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Abstract: Periodontal diseases and Thalassemia Major (TM), which are two chronic inflammatory
diseases, are associated with increased levels of proinflammatory cytokines in bio-fluids.
Interleukin (IL)-6 and IL-8 have been identified as potent proinflammatory biomarkers in
periodontal diseases as well as in patients with (3-thalassemia (TM-f3). This suggests that patients
with TM- and gingival inflammation have two chronic inflammatory conditions, each of which
may affect the other. The objective of this pioneer research was to evaluate the effect of oral hygiene
maintenance and care on serum levels of IL-6 and IL-8. 31 participants selected after screening and
were given Non-surgical periodontal therapy(NSPT). IL-6 and IL-8 were evaluated by enzyme
linked immunohistochemistry assay (ELISA) at baseline and compared at 6 weeks after NSPT.
Statistical analysis was done with SPSS v23. The comparison from the baseline to 6-weeks follow-
up for both IL-6 and IL-8 was done using Wilcoxon Signed rank test. The descriptive statistics are
represented as median and inter quartile range (IQR). Highly significant improvement (p-<0.000)
was found for IL-6 and IL-8 when compared at 6 weeks from baseline. Results provide a gateway
to new modality in lowering systemic burden of the disease, thereby reducing morbidity, via local
measures or oral care.
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1. Introduction

Thalassemia is the most prevalent genetic disorder in the world with WHO reporting around
60,000 infants afflicted with thalassemia major (TM-f3), born every year (1). TM-f3 is described as the
group of blood disorders with mutations in the p-globin gene that affects the globin chain synthesis
to various degrees (2). TM-f patients exhibit three important factors which contribute to
pathophysiology namely, ineffective erythropoiesis, chronic anemia and hypoxia, and iron overload
(3). Gene drifts and founder effects are the reasons that thalassemia is increasingly prevalent in the
sub-continent. It is interesting to note that consanguineous marriages are another reason cited for
higher prevalence of thalassemia in North and central Africa, Mediterranean countries and the
Middle east (4). Pakistan represents one of the highest burdened countries for thalassemia with an
estimated 5000-9000 children affected with 3-thalassemia born each year in Pakistan (5). Thalassemia
Federation of Pakistan reports a prevalence rate of 6% for {-thalassemia (TM- ) in Pakistani
population (6). The estimated carrier rate is reported to be 5-7%, with around 9.8million carriers in
the total population (7). World Health Organisation (WHO) has warranted priority control for the
blood disorders, specially Bthalassemia, in the third world countries (1).

[3 Thalassemia major (TM- 3) exhibits distinctive oral and facial features along with its systemic
manifestations. Protruded maxilla, severe crowding, open bite, protruded upper lip, flattened nose
bridge, increased dental decay, and atrophic glossitis are some of the observed oral features in these
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patients [8-11]. Literature has consistently reported increased prevalence of periodontal problems in
thalassemia patients compared to healthy controls [9,12-14]. Periodontal diseases are a group of
infectious inflammatory diseases - affecting the supporting structures of the teeth - gingiva, alveolar
bone, cementum [15]. Periodontal diseases begin with gingivitis — localized inflammation of the
gingiva initiated by bacterial plaque — a biofilm that forms on teeth and gingiva [16]. Higher
prevalence of gingivitis in these patients is explained by the following mechanisms. In addition to
the systemic effects of TM- {3, the condition also affects the local defense mechanism where
neutrophils and B lymphocytes fail to respond effectively against gingival microbial attack in patients
with gingivitis [17]. The incidence of gingivitis in thalassemic patients is further favored by
xerostomia due to patient’s inability to close the mouth over proclined teeth, resulting in inability of
TM- [ patients to benefit from the salivary local immune defense against gingivitis [18].
Compromised oral hygiene, malocclusion and Chronic anoxemia in some cases also predisposes such
patients to gingival disorders [12].

Neutrophils represent the principal leukocyte (>95%), which are recruited as the first line
defence against the bacterial biofilm (19). Their absence leads to periodontal tissue damage, whereas
the excess also causes periodontal destruction. Hence, both the quantity as well as the distribution of
the neutrophils is necessary for periodontal health (15). In diseases with neutrophil dysfunctions
periodontal tissue is lost very rapidly (20). TM- [ patients exhibit defective neutrophils and
macrophages with compromised ability of phagocytosis (21). When there is supplementary gingival
inflammation, that may in turn, alter the clinical signs of both the chronic diseases (21). This suggests
that patients with TM- 3 and gingival inflammation have two chronic inflammatory conditions, each
of which may affect the other.

The oral cavity is the most complex environment in the human body where interaction between
the host and the microbes govern health and disease (23). The teeth are a connection from the inside
to the outside environment, surrounded by a rich bacterial biofilm and hence provide a direct link
from the outside world traversing through the bone and soft tissues, to the body systems. The
literature on systemic conditions namely, chronic kidney disease (CKD) (24), atherosclerotic
cardiovascular disease (25) diabetes (26) and adverse pregnancy outcomes due to periodontal
condition (27) provide ample evidence to support the two-way effect of periodontal diseases on
systemic diseases/conditions and vice versa. Non-surgical periodontal therapy (NSPT) is the gold
standard in the treatment and management of periodontal inflammatory conditions (28). Evidence
supports consistent improvement in clinical periodontal inflammatory markers in various patient
population as well as improvement in systemic inflammatory markers following NSPT (29).

In the light of these scientific evidences, it is assumed that there must be some association and
correlation between the two chronic inflammatory conditions namely, gingivitis and thalassemia;
each of which may exacerbate and/or effect the other condition. However, the bidirectional effect of
periodontal diseases and thalassemia on each other lacks supporting literature and presents with the
dearth of research in the domain. This study aims to explore the effect of the same and report the
findings.

2. Materials and Methods

This study was a joint collaboration of Ziauddin College of Dentistry, Karachi and AfzaalMemorial
Thalassemia Foundation (AMTF),Karachi. The ethical approval for the research was obtained from the
Ethical Research Committee (ERC) at the Ziauddin University, bearing the reference code
(0780119AHOM). A total of 137 patients, via consecutive sampling technique were screened, out of
which 31 patients (16 males, 15 females) between the age range of 10y and 20y, fulfilled the selection
criteria and were recruited in the study. All patients with any systemic comorbidities, history of
antibiotic use during the past 3 months, history of dental prophylaxis during the past 6 months,
history of active infection with HIV, HepB and HepC, history of splenectomy, history of cognitive
challenges, were excluded. All patients diagnosed with TM- 3, age >10years, patientswho received
or are receiving iron chelation therapy with deferasirox, calcium, vitamin D, regular erythrocyte
transfusion, regular physician’s follow-up, were selected.
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Five milliliters (ml) of venous blood were obtained in tubes, with a silicone-coated interior, via
standard venipuncture method (Figure 1).

5N

Figure 1. Venous blood collection procedure.

The collected blood samples were left at room temperature to allow clotting to occur and then
centrifuged at 1,500 x g for 15 minutes at 4°C to remove the fibrin clot and cellular elements. The
serum collection was done at the baseline, followed by the NSPT protocol (Sub and supragingival
ultrasonic scaling and polishing, chemical plaque control using chlorhexidine 0.2% twice daily for 14
day and mechanical reinforcement of plaque control via fone’s brushing method) and re-collected 6
weeks after NSPT. All samples were collected by a trained phlebotomist at AMTF who was double
blinded to the study results, in the presence of the principal investigator (AH). All of the serum
samples were immediately stored at -40°C at AMTF facility and periodically transferred, carefully
wrapped in icebox and stored at -40°C the MDRL lab at Ziauddin University, Clifton campus. All
transferred serum samples were monitored by the biochemical expert (MA) prior to storing them at
the MDRL Ziauddin University. Serum IL-6 and IL-8 were determined by Enzyme linked
Immunosorbent assay (IL-6 human ELISA kit — Invitrogen — Thermo Fisher Scientific (life tec) and
IL-8 Human ELISA kit — Invitrogen — Thermo Fisher Scientific (life tec) according to the guidelines of
the manufacturer. The tests were conducted by the principal investigator (AH) in the presence of an
expert laboratory personnel (MA) who was blinded of the clinical details.

ELISA generated a standard curve and the readings for IL-6 and IL-8 were inferred at the
spectrum of 450nm (Appendix A). The detection limit of the assay for IL-6 were 0.655 pg/ml and 7.8
pg/ml for IL-8. The standard curves of correlation showed R2 : 1 for IL-8 and R2 : 0.98 for IL-6. The
data was transferred to SPSS and statistical analysis was then performed on SPSS version 23 for
windows. Shapiro-wilk test of normality shows significant p-value which confirms that the data for
IL-6 baseline and 6weeks and IL-8 at baseline and 6 weeks is not normally distributed. The
comparison from the baseline to 6-weeks follow-up for both IL-6 and IL-8 was done using Wilcoxon
Signed rank test. The descriptive statistics are represented as median and inter quartile range (IQR).

3. Results

3.1. Paired Comparison of IL-6 and IL-8 from Baseline to 6 Weeks after Intervention
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The results show highly significant (p-value <0.000) improvement in the systemic burden of the
pro-inflammatory cytokines from baseline to 6 weeks after intervention for both IL-6 and IL-8 [Table
1]

Table 1. Paired comparison of IL-6 and IL-8 from baseline to 6 weeks after intervention.

Comparison of systemic pro-inflammatory markers from baseline to 6 weeks after intervention

Interleukins Baseline 6 weeks P-value*
IL-6 133.51 + 186.94 pg/ml 25.75 + 37.08 pg/ml 0.000
IL-8 265.55 + 318.80 pg/ml 45.54 +109.57 pg/ml 0.000

* Wilcoxon signed rank test based on improved values observed in positive ranks.

3.2. Median and Inter-Quartile Range (IQR) for IL-6 and IL-8

The descriptive statistics for the interleukin 6 and 8 are explained in table 4. Marked
improvement in median and inter-quartile range (IQR) from the baseline data to 6 weeks post
intervention is seen for both IL-6 and IL-8 [Table 2]. Stem and leaf plot further exhibit marked
improvement in the systemic pro-inflammatory markers as seen graphically for IL-6 (Figure 2) and
IL-8 (Figure 3)
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Figure 2. Stem and leaf plot for IL-6 at baseline and at 6weeks after intervention.
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Figure 3. Stem and leaf plot for IL-8 at baseline and at 6weeks after intervention.

Table 2. Descriptive statistics (Median and IQR) for the non-parametrically distributed data of IL-6
and IL-8.

Descriptive statistics for IL-6 and IL-8 pre and post intervention
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Interleukins Baseline 6 weeks
Median IQR* Median IQR*
IL-6 23.11pg/ml 229.99 pg/ml 18.17 pg/ml 5.59 pg/ml
IL-8 56.18pg/ml 675.17 pg/ml 9.75 pg/ml 23.07 pg/ml
* IQR: Interquartile range.

3.3. Stem and leaf plot showing pre and post intervention levels of IL-6 and IL-8

4. Discussion

Despite extensive study on the pathophysiology of the thalassemia, there is little information
about the association between periodontal diseases and thalassemia. It is interesting to note that
although there are various studies internationally, which report the higher prevalence of periodontal
diseases and systemic pro-inflammatory markers in these individuals, no study has reported clinical
or dental intervention in this cohort. To the best of the author knowledge, no study has evaluated the
effect of NSPT of the systemic burden of pro-inflammatory markers in TM-[3 patients and this is the
first study to evaluate the effect of NSPT on the clinical parameters of periodontal inflammation as
well as serum levels of IL-6 and IL-8 and then correlate the two in TM-f3 patients with gingivitis.

The present study confirms elevated serum IL-6 and IL-8 in TM-f3 patients with gingivitis as is
seen in the literature discussed above. However, the levels of IL-6 and IL-8 reported by Oztiirk et al.,
(30) in thalassemia cohort of their study are significantly lower than the baseline levels of IL-6 and
IL-8 in this study. Oztiirk et al., report baseline IL-8 levels of 9.34+1.3 pg/ml and 3.87+0.46 pg/ml for
IL-6. In contrast, this study reports baseline levels of 133.51 + 186.94 pg/ml and 265.55 + 318.80 pg/ml
for IL-6 and IL-8 respectively. However, the present findings
are in sync with the finding of Oztiirk et al., (30) where the levels of IL-8 are higher than the levels of
IL-6 at baseline as are the levels of IL-8 higher than the levels of IL-6 in the present study. This
prompts further investigation on the factors leading to significantly elevated levels of pro-
inflammatory markers in the TM-{ in the local population. It is reported that iron accumulation due
to multiple transfusions in these patients causes elevated systemic levels of inflammatory mediators
(31). To avoid the effect of this variable, all recruited patients who were on iron chelation therapy
with either DFX (n=28) or DFP (n=3) were selected._

Following NSPT, the systemic levels of IL-6 and IL-8 were markedly reduced and showed highly
significant result (p-value <0.000) for both the pro-inflammatory cytokines. The average levels of IL-
6 at baseline were 133.51 * 186.94 pg/ml which were reduced to 25.75 + 37.08 pg/ml after 6 weeks of
intervention. The average levels of IL-8 at baseline were 265.55 + 318.80 pg/ml which were reduced
to 45.54 + 109.57 pg/ml after 6 weeks of intervention [table 1]. These findings validate evidence based
informed propositions by the author. NSPT reduces the systemic burden of inflammation by
reducing the levels of inflammatory cytokines. In a study by Konopka, Pietrzak and Brzezinska-
Btaszczyk, (32), the levels of GCF IL-8 in patients with periodontal inflammatory diseases, reduced
from the range of 7.4 to 96.1pg/ml to 2.7 + 20.3 pg/ml at 4 weeks of intervention and was significantly
lower than at baseline (p-value <0.001). Escobar Arregocés et al., (33) evaluated the systemic pro-
inflammatory markers levels in hypertensive patients with periodontal conditions. Although the
result of their study shows reduced levels of IL-6 (from 0.31 + 0.18pm/ml to 0.24 + 0.13pg/ml) and IL-
8 (from 9.17 £ 1.05pg/ml to 7.79 + 0.62pg/ml) but not statistically significant. Reduction of serum levels
of IL-6 and IL-8, following NSPT in the present study, strengthens the positive effect of periodontal
therapy on the systemic inflammatory burden in TM-{ patients with gingivitis and provides a new
dimension to explore the association of periodontal diseases and thalassemia. To further validate the
finding, the study should be tested on a larger cohort.

In blood disorders, as with any other diseases, achieving and maintaining inflammatory
homeostasis is the key goal of any treatment modality to ensure survival. Within the limits of the
present study, the results not only show biologic and mechanistic association of periodontal diseases
and thalassemia, but also provide evidence at the reduction of systemic pro-inflammatory markers
following a simple yet effective local measure.
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Although there are thalassemia prevention legislations in Sindh and Balochistan (34,35) there
exists regulatory oversight in their planning since the legislations did not take into account any public
and professional dialogue with the thalassemia community. Management of thalassemia in countries
like Pakistan pose a major challenge. A disease that is easily preventable but keeps increasing the
burden because of lack of preventive measures and protocols. There are more than 40 thalassemia
centers currently operating across the country (36) yet majority of them are just focusing on the
transfusional support. These centers lack the multi-specialty treatment facilities mostly because of
the lack of government support and unawareness about other systemic health challenges, including
oral health

5. Conclusions

This pioneer study demonstrates that thalassemia and periodontal diseases are synergistically
inclined towards each other. The effect of locally administered measure of non-surgical periodontal
treatment to alleviate/reduce systemic burden of the disease has long been studied and implemented.
Literature supports that the periodontal conditions and systemic conditions/diseases have a bi-
directional effect on each other and prompted the rationale of the present study. The locally
administered oral hygiene care and regime altering the systemic pro-inflammatory markers in the
TM- patients proposes and supports the synergistic effect of the two chronic inflammatory
conditions. The results prove the association of periodontal disease with thalassemia and provide a
promising new horizon of limiting the systemic burden of the disease while requiring no expensive
or fancy treatment modality and also contributing towards patient’s quality of life.
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Figure A1. Standard curve for IL-6 at 450n.
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Figure A2. Standard curve for IL-8 at 450nm.
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