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ABSTRACT

Aim: The present study aimed to evaluate the possible consequences of sickle cell disease (SCD) on dental and periodontal health in middle-aged
patients and to examine the association of certain cardiovascular parameters and serum ferritin with the dental and periodontal status.
Materials and methods: Thirty-seven patients (mean age 43.2 years old) with SCD and 30 non-SCD and otherwise healthy individuals (mean age
38.9 years old) were examined for caries experience and periodontal status in addition to cardiovascular characteristics and ferritin level in serum.
Results: Compared to controls, SCD patients exhibited higher plaque and gingival bleeding scores, higher prevalence of periodontal diseases,
and higher caries experience. Multiple stepwise linear regression analysis showed that caries experience was predominantly determined by
the presence of SCD and the age, while major determinants of periodontitis were the ferritin levels and the male gender. The results reveal an
aggravation of oral health in SCD patients regarding both caries and periodontal diseases.

Conclusion: A potential role of the increased central inflammatory response, reflected by the elevated ferritin level in serum, is suggested for
the impaired periodontal health of SCD patients.

Clinical significance: Compliance with precautionary dental checks and early management of dental complications is of great importance in

order to improve oral health status and prevent general health complications in SCD patients.
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INTRODUCTION

Sickle cell disease (SCD), an autosomal recessive inherited blood
disorder, is the most prevalent hemoglobinopathy worldwide and it
has been recognized as a global public health burden by the World
Health Organization. It arises from a point mutation on the B-globin
gene (HBB:c.20 A>T), which leads to the substitution of glutamic
acid by valine at position VI of the B-globin (p6Glu>Val) chain
and to the subsequent formation of the abnormal hemoglobin
S.2 The homozygous inheritance of the sickle hemoglobin gene
(HbS) homozygous sickle cell hemoglobin genotype (HbSS) is the
most severe and prevalent form of SCD, while the heterozygous
inheritance heterozygous sickle cell hemoglobin (genotype HbAS)
remains asymptomatic under normal conditions and is known as
sickle cell trait .?

The polymerization of deoxygenated hemoglobin S plays
a critical role in the acute and chronic clinical manifestations
of SCD.? SCD is characterized by dysfunctional erythrocytes
that are severely deformed and have also acquired increased
cell rigidity. The condition often leads to hemolytic anemia. In
addition, the increased adhesiveness of the sickle cells evokes
microvascular obstructions in the capillaries and small vessels.
Persistent intravascular hemolysis® combined with episodic vascular
occlusion and end-organ ischemia causes sustained stress to the
cardiovascular system of patients with SCD and result in chronic
vasculopathy.*” Despite the low peripheral and central blood
pressure levels, patients with SCD demonstrated increased arterial
stiffness, compared to non-SCD individuals.® As a chronic disease,
SCD can lead to progressive vascular disorders, organ damage, and
susceptibility to infections.

SCD is reported to associate with several pathological
conditions in the oral cavity, such as delayed tooth eruption,
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atrophy of tongue papillae, impaired dentine mineralization,
periodontal diseases, and caries, 2" but the results are inconsistent.
In addition, the subjects studied are young patients with a mean
age of <35 years and mostly children, thus leaving a knowledge
gap regarding the oral health in older SCD patients.

A recent study in SCD patients revealed a positive association
between the iron overload estimated by the serum transferrin
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saturation level and the extent and progression of periodontitis.'®
Ferritin, an acute-phase reactant, is elevated in inflammation'®
and associated with periodontal disease.?*?' High levels of serum
ferritin were previously reported in SCD patients.?? In addition,
arterial stiffness has been associated with periodontitis? that also
appears elevated in SCD patients.”

In the present study, we aimed to examine the carious and
periodontal status of middle-aged SCD patients and to investigate
whether vascular and metabolic parameters, such as arterial
stiffness and serum ferritin levels, interrelate with SCD and the
specific dental conditions.

SuBJECTS AND METHODS

Subjects

A total of 37 adults with SCD were included in this cross-sectional
single-center study. Thirty-year-olds and gender-matched controls
were also included. The patients with SCD were recruited from
consecutive patients who met the inclusion criteria®* from the pool
of patients that regularly visited the Hematology Unit of the First
Department of Internal Medicine in AHEPA University Hospital.

Inclusion—exclusion Criteria

Patients with SCD to be included had to be drug naive and in
a steady disease state, with no acute illness, vaso-occlusive, or
acute chest syndrome episode, for at least 6 months. Patients
with (i) diabetes mellitus or other endocrine diseases, (ii) arterial
hypertension, (iii) known cardiovascular disease, (iv) chronic renal
failure (GFR <59.0 mL/minute/1.73 m?), (v) liver failure and/or chronic
B and C hepatitis, and (vi) history of cancer were excluded.

As controls, 30 non-SCD and otherwise healthy individuals
that had not received any medication for the last 6 months in the
same range of age and body mass index (BMI), and with a similar
gender distribution were recruited from the hospital staff and
accompanying persons.

All study participants have answered a questionnaire regarding
prior dental visits, oral hygiene practices, and diet habits. All had
visited their dentists in the last year, followed a standard oral
hygiene, and no extreme dietary habits were recorded.

Ethical Approval

The study conformed to the ethical guidelines of the Declaration
of Helsinki and it was approved by the ethics review board of the
AHEPA University Hospital, Thessaloniki, Greece. All participants
gave their written informed consent. Clinical data were collected
using a standardized form that included sociodemographic
characteristics, medical history, current medication, and smoking
habits.

Methods
Metabolic Measurements and Assessment of Arterial Stiffness

Following an overnight fast, morning blood samples were obtained
from all participants. Basic biochemical assessment, including
total cell blood counts, triglycerides, low-density lipoprotein,
high-density lipoprotein, total cholesterol, ferrum, and ferritin
were immediately measured in the serum, using standardized
laboratory methods.

Onthe same occasion, brachial blood pressure was measured at
the sitting position following a 5-minute resting period, three times
for each arm. The average of the second and third measurements
on both the right and left arms was used in the analysis. Aortic
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pulse wave velocity (PWV) was calculated from measurements of
common carotid and femoral artery waveforms, using an automatic
applanation tonometry-based device (SphygmoCor Vx System,
AtCor, Itasca, lllinois). PWV was calculated as the distance between
recording sites measured over the surface of the body, divided
by the time interval between the feet of the pressure waves. The
same observer, blinded to the subject’s clinical data, performed all
the measurements. The point at which the central aortic pressure
becomes augmented by wave reflection is recognized by a
computer program, and the degree of increase is expressed as the
aortic augmentation, which is quantified either in absolute term
or as a percentage of aortic pulse pressure, resulting in the aortic
augmentation index (Alx).

Oral Assessment

Oral examination was performed by an experienced dentist, blinded
to the cases and controls with the use of a dental mirror, an artificial
light source, and an appropriate probe. The oral hygiene status
was determined by the plaque index (Pl). The presence of plaque
was recorded on six tooth surfaces (mesiolingual, mid-lingual,
distal-lingual and mesiobuccal, mid-buccal and distal-buccal) on
all existing teeth, without using disclosing solution.?’> The number
of surfaces positive for the plaque was divided by the total number
of surfaces to give a percentage mean score.

The periodontal assessment included bleeding on probing
(BOP), clinical attachment loss (CAL), and pocket depth (PD)
measurements. The periodontal examination was performed
with the use of Williams periodontal probe (Carl Martin, Solingen,
Germany) and by following the instructions and criteria of the World
Health Organization.?® The gingival inflammation expressed by
BOP was determined at six sites on each tooth and summarized as
amean percentage value in the same manner as for PIl. PD and CAL
were also recorded at six sites on each tooth as described earlier.
They were measured in millimeters with the periodontal probe and
a vertical force of approximately 25 g (i.e. 0.25 N).

The periodontal condition of the participants was diagnosed
as proposed at the 2017 World Workshop on the Classification
of Periodontal and Peri-implant Diseases and Conditions.?’
Thus, as periodontally healthy were considered the participants
who displayed BOP <10%, no CAL, and pocket depth <3 mm.
Subjects having gingivitis exhibited BOP >10%, PD <4 mm, and
CAL detectable at <2 teeth. For the diagnosis of periodontitis, the
subjects showed BOP >10% and interdental CAL detectable at >2
nonadjacent teeth, or buccal or oral CAL >3 mm with PD >3 mm
detectable at >2 teeth were diagnosed with periodontitis.

Carious lesions were detected with a standard dental explorer
by applying the visual-tactile technique. The Decayed, Missing, and
Filled Teeth (DMFT) index was calculated to determine the dental
caries experience of each participant.2®

Statistical Analysis
All data are presented as means + standard deviation (SD). For
statistical comparisons between groups, Mann-Whitney tests were
performed. The correlation between different factors was tested
using Spearman’s R coefficient. In all hypotheses testing procedures,
the observed significance levels (p value) were computed by the
Monte Carlo simulation method. This approach leads to valid
inferences even in cases where methodological presuppositions
of the nonparametric tests are not satisfied.?®

To identify determinants of DMFT and periodontitis, multiple
regression analysis was conducted in the whole population, using
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the presence of disease as a dichotomous independent variable
(0 = control, 1 = SCD). The independent variables that were
included in the models were those found to correlate with the
dependent variable in the univariate analysis (p <0.1). The analysis
was performed with SPSS (Statistical Package for Social Sciences,
IBM) v25.0 statistical package enhanced with the module Exact test.
The statistical significance level of all was predetermined at p <0.05.

The sample size was based on a power analysis conducted prior
to the study. In specific, the primary endpoint was to test whether
there is a difference in the incidence of periodontitis between the
SCD group and the control group. The study had 80% power to
detecta difference of 35%in the incidence of periodontitis between
the SCD group and the control group with n = 30 subjects in each
group for a level of significance of alpha = 0.05.

REesuLTs

The characteristics of the participants are shown in Table 1. The
mean values of age and BMI, and the gender distribution were
similar for the two groups. However, differences were observed
for certain vascular and metabolic characteristics between the two
groups. Compared to the controls, SCD patients had significantly
lower: (a) cholesterol, (b) brachial systolic and diastolic blood
pressures, and (c) central diastolic blood pressure. The Alx of SCD
group was significantly higher than the one found in the controls.

Significantly, higher values for all dental and periodontal indices
were recorded in the SCD patients than the controls. The prevalence
of periodontal diseases was also significantly (p = 0.001) higher
in the SCD group (Fig. 1). Periodontally healthy was 35% of the
subjects in SCD group and 80% in the controls. Similarly, 38 and 27%
of SCD patients had gingivitis and periodontitis, respectively. The
corresponding proportion for the controls was 10% for each condition,
i.e., athree-tofourfold lower prevalence of the diseases in this group.

Regarding the caries experience, the SCD patients demonstrated
significantly higher DMFT index (p = 0.003), which was mainly
reflected by the increased caries activity (DT, p = 0.005), and the
high tooth loss due to caries (MT, p = 0.003). No difference existed
for the filling teeth (FT) score. When the total number of teeth
present in the mouth was compared between the two groups, the
difference was significant at p = 0.002.

The correlations of the oral conditions with the metabolic and
vascular parameters in controls and SCD patients are shown in
Tables 2 and 3, respectively. Apart from the expected significant
correlation with age, DMFT also correlated with PWV and central
systolic blood pressure in SCD patients. In the controls, DMFT
significantly correlated with the Alx, BMI, and triglycerides. In the
SCD group, periodontitis correlated with the central SBP, PWV, age,
ferritin, and ferrum levels. Likewise, periodontitis correlated with
the ferritin level of the controls.

The results of the multiple regression analyses are shown in
Table 4. DMFT was predominantly determined by the presence
of SCD and age after having adjusted for central systolic blood
pressure, PWV, and ferritin that were found to correlate significantly
with DMFT in the univariate analysis. Similarly, logistic regression
analysis using periodontitis as a dependent variable showed
the ferritin levels and the male gender as major determinants of
periodontitis for all participants.

Discussion

The present study gives new insight into the oral status of elder SCD
patients since most previous studies investigated much younger
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Table 1: Characteristics of the participants of the study

SCD group Control group
Characteristics (N=37) (N=30) p value
(A) General
Age (year) 43.2+9.6 389+20 ns
Body mass index 23.7 +3.2 243 +3.1 ns
(kg/m?)
Males (%) 60% 46.7% ns
Smoking habit (%) 27.8% 16.7% ns
(B) Metabolic
Total cholesterol 145.7 + 44.7 197.4 + 35.1 <0.001
(mg/dL)
Triglycerides (mg/dL)  110.0+61.6 84.6 +39.8 0.038
Low-density 99384.0+37.03 128.67 +31.42 <0.001
lipoprotein (mg/dL)
High-density 40.0+10.3 520+13.8  <0.001
lipoprotein (mg/dL)
Ferritin (ng/mL) 157.8 (1439.9) 31.9(175.8)  <0.001
(normal range:
50.0-170.0)
Ferrum (mg/dL) 98.8 +47.7 95.9 +44.0 ns
(normal range:
10.0-291.0)
(C) Vascular
Brachial systolic 1136+ 128 1225+ 116 0.007
blood pressure
(mm Hg)
Brachial diastolic 69.4 + 8.7 81.1+9.1 <0.001
blood pressure
(mm Hg)
Central systolic 1053 +£12.7 109.1 +£10.2 ns
blood pressure
(mm Hg)
Central diastolic 70.0 + 8.4 794 +9.8 <0.001
blood pressure
(mm Hg)
Heart rate (bpm) 76.0 + 10.5 74.7 +9.9 ns
Aortic augmentation 23.8+10.1 11.3+109 <0.001
index (%)
Pulse wave velocity 71+12 72+08 ns
(m/second) (normal
range <10 m/second)
(D) Oral
Plaque index 60 (95) 20 (95) 0.002
Bleeding on probing 50 (95) 20 (95) 0.004
index
DMFT index 11 (25) 6(22) 0.003
DT (decayed teeth) 1(12) 0(2) 0.005
index
MT (missing teeth) 2(25) 0(19) 0.003
index
FT (filling teeth) 7 (21) 5(16) ns
index
Total number of 28 (27) 30(16) 0.002

teeth

Statistically significant differences between SCD and control groups
are indicated for each characteristic. Parametric data are presented as
means + SD and nonparametric as median (range); ns, nonsignificant
difference
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Fig. 1: Numbers of participants in each group exhibiting periodontal
health, gingivitis, or periodontitis

Table 2: Simple correlations of DMFT and periodontitis with vascular
and metabolic parameters in the control group

DMFT Periodontitis

r p value r p value
Heart rate (bpm) 0.097 ns 0.070 ns
Central systolic blood pressure  0.240 ns 0.017 ns
(mm Hg)
Central diastolic blood 0.324 ns —-0.008 ns
pressure (mm Hg)
Aortic augmentation index (%)  0.419 0.021 0.231 ns
Pulse wave velocity (m/s) 0.203 ns 0.268 ns
(normal range <10 m/second)
Age (year) 0.719 <0.001 0.328 ns
Body mass index (kg/m?) 0.464 0.010  0.262 ns
Total cholesterol (mg/dL) 0.346 ns 0.081 ns
Triglycerides (mg/dL) 0.463 0.010 0.324 ns
High-density lipoprotein -0.177 ns -0.270 ns
(mg/dL)
Low-density lipoprotein 0.312 ns 0.057 ns
(mg/dL)
Ferritin (ng/mL) (normal range: ~ 0.102 ns 0.390 0.033
50.0-170.0)
Ferrum (mg/dL) (normal range: ~ 0.009 ns 0.167 ns
10.0-291.0)
Plaque index 0.305 ns 0.590 0.001
Bleeding on probing index 0.407 0.026 0.613 <0.001
DMFT 0426  0.019

ns, nonsignificant

subjects. The present results reveal an aggravation of dental and
periodontal health in adult SCD patients (mean age of >40 years)
compared to healthy subjects, as also observed in previous studies
in children and adolescents?® and younger adults.>™*303" While
the increased occurrence of gingival inflammation is in agreement
with earlier findings,®''> the higher prevalence of periodontitis
demonstrated in this group of middle-aged adults with SCD is a
novel observation. This significant finding confirms some earlier
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Table 3: Simple correlations of DMFT and periodontitis with vascular
and metabolic parameters in the SCD patient group

DMFT Periodontitis

r p value r p value
Heart rate (bpm) —0.089 ns 0.178 ns
Central systolic blood pressure 0416  0.011 0.356  0.031
(mm Hg)
Central diastolic blood 0.254 ns 0.097 ns
pressure (mm Hg)
Aortic augmentation index (%) —0.009 ns 0.106 ns
Pulse wave velocity (m/s) 0354 0.032 0332 0.044
(normal range <10 m/second)
Age (year) 0.533 0.001 0.435 0.007
Body mass index (kg/m?) 0.032 ns  —0.065 ns
Total cholesterol (mg/dL) 0.132 ns 0.057 ns
Triglycerides (mg/dL) 0.193 ns  —0.098 ns
High-density lipoprotein -0.311 ns -0.013 ns
(mg/dL)
Low-density lipoprotein 0.158 ns 0.012 ns
(mg/dL)
Ferritin (ng/mL) (normal 0.303 ns 0375 0.022
range: 50.0-170.0)
Ferrum (mg/dL) (normal 0.181 ns 0.325 0.049
range: 10.0-291.0)
Plaque index 0.455 0.005 0.489  0.002
Bleeding on probing index 0409 0.012  0.650 <0.001
DMFT 0.353  0.032

ns, nonsignificant

Table 4: Regression analysis assessing the effect of sickle cell anemia
on periodontitis and caries experience (DMFT)

Logistic regression analysis assessing the effect of sickle cell anemia on
periodontitis

Independent variables Odds ratio (95% Cl) p value
Ferritin 1.005 (1.001-1.009) 0.009
Gender (male) 7.479 (1.328-42.015) 0.023

Significant (p <0.05) correlations of periodontitis with the understudy
variables were used in the model. Adjustment for subject group, age, and
high-density lipoprotein, which were excluded from the model

Linear regression analysis assessing the effect of sickle cell anemia on
DMFT

Independent variables B-coefficient p value
Age (year) 0.557 <0.001
Sickle cell (yes) 0.220 <0.028

Significant (p <0.05) correlations of DMFT with the understudy
variables were used in the model. Adjustment for subject group, aortic
augmentation index, ferritin, triglycerides, and phosphates

indications of periodontal health impairment in SCD patients.3'®

Nevertheless, most previous studies reported no difference in
periodontitis prevalence or severity,'°~'* which may depend on the
younger age of the populations examined, as more time is probably
required for a chronic disease, such as SCD and comorbidities to
affect the periodontal condition.

Another novel finding is the increased DMFT and decayed
teeth (DT) scores of these SCD patients. Although a recent
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meta-analysis'” of studies in both children/adolescents and adults
established no such differences, previous findings in children®® and
adults®?3' support our results. Possibly, the age of the participants
may explain the discrepancies in the caries incidence reported,
as suggested previously for periodontitis too. Interestingly, some
authors®%3! suggested that low-income SCD patients may be at
increased risk for dental caries and they are less likely to receive
restorative treatment. In general, the association of caries with the
socioeconomic status is well known.3? However, it appears, from the
aforementioned studies that SCD further worsens the caries status
in the low-income patients. Some authors®® expressed a dentist-
centered hypothesis as a possible explanation for the aggravated
oral conditions of SCD subjects. According to the hypothesis,
dentists may be more reluctant to provide treatment due to fear
of postoperative complications in SCD patients. Psychosocial
factors were also suggested to possibly influence the oral health
conditions of minorities with SCD.>° Collectively and irrespective of
the underlying reasons, the data support the aspect of considering
SCD subjects as high-risk patients from a cariologic point of view.

Afew studies have examined the relation between oral health
and arterial stiffness or central hemodynamics, but no study exists
for SCD patients. In patients with type Il diabetes, periodontitis
correlated with both arterial stiffness and central blood pressure. >
In a national US survey, periodontal inflammation was associated
with raised blood pressure,3* while in patients with refractory
hypertension, blood pressure and left ventricular mass were
ameliorated after nonsurgical treatment of periodontitis.>® Also, in
patients with a history of myocardial infarction, both central and
peripheral blood pressures correlated with periodontal disease.>®
Along this line is our finding of the positive correlation between
periodontitis or DMFT and central systolic blood pressure in SCD
subjects. As a matter of fact, it appears paradoxical that SCD patients
have low blood pressure while their vascular stiffness is increased,
this observation also being reported previously.> Obviously, there
are unknown mechanisms that counterbalance the effect of
stiffness on the blood pressure. In spite of the lower blood pressure,
the trend of the positive correlation between blood pressure and
periodontitis, as observed in other patient groups, seems valid for
SCD patients too.

Arterial stiffness has been attributed as a key componentin the
development of cardiovascular disease, and as it can be detected
early before the occurrence of clinical signs of atherosclerosis, it acts
asamarker and a predisposing factor for cardiovascular disease. "8
A meta-analysis of epidemiological studies demonstrated an
association between periodontitis and altered arterial stiffness,?
and in addition, a recent meta-analysis concluded that patients with
severe periodontitis have higher PWV compared to patients with
nonsevere periodontitis.>? Our results indicate a similar association
in SCD patients. Besides the increased arterial stiffness of the
patients, as also shown previously,® arterial stiffness correlated
with periodontitis in this group. Chronic systemic inflammation has
been advocated as the possible explanatory mechanism; however,
the exact mechanism remains to be clarified, as most studies are
observational and do not support a causative relation.*

Despite the significant correlations found between DMFT and
PWV or central systolic blood pressure, adjustment for confounders
blunted the relationship and revealed the presence of SCD and the
age as the major determinants of DMFT. Although there are previous
data?® regarding lower buffer capacity of saliva in children and
adolescents with SCD than normal controls, the exact mechanisms
underlying the DMFT and SCD association are yet unclear. Some
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authors® found other major determinants of DMFT, such as the male
gender and the smoking, but not SCD. However, the discrepancies
between our and the previous results may be due to differences in
the methodology and the study design.

Similarly, periodontitis correlated initially with arterial stiffness
and central systolic blood pressure, but regression analysis revealed
ferritin and male gender as its major determinants, while SCD
and smoking were excluded from the model. Again, discrepant
findings were previously reported® that might be attributed to
methodological differences as with the case of caries annotated
previously.

As mentioned, ferritin was presently found to be a significant
determinant of periodontitis. This is an interesting and biologically
plausible outcome from the point of periodontal pathogenesis.
The finding is in accordance with the correlation between the
high saturation level in serum transferrin and the greater extent
or the rapid progression of periodontitis recently reported for
SCD patients.'® Ferritin has been shown to decrease to control
serum levels after periodontal treatment.??! After adjustment
for confounders, a positive and significant correlation was also
observed between serum ferritin levels and the number of sites
with pocket depth >6 mm.?' Further, an association between
deep pockets and serum ferritin levels measured at baseline
was revealed by regression analysis.?' Recently, apoferritin (the
iron-free ferritin) was shown to induce the production of IL.-6 and
IL-8 in human gingival tissue from periodontitis patients.*’ Taken
together, these findings may indicate a possible role of ferritin in
triggering periodontal inflammation through cytokine induction
in SCD patients.

Oral health issues are of major importance, especially for
patients with such a complex disease, and often result in SCD
patients arriving in hospital emergency departments with
dental complications. Having a dental infection complicated
by a sickle cell crisis significantly increases the likelihood of
hospital admission among adult SCD patients.*” Compliance
with precautionary dental checks and early management of
dental complications is often neglected as patients with SCD
focus all their energy on maintaining their general health due to
the serious blood disorder.** More precautionary measures and
dental hygiene should be advised by physicians to take care of
this delicate patient population.

CONCLUSION

In conclusion, this study reveals an aggravation of the dental and
periodontal status in SCD patients, which manifests as increased
tooth loss, increased caries activity, and increased prevalence of
periodontal diseases. A potential role of the central inflammatory
response, revealed by the elevation of serum ferritin, in periodontal
inflammation is suggested for this patient group. Arterial stiffness
and central systolic blood pressure correlated with both DMFT and
periodontitis; however, SCD was found to be the major determinant
of the former and the overall inflammation for the latter. Thereis a
clear need for further studies to clarify the mechanisms of impaired
oral health in subjects with SCD.

CLINICAL SIGNIFICANCE

Compliance with precautionary dental checks and early
management of dental complications is of great importance in
order to improve oral health status and prevent general health
complications in SCD patients.
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