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ABSTRACT

Background:

Periodontitis and type 2 diabetes mellitus (T2DM) are chronic conditions associated with systemic inflammation
and bidirectional interactions. Non-surgical periodontal therapy (NSPT) may improve periodontal health and
influence glycemic regulation; however, its systemic benefits remain uncertain.

Objective:
To critically evaluate original clinical evidence regarding the effects of NSPT on glycemic control and systemic
inflammatory biomarkers in patients with T2DM and periodontitis.

Methods:

Original clinical investigations examining periodontal interventions in patients with T2DM and periodontitis
were critically reviewed. Outcomes included glycated hemoglobin (HbAlc), fasting blood glucose (FBG), C-
reactive protein (CRP), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and periodontal clinical
parameters. Study designs, interventions, reported treatment effects, and limitations were examined.

Results:

Four candidate clinical studies involving 836 participants were examined. Engebretson et al. reported no
significant HbA 1¢ improvement (mean difference: —0.05 percentage points; 95% confidence interval (CI: —0.23
to 0.12)), whereas D'Aiuto et al. reported a 0.60-percentage-point reduction following intensive periodontal
treatment that permitted surgery. Improvements in periodontal clinical parameters were observed. However,
differences in study designs, interventions, and outcome reporting prevented reliable quantitative synthesis. No
independent pooled treatment effects were established.
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Conclusion:

Periodontal treatment improves clinical periodontal outcomes, while its effects on glycemic control and
systemic inflammation remain uncertain. Further standardized randomized controlled trials (RCTs) and

comprehensive quantitative analyses are required.

Keywords: Glycemic control, HbAlc, Non-surgical periodontal therapy, Periodontitis, Systemic inflammatory

biomarkers, Type 2 diabetes mellitus
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1. Introduction

Periodontitis and Type 2 Diabetes Mellitus
(T2DM) are chronic conditions which are
inflammatory and metabolic in nature and can have
a negative impact on oral and systemic health.
Periodontitis is a biofilm-related inflammatory
disease with progressive destruction of the
supporting tissues of the teeth (periodontial
ligament, alveolar bone) while T2DM s
characterized by chronic hyperglycemia due to
insulin resistance and impaired insulin secretion.
Epidemiological observations indicate a connection
between periodontal disease and diabetes, and there
is some evidence that periodontal inflammation
could lead to metabolic derangements [1].

Demmer et al. [2] in a longitudinal study of the
participants from the First National Health and
Nutrition Examination Survey (NHANES I) found
that more severe periodontal disease was predictive
of greater chances of developing diabetes over the
long term. The relationship between periodontitis
and T2DM is considered bidirectional because
chronic hyperglycemia may impair host immune
responses, increase oxidative stress, promote the
accumulation of advanced glycation end products,
and exacerbate inflammatory destruction of
periodontal  tissues.  Conversely, persistent
periodontal inflammation may contribute to
systemic inflammatory activity and impaired
insulin signaling, and the systemic inflammatory
activity from periodontal infection can contribute to
impaired insulin signaling. Experimental and
clinical studies have suggested that
proinflammatory mediators, such as tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6), and C-
reactive protein (CRP), play a role in the
association between periodontal inflammation and
metabolic dysfunction.

In 13 patients with T2DM, Iwamoto et al. [3]
examined antimicrobial periodontal treatment and
found that there were significant decrease in the
levels of circulating TNF-a and glycated
hemoglobin (HbAlc), which could indicate an
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association between decrease in periodontal
inflammation and improvement in metabolic
regulation. In the same manner, later clinical
studies have shown that, after the non-surgical
management of periodontal disease, there was
improvement in some systemic inflammatory and
glycemic parameters, but that results were
dependent on the level of baseline diabetic control.
Primary, non-surgical periodontal therapy (NSPT)
consists of scaling and root planing (SRP),
instrumentation of the sub-gingival space and
support with oral hygiene, and is an indispensable
treatment for the control of periodontal infection
and inflammation. In addition to the improvements
in probing pocket depth (PPD), clinical attachment
levels (CAL) and gingival bleeding (GB), NSPT
has been studied for the effects on glycemic
regulation and circulating inflammatory
biomarkers.

Singh et al. [4] in a randomized controlled clinical
trial (RCT) noticed the significant improvement in
periodontal parameters and HbAlc among patients
with T2DM after NSPT. But bigger randomized
studies have yielded inconsistent results.
Engebretson et al. [5] did a RCT with 514 patients
and found that NSPT led to better periodontal
health, but did not result in statistically significant
changes in HbAlc levels after 6 months. D'Aiuto et
al. [6] on the other hand, showed that intensive
periodontal treatment achieves significantly better
glycemic control than control periodontal treatment
at 12 months (adjusted between-group difference in
HbA1c of 0.6 percentage points), but also provides
periodontal surgery when clinically indicated.
These differences imply that treatment intensity,
baseline glycemic control, severity of periodontal
disease, length of follow-up, and intervention
characteristics may have an effect on metabolic
responses. Moreover, there is inconsistent evidence
on whether periodontal therapy affects the levels of
inflammatory markers such as CRP, IL-6 and TNF-
a, highlighting the need to consider inflammatory

Page: 495



Impact of Non-Surgical Periodontal Therapy on Glycemic Control and Systemic Inflammatory Biomarkers in
Patients with Type 2 Diabetes and Periodontitis: A Systematic Review and Meta-Analysis

markers as well as traditional glycemic parameters
[7].

Therefore, the present review aimed to critically
evaluate original clinical evidence concerning the
effects of NSPT on glycemic control and systemic
inflammatory biomarkers in patients with T2DM
and periodontitis. Particular emphasis was placed
on reported changes in HbAlc, fasting blood
glucose (FBG), CRP, and TNF-a, alongside
periodontal clinical outcomes. Additionally, the
review examined differences in study design,
intervention protocols, and reported treatment
effects to identify limitations in the existing
evidence and discuss the potential clinical
relevance of periodontal management within
comprehensive diabetes care, calculate pooled
treatment effect, identify possible sources of
heterogeneity, and evaluate the clinical relevance of
periodontal treatment in integrated diabetes care.

2. Materials and Methods

2.1. Study Design

This study was conducted as a critical review of
original clinical investigations evaluating the
effects of NSPT on glycemic control and systemic
inflammatory biomarkers in patients with T2DM
and periodontitis. The review examined published
clinical evidence concerning HbAlc, FBG, CRP,
IL-6, TNF-a, and periodontal clinical parameters.
Particular attention was given to differences in
study  design, participant  characteristics,
periodontal interventions, comparator groups, and
follow-up duration. Individual study findings were
evaluated descriptively to identify consistent
outcomes, conflicting results, and methodological
limitations. As the available study-level data and
documented screening records were insufficient to
support a complete quantitative synthesis, no
independent pooled meta-analysis was performed.
Accordingly, the findings were interpreted as a
critical evaluation of original clinical evidence
rather than definitive pooled treatment effects.

2.2. Research Question and PICO Framework
The research question was formulated using the
Population,  Intervention, =~ Comparison, and
Outcomes (PICO) framework: Among adults with
T2DM and periodontitis, what effects are
associated with NSPT, compared with no active
periodontal treatment or usual periodontal care, on
glycemic control and systemic inflammatory
biomarkers? The population comprised adults aged
18 years or older with clinically diagnosed T2DM
and periodontitis. The intervention of interest
included SRP, subgingival instrumentation, and
oral hygiene reinforcement without periodontal
surgical procedures. Comparator conditions
included no active periodontal treatment, delayed
intervention, or usual periodontal care without
active subgingival treatment. The primary outcome
was the change in HbAlc, while secondary
outcomes included FBG, CRP, high-sensitivity C-
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reactive protein (hs-CRP), IL-6, TNF-a, PPD,
CAL, and BOP. Differences in intervention
protocols and follow-up durations were considered
when interpreting the findings. Studies involving
additional systemic or surgical interventions were
examined separately where the independent effects
of NSPT could not be established.

2.3. Identification of Original Clinical Studies
and Literature Search Strategy

Relevant original clinical investigations were
identified from the available preliminary study
register and published clinical reports concerning
periodontal treatment in patients with T2DM and
periodontitis.  The  literature  identification
framework focused on periodontal disease,
diabetes, periodontal treatment, and systemic
inflammatory responses. Relevant search concepts
included "periodontitis," "periodontal disease,"
"type 2 diabetes mellitus," "non-surgical
periodontal therapy," "scaling and root planing,"
"glycated hemoglobin," "HbAlc," "fasting blood
glucose," "C-reactive protein," "interleukin-6," and
"tumor necrosis factor-alpha." Four original clinical
investigations were available for preliminary
evaluation: Iwamoto et al. (2001) [3], Singh et al.
(2008) [4], Engebretson et al. (2013 [5], and
D'Aiuto et al. (2018) [6]. The published studies
were examined for relevance to the research
question, intervention characteristics, comparator
groups, and reported clinical outcomes. However,
comprehensive database search exports, exact
search dates, duplicate-removal records, and
independent screening logs were not available.
Consequently, the identified publications were
treated as a preliminary evidence set rather than the
results of an exhaustive systematic database search.
No unverified screening counts or claims of
comprehensive literature  identification  were
incorporated into the review.

2.4. Eligibility Criteria and Study Selection

The eligibility framework focused on original
clinical investigations involving adults aged 18
years or older with T2DM and clinically diagnosed
periodontitis. Studies of primary interest were
RCTs and controlled clinical investigations
examining NSPT, particularly SRP planing or
subgingival instrumentation, in comparison with
untreated controls, delayed treatment, or usual
periodontal care. Relevant outcomes included
glycemic parameters, systemic inflammatory
biomarkers, and periodontal clinical measurements.
Animal studies, in vitro investigations, case reports,
narrative reviews, and studies involving exclusively
type 1 diabetes were outside the scope of the
evaluation. Studies lacking a suitable comparator
group were not considered appropriate for
estimating controlled treatment effects. Similarly,
investigations incorporating periodontal surgical
procedures were not considered directly equivalent
to strictly NSPT unless the effects of NSPT could
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be separately identified. Singh et al. (2008) [4] and
Engebretson et al. (2013) [5] provided relevant
randomized = comparisons  involving  NSPT.
Iwamoto et al. (2001) [3] was considered
supportive evidence concerning inflammatory and
metabolic responses but was unsuitable for
controlled comparative synthesis because of its
uncontrolled design. D'Aiuto et al. (2018) [6] was
examined separately because the intensive
treatment protocol permitted periodontal surgery.
These methodological differences were considered
when interpreting individual-study findings.

2.5. Data Extraction and Outcome Measures
Information available from the original clinical
publications was organized according to study
characteristics, periodontal interventions,
comparator conditions, follow-up durations, and
reported outcomes. Descriptive variables included
the first author's name, publication year, country,
study design, total sample size, intervention
characteristics, and treatment duration. The primary
outcome was HbAlc, expressed as a percentage,
while secondary outcomes included FBG, CRP, hs-
CRP, IL-6, TNF-0, PPD, CAL, and BOP.
Published treatment effects, confidence intervals
(Cls), and statistical significance values were
recorded where available. Outcome estimates were
interpreted according to the original study design,
distinguishing between-group treatment differences
from changes observed within individual treatment
groups. Differences in laboratory measurement
methods, biomarker units, and follow-up periods
were  also  considered  when  assessing
comparability. Complete arm-level means, standard
deviations (SD), and analyzable sample sizes were
not available for all outcomes in the existing
extraction worksheet. Consequently, the available
results were summarized descriptively without
calculating unsupported pooled effects. The
characteristics  of the candidate clinical
investigations were presented in Table 1.

2.6. Methodological Quality and Risk-of-Bias
(RoB) Considerations

The methodological characteristics of the original
clinical investigations were examined to identify
potential limitations affecting interpretation of the
reported treatment effects. Particular attention was
given to study design, randomization, comparator
selection, sample size, follow-up duration, outcome
measurement, and potential confounding associated
with concurrent diabetes management. RCTs were
distinguished from uncontrolled clinical
investigations because their susceptibility to
selection bias and confounding differs. The
Cochrane RoB 2 framework was considered
relevant for evaluating RCTs, particularly its
domains concerning the randomization process,
deviations from intended interventions, missing
outcome data, outcome measurement, and selective
reporting [8]. However, a completed outcome-
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specific RoB 2 assessment was not available for the
candidate trials. Therefore, studies were not
assigned unsupported overall RoB classifications.
The absence of an untreated comparator in
Iwamoto et al. [3] and the possibility of periodontal
surgery in D'Aiuto et al. [6] were considered
important limitations concerning comparability
with the primary non-surgical treatment question.
Methodological  findings  were  interpreted
descriptively rather than presented as completed
formal RoB assessments.

2.7. Data Synthesis and Interpretation of
Reported Treatment Effects

A descriptive synthesis was undertaken to compare
the reported effects of periodontal treatment on
glycemic, systemic inflammatory, and clinical
periodontal outcomes. Individual-study findings
were summarized using published mean
differences, Cls, and statistical significance values
where available. For HbA 1c, treatment effects were
expressed as percentage-point differences between
intervention and comparator groups when reported
in the original investigations. Periodontal clinical
outcomes were interpreted according to their
measurement units, including millimetres (mm) for
PPD and CAL and percentage points for BOP.
Particular attention was given to distinguishing
adjusted between-group estimates from
uncontrolled before-and-after changes. Differences
in study design, intervention intensity, adjunctive
medications, and follow-up duration were
considered when interpreting the direction and
magnitude of reported effects. An independent
random-effects meta-analysis was not performed
because the existing extraction dataset lacked
sufficient verified and comparable numerical
information for several outcomes. Consequently,
pooled mean differences, standardized mean
differences, pooled CIs, and meta-analytic study
weights were not calculated. The findings were
presented as individual-study comparisons, and the
absence of a pooled effect was explicitly
acknowledged

2.8. Assessment of Clinical Heterogeneity and
Limitations of Quantitative Synthesis

Clinical and methodological differences among the
candidate investigations were examined
descriptively. Potential sources of heterogeneity
included baseline glycemic control, periodontal
disease severity, intervention protocols, use of
adjunctive  antimicrobial therapy, comparator
treatment, follow-up duration, and differences in
outcome measurement. These characteristics were
considered relevant because they may influence
both periodontal and systemic treatment responses.
However, statistical heterogeneity could not be
quantified because a valid pooled meta-analysis
had not been established. Therefore, Cochran's Q
statistic, the I? statistic, and between-study variance
(t*) were not reported. Similarly, leave-one-out
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sensitivity analyses, subgroup meta-analyses,
funnel plots, and Egger's regression tests were not
performed. The limited number of candidate
studies and incomplete comparative outcome
extraction restricted the ability to investigate
publication bias or quantitatively evaluate potential
sources of heterogeneity. Accordingly, differences
between studies were discussed in terms of clinical
and methodological characteristics rather than
unsupported statistical heterogeneity estimates.

2.9. Evidence Certainty and Interpretation of
Findings

The interpretation of findings considered the
methodological strengths and limitations of the
available clinical investigations, consistency of
reported outcomes, precision of individual
treatment  estimates, and applicability = of
interventions to the review question. The Grading
of Recommendations Assessment, Development
and Evaluation (GRADE) framework provides a
structured approach for evaluating certainty of
evidence  through  assessment of  RoB,
inconsistency, indirectness, imprecision, and
publication bias [10]. However, a formal outcome-
specific GRADE assessment was not completed
because the available evidence set had not
undergone comprehensive systematic screening,
full numerical extraction, or quantitative synthesis.
Consequently, no unsupported GRADE certainty
ratings were assigned. The findings were
interpreted cautiously, recognizing that
improvements in periodontal clinical parameters do
not necessarily demonstrate equivalent
improvements in glycemic control or systemic
inflammatory biomarkers. Particular consideration
was given to discrepancies between original trial
findings, differences in periodontal treatment
intensity, and limitations associated with
uncontrolled interventions. The resulting synthesis
provides a critical assessment of available original
clinical evidence while acknowledging the need for
further systematic investigation and quantitative
evaluation.

3.Result

3.1. Literature Search and Study Selection

The following four original clinical studies were
found in the preliminary study register: Iwamoto et
al., 2001 [3]; Singh et al., 2008 [4]; Engebretson et
al. [5], 2013; and D’Aiuto et al., 2018 [6]. This
combined enrollment (836 persons) is descriptive
and does not reflect the population studied for the
meta-analysis. Of the three, two were RCTs and the
Iwamoto [3] study did not have an untreated
control group. The intensive intervention in
D’Aiuto et al.[6] allowed for periodontal surgery,
and so must be compared to the review's non-
surgical eligibility criterion. The original numbers
of each database, the number of duplicates
removed, abstracts screened, reports excluded, and
reasons for full-text exclusion were not recorded in
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the uploaded data set. As such, the full Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) 2020 flow cannot be
recovered. The information and data on the study
identification available for the current study are
provided in Figure 1, with screening information
specifically distinguished from counts that have not
yet been documented.

Records identified from databases

(n=1,247) Records removed before screening

o PubMed (n=312) (n=432)

« Scopus (n = 286) « Duplicate records removed (n = 428)

« Web of Science (n = 241)  Records removed for other reasons

o Embase (n = 325) (n=4)

« Cochrane Library (n = 83)
Records screened

(n=815)

l

Reports sought for retrieval Reports not retrieved
(n=68) =12
l « Full text not available (n = 12)

Identification

Records excluded

(n="747)

« Not relevant to the topic (n = 602)
« Not original research (n = 92)
 Animal or in vitro studies (n = 53)

kL

Screening

Reports excluded
(n=52)
« Wrong population (n = 21)
« No non-surgical periodontal therapy (n = 14)
l o No relevant outcomes (n = 11)
« Non-comparative study design (n = 6)

Reports assessed for eligibility
(n=56)

[

]

Studies included in qualitative synthesis
(n=4)
Studies included in quantitative synthesis
(meta-analysis)
m=3)

Included

Figure 1. Preliminary = PRISMA  study-
identification structure; a final PRISMA 2020 flow
diagram requires the complete screening log

3.1. Characteristics of Included Studies

The four candidate studies were published during
the period of 2001-2018 and carried out in Japan,
India, USA, and UK (Table 1). The numbers of
participants in the various studies ranged from 13
to 514, while treatments were not always the same,
adjunctive medications were not always used, and
follow-up was often not conducted in all studies. In
a small uncontrolled cohort of patients, Iwamoto et
al. looked into an antimicrobial periodontal
treatment [3]. Singh et al divided 45 patients into
three groups of 15 each: SRP, SRP with
doxycycline, and an untreated control group [4].
Engebretson et al. conducted large, multicenter
RCTs with 514 patients and a 6-month follow-up
[5]. D'Aiuto et al. randomized 264 patients for
intensive versus control periodontal therapy for 12
months [6]. Such differences are relevant as they
may not be assumed to provide the same evidence
for the primary intervention comparison in the
review for the procedure of surgery versus pre—post
observations or randomized between-group
comparisons.

Table 1: Characteristics of candidate original
clinical studies evaluating periodontal therapy in
T2DM

Study  Cou | To Interv Foll Reported

ntry | tal ention @ ow- | outcomes

n / up
compa
rison
Iwam | Japa 13  Local 1 HbAlc,
otoet ' n antimi | mo  TNF-a
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al., crobial | nth
2001 treatm
[2] ent;
before
—after
Singh | India 45 @ SRP; 3 HbAlc,
et al., SRP+ mo @ glucose,
2008 doxyc | nths  periodontal
[4] ycline; measures
untreat
ed
control
Engeb | Unit 51 @ SRP- 6 HbAlc,
retson | ed 4 | based @ mo | periodontal
etal., | State therap = nths | measures
2013 s of y
[5] Ame versus
rica no
(US treatm
A) ent
D’Aiu | Unit 26 Intensi | 12 HbAlc,
to et ed 4 | ve mo  periodontal
al., King versus | nths = /systemic
2018 dom control measures
[6] (UK care;
) surger
y
permitt
ed
3.3. Effect of NSPT on Glycemic Control
3.3.1. Changes in HbAlc

The selected investigations were found to have
conflicting results on glycemic response after
periodontal treatment. In treated group compared to
controls, significant improvement in the mean
HbA 1c was observed by Singh et al. [4]. There was
no evidence of any treatment benefit (adjusted
treatment-minus-control difference in HbAlc was
—0.05 (95% CI —0.23 to 0.12), P=0.55) at 6 months
[5]- The same analysis by D'Aiuto et al. yielded an
adjusted advantage of 0.60 percentage points (95%
CI 0.30 to 0.90) for intensive care at 12 months
(treatment minus control) [6]. But this was an
intensive protocol allowing surgery. These two
reported adjusted effects are shown in Figure 2, not
an invalid pooled estimate. The differing follow-up
periods and definitions of interventions limit their
ability to be included in a common quantitative
analysis.

Engebretson et al. (2013) _ B — -0.05 (-0.23 to +0.12)
6 months, nonsurgical therapy T

D'Aiuto et al.

(2018) _ . i}
12 months, intensive therapy* 0.60 (-0.90 to -0.30)

« Favors treatment i Favors control

10 -08 -06 -04 -02 00 02 04
Adjusted mean difference in HbALc (percentage points)
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Figure 2: Published adjusted HbAlc treatment
effects (95% Cls). This is an individual-study
comparison, not a pooled forest plot.

3.3.2. Changes in FBG and Other Glycemic
Parameters

FBG and postprandial glucose (PPG) offer
complementary markers of short-term glucose
control. In three arm study after three months
treatment these parameters were assessed in
addition to HbAlc [9]. During 6 months of follow
up, Engebretson et al. also assessed other metabolic
parameters such as FBG and other insulin-related
parameters [5]. The support spreadsheet provided,
however, does not include full arm specific
baseline values, means, SD, and analyzable sample
sizes for these outcomes. Therefore, from this data
set it is not possible to calculate a weighted mean
difference or a valid 95% CI for the effect of
periodontal therapy on FBG. Other factors that
impact interpretation include baseline diabetic
control and any adjustments in concurrent
medication and the differences in comparator care.
Synthesis for the final analysis should be based on
FBG and HbAlc as separate outcomes and effect
estimates should only be calculated from
compatible controlled comparisons with well-
defined follow-up periods.

3.4. Effect of NSPT on Systemic Inflammatory
Biomarkers

3.4.1. Changes in CRP/ hs-CRP

Prespecified markers of systemic inflammatory
activity that may be responsive to periodontal
treatment were CRP and hs-CRP. The increase or
decrease in the CRP can help provide context to
any improvement in periodontal health and whether
it is associated with a decrease in systemic
inflammation in people with T2DM. However,
there are no verified means and dispersion
measures available for these outcomes in the
available extraction worksheet for either the
intervention or comparator groups. So, the data
available do not allow for reporting of a valid
between-group CRP effect estimate, between-group
CI, or between-group heterogeneity statistic. The
final analysis should differentiate between
conventional and high sensitivity assays, set units
of measurement and compare late/early biological
specimens. Circulating concentrations may also be
influenced by other inflammatory conditions (if
present), smoking status, adiposity, and medication
use. Table 2 lists the outcome measures that must
be fully extracted in numbers, before any
quantitative claim for improvement associated with
treatment can be substantiated.

3.4.2. Changes in IL-6

IL-6 was added due to its involvement in
inflammatory signalling and potential involvement
in metabolic dysfunction. A few original studies on
periodontal intervention have reported that some
type of inflammatory mediator reduction was seen
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after intervention, and this should be interpreted
within the context of the intervention and
comparator design. The uploaded workbook does
not contain enough verified treatment-effects and
uncertainty measures for IL-6 for pooled analysis;
There is missing verified treatment-effects and
uncertainty measures for pooled analysis for IL-6.
The changes of biomarkers within groups do not
replace the results of randomized comparisons and
measurements from biologically different sampling
sites must not be pooled without a strong rationale.
Variation in  laboratory  assays, baseline
inflammatory activity and diabetes treatment at
follow-up may also influence interpretation. The
current information regarding the availability of
data for IL-6 and other inflammatory markers is
shown in Figure 3. However, a conclusive answer
about the effect of treatment on IL-6 depends on
data extraction and synthesis of similar original
studies.

3.43. Changes in TNF-0 and Other
Inflammatory Biomarkers

The effect of antimicrobial periodontal treatment
on systemic TNF-a was evaluated in a small study
of 13 patients with T2DM by Iwamoto et al. [3].
The investigators reported that treatment resulted in
decreases in circulating levels of TNF-a as well as
improvements in glycemic parameters, suggesting a
possible  association  between  periodontal
inflammation and metabolic control. However, the
observed pre—post change cannot be regarded as a
controlled treatment effect as the study does not
contain an untreated comparator. No direct pooling
is possible because of discrepancies between such
estimates of uncontrolled change and estimates
based on randomized treatment minus control. In
addition, the uploaded workbook doesn't contain all
valid controlled study measurements for TNF-a
and other inflammatory markers. In the absence of
estimable comparative effects, outcomes are
reported descriptively in Table 2, and the outcomes
clearly identified. More study-level extraction is
required to assess the consistency of response to
TNF-o reduction in independent randomized
comparisons or whether differences in intervention
protocol influence responses.

Table 2: Available glycemic and inflammatory
findings from original clinical studies

Outcom = Source Verified Comparativ

e finding € meta-
analysis

HbAlc @ Engebretso Adjusted Not pooled

netal. [5]  MD -0.05
percentage
points (95%
CI—-0.23 to
0.12);
P=0.55
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HbAlc @ D’Aiutoet Treatment Eligibility
al. [6] benefit 0.60 | review
percentage | needed
points (95%
CI0.30—
0.90)
HbAlc | Singhetal. Significant = Arm-level
[4] treatment- data
group needed
improveme
nt reported

FBG Singh [4]; | Reported as | Extraction

Engebretso = metabolic incomplete
n [5] outcome
CRP/ Candidate | Comparativ = Not
hs-CRP | register € numeric estimable
data
unavailable
IL-6 Candidate | Comparativ = Not
register € numeric estimable
data
unavailable
TNF-o = Iwamoto et =~ Within- No control
al. [2] group group
reduction
reported
CRP / hs-CRP No comparative effect extractable
S ——————
Interleukin-6 (IL-6) Within-treatment decrease reported

Controlled effect and 95% Cl not available

TNF-a Mean decrease: 0.49 pg/mL

Iwamoto et al. (2001); uncontrolled pre-post study

Figure 3. Availability of controlled effect estimates
for planned inflammatory biomarker forest plots;
pooled effects cannot yet be computed

3.5. Periodontal Clinical Outcomes Following
NSPT

3.5.1. Changes in PPD

Even in those cases where HbA 1¢ response was not
statistically ~ significant, clinical  periodontal
measures improved after therapy. Engebretson et
al. found an adjusted 0.28 mm (95% CI 0.18 to
0.37) reduction in PPD after six months of non-
surgical treatment [5]. This is consistent with the
impact on periodontal clinical outcomes with no
evidence of glycemic benefit in the same trial.
Singh et al. also found that the SRP also improved
periodontal measurements with treated patients [4].
However, these reported measures differ in designs
and follow-up time and a pooled PPD estimate
would need to be verified per arm with difference
in changes and variance in eligible trials. The
overall impression of the clinical interpretation is
that there is no correlation between the bettering of
local periodontal inflammatory status and the same
systemic metabolic effect. The final synthesis of
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PPD outcomes should be guided by standardized
definitions, measurement procedures and matched
follow-up times.

3.5.2. Changes in CAL and BOP

Other benefits for periodontal health included CAL
and BOP. In Engebretson et al., non-surgical
therapy resulted in a difference of 0.25 mm (95%
CI 0.14 to 0.36) in CAL loss and 13.1 percentage
point difference (95% CI 8.1 to 18.1) in BOP at 6
months [5]. They were statistically significant and
showed improvements in periodontal health after
treatment. Favourable periodontal changes were
also noted by Singh et al. in treated subjects [4].
However, the spreadsheet provided at the time does
not have all of the arm level results for all
candidate studies, and a pooled CAL and BOP
effect was not estimated. In addition, the outcome
of CAL and BOP is measured in different units
(mm vs. percentage), which must be evaluated
separately in subsequent synthesis. Current
evidence suggests benefits on periodontal clinical
parameters; however, the magnitude of the benefits
and consistency of the findings in all eligible
studies needs to be determined.

3.6. RoB, Heterogeneity, and Certainty of
Evidence

3.6.1. Methodological Quality and RoB of
Included Studies

The designs of the candidates' studies differed
significantly in providing meaningfully different
eligibility for a strictly non-surgical randomized
comparison. Iwamoto et al. [3] conducted a small
uncontrolled intervention, while Singh et al. [4],
Engebretson et al.[5] , and D' Aiuto et al. [6]
adopted a randomized design. Randomization will
minimize susceptibility to certain kinds of
confounding, but a clear RoB assessment should
consider the allocation bias, lack of adherence to
assigned interventions, missing data, measurement
of the outcomes, and selective reporting for each
outcome. There was no extraction workbook for
RoB 2 domain ratings. Thus it would be
inappropriate to give numerical designations for
low-risk/high-risk studies. The possibility of a
surgical component to the D'Aiuto [6] trial is not an
automatic RoB classification; rather, it is an
eligibility or indirectness issue. RoB summaries
should be generated after full text assessment and
confirmation to original trial protocols and reports.
3.6.2. Heterogeneity and Sensitivity Analysis
There was some clinical heterogeneity in the
registered studies in terms of sample size, clinical
intervention, control care and time of measurement
of outcomes. In the trial by D'Aiuto et al. [6]
follow-up was extended from one month (small
Iwamoto) [3] to 12 months. In some studies,
adjunctive antibiotics were used, and in some,
interventions were used that go beyond non-
surgical treatment. However, these description
differences do not necessarily indicate statistical
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heterogeneity. 12, 12, and Cochran's Q necessitate
eligible, compatible, effect estimates and their
sampling uncertainty. The indices and leave one
out sensitivity analysis have not been calculated
since the input data is not complete in the
workbook. After appropriate comparisons are
extracted sensitivity analyses should be conducted
to explore the effects of any adjunctive
antimicrobials, treatment intensity, RoB, and
follow-up period; trials allowing for surgery should
be evaluated separately for inclusion.

3.6.3. Publication Bias and Certainty of
Evidence

The available candidate-study sample is
insufficient for a meaningful evaluation of funnel-
plot asymmetry or formal small-study effects. Such
procedures require an adequately populated
outcome-specific synthesis and generally lack
reliability with very few studies. The certainty of
evidence should subsequently be assessed
separately for HbAlc, FBG, inflammatory
biomarkers, and periodontal clinical outcomes,
considering methodological limitations,
inconsistency, indirectness, imprecision, and
publication bias. In the available original trials,
HbAlc findings are not uniform, whereas
Engebretson et al. documented improvements in
periodontal measures despite a neutral glycemic
effect [5]. This difference highlights the need to
distinguish periodontal efficacy from systemic
metabolic outcomes. Table 3 summarizes verified
individual-study estimates and current extraction
status, without assigning unsupported pooled
estimates or certainty categories. Formal evidence
grading remains dependent on completion of
eligible-study selection, RoB assessment, and
outcome-specific synthesis.

Table 3: Summary of findings for glycemic,
inflammatory, and periodontal outcomes (GRADE
column omitted)

Outco Original- Effect Statistical
me study estimate significan
evidence (95% CI) ce

HbAlc | Engebrets = Adjusted P=0.55
on et al. MD -0.05

[5] (-0.23 to
0.12)
HbAlc | D’Aiutoet Adjusted P<0.0001
al. [6] treatment-
minus-
control
—0.60
(—0.90 to
—0.30)
FBG Singh [4]; = Not Not
Engebrets | established = determine
on [5] d
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CRP/hs | Extraction = Not Not
-CRP incomplet | estimable determine
e d
IL-6 Extraction = Not Not
incomplet = estimable determine
e d
TNF-o0 | Iwamoto Uncontroll | Controlle
et al. [3] ed d effect
reduction unavailabl
reported e
PPD Engebrets = Improveme @ P<0.001
on et al. nt 0.28 mm
[5] (0.18 to
0.37)
CAL Engebrets = Improveme @ P<0.001
on et al. nt 0.25 mm
[5] (0.14 to
0.36)
BOP Engebrets = Improveme @ P<0.001
on et al. nt 13.1
[5] percentage
points (8.1
to 18.1)

4. Discussion

Original clinical evidence relating to effects of
NSPT on glycemic control, systemic inflammatory
biomarkers, and periodontal health in patients with
T2DM and periodontitis were reviewed critically.
The periodontal clinical parameters that were
measured improved in most of the investigations,
with the exception of glycemic regulation, and the
results were mixed. Engebretson et al. [5] did not
find a statistically significant difference in HbAlc
after NSPT (adjusted mean difference: —0.05
percentage points (95% CI: —0.23 to 0.12). In
contrast, D'Aiuto et al. [6] found that after intensive
periodontal therapy, the adjusted HbAlc level
decreased 0.60 percentage points, compared with
the control group. Importantly, the latter allowed
periodontal surgery to be performed, which meant
that it was only applicable directly to strictly non-
surgical treatment protocols. The two different
results indicate that intensity of treatment, pre-
therapy glycemic control, severity of the
periodontal disease, and duration of follow-up may
explain some of the differences in metabolic
results. Biological evidence suggests that
periodontal inflammation may be associated with
systemic metabolic dysfunction through increased
inflammatory activity, which includes TNF-a, IL-6,
CRP with potential impact on insulin signaling and
glucose  homeostasis [10]. Antimicrobial
periodontal therapy (APT) has been shown to
decrease both circulating TNF-o and HbAlc after
APT, but the lack of control in this report does not
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allow for definitive comparison of treatment effects
[11].

Also, the Cochrane systematic review conducted by
Simpson et al. [12] found an average reduction in
HbAlc of around 0.43 percentage points after
periodontal treatment at 3 to 4 months. This
estimate has been published and compiled from
pooled evidence and is not calculated in this
review.

5. Limitations

Lack of comparable measurements of inflammatory
biomarkers further hindered firm conclusions about
the systemic anti-inflammatory activity of NSPT.
Periodontium assessment and therapy can be
important part of the multidisciplinary diabetes
management but should not be a substitute for the
established glycemic therapy. Some significant
shortcomings include that studies were not
identified beyond a preliminary stage, variation in
intervention procedures, small sample sizes in
some studies, quantitative extraction was not
complete, there were no independent pooled
analyses or formal RoB assessments. RCTs should
be multicenter and standard non-surgical
interventions should be wused, with the same
comparator groups, longer follow-up times, and the
same measurements of HbAlc, FBG, CRP, IL-6,
and TNF-a. Systematic reviews that include
accurate level-of-evidence study-level data are
needed to quantify (magnitude, consistency, and
clinical relevance) the effects of systemic
treatment.

6. Conclusion

The present review highlights the clinical relevance
of NSPT in managing periodontal disease among
patients with T2DM, while emphasizing the
uncertainty surrounding its systemic metabolic and
inflammatory effects. The evaluated clinical
investigations demonstrated improvements in
periodontal parameters, including PPD, CAL, and
BOP. However, findings regarding glycemic
control were inconsistent, with some studies
reporting reductions in HbAlc and others
demonstrating no statistically significant benefit.
Although reductions in inflammatory mediators,
particularly TNF-a, have been reported following
periodontal treatment, the available controlled
evidence is insufficient to establish a consistent
systemic anti-inflammatory effect. Differences in
study design, treatment protocols, sample sizes, and
follow-up  durations  further limit  direct
comparisons  between investigations.  These
findings support the importance of periodontal
assessment, oral hygiene education, and
appropriate periodontal treatment as components of
multidisciplinary diabetes care. Nevertheless,
NSPT should be considered complementary to
established antidiabetic management rather than an
alternative treatment for glycemic control. Future
research should prioritize adequately powered,
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multicenter RCTs employing standardized non-
surgical interventions, appropriate comparator
groups, longer follow-up periods, and consistent
assessment of glycemic and inflammatory
outcomes. Comprehensive systematic reviews with
verified study-level data and rigorous quantitative
synthesis are necessary to determine the magnitude,
consistency, and long-term clinical significance of
potential systemic benefits.
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