development of disturbances of iron homeostasis, with increased uptake and retention of iron within cells of the reticulo-endothelial system. This leads to diversion of iron from the circulation into storage sites of the reticulo-endothelial system, subsequent limitation of the availability of iron for erythroid progenitor cells, and iron-restricted erythropoiesis. Further proliferation and differentiation of erythroid precursors are impaired followed by reduced erythropoietin response. 

ACD is a normochromic, normocytic anemia that is characteristically mild (hemoglobin level-9.5 g per deciliter) to moderate (hemoglobin level-8 g per decilitre)9;  Weiss and Goodnough proposed that periodontitis also needs to be considered as chronic disease that may cause lower numbers of erythrocytes and consequently lower hemoglobin concentrations (Hb%) in a substantial number of patients.7  In various cross sectional studies ACD has been reported to be present in 30 to 70% of patients with RA.15 The anemia develops slowly during the first month of illness and has been found to be associated with a higher degree of disease activity. It has been suggested that anemia is associated with a negative impact on both RA symptoms and quality of life. It has also been proven that treatment of RA has led to an improvement in hemoglobin levels and hematocrit.15
Hutter et al. and Thomas and Ramesh showed that periodontitis patients have a lower hematocrit, lower numbers of erythrocytes, lower hemoglobin levels and higher erythrocyte sedimentation rates.5,16 Whereas, the studies by Wakai et al. and Havemose-Poulsen et al. failed to show any association between hemoglobin levels and periodontal status.17,18 Since, literature regarding relationship between periodontitis and anemia of chronic disease is confusing and sparse, the present study was conducted to evaluate whether periodontitis patients show signs of anemia by measuring hematological parameters like number of erythrocytes, hemoglobin concentration, erythrocyte sedimentation rate, hematocrit (PCV), mean corpuscular volume of erythrocyte, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration and to compare the test results between study groups (patients with severe periodontitis, moderate periodontitis) and controls.
Subjects and Methods:

Sixty patients who visited the Department of Periodontics, Himachal Dental College, Sundernagar, Himachal Pradesh, India from January 2011 to July 2011, were recruited for this study. Patients were explained the study procedure in detail and were included for the study with their signed consent. Patients were informed that they could withdraw from the study at any time for any reason. 

The study protocol described here in was approved by the ethical committee of the Himachal Dental College, Sundernagar, Himachal Pradesh, India. 

Patients in the age group of 30 to 55 years were included in study, both sexes were included. 20 subjects with severe periodontitis, 20 subjects with moderate periodontitis were included. Subjects with at least 16 or more of the teeth present in both the jaws were included for both patient groups (severe and moderate periodontitis subjects). 20 subjects with good oral health (control subjects) and subjects with not more than one tooth missing per quadrant (the 3rd molar excluded) were included.5 The oral examination of all the subjects was performed by same examiner at the first visit of the patient.

Pregnant women, patients with systemic diseases, individuals suffering apart from periodontitis like diabetes, viral, fungal, bacterial infections or had recent trauma or tooth extractions were excluded from the study. Patient’s undergone periodontal treatment 6 months prior to the study were also excluded from the study.
METHODS OF COLLECTION OF DATA
RADIOGRAPHIC ASSESSMENT 
For each periodontitis patient, a set of full mouth intra-oral periapical radiographs was taken. Subsequently, for each patient all the teeth were radio graphically examined on the mesial and distal aspects. The number of teeth with bone loss ≥50% of the root length was determined. Patients with ≥7 teeth with ≥50% bone loss were classified as having severe periodontitis (Group 1).19 Patients with <4 teeth with ≥50 % bone loss were classified as having moderate periodontitis (Group 2).19 Control subjects had a distance of ≤2mm at all the inter-proximal sites on bitewing radiographs between the cemento-enamel junction and the alveolar bone crest (Group 3). The geometric and densitometric standardization of intraoral radiographs was done. The technique employed vertical bitewing projections in holders customized to individual segments of the dentition. A copper step wedge was used to provide densitometric standardization, and wire markers were included to permit measurement of angular variation. In a series of radiographs, measurement of alveolar crest heights was found to be reproducible within approximately 0.1 mm. This method provided a full mouth radiographic survey using seven films, each complete with internal standards suitable for computer-based image processing.
HEMATOLOGICAL PARAMETERS

Under aseptic conditions, 10 ml of venous blood samples were collected by venipuncture in the antecubital fossa using a 20-gauge syringe without excessive venous stasis between 9.00 and 12.00 hours for all the three groups of patients in the Department of Pathology, Himachal Dental College, Sundernagar, Himachal Pradesh. The blood was transferred into EDTA containing bulbs. 

The hematological parameters assessed in the present study were hemoglobin [Hb] (in g % by Sahli’s method) (Stanley A. 1940), total number of erythrocytes/red blood cells [RBC] (in million/cu mm by a Neubauer counting chamber), hematocrit/packed cell volume [PCV] (in % by centrifuge method @ 3000 rpm for 30 minutes), erythrocyte sedimentation rate [ESR] (in mm/hour according to standardized Westergren procedure), mean corpuscular volume of erythrocyte [MCV] (in fl/cell), mean corpuscular hemoglobin [MCH] (in pg/cell) and mean corpuscular hemoglobin concentration [MCHC] (in g%). 
Results: The total number of males and females in the study were 21 and 39, (p=0.329 and 0.144 respectively). The mean age of all the subjects for three groups (severe periodontitis, moderate periodontitis and controls) in male subjects was 42.57 ± 5.99 years and female subjects was 37.95 ± 6.54 years. The statistical analysis shows that age was statistically not significant (p=0.329 in males and p=0.144 in females). 

The number of erythrocytes and hemoglobin were significantly lower in moderate and severe periodontitis than in control subjects (p<0.001). The PCV was lowered in moderate and severe periodontitis than in control subjects (p<0.001). Further, ESR values were higher in moderate and severe periodontitis compared to controls. The mean of MCV and MCH values were highly statistically significant among the three groups (p<0.001). The values of MCV and MCH were significantly lower in moderate and severe periodontitis than in controls (p<0.001). The mean of MCHC values among the three groups was statistically less significant in both sexes (p=0.012).

MEAN DIFFERENCE OF INTERGROUP COMPARISONS OF HEMATOLOGICAL VALUES FOR THREE SUBJECT GROUPS IN MALES:

The comparison of mean differences of Hb and PCV values among the three groups (control-moderate, control-severe and moderate-severe) was found to be statistically highly significant (p<0.001). Also the mean difference of ESR and RBC in control-moderate and control-severe groups was statistically highly significant (p<0.001), while the values were not significant in moderate-severe group (p>0.05). The mean difference of MCV and MCH values in control-severe group was highly significant (p<0.001) and these values were significant in moderate-severe group (p<0.01). On the other hand the similar parameters in control-moderate group were not significant (p>0.05). The mean difference of MCHC values in the two groups that is control-moderate and control-severe was found to be statistically less significant (p<0.05). On the contrary the same parameter was statistically not significant in moderate-severe group (p>0.05).    

MEAN DIFFERENCE OF INTERGROUP COMPARISONS OF HEMATOLOGICAL VALUES FOR THREE SUBJECT GROUPS IN FEMALES:
In the control-moderate group, the mean difference of Hb, ESR, PCV, RBC and MCH were statistically highly significant (p<0.001) whereas the mean difference of MCV and MCHC were statistically significant (p<0.01). The mean difference of all the hematological parameters was statistically highly significant in the control-severe group except the mean difference of MCHC, which was not significant (p>0.05). In the moderate-severe group the mean difference of Hb and PCV were statistically highly significant (p<0.001) and MCH was statistically significant (p<0.01), whereas the mean difference of ESR, RBC and MCHC were found to be statistically not significant (p>0.05). Also the mean difference of MCV in the same group was found to be statistically significant (p<0.01). 

In severe and moderate periodontitis group, all the subjects showed low hemoglobin values in both sexes. There was highly statistically significant intergroup comparison for Hb parameters between control versus moderate and control versus severe groups in both males and females (p<0.001). 

In severe and moderate periodontitis group, all the subjects showed higher ESR values. There was less statistically significant intergroup comparison for ESR parameters between control versus moderate group (p<0.05) and statistically significant between controls versus severe group (p<0.01). In case of females it was highly significant for both groups (p<0.001).

In severe periodontitis group, all male subjects showed low PCV values and in moderate periodontitis group 60% had low PCV. 93.3% moderate and 90.9% severe periodontitis females had low PCV values. There was less statistically significant intergroup comparison for PCV parameters between control versus moderate group (p<0.05) and statistically highly significant between controls versus severe group (p<0.001). In case of females it was not significant for any group (p>0.05).

In severe and moderate periodontitis group, all male subjects showed low RBC values, but the moderate and severe periodontitis females showed normal RBC counts. There was highly statistically significant intergroup comparison for RBC parameters between control versus moderate and control versus severe groups for males (p<0.001). In case of females it was not significant for any group (p>0.05).

Both moderate and severe periodontitis subjects (95% each) showed normal PCV values while 5% moderate and 5% severe periodontitis patients had low MCV. There was statistically not significant intergroup comparison for MCV parameters in all groups (p>0.05). 

90% moderate and 95% severe periodontitis, while 10% control subjects had low MCH count. There was highly statistically significant intergroup comparison for MCH parameters between control versus moderate and control versus severe groups for both sexes (p<0.001).

30% control subjects had low MCHC values; also all the subjects with moderate and severe periodontitis had low MCHC count. There was highly statistically significant intergroup comparison for MCHC parameters between control versus moderate and control versus severe groups for both sexes (p<0.001). (Table 1 & Table 2)
DISCUSSION

Anemia is one of the most common global public health problems in developed and developing countries. Globally, anemia affects 1.62 billion people, which is 24.8% of the total population. Iron deficiency is the most common cause for anemia.18 Heavy blood loss, nutritional deficiencies, bone marrow dyscrasias, hemoglobinopathies, and acute and chronic infections, such as malaria, tuberculosis, and HIV, are the other causes.20

Chronic periodontitis is an infectious disease resulting in inflammation within the supporting tissues of the teeth and progressive attachment and bone loss. It is recognized as the most frequently occurring form of periodontitis.21 Anemia has been reported in cases of rheumatoid arthritis. Rheumatoid arthritis demonstrates a pattern of hard and soft tissue destruction caused by an inflammatory process.3 This process is similar to the inflammatory process seen in chronic periodontitis, although the etiologic factors of both diseases are different. Thus, long-standing chronic inflammation can lead to anemia. Similarly, such chronic diseases as bacterial, fungal, and parasitic infections have also been reported to show signs of anemia.

Anemia seen in chronic diseases is collectively termed as anemia of chronic diseases.22 Anemia of chronic disease is the second most prevalent form of anemia after nutritional, iron-deficiency anemia, and these can co-exist together, causing additional anemic burden. ACD is a cytokine-mediated anemia characterized by hypoferremia, with adequate reticulo-endothelial iron stores and normal-to-elevated ferritin concentrations.23 The pathogenesis is reported to be dysregulation of iron homeostasis, depressed erythropoiesis, and a blunted erythropoietin response caused by elevated levels of systemically-circulating pro-inflammatory cytokines resulting due to a local chronic inflammatory process.6 Lipopolysaccharides from subgingival periodontopathic microbiota have ready access to the systemic circulation via the ulcerated and discontinuous sulcular epithelium lining the periodontal pocket.24 This subgingival microbiota in patients with periodontitis thus poses a significant, long-standing, Gram-negative, bacterial challenge to the host, resulting in a low-grade systemic inflammation. Elevated levels of various systemic markers of inflammation have been noted in moderate-to-severe periodontal disease.25

The association of anemia and periodontitis has been explored since the early 20th century. Earlier reports have suggested anemia to be a cause, and not a consequence, of destructive periodontitis. Lainson et al. was one of the first authors to implicate anemia as a systemic cause of periodontitis.26 Chawla et al. suggested that anemia is an important factor in the etiology or pathogenesis of periodontal disease.27 Siegel  reported a depression in the number of erythrocytes apparently secondary to the presence of periodontal disease.28 Hutter et al. evaluated the blood parameters in patients with chronic periodontitis and concluded that these patients show signs of anemia.5 On the other hand, Wakai et al. have not observed a significant correlation between different CPITN scores and Hb levels.17

The present study shows an association between moderate and chronic periodontitis and signs of anemia that suggests a measurable effect of periodontitis on the systemic condition of patient. Overall data analyses show that periodontitis patients have a lower hematocrit. The mean Hb for males in the moderate periodontitis group is 11.88±0.59 and 10.36±0.17 for severe group, likewise mean Hb for females in the moderate periodontitis group, which is 11.31±0.13 and 10.64±0.43 for severe group, is indicative of mild anemia.29 This is in agreement with the studies done by Gokhale et al., Hutter et al., Naik et al., Thomas and Ramesh.3,5,16,30    
It is important to note that the lower number of erythrocytes and lower levels of hemoglobin are not due to iron or vitamin deficiencies, as the MCV levels are not much different between periodontitis and controls.5 Mean difference of intergroup comparison of MCV reveals non significant mean difference between control and moderate group. 

The ESR is a traditional parameter in medicine for any given inflammatory process. It provides a multi-factorial measure of the systemic response to an infectious or inflammatory disease, i.e. a change in the plasma concentration of several inflammation related proteins, that affect the formation of rouleaux by erythrocytes, and which subsequently precipitate. However, this parameter of inflammation seems to be of limited use as diagnostic tool in periodontitis to measure the systemic involvement. The hematocrit is one of the major factors influencing the ESR.

Therefore one must realize that a possible elevation of the ESR due to inflammatory process may be masked through a depressed hematocrit and also as the result of the same inflammatory process.        

The RBC counts in moderate and severe periodontitis group are lower than the reference range, while those in controls are within normal range, correlating with the suggestion that depressed erythropoiesis and decreased RBC survival act as a mechanism in ACD. 30 In our study, MCV levels are within the reference values in 90% of total subjects, indicating normocytic anemia, as commonly seen in ACD.30 The mean of MCHC values in males and females is statistically less significant, indicating mildly hypochromic anemia. While hypochromia is commonly suggestive of iron deficiency anemia, a mildly hypochromic ACD has been reported in 30–40% of cases.7 If hematocrit is reduced, as in anemia, red cell aggregates sediment faster, thus the severity of anemia correlates with the ESR. The mild raise in ESR and decrease in PCV levels in severe periodontal disease also indicate anemia. Although a mild elevation of ESR can occur in iron-deficiency anemia, the ESR value can be utilized to distinguish coexisting iron deficiency in patients with ACD.30  Our findings are in agreement with the studies done by Aggarwal et al., Hutter al., Naik et al., although smaller sample was included which was a drawback of the study.5,30,31 Smoking tobacco alters systemic cytokine levels and contributes to anemia, as well as increased periodontal destruction. Smokeless tobacco and betel quid have also been linked to increased periodontal disease. Smokers with periodontitis show higher levels of systemic markers related to anemia, thus smokers and those consuming any smokeless forms of tobacco should have been excluded in our study. 

Betel (areca) nut chewing has been independently associated with an increased risk of periodontal disease, gingival bleeding and systemic conditions, such as cardiovascular disease, metabolic syndrome, and diabetes, thus betel nut chewers should have been excluded from the study which was also a drawback of the study.30,31  Systemic diseases, such as diabetes and infectious conditions, were excluded purely on the basis of previous medical records and self-reported histories, and there is a possibility that this may have led to some confounding results due to undiagnosed medical conditions.

Although the RBC indices noted in our study are suggestive of ACD, an analysis of serum ferritin levels and the soluble serum transferrin receptor concentration, or a bone marrow examination, would be necessary to quantify iron stores and definitively distinguish between ACD and iron-deficiency anemia in patients with periodontal disease.  
Conclusion:

The purpose of this study was to assess whether periodontitis patients show signs of anemia and to compare the test results between study groups.

The present study provides evidence that periodontitis, like other chronic conditions, may tend towards anemia, as the number of erythrocytes and levels of hemoglobin were lower in affected patients. 

In this study, the mean values of hemoglobin, red blood cells, packed cell volume, mean corpuscular hemoglobin and mean corpuscular hemoglobin concentration were significantly lower, while the mean erythrocyte sedimentation rate was significantly higher in moderate and severe periodontitis groups compared to those in controls. These findings may be related to elevated levels of pro-inflammatory cytokines in plasma of periodontitis patients suppressing erythropoiesis.    
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Figure-1 Boxplots for hemoglobin levels in Males (g %) for three subject groups. The horizontal line in the box indicates the median of all values.
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Figure-2 Boxplots for ESR rate in males (mm 1st hr).
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Figure-3 Box plots for PCV levels (%) in males for three subject groups.
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Figure-4 Boxplots for number of erythrocytes in males (millions/cu mm).

TABLES
Table 1: Mean hematological values in males for three subject groups:

	
	Control

(Mean ±SD)
	Moderate

(Mean ±SD)
	Severe

(Mean ±SD)
	Total

(Mean ±SD)
	p-value

	Hemoglobin (Hb) g %
	14.80±0.85
	11.88±0.59
	10.36±0.17
	12.20±2.05
	<0.001***

	Erythrocyte sedimentation rate (ESR) mm 1st hour
	5.00±1.29
	11.20±1.79
	12.33±1.66
	9.62±3.69
	<0.001***

	Packed cell volume (PCV) %
	49.90±2.86
	40.08±2.01
	34.92±0.55
	41.14±6.92
	<0.001***

	Red blood cell (RBC) million/cumm
	5.18±0.46
	4.36±0.02
	4.22±0.12
	4.57±0.52
	<0.001***

	Mean corpuscular volume (MCV) fl
	95.17±2.40
	91.98±4.68
	83.56±4.09
	89.43±6.44
	<0.001***

	Mean corpuscular hemoglobin (MCH) pg
	28.50±1.39
	27.22±1.38
	24.52±0.96
	26.49±2.15
	<0.001***

	Mean corpuscular hemoglobin concentration (MCHC) g %
	30.29±0.76
	29.60±0.00
	29.60±0.00
	29.83±0.53
	0.012*


ANOVA, *p<0.05, **p<0.01, ***p<0.001, NSp>0.05

Table 2: Mean difference of intergroup comparisons of hematological values for three subject groups in males:

	
	Mean Difference

	
	Control – Moderate
	Control – Severe
	Moderate – Severe

	Hemoglobin (Hb) g %
	2.92***
	4.44***
	1.52***

	Erythrocyte sedimentation rate (ESR) mm 1st hour
	-6.20***
	-7.33***
	-1.13NS

	Packed cell volume (PCV) %
	9.82***
	14.98***
	5.16***

	Red blood cell (RBC) million/cumm
	0.83***
	0.96***
	0.14NS

	Mean corpuscular volume (MCV) fl
	3.19NS
	11.62***
	8.42**

	Mean corpuscular hemoglobin (MCH) pg
	1.28NS
	3.98***
	2.69**

	Mean corpuscular hemoglobin concentration (MCHC) g %
	0.68*
	0.68*
	0.00NS


Post Hoc Tests, Multiple comparisons, Tukey HSD , *p<0.05, **p<0.01, ***p<0.001, NSp>0.05
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