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Abstract
Aim: The present study aimed to determine if azithromycin (AZM) and doxycycline therapy, as an adjunct to
scaling and root planning (SRP), modulate host response and improve clinical outcomes in periodontitis
patients with type 2 diabetes mellitus (T2DM).

Patients and methods: Forty-five periodontal sites in 15 periodontitis patients with T2DM received
nonsurgical periodontal therapy (NSPT). In Group I, patients were placebo (not receiving any medication),
Group II patients received systemic AZM therapy (AZM 250 mg/day for five days), and Group III patients
received doxycycline (20 mg twice per day for three months. The resistin level was collected and measured
by enzyme-linked immunosorbent assay (ELISA). Gingival index (GI), probing depth (PD), and clinical
attachment level (CAL) were recorded at baseline, one-month, and three-month intervals.

Results: All groups showed improvement in clinical parameters and resistin levels throughout the study. The
mean resistin level at three months was the highest in Group I and the lowest in Group III. Patients in Group
II showed a larger decrease in mean PD than those in Group I and III. Group III had the highest gain in mean
CAL, with an increase of 1.78 mm in attachment.

Conclusion: Resistin might be a useful indicator of current disease status. In addition, benefits from
adjunctive systemic use of AZM and doxycycline have been administered with non-surgical periodontal
therapy.

Categories: Endocrinology/Diabetes/Metabolism, Dentistry, Therapeutics
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Introduction
Oral biofilm of different types triggers an immunoinflammatory response that leads to periodontal diseases.
These diseases are marked by alveolar bone loss, attachment loss, and the downward movement of the
junctional epithelium. The subgingival environment has a bacterial imbalance that causes periodontal
disorders. Periodontal destruction results from the interaction of two main factors: the host-mediated
immune-inflammatory response and the periodontally pathogenic biofilm [1].

Periodontal therapy is divided into four stages: systemic, initial, corrective, and maintenance [2]. Following
the initial phase, the efficacy of mechanical debridement is evaluated in terms of locations with no
inflammation, and a decision on the necessity for surgical intervention must be made [3,4]. Mechanical
therapy is required for the disruption and elimination of dental biofilms, regardless of the methodology
used. Other therapeutic techniques, such as host modulatory therapy, may, however, increase the benefits of
mechanical therapy [5].

Periodontal disease is more common and severe in diabetics than in nondiabetics [6,7]. Moreover, glucose
control in diabetics may be affected by periodontal infection [8], and glycemic control may improve after
periodontal treatment [9], suggesting a two-way link between diabetes mellitus (DM) and periodontitis [10].

Some clinical trials have explored the use of antibiotics as an extra medication in nonsurgical periodontal
therapy (NSPT) for diabetic patients with severe periodontal disease [10,11]. The effect of systemic
antimicrobials in diabetic patients with periodontitis has been reviewed in two systematic reviews [12,13].

Doxycycline is an antibiotic that belongs to the tetracycline family and is effective against a wide range of
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bacteria, including those responsible for periodontal disease. It functions by inhibiting the production of
proteins required for bacterial growth. When used in conjunction with dental cleaning, subantimicrobial
doses of doxycycline (SDD) can help treat periodontal disease [14]. Subantimicrobial doxycycline can
enhance the traditional subgingival debridement by strongly inhibiting the destruction of the extracellular
matrix, even in cases of severe periodontitis. The Food and Drug Administration (FDA) has approved a dose
of 20 mg twice a day for up to nine months for this type of doxycycline. There is no antimicrobial activity or
antibiotic side effects (such as the emergence of antibiotic-resistant microorganisms) at the therapeutic
levels that are acceptable [15].

The macrolide antibiotic azithromycin (AZM) is widely used in medicine to treat a variety of illnesses,
including trachoma, middle ear, upper respiratory system, and sexually transmitted infections [16,17].
Additionally, it works well against the most typical periodonto-pathogens [16]. Because of their well-
established immune-modulating/anti-inflammatory activities, macrolides are versatile beyond their
antibacterial capabilities [18]. As a result, macrolides such as AZM are used to treat conditions including
severe asthma, chronic obstructive lung disorders, and, more recently, cystic fibrosis that are not caused by
bacteria [19]. Since neutrophils, macrophages, and particularly fibroblasts are key actors in the
pathophysiology of the majority of periodontal disorders, AZM acquired its importance via its accumulation
in these cells [20].

AZM may be a useful addition to non-surgical periodontal therapy for the treatment of periodontal diseases.
This is due to its low plasma concentration, reduced gastrointestinal complications, effectiveness against
common periodontal pathogens, simple dosing schedule, and potential interaction with host response
mechanisms that help control the host’s response to periodontal pathogens [21]. Case studies have revealed
remarkable clinical outcomes when AZM is used in conjunction with NSPT to treat advanced periodontitis
[22].

Trial results that assess the benefits of AZM are still erratic. Numerous studies with durations of three to 12
months and dosages of 500-2,000 mg of AZM per day for three to seven days have revealed not only
improvements in inflammatory, biochemical, and clinical parameters but also notable modifications in the
make-up of subgingival biofilms, frequently leading to the eradication of Porphyromonas gingivalis [23-25].
A recent meta-analysis [26] also concluded that the benefit of AZM in reducing the probing depth (PD) of
initially deep pockets can be observed after one year.

After being stimulated by the periodontal pathogen lipopolysaccharides, polymorphonuclear leukocytes,
macrophages, and neutrophils are known to create the majority of resistin, an adipocytokine present in the
inflammatory zone [26].

Resistin, an adipokine with a high cysteine content also known as adipocyte-specific secretory factor (i.e.,
ADSF), or found in inflammatory zone-3 (FIZZ3), was first identified in mouse adipose tissue [27,28]. It has a
pro-inflammatory effect by increasing the release of TNF-alpha and IL-12, as well as inducing the nuclear
translocation of the NF-kappa B transcription factor [29]. It increased the production of TNF-alpha, IL-6,
and monocyte chemoattractant protein-1 (MCP-1) [30]. Periodontal disease is associated with higher serum
levels of resistin [31]. Hiroshima et al. [32] found that chronic periodontitis (CP) patients had higher resistin
levels in their serum than healthy people. Another study also showed that resistin levels in the gingival
crevicular fluid (GCF) were higher in patients with CP than in the control [33]. Since resistin has been linked
to insulin resistance and periodontitis, it may hold promise as an inflammatory mediator [30]. Hence, it is of
great importance to record the resistin levels in gingival fluids from CP patients who have type 2 DM
(T2DM).

The aim of this study was to compare the effects of systemic antibiotics as an adjunct to NSPT with NSPT
alone on periodontal clinical parameters and resistin levels in diabetic patients with periodontitis, to see
which one improves the outcome of NSPT.

Materials And Methods
A total of 45 periodontal sites were found in 15 individuals (nine females and six males), ranging in age from
25 to 51 years. Subjects were recruited through the Outpatient Clinics of the Department of Periodontology,
Faculty of Dentistry, King Abdulaziz University, Saudi Arabia.

According to the American Academy of Periodontology standards, patients were clinically determined to
have at least three locations with a clinical attachment level (CAL) of 5 mm and moderate-to-severe chronic
periodontitis [34]. There were three groups in this study, with group under placebo (Group I) consisting of
five patients with T2DM and periodontitis, Group II consisting of five patients with T2DM and periodontitis
who received AZM dosage of 250 mg/day for five days after receiving an initial dose of 500 mg one hour
before NSPT, and Group III consisting of five patients with T2DM and periodontitis who received
doxycycline 20 mg twice daily for three months.

The study only included patients who had T2DM as the only systemic condition that could affect the
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periodontium or the periodontal treatment. The modified Cornell Medical Index [35] was used to determine
the eligibility of the participants. They were not smokers, had not received any periodontal treatment, or had
taken any antibiotics or anti-inflammatory drugs six months before the examination. Female patients were
not pregnant or breastfeeding.

All subjects received information about the study's procedures and the benefits of their participation. All
patients provided adequate written permission, indicating their agreement with the timetable study
program design.

A single-blinded examiner assessed all periodontal clinical indicators at baseline and three months after
NSPT. The gingival index (GI) was used to assess each patient's periodontal condition [27], PD [36], and CAL
at the baseline, one-month, and three-month intervals.

Measurement of resistin levels
A human resistin enzyme-linked immunosorbent assay (ELISA) kit (Bio Vendor, Asheville, NC) was employed
to measure the resistin level in GCF. The kit utilizes two polyclonal anti-human resistin antibodies: one of
them is pre-coated on the microplate wells, and the other is biotin-labeled. After incubating and washing
the standards and samples, the biotin-labeled antibody was added, followed by another incubation and wash.
Next, streptavidin-HRP conjugate, substrate solution (TMB), and stop solution were prepended. Further, the
absorbance of the yellow product was measured, and resistin concentration was calculated using the
standard curve.

GCF samples were gathered from selected sites before, one month after, and three months after periodontal
treatment. Samples were isolated and cleaned, and a sterile paper point was inserted into the gingival sulcus
for 30 seconds. Following this, samples were transferred to Eppendorf tubes and stored at -80 °C. A human
resistin kit and ELISA technique were employed to measure the resistin levels in the samples. Kits were
utilized as per manufacturer instructions.

Non-surgical periodontal therapy
All patients underwent NSPT, which consisted of the following: supra and subgingival scaling and root
planning that were done using an ultrasonic instrument. The periodontal treatment lasted for two weeks.
The patients were instructed to brush their teeth twice a day and use interdental cleaning aids once a day for
plaque control. The patients were also given chlorhexidine gluconate (0.12%)* as a mouthwash to use twice a
day for two weeks. The patients were advised not to change their diabetic medications during the study
period and to record any changes in their lifestyle, such as diet and exercise.

Human resistin quantification using ELISA
Resistin levels in human samples were quantified using a competitive ELISA kit (Sigma-Aldrich, Sofia,
Bulgaria). The kit can analyze various samples, such as serum, plasma, and urine. The kit uses a microplate
with an anti-rabbit secondary antibody, an anti-resistin antibody, a peptide standard (or target peptide), and
a biotinylated resistin peptide. The standard and the sample peptides compete for binding to the resistin
antibody and peptide on the microplate. The unbound biotinylated peptide binds to streptavidin-conjugated
horseradish peroxidase (SA-HRP), which changes color. The color intensity is inversely related to the
resistin peptide amount in the samples. A standard curve of known peptide concentrations was employed to
estimate the peptide concentration in collected samples, and resistin concentration was calculated from the
original data of the sample.

Statistical analysis
Clinical parameter values were provided as mean and standard deviation (SD). Because PD and CAL had
normal (parametric) distributions, Student's t-test was used to compare the results of the studied groups.
The paired t-test was used to examine the changes over time within each group. Since the GI and % change
data had a non-parametric distribution, the Mann-Whitney U test was used. The Wilcoxon signed-rank test,
a non-parametric alternative to the paired t-test, was employed to examine changes in resistin data over
time within each group. One-way ANOVA was performed on results obtained in all groups. It is a method for
comparing the means of the three groups. We can determine if the difference was significant or not using
the p-value. Differences were set to be significant in case the p-value was less than 0.05.

Results
Table 1 displays the variations in the GI measures for each group at baseline, one month, and three months
following the NSPT. The maximum mean value of each GI was seen in all groups at baseline, and a decline
was seen in all groups at various observation periods. Group III saw the most improvement, Group II
experienced the second-highest improvement, and Group I experienced the least improvement, with a
notable difference across the groups. Tables 2-3 show the results of ANOVA analysis and Tukey post-hoc
results of the obtained data, respectively.
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 Mean Sd. Dev. Sd. Error
95% Confidence Interval for Mean

Min Max F-value P-value
Lower Bound Upper Bound

Baseline

G 1 2.29 0.47 0.13 2.02 2.56 2.00 3.00

0.421 *0.643G 2 2.22 0.43 0.1 2.01 2.43 2.00 3.00

G 3 2.5 0.53 0.17 2.12 2.88 2.00 3.00

1 Month

G 1 1.43 0.51 0.14 1.13 1.73 1.00 2.00

0.456 *0.0756G 2 1.38 0.49 0.07 1.23 1.52 1.00 2.00

G 3 1.3 0.48 0.15 0.95 1.65 1.00 2.00

3 Months

G 1 0.86 0.66 0.18 0.47 1.24 0.00 2.00

0.617 *0.0212G 2 0.56 0.7 0.17 0.21 0.91 0.00 2.00

G 3 0.10 0.41 0.1 0.13 0.33 0.00 1.00

TABLE 1: Comparison of the gingival index (GI) in different groups (G1, G2, and G3) at baseline,
one month, and three months of treatment.
*Significant at p<0.05

Source Sum of squares (SS) Degrees of freedom (ν) Mean square (MS) F statistic P-value

Treatment 104.8714 2 52.4357 16.7169 0.0035

Error 18.8201 6 3.1367   

Total 123.6914 8    

TABLE 2: One-way ANOVA of GI data in different treatment groups at different intervals.

Treatments pair Tukey HSD Q statistic Tukey HSD p-value Tukey HSD inference

A vs B 5.3821 0.0207392 *p<0.05

A vs C 8.0226 0.0031034 **p<0.01

B vs C 2.6405 0.2275781 Insignificant

TABLE 3: Tukey HSD results of GI data in different treatment groups at different intervals.
Here, A is data obtained at baseline, B is data obtained after one month, and C is data obtained after three months.

*Significant at p<0.05; **Highly significant at p<0.01

All groups showed an improvement in PD and CAL at one month and three months (p<0.05; Table 4).
However, with regard to the greatest reduction in pocket depth measurement and clinical attachment level
gain, there was a significant difference between groups at one month and three months, favoring
doxycycline group (Group III) (p<0.05). Additionally, Table 4 illustrates that the mean pocket depth within
Group Ⅲ revealed a statistically significant decrease from baseline (5.3 ± 0.48) to one month (4.3 ± 0.48) and
three months of treatment (3.5 ± 0.70), respectively, with a total reduction in probing depth to about 1.8
mm.
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 Mean Sd. Dev Sd. Error
95% Confidence Interval for Mean

Min Max F-value P-value
Lower Bound Upper Bound

Baseline

G 1 5.21 1.1 0.3 4.58 5.85 3.00 6.50

4.38 *0.001G 2 4.56 1.22 0.29 3.95 5.16 3.00 6.50

G 3 5.3 0.48 0.15 5.22 5.86 4.00 6.00

1 month

G 1 4.71 0.96 0.26 4.16 5.27 3.00 6.00

4.87 *0.019G 2 3.89 1.02 0.24 3.38 4.40 3.00 6.00

G 3 4.3 0.48 0.15 3.76 4.86 5.00 6.00

3 months

G 1 4 0.78 0.21 3.55 4.45 3.00 5.00

5.67 *0.05G 2 3 0.97 0.23 2.52 3.48 2.00 5.00

G 3 3.5 0.70 0.22 2.93 3.88 6.00 7.00

TABLE 4: Comparison of pocket depth (mm) in different groups (G1, G2, and G3) at baseline, one
month, and three months of treatment.
*Significant at p<0.05; mm - millimeter

Figure 1 represents the clinical attachment level in different groups throughout the study. Concerning the
results of the mean clinical attachment level within Group Ⅲ, there was a statistically significant decrease at
one month (5.4 ± 0.51) and three months (4.8 ± 0.78) when compared to the mean baseline value (6.4 ± 0.51),
with a total clinical attachment gain of about 1.6 mm.

FIGURE 1: Comparison of the clinical attachment level in different
groups at baseline and after one month and three months.
mm - millimeter

Changes in the GCF resistin level at one month and three months after periodontal treatment are shown in
Table 5. At baseline, the mean resistin level was 19.68 ± 6.37 ng/mL in Group I and 22.38 ± 4.37 ng/mL and
18.7 ± 6.052 ng/mL in Groups II and III, respectively (p<0.05). The resistin level significantly decreased after
periodontal therapy (p<0.05) in all groups.
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 Mean Sd. Dev. Sd. Error
95% Confidence Interval for Mean

Min Max F-value P-value
Lower Bound Upper Bound

Baseline

G 1 19.68 6.37 1.7 16.01 23.36 11.18 29.34

0.413 *0.071G 2 22.38 4.37 1.03 20.21 24.55 15.26 30.01

G 3 18.7 6.052 1.43 0.043 0.104 0.45 0.189

1 Month

G 1 15.4 5.34 1.43 12.32 18.49 8.03 23.29

0.153 *0.001G 2 15.65 3.23 0.76 14.04 17.26 11.94 20.20

G 3 13.2 4.57 1.075 0.033 0.042 0.030 0.044

3 Months

G 1 14.05 4.71 1.26 11.33 16.77 8.44 22.61

0.854 *0.05G 2 12.03 2.58 0.61 10.74 13.31 8.03 15.98

G 3 10.07 0.16 0.04 0.013 0.022 0.008 0.029

TABLE 5: Resistin level (ng/mL) in different groups throughout the study.
*Significant at p<0.05; ng/mL - nanograms per milliliter

After periodontal treatment, an obvious significant decrease in the resistin level was recorded in all groups.
In group I, the resistin levels were 15.4 ± 5.34 and 14.05 ± 4.71 at one month and three months, respectively.
Group II showed a reduction in the resistin level from 15.65 ± 3.23 after one month to 12.03 ± 2.58 after three
months. In the meantime, Group III showed the greatest reduction in the resistin level from 13.2 ± 4.57 after
one month to 10.07 ± 0.16 after three months with a significant difference between the three groups
postoperatively.

Discussion
NSPT has been shown to be an effective treatment for reducing local inflammatory load [37]. The means of
GI, PD, and CAL were considerably lowered following NSPT in this study. The findings agreed with earlier
studies [38-40]. According to statistical analysis results shown in Tables 2-3, there was a significant
difference between the GI data collected at baseline, one month, and three months of treatment. It is vital to
remember that clinical indicators are related to an active diseased condition. Thus, it was hypothesized that
individuals in all groups would respond to NSPT by improving clinical parameters. However, NSPT did not
result in a greater reduction in mean CAL, which might be explained by the fact that CAL accumulation is
more impacted by prior illness history than by the present periodontitis condition [41-43]. According to
statistical analysis results shown in Tables 6-7, there was a significant difference between the PD data
collected at baseline and three months of treatment. Moreover, in statistical analysis findings shown in
Tables 8-9, there was a significant difference between the resistin level data collected at baseline and three
months of treatment in different groups. Although NSPT improves clinical parameters, it may be
inadequate, especially in particularly susceptible individuals, such as those with diabetes mellitus, to lower
high levels of many underlying damaging inflammatory mediators. Thus, supplementary use of the host
modulatory drug might improve clinical results in periodontitis therapy by downregulating several
biological inflammatory mediators [44]. This study aimed to enhance the standard periodontal treatment by
using host modulation therapy, which alters the harmful aspects of the immune inflammatory response of
the host. This could lead to less periodontal damage and more periodontal stability, especially for people
with systemic diseases such as diabetes. Host modulation therapy for periodontitis treatment involves
taking SDD or AZM at a dose of 250 mg/day for five days after an initial dose of 500 mg one hour before
NSPT.
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Source Sum of squares (SS) Degrees of freedom (ν) Mean square (MS) F statistic P-value

Treatment 3.4838 2 1.7419 8.9921 0.0157

Error 1.1623 6 0.1937   

Total 4.6460 8    

TABLE 6: One-way ANOVA of PD data in different treatment groups at different intervals.

Treatment pair Tukey HSD Q statistic Tukey HSD p-value Tukey HSD inference

A vs B 2.8466 0.1894143 insignificant

A vs C 5.9948 0.0128236 * p<0.05

B vs C 3.1483 0.1443606 Insignificant

TABLE 7: Tukey HSD results of PD data in different treatment groups at different intervals.
Here, A is data obtained in Group I, B is data obtained in Group II, and C is data obtained in Group III at the baseline, one month, and three months of
treatment.

*Significant at p<0.05

Source Sum of squares (SS) Degrees of freedom (ν) Mean square (MS) F statistic P-value

Treatment 104.8714 2 52.4357 16.7169 0.0035

Error 18.8201 6 3.1367   

Total 123.6914 8    

TABLE 8: One-way ANOVA of resistin level data in different treatment groups at different
intervals.

Treatment pair Tukey HSD Q statistic Tukey HSD p-value Tukey HSD inference

A vs B 5.3821 0.0207392 * p<0.05

A vs C 8.0226 0.0031034 **p<0.01

B vs C 2.6405 0.2275781 Insignificant

TABLE 9: Tukey HSD results of resistin level data in different treatment groups at different
intervals.
 *Significant at p<0.05; **Highly significant at p<0.01

Group III, which got SDD, exhibited the greatest improvement in all clinical measures. These findings might
be explained by the fact that SDD can improve mechanical nonsurgical therapies by inhibiting
metalloproteinases (MMPs), which are implicated in periodontal tissue destruction [45]. SDD also exhibits
certain essential characteristics that may impede the evolution of periodontal disease, such as inhibition of
MMPs [46-48], inhibition of the degranulation of polymorphonuclear (PMN) cells [47], and increased
production of TGFβ1 [48].
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AZM enhances the outcomes in Group II by penetrating more easily into inflamed tissues where fibroblasts
and acute reactant cells such as neutrophils, macrophages, monocytes, and lymphocytes are present. AZM
reduces the levels of proinflammatory cytokines, such as IL-1, IL-6, IL-8, and TNF-alpha, as well as growth
factors, such as granulocyte-macrophage colony-stimulating factor. It also boosts the number of alveolar
macrophages that are actively phagocytosing. The anti-inflammatory properties of AZM are due to the
downregulation of these cytokines [17,49,50].

Numerous immune system functions are compromised by diabetes, which is also associated with sluggish
immune responses and delayed recovery. Immune cell function changes brought on by diabetes lead to an
inflammatory immune cell phenotype (suppression of macrophage growth factors and activation of pro-
inflammatory cytokines from monocytes/polymorphonuclear leukocytes). As a result, there will be ongoing
inflammation, more tissue disintegration, and less capacity for tissue repair [51]. Because resistin is a
possible marker for inflammation and is influenced by inflammatory cytokines generated by periodontal
pathogens in periodontitis, serum resistin levels in Group I were greater at one and three months compared
to those in Groups II and III.

These findings were supported by the results of Tokuyama et al. [52] and Akram et al. [53] in 2017. The
literature data revealed that patients with periodontitis and systemic inflammatory diseases such as diabetes
had higher resistin levels than healthy people, but not higher than chronic periodontitis patients.

Following SRP, GCF levels of resistin significantly decreased over time in all groups, with the lowest mean
value occurring at three months. It has been discovered that M1 macrophage infiltration produces
inflammatory cytokines, including IL-6 and TNF-alpha that block insulin signaling [54]. Lean adipose tissue
is linked to the predominant kind of anti-inflammatory M2 macrophages, which release arginase and IL-10
[55-57]. Furthermore, recent research has demonstrated that the transition from M2 to M1 macrophages is
crucial for the development of islet dysfunction in T2DM [58]. Doxycycline administration has recently been
found to minimize islet apoptosis, boost cell mitotic activity and percentage, and improve islet shape,
particularly the cell-centric arrangement [59]. Furthermore, doxycycline therapy decreased islet
inflammation as seen by fewer CD68 + macrophages, which reflect the M1 pro-inflammatory population. As
a result, the greater improvement in resistin levels with SDD may be related to its anti-inflammatory impact.

The current study also found that Group II had much lower resistin levels in GCF than the control group. This
could be because AZM changes the phenotype of macrophages, making them shift from M1 to M2 [60]. The
M2 phenotype has a different activation pattern and helps to direct a Th2 humoral response and facilitate
repair after inflammation. As mentioned before, resistin mainly comes from macrophages. AZM reduces the
production of inflammatory cytokines by macrophages [61].

We have faced some limitations for this study, which are a small number of available publications that have
the same interest in research and a small group of patients, including in our study, that make us recommend
further investigations, research, and RCTs to make more evaluations.

Conclusions
Based on the preceding findings, periodontitis patients with T2DM had greater levels of resistin in GCF.
Non-surgical periodontal treatment reduced resistin levels in all groups. Furthermore, short-term usage of
SDD or AZM was effective as an adjuvant to non-surgical periodontal treatment. Furthermore, combining
NSPT with SDD led to greater reductions in GI, PD, CAL, and GCF resistin in periodontitis T2DM patients
compared to periodontitis T2DM patients who did not get SDD and periodontitis T2DM patients who
received AZM with NSPT.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Jazia A. Alblowi, Mai S. Attia

Acquisition, analysis, or interpretation of data:  Jazia A. Alblowi, Zienab S. Farid

Drafting of the manuscript:  Jazia A. Alblowi, Mai S. Attia

Critical review of the manuscript for important intellectual content:  Jazia A. Alblowi, Zienab S. Farid,
Mai S. Attia

Supervision:  Jazia A. Alblowi

2024 Alblowi et al. Cureus 16(2): e54849. DOI 10.7759/cureus.54849 8 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Research Ethics
Committee of King Abdulaziz University Faculty of Dentistry issued approval 121-06-23. Animal subjects:
All authors have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Eke PI, Thornton-Evans GO, Wei L, Borgnakke WS, Dye BA, Genco RJ: Periodontitis in US adults: National

Health and Nutrition Examination Survey 2009-2014. J Am Dent Assoc. 2018, 149:576-588.e6.
10.1016/j.adaj.2018.04.023

2. Lindhe J, Lang NP, Karring T: Clinical Periodontology and Implant Dentistry, 5th Edition. Blackwell
Munksgaard, Oxford, England; 2008.

3. Cionca N, Giannopoulou C, Ugolotti G, Mombelli A: Amoxicillin and metronidazole as an adjunct to full-
mouth scaling and root planing of chronic periodontitis. J Periodontol. 2009, 80:364-71.
10.1902/jop.2009.080540

4. Mombelli A, Cionca N, Almaghlouth A: Does adjunctive antimicrobial therapy reduce the perceived need for
periodontal surgery?. Periodontol 2000. 2011, 55:205-16. 10.1111/j.1600-0757.2010.00356.x

5. Teughels W, Feres M, Oud V, Martín C, Matesanz P, Herrera D: Adjunctive effect of systemic antimicrobials
in periodontitis therapy: a systematic review and meta-analysis. J Clin Periodontol. 2020, 47:257-81.
10.1111/jcpe.13264

6. Hodge PJ, Robertson D, Paterson K, Smith GL, Creanor S, Sherriff A: Periodontitis in non-smoking type 1
diabetic adults: a cross-sectional study. J Clin Periodontol. 2012, 39:20-9. 10.1111/j.1600-051X.2011.01791.x

7. Obulareddy VT, Nagarakanti S, Chava VK: Knowledge, attitudes, and practice behaviors of medical
specialists for the relationship between diabetes and periodontal disease: a questionnaire survey. J Family
Med Prim Care. 2018, 7:175-8. 10.4103/jfmpc.jfmpc_425_16

8. Borgnakke WS, Ylöstalo PV, Taylor GW, Genco RJ: Effect of periodontal disease on diabetes: systematic
review of epidemiologic observational evidence. J Periodontol. 2013, 84:S135-52. 10.1902/jop.2013.1340013

9. Botero JE, Rodríguez C, Agudelo-Suarez AA: Periodontal treatment and glycaemic control in patients with
diabetes and periodontitis: an umbrella review. Aust Dent J. 2016, 61:134-48. 10.1111/adj.12413

10. Bajaj P, Pradeep AR, Agarwal E, Kumari M, Naik SB: Locally delivered 0.5% clarithromycin, as an adjunct to
nonsurgical treatment in chronic periodontitis with well-controlled type 2 diabetes: a randomized
controlled clinical trial. J Investig Clin Dent. 2012, 3:276-83. 10.1111/j.2041-1626.2012.00168.x

11. Tamashiro NS, Duarte PM, Miranda TS, Maciel SS, Figueiredo LC, Faveri M, Feres M: Amoxicillin plus
metronidazole therapy for patients with periodontitis and type 2 diabetes: a 2-year randomized controlled
trial. J Dent Res. 2016, 95:829-36. 10.1177/0022034516639274

12. Grellmann AP, Sfreddo CS, Maier J, Lenzi TL, Zanatta FB: Systemic antimicrobials adjuvant to periodontal
therapy in diabetic subjects: a meta-analysis. J Clin Periodontol. 2016, 43:250-60. 10.1111/jcpe.12514

13. Santos CM, Lira-Junior R, Fischer RG, Santos AP, Oliveira BH: Systemic antibiotics in periodontal treatment
of diabetic patients: a systematic review. PLoS One. 2015, 10:e0145262. 10.1371/journal.pone.0145262

14. Caton J, Ryan ME: Clinical studies on the management of periodontal diseases utilizing subantimicrobial
dose doxycycline (SDD). Pharmacol Res. 2011, 63:114-20. 10.1016/j.phrs.2010.12.003

15. Engebretson SP, Hey-Hadavi J: Sub-antimicrobial doxycycline for periodontitis reduces hemoglobin A1c in
subjects with type 2 diabetes: a pilot study. Pharmacol Res. 2011, 64:624-9. 10.1016/j.phrs.2011.06.024

16. Amsden GW: Anti-inflammatory effects of macrolides--an underappreciated benefit in the treatment of
community-acquired respiratory tract infections and chronic inflammatory pulmonary conditions?. J
Antimicrob Chemother. 2005, 55:10-21. 10.1093/jac/dkh519

17. Hirsch R, Deng H, Laohachai MN: Azithromycin in periodontal treatment: more than an antibiotic . J
Periodontal Res. 2012, 47:137-48. 10.1111/j.1600-0765.2011.01418.x

18. Gomi K, Yashima A, Iino F, et al.: Drug concentration in inflamed periodontal tissues after systemically
administered azithromycin. J Periodontol. 2007, 78:918-23. 10.1902/jop.2007.060246

19. Blandizzi C, Malizia T, Lupetti A, et al.: Periodontal tissue disposition of azithromycin in patients affected
by chronic inflammatory periodontal diseases. J Periodontol. 1999, 70:960-6. 10.1902/jop.1999.70.9.960

20. Bartold PM, Van Dyke TE: Periodontitis: a host-mediated disruption of microbial homeostasis. Unlearning
learned concepts. Periodontol 2000. 2013, 62:203-17. 10.1111/j.1600-0757.2012.00450.x

21. Bartold PM, du Bois AH, Gannon S, Haynes DR, Hirsch RS: Antibacterial and immunomodulatory properties
of azithromycin treatment implications for periodontitis. Inflammopharmacology. 2013, 21:321-38.
10.1007/s10787-012-0165-1

22. Hirsch R: Periodontal healing and bone regeneration in response to azithromycin . Aust Dent J. 2010,
55:193-9. 10.1111/j.1834-7819.2010.01227.x

23. Emingil G, Han B, Ozdemir G, et al.: Effect of azithromycin, as an adjunct to nonsurgical periodontal
treatment, on microbiological parameters and gingival crevicular fluid biomarkers in generalized aggressive
periodontitis. J Periodontal Res. 2012, 47:729-39. 10.1111/j.1600-0765.2012.01488.x

24. Liaw A, Miller C, Nimmo A: Comparing the periodontal tissue response to non-surgical scaling and root
planing alone, adjunctive azithromycin, or adjunctive amoxicillin plus metronidazole in generalized chronic
moderate-to-severe periodontitis: a preliminary randomized controlled trial. Aust Dent J. 2019, 64:145-52.
10.1111/adj.12674

25. Nepokupnaia-Slobodianiuk TS, Skripnikov PN: [Clinical efficiency of short and long-term adjuvant therapy

2024 Alblowi et al. Cureus 16(2): e54849. DOI 10.7759/cureus.54849 9 of 11

https://dx.doi.org/10.1016/j.adaj.2018.04.023
https://dx.doi.org/10.1016/j.adaj.2018.04.023
https://search.worldcat.org/title/clinical-periodontology-and-implant-dentistry/oclc/434378924
https://dx.doi.org/10.1902/jop.2009.080540
https://dx.doi.org/10.1902/jop.2009.080540
https://dx.doi.org/10.1111/j.1600-0757.2010.00356.x
https://dx.doi.org/10.1111/j.1600-0757.2010.00356.x
https://dx.doi.org/10.1111/jcpe.13264
https://dx.doi.org/10.1111/jcpe.13264
https://dx.doi.org/10.1111/j.1600-051X.2011.01791.x
https://dx.doi.org/10.1111/j.1600-051X.2011.01791.x
https://dx.doi.org/10.4103/jfmpc.jfmpc_425_16
https://dx.doi.org/10.4103/jfmpc.jfmpc_425_16
https://dx.doi.org/10.1902/jop.2013.1340013
https://dx.doi.org/10.1902/jop.2013.1340013
https://dx.doi.org/10.1111/adj.12413
https://dx.doi.org/10.1111/adj.12413
https://dx.doi.org/10.1111/j.2041-1626.2012.00168.x
https://dx.doi.org/10.1111/j.2041-1626.2012.00168.x
https://dx.doi.org/10.1177/0022034516639274
https://dx.doi.org/10.1177/0022034516639274
https://dx.doi.org/10.1111/jcpe.12514
https://dx.doi.org/10.1111/jcpe.12514
https://dx.doi.org/10.1371/journal.pone.0145262
https://dx.doi.org/10.1371/journal.pone.0145262
https://dx.doi.org/10.1016/j.phrs.2010.12.003
https://dx.doi.org/10.1016/j.phrs.2010.12.003
https://dx.doi.org/10.1016/j.phrs.2011.06.024
https://dx.doi.org/10.1016/j.phrs.2011.06.024
https://dx.doi.org/10.1093/jac/dkh519
https://dx.doi.org/10.1093/jac/dkh519
https://dx.doi.org/10.1111/j.1600-0765.2011.01418.x
https://dx.doi.org/10.1111/j.1600-0765.2011.01418.x
https://dx.doi.org/10.1902/jop.2007.060246
https://dx.doi.org/10.1902/jop.2007.060246
https://dx.doi.org/10.1902/jop.1999.70.9.960
https://dx.doi.org/10.1902/jop.1999.70.9.960
https://dx.doi.org/10.1111/j.1600-0757.2012.00450.x
https://dx.doi.org/10.1111/j.1600-0757.2012.00450.x
https://dx.doi.org/10.1007/s10787-012-0165-1
https://dx.doi.org/10.1007/s10787-012-0165-1
https://dx.doi.org/10.1111/j.1834-7819.2010.01227.x
https://dx.doi.org/10.1111/j.1834-7819.2010.01227.x
https://dx.doi.org/10.1111/j.1600-0765.2012.01488.x
https://dx.doi.org/10.1111/j.1600-0765.2012.01488.x
https://dx.doi.org/10.1111/adj.12674
https://dx.doi.org/10.1111/adj.12674
https://dx.doi.org/10.17116/stomat201493620-24


of chronic periodontal disease with azithromycin]. Stomatologiia (Mosk). 2014, 93:20-4.
10.17116/stomat201493620-24

26. Filková M, Haluzík M, Gay S, Senolt L: The role of resistin as a regulator of inflammation: Implications for
various human pathologies. Clin Immunol. 2009, 133:157-70. 10.1016/j.clim.2009.07.013

27. Loe H, Silness J: Periodontal disease in pregnancy I. Prevalence and severity . Acta Odontol Scand. 1963,
21:533-51. 10.3109/00016356309011240

28. Sophia K, Suresh S, Sudhakar U, Abdul Cader S, Vardhini VM, Arunachalam LT, Jean SC: Comparative
evaluation of serum and gingival crevicular fluid periostin levels in periodontal health and disease: a
biochemical study. Cureus. 2020, 12:e7218. 10.7759/cureus.7218

29. Ogawa H, Damrongrungruang T, Hori S, Nouno K, Minagawa K, Sato M, Miyazaki H: Effect of periodontal
treatment on adipokines in type 2 diabetes. World J Diabetes. 2014, 5:924-31. 10.4239/wjd.v5.i6.924

30. Carcuac O, Berglundh T: Composition of human peri-implantitis and periodontitis lesions . J Dent Res. 2014,
93:1083-8. 10.1177/0022034514551754

31. Gokhale NH, Acharya AB, Patil VS, Trivedi DJ, Setty S, Thakur SL: Resistin levels in gingival crevicular fluid
of patients with chronic periodontitis and type 2 diabetes mellitus. J Periodontol. 2014, 85:610-7.
10.1902/jop.2013.130092

32. Hiroshima Y, Bando M, Inagaki Y, et al.: Resistin in gingival crevicular fluid and induction of resistin release
by Porphyromonas gingivalis lipopolysaccharide in human neutrophils. J Periodontal Res. 2012, 47:554-62.
10.1111/j.1600-0765.2011.01466.x

33. Devanoorkar A, Kathariya R, Guttiganur N, Gopalakrishnan D, Bagchi P: Resistin: a potential biomarker for
periodontitis influenced diabetes mellitus and diabetes induced periodontitis. Dis Markers. 2014,
2014:930206. 10.1155/2014/930206

34. Abramson JH: The cornell medical index as an epidemiological tool . Am J Public Health Nations Health.
1966, 56:287-98. 10.2105/ajph.56.2.287

35. Wiebe CB, Putnins EE: The periodontal disease classification system of the American Academy of
Periodontology--an update. J Can Dent Assoc. 2000, 66:594-7.

36. Ramfjord SP: Indices for prevalence and incidence of periodontal disease . J Periodontol. 1959, 30:51-9.
10.1902/JOP.1959.30.1.51

37. D'Aiuto F, Parkar M, Tonetti MS: Periodontal therapy: a novel acute inflammatory model . Inflamm Res.
2005, 54:412-4. 10.1007/s00011-005-1375-4

38. Bazyar H, Maghsoumi-Norouzabad L, Yarahmadi M, et al.: The impacts of synbiotic supplementation on
periodontal indices and biomarkers of oxidative stress in type 2 diabetes mellitus patients with chronic
periodontitis under non-surgical periodontal therapy. A double-blind, placebo-controlled trial. Diabetes
Metab Syndr Obes. 2020, 13:19-29. 10.2147/DMSO.S230060

39. Corbella S, Calciolari E, Alberti A, Donos N, Francetti L: Systematic review and meta-analysis on the
adjunctive use of host immune modulators in non-surgical periodontal treatment in healthy and
systemically compromised patients. Sci Rep. 2021, 11:12125. 10.1038/s41598-021-91506-7

40. El Makaky YM, Shalaby HK: Impact of non-surgical periodontal therapy on visfatin level in gingival
crevicular fluid of type ii diabetic patients with periodontitis. Egypt Dent J. 2020, 66:1025-34.
10.21608/EDJ.2020.27020.1094

41. Altay U, Gürgan CA, Ağbaht K: Changes in inflammatory and metabolic parameters after periodontal
treatment in patients with and without obesity. J Periodontol. 2013, 84:13-23. 10.1902/jop.2012.110646

42. Petersen PE, Ogawa H: Strengthening the prevention of periodontal disease: the WHO approach . J
Periodontol. 2005, 76:2187-93. 10.1902/jop.2005.76.12.2187

43. Zuza EP, Barroso EM, Carrareto AL, Pires JR, Carlos IZ, Theodoro LH, Toledo BE: The role of obesity as a
modifying factor in patients undergoing non-surgical periodontal therapy. J Periodontol. 2011, 82:676-82.
10.1902/jop.2010.100545

44. Bartold PM, Van Dyke TE: Host modulation: controlling the inflammation to control the infection.
Periodontol 2000. 2017, 75:317-29. 10.1111/prd.12169

45. Deo V, Gupta S, Bhongade ML, Jaiswal R: Evaluation of subantimicrobial dose doxycycline as an adjunct to
scaling and root planing in chronic periodontitis patients with diabetes: a randomized, placebo-controlled
clinical trial. J Contemp Dent Pract. 2010, 11:009-16.

46. Ağan S, Sönmez S, Serdar M: The effect of topical doxycycline usage on gingival crevicular fluid MMP-8
levels of chronic and aggressive periodontitis patients: a pilot study. Int J Dent Hyg. 2006, 4:114-21.
10.1111/j.1601-5037.2006.00174.x

47. Gapski R, Hasturk H, Van Dyke TE, Oringer RJ, Wang S, Braun TM, Giannobile WV: Systemic MMP inhibition
for periodontal wound repair: results of a multi-centre randomized-controlled clinical trial. J Clin
Periodontol. 2009, 36:149-56. 10.1111/j.1600-051X.2008.01351.x

48. Gürkan A, Emingil G, Cinarcik S, Berdeli A: Post-treatment effects of subantimicrobial dose doxycycline on
clinical parameters and gingival crevicular fluid transforming growth factor-beta1 in severe, generalized
chronic periodontitis. Int J Dent Hyg. 2008, 6:84-92. 10.1111/j.1601-5037.2007.00268.x

49. Singh VP, Nayak SU, Nettemu SK, et al.: Azithromycin in periodontal therapy: beyond the antibiotics . J
Nepal Soc Perio Oral Implantol. 2018, 2:61-6. 10.3126/jnspoi.v2i2.23616

50. Zimmermann P, Ziesenitz VC, Curtis N, Ritz N: The immunomodulatory effects of macrolides-a systematic
review of the underlying mechanisms. Front Immunol. 2018, 9:302. 10.3389/fimmu.2018.00302

51. Nayak AU, Nevill AM, Bassett P, Singh BM: Association of glycation gap with mortality and vascular
complications in diabetes. Diabetes Care. 2013, 36:3247-53. 10.2337/dc12-1040

52. Tokuyama Y, Osawa H, Ishizuka T, et al.: Serum resistin level is associated with insulin sensitivity in
Japanese patients with type 2 diabetes mellitus. Metabolism. 2007, 56:693-8. 10.1016/j.metabol.2006.12.019

53. Akram Z, Rahim ZH, Taiyeb-Ali TB, Shahdan MS, Baharuddin NA, Vaithilingam RD, Safii SH: Resistin as
potential biomarker for chronic periodontitis: a systematic review and meta-analysis. Arch Oral Biol. 2017,
73:311-20. 10.1016/j.archoralbio.2016.08.016

54. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Ferrante AW: Obesity is associated with
macrophage accumulation in adipose tissue. J Clin Invest. 2003, 112:1796-808. 10.1172/JCI19246

2024 Alblowi et al. Cureus 16(2): e54849. DOI 10.7759/cureus.54849 10 of 11

https://dx.doi.org/10.17116/stomat201493620-24
https://dx.doi.org/10.1016/j.clim.2009.07.013
https://dx.doi.org/10.1016/j.clim.2009.07.013
https://dx.doi.org/10.3109/00016356309011240
https://dx.doi.org/10.3109/00016356309011240
https://dx.doi.org/10.7759/cureus.7218
https://dx.doi.org/10.7759/cureus.7218
https://dx.doi.org/10.4239/wjd.v5.i6.924
https://dx.doi.org/10.4239/wjd.v5.i6.924
https://dx.doi.org/10.1177/0022034514551754
https://dx.doi.org/10.1177/0022034514551754
https://dx.doi.org/10.1902/jop.2013.130092
https://dx.doi.org/10.1902/jop.2013.130092
https://dx.doi.org/10.1111/j.1600-0765.2011.01466.x
https://dx.doi.org/10.1111/j.1600-0765.2011.01466.x
https://dx.doi.org/10.1155/2014/930206
https://dx.doi.org/10.1155/2014/930206
https://dx.doi.org/10.2105/ajph.56.2.287
https://dx.doi.org/10.2105/ajph.56.2.287
http://www.cda-adc.ca/jcda/vol-66/issue-11/594.html
https://dx.doi.org/10.1902/JOP.1959.30.1.51
https://dx.doi.org/10.1902/JOP.1959.30.1.51
https://dx.doi.org/10.1007/s00011-005-1375-4
https://dx.doi.org/10.1007/s00011-005-1375-4
https://dx.doi.org/10.2147/DMSO.S230060
https://dx.doi.org/10.2147/DMSO.S230060
https://dx.doi.org/10.1038/s41598-021-91506-7
https://dx.doi.org/10.1038/s41598-021-91506-7
https://dx.doi.org/10.21608/EDJ.2020.27020.1094
https://dx.doi.org/10.21608/EDJ.2020.27020.1094
https://dx.doi.org/10.1902/jop.2012.110646
https://dx.doi.org/10.1902/jop.2012.110646
https://dx.doi.org/10.1902/jop.2005.76.12.2187
https://dx.doi.org/10.1902/jop.2005.76.12.2187
https://dx.doi.org/10.1902/jop.2010.100545
https://dx.doi.org/10.1902/jop.2010.100545
https://dx.doi.org/10.1111/prd.12169
https://dx.doi.org/10.1111/prd.12169
https://www.thejcdp.com/doi/pdf/10.5005/jcdp-11-3-9
https://dx.doi.org/10.1111/j.1601-5037.2006.00174.x
https://dx.doi.org/10.1111/j.1601-5037.2006.00174.x
https://dx.doi.org/10.1111/j.1600-051X.2008.01351.x
https://dx.doi.org/10.1111/j.1600-051X.2008.01351.x
https://dx.doi.org/10.1111/j.1601-5037.2007.00268.x
https://dx.doi.org/10.1111/j.1601-5037.2007.00268.x
https://dx.doi.org/10.3126/jnspoi.v2i2.23616
https://dx.doi.org/10.3126/jnspoi.v2i2.23616
https://dx.doi.org/10.3389/fimmu.2018.00302
https://dx.doi.org/10.3389/fimmu.2018.00302
https://dx.doi.org/10.2337/dc12-1040
https://dx.doi.org/10.2337/dc12-1040
https://dx.doi.org/10.1016/j.metabol.2006.12.019
https://dx.doi.org/10.1016/j.metabol.2006.12.019
https://dx.doi.org/10.1016/j.archoralbio.2016.08.016
https://dx.doi.org/10.1016/j.archoralbio.2016.08.016
https://dx.doi.org/10.1172/JCI19246
https://dx.doi.org/10.1172/JCI19246


55. Kohlgruber A, Lynch L: Adipose tissue inflammation in the pathogenesis of type 2 diabetes . Curr Diab Rep.
2015, 15:92. 10.1007/s11892-015-0670-x

56. Lumeng CN, Bodzin JL, Saltiel AR: Obesity induces a phenotypic switch in adipose tissue macrophage
polarization. J Clin Invest. 2007, 117:175-84. 10.1172/JCI29881

57. Sun K, Kusminski CM, Scherer PE: Adipose tissue remodeling and obesity. J Clin Invest. 2011, 121:2094-101.
10.1172/JCI45887

58. Marchetti P: Islet inflammation in type 2 diabetes . Diabetologia. 2016, 59:668-72. 10.1007/s00125-016-
3875-x

59. Patel A, Khande H, Periasamy H, Mokale S: Immunomodulatory effect of doxycycline ameliorates systemic
and pulmonary inflammation in a murine polymicrobial sepsis model. Inflammation. 2020, 43:1035-43.
10.1007/s10753-020-01188-y

60. Navarro-Xavier RA, Newson J, Silveira VL, Farrow SN, Gilroy DW, Bystrom J: A new strategy for the
identification of novel molecules with targeted proresolution of inflammation properties. J Immunol. 2010,
184:1516-25. 10.4049/jimmunol.0902866

61. Zhang B, Bailey WM, Kopper TJ, Orr MB, Feola DJ, Gensel JC: Azithromycin drives alternative macrophage
activation and improves recovery and tissue sparing in contusion spinal cord injury. J Neuroinflammation.
2015, 12:218. 10.1186/s12974-015-0440-3

2024 Alblowi et al. Cureus 16(2): e54849. DOI 10.7759/cureus.54849 11 of 11

https://dx.doi.org/10.1007/s11892-015-0670-x
https://dx.doi.org/10.1007/s11892-015-0670-x
https://dx.doi.org/10.1172/JCI29881
https://dx.doi.org/10.1172/JCI29881
https://dx.doi.org/10.1172/JCI45887
https://dx.doi.org/10.1172/JCI45887
https://dx.doi.org/10.1007/s00125-016-3875-x
https://dx.doi.org/10.1007/s00125-016-3875-x
https://dx.doi.org/10.1007/s10753-020-01188-y
https://dx.doi.org/10.1007/s10753-020-01188-y
https://dx.doi.org/10.4049/jimmunol.0902866
https://dx.doi.org/10.4049/jimmunol.0902866
https://dx.doi.org/10.1186/s12974-015-0440-3
https://dx.doi.org/10.1186/s12974-015-0440-3

	Comparative Study of Azithromycin Versus Doxycycline Effect on the Resistin Level in Periodontitis Patients With Type 2 Diabetes: A Randomized Controlled Clinical Trial
	Abstract
	Introduction
	Materials And Methods
	Measurement of resistin levels
	Non-surgical periodontal therapy
	Human resistin quantification using ELISA
	Statistical analysis

	Results
	TABLE 1: Comparison of the gingival index (GI) in different groups (G1, G2, and G3) at baseline, one month, and three months of treatment.
	TABLE 2: One-way ANOVA of GI data in different treatment groups at different intervals.
	TABLE 3: Tukey HSD results of GI data in different treatment groups at different intervals.
	TABLE 4: Comparison of pocket depth (mm) in different groups (G1, G2, and G3) at baseline, one month, and three months of treatment.
	FIGURE 1: Comparison of the clinical attachment level in different groups at baseline and after one month and three months.
	TABLE 5: Resistin level (ng/mL) in different groups throughout the study.

	Discussion
	TABLE 6: One-way ANOVA of PD data in different treatment groups at different intervals.
	TABLE 7: Tukey HSD results of PD data in different treatment groups at different intervals.
	TABLE 8: One-way ANOVA of resistin level data in different treatment groups at different intervals.
	TABLE 9: Tukey HSD results of resistin level data in different treatment groups at different intervals.

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


