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C-reactive proteins have been linked to periodontitis,
but the effect of periodontitis and non-surgical
periodontal treatment on C-reactive protein among
Nigerian hypertensive individuals is unknown. C-
reactive protein levels were significantly reduced
three months after non-surgical periodontal therapy.
The effect of non-surgical periodontal therapy
(scaling and root planing) on C-reactive protein levels
may be beneficial in reducing systemic inflammatory
burden in hypertensive patients. C-reactive protein
monitoring is essential for hypertensive patient
management, especially in those with periodontitis.

INTRODUCTION

Periodontitis is a chronic multifactorial inflammatory
disease, associated with dysbiotic dental plaque
biofilms, and is increasingly being linked to a number
of systemic conditions.* The prevalence of
periodontitis remains high and varies in different
parts of the world, with a prevalence of 42.2% in the
United States of America (mild to moderate
periodontitis (34.3%), severe periodontitis (7.8%),2
73% in Germany and 53% in Iran.® In Nigeria,
however, it was reported that the prevalence of
periodontitis (shallow pocket depth of 4 - 5 mm) was
39 % among subjects who were 15 years of age; this
increased to 57 % among those aged 25 -39 years but
decreased to 17 % among those aged 65 years and
older.* More recently, Umeizudike et al reported a
periodontitis prevalence of 48.9% (both shallow (4-5
mm) and deep (z6mm) pockets) in an adult urban
population in Nigeria.5

Periodontitis results in irreversible, destruction of the
tooth connective tissue attachment and alveolar
bone leading to tooth loss if untreated.® The plaque
biofilms harbour virulent bacteria such as
Porphyromonas gingivalis, Aggregatibacter

actinomycetemcomitans and Treponema denticola.
Not only do these periodontal microorganisms
initiate inflammation within the periodontal tissues
by activating the white blood cells (neutrophils) of
the innate immune system, they also stimulate a
robust destructive host inflammatory response,
characterized by the release of cytokines including
tumour necrosis factor (TNF)-a, interleukin (IL)-1B,
and IL-6 into the body system.” Thus, this
inflammatory burden by periodontitis has linked it to
many systemic diseases, such as rheumatoid
arthritis,® aspiration pneumonia,® type 2 diabetes
mellitus,*® cancer,® and cardiovascular disease
(CVD).*

Also, the systemic effects of periodontitis have been
demonstrated by the release of acute-phase
elements/reactants such as C-reactive protein (CRP),
into the circulation.®® C-reactive protein is produced
mainly by the liver, with a serum range of o-1omg/l,
but elevated within 72 hours of tissue injury or
infection.*»* It is an established independent
predictor of cardiovascular disease (CVD)* and has
been proposed by the American Heart Association
(AHA) and Centers for Disease Control and
Prevention (CDC) as an inflammatory marker to
assess the risk of cardiovascular disease more than a
decade ago.*” A decrease in high sensitivity (hs)-CRP
levels has been reported following periodontal
therapy in periodontitis patients who are at risk of
cardiovascular disease.® Also, recently, a meta-
analysis of the effect of periodontal therapy on the
surrogate markers of cardiovascular diseases,
reported reduction of low-grade inflammation as
evaluated by the serum level of CRP, IL-6 and
improvements in surrogate measures of endothelial
function (flow-mediated dilatation of the brachial
artery).*
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Hypertension is the commonest risk factor for the
emergence of several cardiovascular diseases such as
coronary artery disease, congestive heart failure,
atrial fibrillation, cerebrovascular disease, etc.>® The
prevalence of hypertension could vary depending on
the criteria and target population used to define it.
The prevalence of hypertension among US adults
from 2011-2014 was 45.6% using the new blood
pressure thresholds from the 2017 American College
of Cardiology/AHA guidelines and higher compared
to 31.9% based on the guidelines from the Seventh
Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure.?* It is also the most prevalent
non-communicable disease in Nigeria.2* Ogah et al
found the prevalence to be 8% - 46.4%, depending on
the target population.?® More recent prevalence
rates among urban dwellers in Nigeria were reported
as 55.0% and 27.5%, based on the ACC/AHA 2017
guideline and the JNC-7 2003 guidelines
respectively.?

Hypertension has been linked to atherosclerosis; a
chronicinflammatory condition 25 and the underlying
pathogenesis for cardiovascular diseases such as
coronary heart disease (CHD) and stroke, which
constitute a public health problem globally and in
Nigeria.?® These account for an estimated 17-8
million deaths in 2017, of which more than three
quarters were in low-income and middle-income
countries (LMIC).2” An association between
periodontitis and cardiovascular disease have been
reported by a number of epidemiological and clinical
studies. 2829 It has been proposed that periodontal
bacteria such as Porphyromonas gingivitis,
Tannerella forsythia or Treponema denticola are
present in as high as 52% of atheroscelerotic
specimens.?® Porphyromonas gingivalis was also
identified in the coronary plaque of Coronary artery
disease patients in a cohort study. 3

Inflammation plays a critical role in the development
of atherosclerotic lesions. 32 This is initiated by the
alteration in the structure of the endothelium,
leading to the expression of adhesion molecules,
e.g., vascular adhesion molecules (VCAM),
intercellular adhesion molecules (ICAM) and
recruitment of immune cells such as macrophages
into the arterial wall. Leukocytes, then bind to the
endothelium, favouring lipid accumulation and the
formation of chemokines, which in turn promote the
build-up of smooth muscle cells.3 As a result of
inflammatory stimulation, secretion of
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metalloproteinases and rupture of the fibrous cap,
occurs, causing plaque rupture and acute coronary
syndrome. 33

The beneficial effect of periodontal therapy on
endothelial dysfunction in periodontitis subjects with
systemic health or conditions such as hypertension
has been documented 3* and may thus, reduce the
risk of cardiovascular disease. 35 Regarding these
effects, few studies have assessed the link between
periodontitis and hypertension among Nigerians. A
study found a significant association between self-
reported hypertension and periodontitis in an adult
population of administrative medical staff in
Nigeria.5 Long-term treatment of hypertension and
its complications is not affordable to many patients
in Nigeria.3® This is because majority of Nigerians live
in extreme poverty; below $1.90 a day ¥ and most
pay through out-of-pocket means. 2 In view of the
high burden of hypertension and its co-morbidities in
Nigeria, the need to explore non-traditional
preventive measures to reduce hypertensive-
associated complications, as well as the paucity of
data on the link between periodontitis and
cardiovascular disease in Nigerians, were the reasons
why this study was undertaken. A preliminary study
by the researchers had reported an association
between elevated CRP levels and the severity of
periodontitis among hypertensive patients in
Nigeria.3® The aim of the current study was to
elucidate the effect of non-surgical periodontal
therapy on the levels of CRP in individuals with
hypertension in Nigeria.

MATERIALS AND METHODS

The present study was a prospective interventional
study that was carried out at the Cardiology and
Periodontology Clinics of the Lagos University
Teaching Hospital (LUTH), Nigeria. Ethical approval
was obtained from the Health Research and Ethics
Committee (HREC) of the Lagos University Teaching
Hospital, Idi-Araba, Lagos State
(ADM/DCST/HREC/306). The study population
consisted of 5o hypertensive subjects diagnosed with
periodontitis, and 5o healthy controls. Hypertension
was defined according to the JNC-7, as persistent
blood pressure measurement with systolic/diastolic
blood pressure values 2140/90 mmHg or if a patient
being treated with antihypertensive drugs, had been
diagnosed by a consultant cardiologist.4° The
inclusion criteria were patients at least 18 years old,
on antihypertensive medications, and had at least 20



natural standing teeth. Participants on periodontal
tissue-modifying medications, inflammatory
conditions (such as arthritis, gastrointestinal
disorder), diabetes mellitus, pregnancy, and smokers
were excluded from the study following a detailed
history and clinical presentation.

Participants with hypertension were first screened
using the Community periodontal index (CPI) 4
probe and classified into the hypertensives with
periodontitis group (mean CPI score was 3.06 + 0.24).
Healthy volunteers with systemic and periodontal
health (with mean CPI score of 0.88 + 1.003) were
included to serve as controls so as to define their CRP
levels for baseline reference values in Nigerians.

Determination of Sample size

The sample size expression, N = (Zq + Zp)** (02> + 00?)
/(8)* was used.

Where:n = required sample size for each group, Z«
and Zp = the values of the standardized normal
deviate corresponding to specified confidence and
power levels and o =type 1error while B is type 11
error

00> and o.> were the estimated variances of C-
reactive proteins in the groups respectively. While &
was the desired minimum detectable difference
between any two groups.

In this study, the level of confidence was specified at
95% and the power was fixed at 80%.

Oo=1.9 i.e., standard deviation of C-reactive protein
in the hypertensive group with periodontitis before
treatment

0.= 0.9 i.e., standard deviation of C-reactive protein
in the hypertensive group with periodontitis after
treatment.

Value of C-reactive protein in the hypertensive group
with periodontitis before treatment = 2.7mg/l, while
value of C-reactive protein in the hypertensive group
with periodontitis after treatment = 1.8mg/l.**

b was set at 0.9 (2.7-1.8).

N =(1.96 + 0.84)* x (1.9 + 0.9%)

0.9%
N=(2.8)’x(1.92+0.92)
0.81

N = 42.7 = 43 To give allowance for 10% attrition, the
adjusted sample size was:

N=43/(1-0.10) = 47

The required minimum sample size for each group
was 47.

Clinical Periodontal Assessment

Periodontitis was classified into mild, moderate and
severe, following a full mouth periodontal
examination with the Williams periodontal probe.
Mild periodontitis was characterized by two or more
interproximal sites with attachment loss = 3 mm and
two or more interproximal sites with probing depths
> 4 mm, not on the same tooth, or one site with
probing depth = 5 mm, moderate periodontitis was
characterized by two or more interproximal sites
with attachment loss > 4 mm, not on the same tooth,
or two or more interproximal sites with probing
depths = 5 mm, not on the same tooth. Severe
periodontitis was characterized by two or more
interproximal sites with attachment loss = 6 mm, not
on the same tooth, and one or more interproximal
sites with probing depth = 5 mm.# Baseline
periodontal indices evaluated include the clinical
attachment loss (CAL), periodontal pocket depth
(PPD), and bleeding on probing (BOP). All the clinical
examinations were carried out by a single
investigator. The intra-examiner’s reliability was 0.8
using Kappa Statistics.

The baseline periodontal assessment, was followed
by non-surgical periodontal therapy (NSPT) which
consisted of scaling and root planing, alongside
subgingival irrigation with normal saline alternated
with 0.2% Chlorhexidine gluconate mouth rinse.
Each subject received post-operative instructions
and were placed on 0.2% Chlorhexidine gluconate
mouth rinses 12 hourly for two weeks, systemic
antibiotics (Amoxycillin soomg 8hourly for five days
in combination with Metronidazole 200mg 8hourly
for five days or Doxycycline 200mg start, then 100mg
daily for ten days for patient with allergies to
Amoxycillin or Metronidazole). Assessment of the
periodontal parameters, CAL, PPD, BOP, was
repeated after three months, to evaluate the
outcome of the nonsurgical periodontal therapy.
Clinical attachment loss (CAL) was calculated from
the summation of the periodontal probing depth
(PPD) and gingival recession.

Blood sample collection

About 5mls of peripheral venous blood samples were
collected from each participant, using a large-bore
(18-22G) needle inserted into a vein in the antecubital
fossa or dorsum of the hand. The blood samples were
placed in plain tubes and transported within 30
minutes to the AIDS Prevention Initiative in Nigeria
(APIN) laboratory at LUTH. Blood samples were
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obtained prior to the NSPT (baseline) and three
months after the NSPT for C-reactive protein
analysis. The tubes containing blood samples were
chilled promptly in an ice bath. Sera harvested from
blood samples, were swiftly divided into aliquots and
stored at -70°C until the time of the assay. Serum
concentration of C-reactive protein was measured
using the Immunoturbidimetry method (Roche
Hitachi C311 Auto-analyzer). The clear tubes
containing the blood samples of the respective
participants were coded to blind the laboratory
scientist carrying out the C-reactive protein analysis.

Statistical analysis

Data analysis was done using the statistical package
for social sciences (SPSS), by IBM® for Windows
version 20.0. Descriptive summary statistics
obtained for demographic variables and differences
in proportion was tested using Chi-square at 95%

confidence interval. The Independent T-test was
used to compare the mean C-reactive protein levels
between the hypertensive with chronic periodontitis
group and the control group. The Paired T-test was
used to compare the mean C-reactive protein levels
in the hypertensive with chronic periodontitis group
before and 3 months after treatment. P-value below
0.05 was considered to be statistically significant.

RESULTS

There were 15o hypertensive subjects with
periodontitis (12 males and 39 females) and 5o
controls (20 males and 30 females). (x2 =3.79, P =
0.052) The mean age of the cases was 52.4 + 6.96
years, while the mean age of the controls was 50.12 +
8.48 years. Many of the cases (38%) had secondary
school education, while majority of the controls
(50%) had tertiary education, as shown in Table 1.

Table 1: Sociodemographic characteristics of the Participants

Variable Cases (%) Control (%) P value
Age group (years)

30-39 1(2.0) 7 (14.0)

40-49 18 (36.0) 14 (28.0)

50-59 23 (46.0) 24, (48.0) 0.165%
60-69 7 (14.0) 4 (8.0)

70-79 1(2.0) 1(2.0)

Total 50 (100.0) 50 (100.0)

Gender

Female 39(78.0) 30 (60.0) 0.052
Male 11 (22.0) 20 (40.0)

Total 50 (100.0) 50 (100.0)

Education

No formal education 3(6.0) 0 (0.0)

Primary 14 (28.0) 13(26.0)

Secondary 19 (38.0) 12 (24) <o0.001%*
Tertiary 14 (28.0) 25 (50.0)

Total 50 (100.0) 50 (100.0)

Occupation

Unemployed 3(6.0) 1(2.0)

Self-employed 31(62.0) 1(2.0) <0.001"*
Private 3(6.0) 3(6.0)

Civil Servant 13 (26.0) 45 (90.0)

Total 50 (100.0) 50 (100.0)

# Fisher Exact p-value. p values below o.05 are statistically significant at the 5% significance level

There was a significant reduction in the systolic blood
pressure from baseline values (147.22 £ 19.69 mmHg)
to 3 months after periodontal therapy (143.72 £17.10
mmHg (P<o0.001). There was also a significant

Nigerian Journal of Periodontal Research | Volume 3 issue 1

reduction in the diastolic blood pressure from
baseline (94.34 + 14.66mmHg) to 3 months after
periodontal therapy (87.68 + 9.49 mmHg) (P<0.001)



among the subjects with hypertension. This is shown
on Table 2.

There was a statistically significant reduction in mean
periodontal pocket depth (P < 0.001), bleeding on
probing (P < 0.001) and mean clinical attachment loss
(P < 0.001) from baseline to three months after
periodontal therapy (Table 3).

There was a statistically significant difference
between the mean CRP level of the hypertensive
subjects with periodontitis; 3.18 + 2.93 mg/l and the
mean CRP level of the periodontally healthy, non-

hypertensive controls; 1.15 + 0.73 mg/l (P < 0.0001),
as shown on Table 4.

There was a statistically significant difference
between the mean CRP level of the hypertensive
subjects with periodontitis at baseline (3.18 + 2.93
mg/L) and 3 months after periodontal therapy (1.66 +
1.03 mg/L). (P<o0.001). Thisis shown on figure 1. Also,
the median CRP level of hypertensive subjects at
baseline; [2.3(0.9, 4.4) mg/L], was statistically
reduced at 3 months after periodontal therapy;
[1.8(0.8, 2.4) mg/L]. (P < 0.001).

Table 2: Comparison of Blood pressure of hypertensive with periodontitis subjects at baseline and 3 months after

periodontal therapy

Blood pressure (mmHg) Baseline (mean +SD

3 months after treatment P value *

(mean £SD)
Systolic 147.22 +19.69 143.72 #17.10 <0.001
Diastolic 94.34 +14.66 87.68 + 9.49 <0.001

*Paired T test used for hypothesis testing. p values below o.05 are statistically significant at the 5% significance level

Table 3: Comparison of Periodontal parameters of the hypertensive subjects with periodontitis before and after

periodontal therapy.

Baseline 3 months after
Periodontal parameters (mean = SD) treatment (mean + SD) P value*
Pocket depth 4.46 £0.93 0.66 +1.03 <0.001
Bleeding on probing 3.40 £3.26 0.58 £1.01 <0.001
Clinical attachment Loss 2.07 * 2.66 1.25+1.68 <0.001

*Paired T test used for hypothesis testing. p values below o.05 are statistically significant at the 5% significance level

Table 4: C-reactive protein levels of the hypertensive subjects with periodontitis and the controls at baseline.

Group Baseline CRP (mg/l) P value”
Cases 3.18 + 2.93 <0.001
Controls 1.15 + 0.73

*Independent T test used for hypothesis testing. p values below o.05 are statistically significant at the 5% significance level.
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Figure 1: Bar chart of the mean CRP levels of the hypertensive subjects with periodontitis at baseline and three

months after periodontal therapy

*Paired T test used for hypothesis testing. p values below o0.05 are statistically significant at the 5% significance level

DISCUSSION

Studies have documented the relationship between
cardiovascular disease and periodontitis in Non-
Nigerian  populations.*#* The current study
investigated the effect of non-surgical periodontal
therapy on CRP levels in hypertensive subjects with
periodontitis. To the best of our knowledge, this is
the first study to report this among Nigerians with
hypertension. The main findings of this prospective
interventional study were the reduction in the
severity of the periodontal indices and CRP levels
three months following periodontal therapy in the
patients. The older age group observed is however
not surprising considering the documentation of
increasing age as a risk factor for several systemic
illnesses including hypertension 2 as well as
periodontitis.*5 Older age was also associated with
self-reported hypertension in non-medical staff of a
health institution in Lagos, Nigeria who had
periodontitis.>

In addition to the CPI which was initially used to
screen the participants. The mean periodontal
probing depth (PPD), percentage bleeding on
probing (BoP) sites and mean clinical attachment loss
(CAL) were the indices utilized in this study. They
provided a comprehensive full mouth record of the
periodontal status and were therefore employed,
rather than the less sensitive partial mouth indices
such as the CPI which was utilized in a study among
hypertensive patients in Nigeria.#® The significant
reduction observed in the values of the mean
periodontal probing depth and the gain in mean
clinical attachment loss, between the baseline and
three months after NSPT, is similar to the findingin a
previous study.4” Scaling and root planing (NSPT) is
effective in reducing the bacterial load and altering
their  ecological niche through mechanical
debridement, hence aiding reattachment of
periodontal fibers, reduction in periodontal pocket
depth and gaining of clinical attachment. There was
also a reduction in the percentage bleeding on
probing (BoP) from the baseline to three months
after NSPT, this follows the trend in previous studies.
4849 Bleeding on probing (BoP) is a parameter which
is utilized in monitoring gingival health and gingival
inflammation, % and is caused by the micro-
ulceration of the gingival sulcular lining. It has been
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reported that absence of BoP signifies periodontal
health,s* hence, reduction of BoP from baseline to
three months after NSPT indicates an improvement
of the periodontal health of the hypertensive
subjects.

The mean CRP of the control group in this present
study is similar to that reported in a previous study
among patients with acute ischaemic stroke,5* also
the statistically significant difference between the
control group and the hypertensive subjects with
periodontitis follows the trend of a previous study, 5
Thus, the mean CRP levels in the current study could
therefore represent an important, unbiased
baseline/reference value for the systemically healthy
adult Nigerian population who do not have
periodontitis.

The marked reduction in CRP levels following
intervention by non-surgical periodontal therapy
(scaling and root planing) among the hypertensive
subjects in the current study has also been reported
in a previous study. 5 This was further buttressed in
the meta-analyses that highlighted the influence of
periodontal therapy on the reduction of biomarkers
including CRP in patients with cardiovascular
disease.5#55 C-reactive protein is an acute phase
protein produced by the hepatocytes, and its
production is regulated by interleukin-6 (IL-6),
interleukin-1P (IL-1B) and Tumour necrosis factor-a
(TNF-a); which are inflammatory mediators that are
elevated during periodontitis. 5% This implies that
treatment of periodontitis aimed at reducing the
constant bacterial challenge to the host systemic
immunity through mechanical root debridement
could also mitigate systemic inflammation
evidenced by lowered CRP levels. 5

There was significant reduction in the blood pressure
of the participants between baseline and at three
months after periodontal therapy, this finding
follows the trend of a previous study. ® This
reduction in systolic and diastolic blood pressure
could be due to the reduction in inflammation after
the non-surgical periodontal therapy and hence the
repair of the endothelial lining and improvement of
endothelial function. However, this finding should be
interpreted with caution, as the subjects were also on
antihypertensive drugs, which have also been
reported to reduce the C-reactive protein levels. 652



Hypertension  has  been  associated  with
atherosclerosis, which is a chronic inflammatory
state.3? Inflammation may contribute to a rise in
blood pressure by promoting changes in the
endothelial lining, with elevated levels of CRP
inducing structural and functional changes in the
endothelium, which ultimately contributes to the
development of hypertension. Hence the marked
reduction in CRP is attributed to the positive effect of
periodontal treatment on chronic inflammation in
hypertensive subjects with chronic periodontitis.
Limitations of the study include the small sample
size. A prospective, multicentre study using a larger
sample size should be considered to elucidate this
preliminary finding among Nigerians.

CONCLUSION

This study showed that CRP is associated with
periodontitis and that non-surgical periodontal
therapy through subgingival scaling and root planing
significantly reduces CRP levels in hypertensive
patients. Periodontal therapy may therefore be
beneficial in reducing cardiovascular events
associated with elevated CRP levels in hypertensive
patients. Therefore, the treatment of periodontitis
through periodontal therapy may be an additional
and essential means of managing hypertension in
Nigerians, hence, reducing the risk of cardiovascular
complications.
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