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ABSTRACT

Aims: To test the hypothesis that higher periodontal inflammed surface area (PISA) has a
positive correlation with the coefficient of variation of red cell distribution width (RDW-
CV) in non-obese hypertensive patients.

Materials and Methods: Hypertensive subjects aged between 40-60 years with and
without periodontitis were enrolled for the study. They completed a structured question-
naire which included gender, height, weight and other variables. Body mass index was
calculated to exclude obese individuals. Clinical periodontal parameters were recorded.
PISA was calculated and participants were divided into four groups: Group 1: Non-
hypertension without periodontitis, Group 2: Non-hypertensive with periodontitis, Group
3: Hypertensive without periodontitis and Group 4: Hypertensive with periodontitis.
Hematologic evaluation included red cell distribution width analysis.

Results: ANOVA showed age and diastolic blood pressure was significantly related to
RDW-CV at p < 0.001. Periodontal parameters showed significant association with RDW-
CV in both hypertensive and non hypertensive groups at p < 0.001. Pearson correlation
test showed significant association between RDW-CV and PISA. Multivariate regression
models showed PISA to be a significant predictor for RDW-CV in periodontitis group
when compared to a non-periodontitis group.

Conclusions: The increase in the RDW-CV in periodontitis group in both hypertensive
and non hypertensive indicates the independent role of increased inflammation on

pathogenic alteration of red cell morphology.

Keywords: Periodontal inflamed surface area; Periodontitis; Red cell

distribution width; Hypertension.

Introduction

Periodontitis has been shown to cause an increase
(19%) in the risk of cardiovascular disease and this
risk increases to 44% in people aged above 65 years
(Janket ez al, 2003). Among cardiovascular diseases,
hypertension and myocardial infarction are the foremost
causes of death globally (Sundstrom et a/, 2011). Both
periodontitis and hypertension are associated with
increased inflammation. Blood count parameters are
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shown to predict the severity of both these diseases
(Uysal et al., 2016, Jain et al, 2013). Smoking, diabetes
mellitus, obesity and poor oral hygiene are common
risk factors for both of the above mentioned diseases
(Leong et al, 2014; Modeer ¢t al., 2011; Teles and
Wang, 2011). Interestingly, studies have suggested a
specific association between systemic hypertension
and pathogenic periodontal pockets (Angeli ez al., 2003;
Franek ez al., 2005; Franek ez al., 2009). In periodontitis
low-grade chronic inflammation has been associated
with endothelial dysfunction (Fichtlscherer ez a/., 2000),
low bacteremia with low immune response (Paraskevas
et al., 2008) and oxidative stress (Touyz RM, 2004)
resulting in hypertension (Tsakos e al, 2010; Vidal ez
al., 2011). On the other hand hypertension can affect



periodontal membrane vessels, inducing malfunction
of small arterioles and gingival bleeding, causing
alterations to the tooth-supporting alveolar bone (Peres
et al., 2012). We propose that a reliable linking factor
between these diseases which could help us to predict
certain cardiovascular events is the estimation of the
width of the red cell (RDW). Estimation of RDW-CV
is relatively inexpensive and performed as part of a
complete blood cell count and quantifies the variability
in size of circulating red blood cells. An increase in
RDW-CV reflects the presence of immature red blood
cells in the peripheral circulation. This is caused by
increased red blood cell destruction, pathologic iron
homeostasis and ineffective erythropoiesis (Zalawadiya
et al., 2010). RDW-CV has been studied in coronary
artery disease, stroke, hypertension, LVM, and is novel
marker for stress erythropoiesis, and has a prognostic
role in coronary heart disease (Bujak e a/, 2015).
Currently, there are a number of classifications that
can be used to describe periodontitis. However, none
of these, quantify the inflammatory burden associated
with this disease. Assessment of the periodontal
inflammed surface area (PISA) reflects surface area of
the bleeding pocket epithelium in square millimeters and
is quantifiable, hence it may provide decisive conclusions
on periodontitis as a risk factor for other diseases
(Nesse, ¢t al., 2008). To date, no studies have analyzed
the changes in RDW-CV in periodontitis stage 11 and 111
individuals (Caton ef al., 2018). Hence we investigated
the changes associated with these two inflammatory
diseases on RDW-CV. The aim of this study was to test
the hypothesis that higher PISA values have positive
correlation with RDW-CV in hypertensive patients.

Materials and methods

Power and sample size

The sample size was estimated using the software G
Power v. 3.1.9.2. Assuming the size of difference to be
larger, the effective size was fixed at 0.4 (40%), power of
the study at 80% and the margin of the error at 5%, the
mean difference of 1mm in CAL determines the group
to which the subjects will be belonging (periodontitis or
not). The effective sample size for each group was 16
in each group. (Bonato ¢ al., 2012)

Study population

Eighty gender-matched individuals aged between 40-
60 years with a minimum of 20 teeth (excluding third
molars) were enrolled in this study. The study protocol,
was prepared in accordance with the Declaration of
Helsinki of 1973 (as revised in 2013) and was approved
by the Institutional Review Board and ethical committee
(No:BIDS/786/2015) of Bangalore Institute of Dental
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Sciences and Post graduate research center. The study
details were explained and written informed consent
were obtained for all participants in this study. Individu-
als were excluded from the study if they had any of the
following: obese individuals (BMI >30) according to the
world health organization 1995; any history of blood
dyscrasia such as anemia, thrombocytopenia; systemic
diseases such as diabetes mellitus and thyroid disease;
patients with renal disorders, cardiac disorders (valve
problems congenital heart disease), patients taking any
drug which could affect the blood pressure apart from
the antihypertensive drugs; smokers both former and
currently showing high dependency according to the
Fagerstrom test score and pregnant women. None of
the included individuals had received treatment for peri-
odontal disease within six months before commence-
ment of the study. Occasional smokers (showing low
dependency on the Fagerstrom test score) were included
although on minimal numbers (n= <10%).

Questionnaire

All the individuals filled in a questionnaire which in-
cluded information concerning gender; height; weight;
calculation for body mass index in accordance to WHO
1995 as follows < 18.50kg/m?- Underweight,18-24 kg/
m* normal weight, 25-29 kg/m?- pre obese and = 30
kg/m? as obese. Detailed medical and dental history was
obtained; in addition oral hygiene habits were recorded,
medication used for dental and other systemic diseases
if any were noted.

Blood pressure evaluation

A standard mercury sphygmomanometer (Diamond,
Bangalore, India) was used to measure systolic blood
pressure (SBP) and diastolic blood pressure (DBP) on
the participants’ right arm in a seated position after at
least 5 min of rest before the initial measurement. The
blood pressure measurements were taken twice at a
five minute interval and in all three postures standing,
sleeping and sitting; the average values were recorded.
For our analyses, pre-hypertension was defined as hav-
ing DBP <90 mmHg and hypertension was defined as
having an average DBP = 90 mmHg or medicated for
hypertension (Rivas-Tumanyan e a/., 2013).

Examiner calibration

Two examiners (SS and PS) were calibrated, using five
subjects who were not included in the study, and were
requested to volunteer for calibration exercises of the
clinical parameters. The periodontal probing depth
estimation was judged to be reproducible if the intra
examiner agreement was within = 1 mm between the
repeated measurements was at least 80%. The kappa
value for intra examiner variability agreement, between
the two measurements was recorded to be 0.89.



108  Journal of the International Academy of Periodontology (2021) 23/2

Study groups

Plaque index (PI) (Turesky et a/,1970), gingival index
(GI) (Lée and Silness 1963), Gingival recession, prob-
ing pocket depth (PD), clinical attachment level (CAL),
bleeding on probing (BOP) were measured at six sites
per tooth (mesiobuccal, midbuccal, distobuccal, me-
siolingual, midlingual and distolingual) of all the teeth
using UNC 15 periodontal probe (HuFriedy I1,Chicago).
Individuals were categorized according to the classifica-
tion of periodontal diseases and conditions (American
Academy of Periodontology and European Federation
of Periodontology 2017) into four groups consisting of
20 subjects in each group as; Group 1 - non-hypertensive
without periodontitis; Group 2 - non-hypertensive with
periodontitis stage 11 and I1I; Group 3 - hypertensive
without periodontitis and Group 4 - hypertensive with
periodontitis stage 11 and III.

Periodontal inflamed surface area (PISA)
calculation

The PISA scores reflecting the amount of inflammed
periodontal tissue were calculated (Hujoel ez 4/, 2001).
The CAL, recession, bleeding on probing and petiodon-
tal epithelial surface area (PESA) measurements were
used and in a step by step approach the PISA values for
cach patient were calculated.

Analysis of red cell distribution width (RDW-CV)

5 ml of blood was drawn from the ante-cubital fossa by
veni-puncture and transferred into EDTA anticoagulant
containing vaccutainers. The samples were then analyzed
using the Sysmex KX-21N automated hematology
analyzer (Sysmex Corporation, Kobe, Japan). RDW-CV
measures the deviation of the red cell width and not the
actual width or size of the individual cell. The RDW- CV
is a calculation based on the width of the distribution

curve and the mean cell size. The formula as follows
was used: RDW-CV= 1SD/ MCV X 100

Data analysis

All the data were compiled and subjected to statistical
analysis using SPSS software 16.0. Age, socio-economic
status, gender, body mass index, smoking status and dias-
tolic blood pressure were taken as potential confounding
factors; chi square test and ANOVA was performed to
find the association between red cell distribution width,
hypertension and periodontal disease. ANCOVA fol-
lowed by Bonferroni’s post hoc analysis was performed
to compare the clinical parameters to RDW-CV after
adjusting for possible covariates. Pearson correlation
coefficient was calculated to study the relationship
between RDW-CV and various parameters such as PI,
GI, PD, CAL, PISA, BMI and diastolic blood pres-
sure. Multivariate linear regression between dependent
variable (RDW-CV) and independent variables at 95%

confidence interval was calculated. Levels of significance
were accepted at p values less than 0.05.

Results

Of the individuals included in the study (n = 80) 40
were systemically healthy and 40 were hypertensive
patients. The demographic data are presented in Table
1 and there were no statistically significant differences
between gender, socio-economical status, smoking and
body mass index. Post hoc analysis showed age and
diastolic blood pressure had significant associations
to RDW at p<0.001 (Table 2). For the mean PI, GI,
PPD, CAL, PISA (dependent variables) and RDW-CV
there were statistically significant associations for both
the hypertensive and non-hypertensive individuals at
p<0.001 (Figures 1, 2 and 3). Pearson correlation coef-
ficient tests were performed to check for the relationship
between RDW-CV and clinical parameters in all of the
study groups (Table 3). The results showed there was a
strong positive correlation between RDW-CV and PISA
in the periodontitis group of both non-hypertensive and
hypertensive group than the non-periodontitis group
(p <0.001). Diastolic blood pressure was significantly
correlated to RDW-CV in the non-hypertensive group
with periodontitis and hypertensive group without peri-
odontitis (p <0.01 and p <0.03 respectively). Multivariate
linear regression analysis with RDW-CV as a dependent
variable showed a significant association with PISA and
DBP in the non-hypertensive group with periodontitis.
PI was found to be associated with RDW-CV in the non-
hypertensive group without periodontitis (p <0.004). In
the hypertensive and non-hypertensive groups with peri-
odontitis, PISA was found to be a significant predictor
for RDW-CV (p<0.001) (Table 4 and 5).

Discussion

This cross sectional study evaluated the effect of in-
creased PISA scores (as in periodontitis stage 11 and I1I)
on red cell distribution width in non-hypertensive and
hypertensive individuals. Results from this study dem-
onstrated PISA scores to be significantly associated with
an increase in red cell width in the periodontitis group in
non-obese individuals. Hypertension may also individually
affect the red cell width. Together both hypertension and
chronic periodontitis could increase the inflammatory
burden and width of the red cell which we hypothesize
to be a cause for unprecedented cardiac events.

For periodontitis to be a risk factor for cardiovascular
disease in non-hypertensive and hypertensive individuals,
studies have proposed that if a causative relationship
exists between periodontitis and cardiovascular diseases
it is more likely to be attributed to an incremental
contribution of systemic inflammation rather than
direct colonization of atherosclerotic plaques with
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Table 1. Demographic data amongst the study groups

NH+NP NH+P H+NP H+P
Variables P-Value
n % % n % n %
Males 7 35% 35% 30% 6 30%
Sex 0.972
Females 13 65% 13 65% 14 70% 14 70%
Lower 6 30% 7 35% 35% 8 40%
SES Middle 9 45% 2 10% 40% 8 40% 0.142
Upper 5 25% 11 55% 25% 4 20%
No 18 90% 17 85% 16 80% 18 90%
SMOKING Yes 1 5% 2 10% 10% 2 10% 0.86%
Former 1 5% 1 5% 10% 0 0%
Under wt. 1 5% 15% 0% 0 0%
BMI Normal wt. 19 80% 12 60% 18 90% 14 100% 0.132
Age Mean + SD 41.6 3.4 50.8 10.0 42.6 4.8 48.4 7.4 <0.0071*b
DBP Mean + SD 72.2 5.6 76.3 6.1 96.0 3.4 95.5 4.2 <0.001*b

* - Statistically Significant ; ® - p-value obtained by chi square test; » - p-value obtained by ANOVA test;
SES- socio economic status; DBP- Diastolic blood pressure; NH+NP - non hypertensive without periodontitis;
NH-+P- non hypertensive with periodontitis; H+NP - Hypertensive without periodontitis; H+P- Hypertensive

with periodontitis;

Table 2. Bonferroni post hoc analysis depicting significance of age and diastolic blood pressure amongst groups.

Age DBP
Mean diff P value Mean diff P value

NH+P -9.20 .000* -4.1 .065

NH-+NP H+NP -.95 1.000 -23.85 .000*
H+P -6.75 .016* -23.35 .000*

H+NP 8.25 .002* -19.75 .000*

H+P H+P 2.45 1.000 -19.25 .000*
H+NP H+P -5.8 .055 .50 1.00

NH-+NP - non hypertensive without periodontitis; NH+P- non hypertensive with periodontitis; H+NP -
Hypertensive without periodontitis; H+P- Hypertensive with periodontitis

periodontal pathogens (Dave and Van Dyke, 2008;
Nazit, 2017; Beukers ¢f al, 2017). A limited number of
studies have evaluated the association between PISA
and systemic diseases (Iwasaki ¢ a/, 2012; Susanto, ez al.,
2012; Yoshihara, et al., 2016; Tamelli ez al., 2018). The
present study is the first to measure PISA and correlate
it to RDW-CV in periodontitis individuals. As expected,
the total inflammatory burden, as measured by the PISA,
was greater in the periodontitis (1099.11mm? group
than in patients without petiodontitis (262.26 mm?). It
is important to note from the results of this study that
inflammatory conditions affected the diameter of the red
cells. It has been suggested that low level inflammation
may induce over production of cytokines and acute
phase reactants which could interfere with erythropoiesis
(Gemmell, ez al., 1997; Tsioufis et al, 2011) which is

evident in the present study, as the PISA scores for the
periodontitis group RDW-CV were higher than the
control group ( > by 0.45mm — 2.26mm). It has been
also suggested that evaluating other blood parameters
like mean platelet volume and platelet distribution width
may be valuable for cardiac risk stratification (Temelli ez
al., 2018). However, for this study, we chose RDW-CV
because it is accepted as a strong independent, diagnostic
and prognostic marker for myocardial infarction, and
is also thought to initiate atherosclerosis and platelet
activation (Bujak e al., 2015; Zalawadiya e al., 2010;
Gungér et al., 2014). RDW-CV has also been related to
inflammatory markers such as erythrocyte sedimentation
rate and high sensitivity C-Reactive protein (CRP) both
of which have been associated frequently in periodontitis
(Lappé et al., 2011). Obesity, diabetes mellitus and anemia
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Figure 1. Comparisonof Pl, G, PPD and CAL amongst the groups using ANCOVA followed by Bonferroniposthocanalysis.
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Figure 2. Comparison of PISA amongst the groups using ANCOVA followed by Bonferroni post hoc analysis.

have also been shown to be effective modifiers of cell
morphology, vascular architecture and periodontitis
(Tumanyana ef al., 2012; Lee e al., 2015), hence in this
study we excluded these potential confounding factors.
Considering the lack of agreement as to which reading
can be considered to reflect normal, hypertensive and
pre-hypertensive states corresponding to age in non-obese
middle aged individuals, we reported our findings on raised
diastolic blood pressure, instead of pre-hypertension or
pathological hypertension. We included individuals within
the age group of 40-60 since both periodontitis and
systemic hypertension is more prevalent in this age group.
Multivariate regression analyses revealed that RDW-CV

could be independently affected by PISA and DBP than
other parameters evaluated in the study. The results also
suggest a possible additive effect of periodontitis on
RDW-CV in hypertensive individuals with periodontitis
and warrants strict emphasis on meticulous control of
periodontitis in hypertensive individuals which may
help to prevent adverse cardiac outcomes (Beck and
Offenbacher, 2001; Blaizot ¢z af., 2009).

In summary this study found both hypertension
and periodontitis to independently influence changes
in the red cell width. Using PISA to assess periodontal
inflammation allows an objective score and allows
regression analysis to be carried out, which helps us
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Figure 3. Comparison between RDW-CV amongst the groups ANCOVA followed by Bonferroni post hoc analysis.

Table 3. Pearson’s Correlation test to compare RDW-CV, periodontal parameters and DBP.

Group  Variable  Values Pl Gl PPD CAL PISA DBP BMI

r -0.62 -0.51 -0.36 -0.36 -0.15 0.48 0.40

NH+NP  RDW-CV P 0.004* 0.02* 0.12 0.12 0.54 0.34 0.08
N 20 20 20 20 20 20 20

r 0.76 0.60 -0.24 0.34 0.80 0.55 0.10

NH+P  RDW-CV P <0.001*  0.005* 0.31 0.14 <0.001* 0.01* 0.66
N 20 20 20 20 20 20 20

r 0.46* 0.07 0.43 0.43 0.50 0.50 -0.04

H+NP  RDW-CV P 0.04* 0.76 0.06 0.06 0.03* 0.03* 0.87
N 20 20 20 20 20 20 20

r 0.80 -0.20 0.05 -0.02 0.88 0.43 0.10

H+P RDW-CV P <0.001* 0.39 0.84 0.95 <0.001* 0.06 0.68
N 20 20 20 20 20 20 20

Pl-Plaque index; GI-Gingival index; PPD- Probing depth; CAL-Clinical attachment level; PISA- Periodontal
inflammed surface area; RDW-CV-Red cell distribution width; DBP- Diastolic blood pressure; BMI- Body mass
index; NH+NP- Non hypertensive without periodontitis; NH+P- Non hypertensive with periodontitis; H+NP-
Hypertensive without periodontitis; H+P- Hypertensive with periodontitis.

understand the periodontal-systemic relationship with
more clarity than mere hypothetical associations. A
possible correlation between the RDW-CV and the
severity and characteristics of inflammation may exist
which explains the elevated RDW-CV observed in the
study group, This would have been more definitive had
we considered inflammatory parameters like h-CRP
(Bassuk ¢z al., 2004; Lippi ez al., 2009) and other pro-
inflammatory cytokines which deserve further attention.

A strength of the present study is its detailed full
mouth periodontal examination along with quantifica-
tion of the inflammatory burden of the individual,
selecting the study population within the critical age
range of 40-60 with only hypertension and no other
coexisting diseases apart from periodontitis. Record-
ing the blood pressure in all three postures and taking
average of the diastolic pressure for classifying between
hypertensive and non hypertensive makes the results
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Table 4. Coefficients for Dependent Variable - RDW-CV.

95% Cl for the Coefficient

Group  Model Coefficients Lower Upper  Std. Error P-Value
Intercept 15.87 14.21 17.54 0.79 <0.001*
NH+NP 1
Pl -1.46 -2.38 -0.54 0.44 0.004*
: Intercept 8.41 6.39 10.42 0.96 <0.001*
PISA 0.01 0.00 0.01 0.00 <0.001*
NH+P Intercept 3.22 0.69 5.76 1.20 0.02*
2 PISA 0.01 0.00 0.01 0.00 <0.001*
DBP 0.07 0.04 0.10 0.01 <0.001*
Intercept 0.21 -12.74 13.15 6.16 0.97
H+NP 1
DBP 0.16 0.02 0.29 0.06 0.03*
Ha P Intercept 2.62 -0.95 6.19 1.70 0.14
+
PISA 0.01 0.01 0.01 0.00 <0.001*

PI-Plaque index; PISA- Periodontal inflammed surface area; RDW-CV-Red cell distribution width; DBP-
Diastolic blood pressure; NH+NP- Non hypertensive without periodontitis; NH+P- Non hypertensive with
periodontitis; H+NP- Hypertensive without periodontitis; H+P- Hypertensive with periodontitis.

Table 5. Multivariate linear regression models evaluating each independent variable in relation to RDW-CV

Model Summary

Group Model R R? Adjusted R? S.EEE
NH+NP 1 0.62° 0.38 0.35 0.58
1 0.80P 0.63 0.61 0.58

NH+P
2 0.92¢ 0.85 0.84 0.38
H+NP 1 0.50¢ 0.25 0.21 0.95
H+P 1 0.88° 0.77 0.76 0.90

a. Predictors: (Constant), PI; b. Predictors: (Constant), PISA; c. Predictors: (Constant), PISA, DBP; d. Predictors:

(Constant), DBP

PI-Plaque index; GI-Gingival index; PISA- Periodontal inflammed surface area; RDW-Red cell distribution width;
DBP- Diastolic blood pressure; NH+NP- Non hypertensive without periodontitis; NH+P- Non hypertensive with
periodontitis; H+NP- Hypertensive without periodontitis; H+P - Hypertensive with periodontitis.

more authentic. Eliminating or rejecting individuals with
other co-morbidities such as obese individuals, smokers
with high dependency for nicotine as determined from
the Fagerstrom score and diabetes. A limitation of this
study is its cross sectional design which did not allow us
to explore the mechanisms involved in changes induced
by the increased inflammatory state of petiodontitis on
the red cell width. Additional longitudinal studies with
larger sample size equating severity of periodontitis
along with inflammatory markers to RDW-CV are nec-
essary to confirm its usage as a risk stratification tool.

Conclusion

Within the limitations of this preliminary study we
propose that the extent of periodontal inflammation

independently affects the coefficient of variation of
the red cell width. Furthermore, in combination with
systemic hypertension, there is a substantial increase in
the red cell width. This suggests that RDW-CV could be
used for relating periodontitis to cardiovascular disease.
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