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Comparison of the gingival phenotype in diabetic
and non-diabetic subjects among patients suffering
from periodontal diseases
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Abstract

Objective: This study aimed to compare the gingival phenotype (GP) in subjects with periodontal disease and type 2 diabetes mellitus
(DM) with that in subjects without diabetes mellitus.

Methods: A cross-sectional study was performed involving 182 subjects with periodontal diseases (102 with type 2 DM, 80 without
DM), aged 40 to 65 years. Clinical parameters were assessed, including keratinized gingival width (KGW) and gingival thickness (GT),
plaque index (PI), bleeding index (BI), probing depth (PD), and clinical attachment loss (CAL).

Results: Diabetic patients displayed significantly higher KGW (5.58 + 0.90 mm vs. 5.12 = 0.58 mm, p = 0.006), PI (41.19 + 19.71%
vs. 28.38 £13.53%, p=10.001), and BI (42.49 + 18.16% vs. 28.19 + 13.80%, p = 0.0001) in comparison to non-DM individuals. There
were no significant differences in GT, PD, and CAL between the groups. Sex-based comparisons indicated no significant differences
between any of the examined parameters. Correlation analysis and chi-square testing demonstrated substantial relationships between
PI and BI (p = 0.0001), BI and CAL (p = 0.04), and PD with CAL (p = 0.0001).

Conclusions: Diabetes significantly alters the GP by increasing KGW, plaque, and bleeding indices, whereas other clinical parameters,
such as GT, PD, and CAL, remain predominantly unchanged. These findings underscore the importance of managing inflammation
and closely monitoring treatment outcomes in individuals with diabetes with periodontal disease.
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Introduction

Periodontal diseases (gingivitis and periodontitis) are
chronic, multifactorial inflammatory diseases of the
tooth-supporting structures. They result from the
interaction between pathogenic bacterial biofilms and
host immune-inflammatory responses and are
influenced by systemic diseases'?>. Among systemic
diseases, diabetes mellitus (DM) is considered a major
risk factor for periodontal diseases. Periodontitis and
DM have a bidirectional relationship: periodontitis can
affect glycemic control and lead to diabetic
complications; similarly, DM is associated with the
increased prevalence and severity of periodontitis>.

The term “periodontal phenotype”, suggested by the
2017 classification of periodontal and peri-implant
diseases and conditions, refers to the combination of
gingival phenotype (GP) that includes both three-
dimensional gingival volumes, such as keratinized
gingival width (KGW) and gingival thickness (GT), as
well as bone morphotype (the thickness of the buccal or
labial bony plate)*. Clinically, GP is frequently
classified as either thick or thin. Gingival recession,
periodontal attachment loss, and compromised esthetics
are more likely to occur in a thin GP, which is typically
associated with thin tooth morphologies and narrow
keratinized tissue>®. On the other hand, a thick GP offers
better treatment outcomes by being more resistant to
trauma and inflammation, and better outcomes
following periodontal surgical procedures’.
Additionally, a thick GP has conventionally been
considered fundamental for preserving periodontal
health and improving plaque control. However, it has
been reported that even with a minimal KGW,
periodontal health may be maintained with proper oral
hygiene measures®.

GP can be evaluated by direct visual inspection,
transgingival probing, dental probe transparency,
ultrasonic transducer, parallel profile periapical
radiography, and cone-beam computed tomography
(CBCT)’. Nevertheless, more than 50% of patients with
the thin-scalloped GP are misclassified, suggesting that
thick and thin GPs cannot be distinguished by direct
visual evaluation'®. Although trans gingival probing is a
straightforward procedure, it requires local anesthesia to
distort the soft tissues. On the other hand, despite being
non-invasive, ultrasonic instruments are unable to detect
subtle variations in gingival tissues''. Recently, CBCT
has become a more common method to evaluate the type
of GP. However, in addition to the risk of high-dose
radiation exposure, it requires technical expertise and is
usually part of the cost-benefit analysis'?. Finally, a
straightforward technique for evaluating the GP based
on the transparency of the periodontal probe throughout
the gingival margin has been introduced. This approach

is considered the “gold standard” because it has been
used in numerous clinical studies®!>.

In diabetes, the structure and healing capacity of
gingival tissues can be adversely affected by
hyperglycemia-induced microvascular changes,
impaired collagen metabolism, increased inflammatory
responses, and altered neutrophil activity'* 1>, Reduced
GT and KGW may occur in individuals with DM due to
these metabolic and circulatory alterations. Many
studies have focused on the effects of GPs on
periodontal health and disease'®!. However, research
specifically comparing GP in DM and non-DM
individuals with periodontal diseases has not yet been
conducted. Therefore, this cross-sectional study was
conducted to compare GPs in individuals with DM and
those without DM with periodontal disease.

Materials and methods

Ethical Approval

Ethical approval for the current cross-sectional clinical
study was obtained from the Ethical Committee of the
College of Dentistry, University of Sulaimani (ethical
approval code: COD-EC-25-0112, on December 14,
2025). Accordingly, a sample of 182 individuals with
periodontal diseases, comprising both males and
females, was selected from the College of Dentistry-
Periodontics Department and the Diabetes and
Endocrine Center in Sulaimani city, Kurdistan Region,
Iraq, between 21 December 2022, and 25 November
2024. All participants signed written informed consent
before participating in the study.

Study design

A total of 182 individuals with periodontal diseases
were classified into type 2 DM (80 subjects) and non-
DM (102 subjects) groups (Figure 1). Periodontal
disease subjects recruited were defined by the presence
of bleeding on probing at >10% of sites for gingivitis or
“the presence of interproximal clinical loss of
attachment (CAL) at >2 teeth or the presence of CAL >3
mm at the facial/oral surfaces associated with probing
pocket depths (PPDs) >4 mm for periodontitis”?°. DM
was verified by HbAlc readings > 6.5% and medical
records. To be eligible, diabetic patients had to have had
type 2 DM for at least a year and have moderate
glycemic control, as indicated by HbA1c levels between
7.0 and 9.0%>".

Study criteria

The inclusion criteria for the study were an age range of
40-65 years, individuals with upper and lower anterior
teeth, diagnosed as periodontal disease, and those with
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diabetes, confirmed as type 2 DM for at least 1 year,
with an HbA 1¢ level within the last three months of 7.0—
9.0%. Meanwhile, the criteria for exclusion from the
study were individuals with long-term use of drugs that
influence gingival tissues, such as cyclosporine, calcium
channel blockers, and phenytoin, history of periodontal
therapy during the previous six months, pregnancy or
lactation, smoking or a history of smoking during the
previous five years, orthodontic appliances, systemic
diseases other than diabetes that are known to impact
periodontal health.

Clinical Periodontal Parameters

BI and PI were measured to evaluate gingival
inflammation and dental hygiene, respectively?.
Bleeding observed after 20 seconds was recorded as 1,
while its absence was 0. Dental plaque presence was
coded as 1 and absence as 0. At the same time, PD and
CAL were measured as the distances from the gingival
margin and cementoenamel junction to the base of the
sulcus/pocket, respectively?’.

Twelve teeth per patient, six maxillary anterior (FDI
numbers: 11, 12, 13, 21, 22, 23), and six mandibular
anterior teeth (FDI numbers: 31, 32, 33, 41, 42, 43),
were examined for the clinical examination of GT and
KGW.

The UNC-15 probe was used to evaluate the KGW, and
its evaluation was performed by measuring the distance
from the gingival margin to the mucogingival junction
at the mid-labial aspect of all anterior teeth?3.

Based on the visibility of the periodontal probe through
the gingival sulcus, a clinical examination was
conducted to assess GT. “Colorvue TM Biotype Probe
(Hu-Friedy®, Chicago, IL, USA)” was used in the probe
transparency method to detect the GP. GT can be
classified as thin, medium, thick, or very thick, with the
probe's three different-colored resin tips (white, green,
and blue)". This technique involved inserting the probe
1 mm into the gingival sulcus of the maxillary and
mandibular anterior teeth through the mid-labial surface
(Figure 2). The phenotype was considered thin if the
white tip was visible, medium if the green tip was
visible, and the phenotype was labeled as thick if the
blue tip was present, and as extremely thick if neither
the green nor the blue tip was discernible?.

Examiner Calibration

A single calibrated examiner performed all clinical
examinations. A kappa value of > 0.85 was obtained for
intra-examiner reliability for B after calibration on ten
subjects not included in the study for the clinical
parameters, suggesting strong repeatability?’.

Statistical Analysis

Data were compiled in Microsoft Excel and analyzed
using SPSS version 26. The Shapiro-Wilk test assessed
normality, while descriptive statistics, including mean +
SD and frequency, were -calculated. Independent
samples t-tests compared mean values of KGW, PD, and
CAL between groups, and the Chi-square test examined
distributions of GT, PI, and BI. Pearson's correlation
was used to assess the correlation between the means of
clinical parameters. Statistical significance was defined
as a p-value of < 0.05.

Results

The study population consisted of 182 patients, among
whom 80 (43.95%) were non-DM and 102 (56.04%)
were DM. The distribution of participants by sex
showed that 132 (72.5%) were female and 50 (27.5%)
were male. The average age of patients with DM was
52.04 £ 7.2 years, whereas in those without diabetes, the
mean age was 46.54 + 6.37 years.

Comparison of clinical parameters between diabetic
and non-diabetic patients

The mean of GT in DM was 1.81+ 0.85 mm, while in
non-DM, it was 1.91+ 0.89 mm, with no statistically
significant difference (p = 0.5). DM subjects had a
statistically significantly higher KGW (5.58+ 0.9
mm) than non-DM subjects (5.12 £ 0.58 mm, p <
0.006).

Likewise, individuals with DM had a greater PI
(41.19+£19.71%)  than  those  without = DM
(28.38 £13.53%, p=0.001). Additionally, there was a
significant difference in the BI in DM (42.49 + 18.16%)
when compared to non- DM (28.19 £13.80, p = 0.0001).

No statistically significant differences in mean PD
between DM subjects (1.75 £ 0.75 mm) and non-DM
subjects (1.38 + 0.65mm) were detected (p =0.07).
Similarly, no statistically significant differences in
mean CAL of DM (1.48+0.33 mm) and non-DM
(1.40 + 0.28 mm) were observed (p = 0.8).

Overall, these results show that DM patients had
considerably higher KGW, PI, and BI values than non-
DM subjects. Whereas no statistically significant
differences in GT, PD, and CAL were detected between
the studied groups (Figure 3).

Tooth-by-tooth comparison of keratinized gingival
width between diabetic and non-diabetic patients

As mentioned earlier, DM individuals had a mean KGW
of 5.58 £ 0.90 mm, while non-DM individuals showed
a mean KGW of 5.12 £ 0.58 mm. In DM subjects, the
mean KGW per tooth ranged from 4.13 = 1.18 mm to
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6.79 £ 1.18 mm. While in non-DM patients, the range
was 4.06 + 1.09 mm to 6.28 = 1.09 mm. No statistically
significant differences between groups at any tooth site
(p > 0.05) were detected, and KGW distribution across
the dentition was found to be similar for both groups, as
shown in Figure 4.

Tooth-by-tooth comparison of gingival thickness
between diabetic and non-diabetic patients

Again, as presented in Figure 3, DM patients had a mean
GT of 1.81 £ 0.85 mm, and non-DM patients showed a
mean GT of 1.91 = 0.89 mm. When evaluated by
individual tooth, DM patients had average GT values
ranging from 1.74 + 0.03 mm to 1.84 + 0.03 mm. In non-
DM subjects, average GT values ranged from 1.78 +
0.11 mm to 2.09 £ 0.11 mm. Although some tooth sites
showed numerical differences, statistical analysis found
no significant differences in GT between DM and non-
DM groups across all teeth (p > 0.05 for each tooth
position). Thus, GT was similarly distributed in both
DM and non-DM subjects, with no significant tooth-
specific changes (Figure 5).

Comparison of clinical parameters between males
and females

A comparison of clinical periodontal parameters
between male (n = 50) and female (n = 132) participants
indicated no statistically significant differences in any of
the parameters examined, as shown in Figure 6.

Correlation of clinical periodontal parameters

The darker shading in Figure 7 distinctly highlights the
strong correlations (e.g., PI-BI, PD-CAL, KGW—-CAL,
and age-related correlations), while lighter tones
indicate negligible or weaker correlations. Several
significant relationships were identified among clinical
parameters in the correlation analysis. Age showed a
weak but statistically significant positive correlation
with KGW (r=0.22, p=0.003), PI (r=0.20, p=0.007),
and BI (r =0.27, p = 0.0001). However, no statistically
significant associations were found between age and
GT, PD, or CAL (p > 0.05). Regarding the association
among periodontal clinical parameters, GT showed no
statistically significant correlations with KGW, PI, BI,
PD, or CAL (p > 0.05). KGW displayed a statistically
significant negative correlation with CAL (r = -0.27, p
= 0.0001), while its correlations with PI, BI, and PD
were not statistically significant.

Further, the study demonstrated a strong positive
association between PI and BI. There was also a strong
positive association between PD and CAL (P <0.01). BI
was moderately correlated with CAL (P <0.05).
However, there were no statistically significant
associations among GT, KGW, and other parameters.

These findings suggest that increased age is associated
with higher KGW, PI, and BI. In contrast, the
correlations with other parameters showed that
inflammatory indices (PI and BI) are strongly associated
with periodontal breakdown markers (CAL and PD).

Total individuals screened for
eligibility (n=540)

Total individuals Total individuals
excluded (n=338) included (n=182)
Periodoqta.l disease patients Periodontal disease
with non- DM patients with DM
(o= 80) (n=102)

|

| Clinical parameters examination |

[

| KGW, GT, PI, BL, PD, CAL |

Figure 1: Design of the study.
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Figure 2: Probe transparency method using Hu-Friedy's Colorvue
Biotype Probe for the evaluation of GT (A). The probe was inserted 1
mm into the gingival sulcus at the mid-labial surface (B). The GT was
considered thin if the white tip was visible, medium if the green tip was
visible, and thick if the blue tip was present, and as extremely thick if
neither the green nor the blue tip was discernible (B, C, and D).

50

42.49

41.19

40 -

Mean

204

10

ns
1.81 1.91

ns

GT (mm) KGW (mm) PI (%) Bl (%) PD (mm)

1.75 1.38 1.48 1.40

B Diabetic
= Non-diabetic

CAL (mm)

Figure 3: Comparison of clinical parameters between diabetic and non-diabetic patients.
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Figure 4: Keratinized gingival width in diabetic versus non-diabetic patients (tooth-by-tooth comparison).
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Figure 5: Gingival thickness in diabetic versus non-diabetic patients (tooth-by-tooth comparison).
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Discussion

The GP is pivotal in periodontal health and disease
progression, as it induces liability to inflammation,
tissue response to bacterial biofilm, and outcomes of
periodontal treatment'®. In patients with DM,
modifications in the immune-inflammatory response,
disrupted collagen metabolism, and microvascular
complications contribute to a thinner and more fragile
GP, potentially leading to more severe periodontal
destruction than in non-diabetic individuals?*?.
Numerous studies have demonstrated that individuals
with DM often have diminished KGW and altered GT.
This negatively affects periodontal stability and
regenerative  capacity?®?®. In contrast, non-DM
individuals usually have a more robust GP. This offers
better protection against microbiological and
mechanical challenges®. Comparing the GP of DM and
non-DM individuals gives significant insights. It helps
understand the relationship between systemic diseases
and the characteristics of periodontal tissues.

The current study demonstrated that DM impacts GP
and periodontal health, with the characteristics of these
effects differing across clinical and biological
parameters.

The rise in KGW among DM individuals contradicts the
belief that DM compromises gingival tissue heights.
Multiple mechanisms may explain this observation.

Chronic hyperglycemia affects collagen metabolism and
microvascular function. This may lead to fibrotic
remodeling or an adaptive increase in keratinized
tissues'4. Adaptive reaction may explain the increased
width of keratinized gingiva in people with DM.
However, Tooth-by-tooth comparisons showed no
statistically significant differences. This means the
overall rise in KGW may not apply to all anterior teeth.

Recent research shows that GT measurements are
sensitive to the specific locations tested. Yildirim Bolat
and Lutfioglu®® found that measuring GT at several
vertical levels (sulcus base, 1 mm, and 2 mm apical)
gives different results. They demonstrated that
averaging multiple points offers a more dependable
classification of GP. This may explain the non-
significant GT differences between DM and non-DM.
The finding also aligns with research showing that GT
is more affected by local anatomical features and tooth
morphology than by systemic disease>®. Tooth-by-tooth
comparisons demonstrated no statistically significant
variations in GT. This finding corroborates the notion
that GT is a relatively stable parameter, whereas KGW

may be more vulnerable to systemic metabolic
changes’!.

DM individuals showed significantly higher PI and BI.
Contemporary pathogenesis models indicate that
periodontal inflammation alters the subgingival
environment, promoting a dysbiotic shift. In turn,
dysbiosis perpetuates inflammation, creating a circular
feed-forward loop. This framework suggests that
elevated BI and PI reflect an altered host—biofilm
relationship rather than increased plaque quantity alone
32, This aligns with findings that hyperglycemia triggers
heightened inflammatory responses and weakens
immune regulation!'®. The strong association between PI
and BI highlights the role of biofilm-induced
inflammation in periodontal disease. Biomarker
research has found increased concentrations of MMP-8,
MMP-9, IL-6, and AGE in patients with DM and
periodontitis. This supports a molecular link between
systemic hyperglycemia and local periodontal
inflammation®***. Gregorczyk-Maga, Kania® reported
changes in the gingival crevicular fluid microbiota and
metabolome in people with type 1 DM on continuous
insulin therapy. These changes correlated with mild
gingival inflammation. The findings support that
hyperglycemia and its systemic effects trigger molecular
changes. These include microbial dysbiosis, elevated
inflammatory mediators, and AGEs, which can affect
GP and disease progression’.

KGW, PI, and BI vary between DM and non-DM
individuals. However, many studies, including this one,
have not found significant differences in PD and CAL.
It may depend on glycemic control, disease duration,
and methodological differences®*. These results
suggest that inflammatory indices (PI, BI) may be more
sensitive predictors of early periodontal risk in
individuals with DM than destructive measures such as
CAL or PD.

The positive associations observed among PI and BI, PD
and CAL, and BI and CAL underscore the
interrelationships among inflammatory and destructive
periodontal disease. Moreover, age exhibited weak yet
significant correlations with KGW, PI, and BI,
indicating that aging may progressively affect GP and
inflammatory load. These findings align with a previous
study indicating cumulative age-related periodontal
alterations!'.

There were no significant differences between DM and
non-DM subjects by sex. This suggests that systemic
metabolic status and behavioral risk factors have a
greater impact on periodontal status than sex®. This
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highlights DM status as a more critical determinant of
periodontal health outcomes than sex.

Several limitations should be considered when
interpreting these results. The cross-sectional design
precludes establishing a cause-and-effect relationship
between diabetes status and changes in gingival
phenotype or periodontal characteristics. Assessment of
the gingival phenotype was limited to anterior teeth,
excluding posterior teeth, which may exhibit greater
morphological variation. The diabetic cohort comprised
only individuals with moderate glycemic control,
limiting the generalizability of findings to those with
well-controlled or poorly controlled diabetes. Gingival
thickness was measured using the probing transparency
method, a semi-quantitative approach that may not
detect subtle tissue differences despite its clinical utility.
Behavioral and socioeconomic factors were not
systematically evaluated. Additionally, because the
research was conducted at a single center, the findings
may not generalize to other populations, underscoring
the need for multicenter longitudinal studies.

The clinical implications of these results underscore the
need to tailor periodontal care techniques for DM
patients by providing tailored oral hygiene measures and
treatment.  Standardized assessment techniques,
including multi-point GT measures, improve accuracy
and comparability across studies and clinical settings*.
Although GT may not be substantially influenced by
DM, the persistently high PI and BI values underscore
the importance of accurate biofilm management,
reinforcement of oral hygiene, and routine professional
maintenance to prevent periodontal disease. Future
studies should incorporate salivary or GCF biomarkers,
such as AGEs, cytokines, and microbiota profiles, that
can serve as essential instruments for early identification
and customized treatment strategies’’. The increase in
KGW among individuals with DM contradicts
established assumptions, raising important questions
regarding whether this adaptation serves a protective or
pathological role. This observation underscores the need
for a prospective longitudinal study to further
investigate its implications.

Conclusion

DM clearly affects GP and periodontal health, primarily
increasing KGW, PI, and BI. GT, PD, and CAL appear
to be less affected under moderate glycemic control.
These findings underscore the need for inflammatory
control and thorough oral hygiene in individuals with
DM. Future research should explore whether increased
KGW 1is a protective adaptation or a pathogenic
response to metabolic stress.
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