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Periodontal Clinicoradiographic Status and Whole Saliva Soluble 

Urokinase Plasminogen Activation Receptor and Tumor Necrosis 

Factor Alpha Levels in Type-2 Diabetic and Non-diabetic Individuals
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Purpose: The authors hypothesise that whole saliva soluble-urokinase-type plasminogen-activator receptor (suPAR)
and tumor necrosis factor-alpha (TNF-α) levels are higher in patients with poorly-controlled than well-controlled
type-2 diabetes mellitus (DM) and non-diabetic controls. The aim was to assess the periodontal clinicoradiographic
status and whole-salivary suPAR and TNF-α levels in type-2 diabetic and non-diabetic individuals.

Materials and Methods: Patients with and without type-2 DM were included. In all patients, hemoglobin A1c
(HbA1c) levels were measured. Participants were divided into 4 groups. Group 1: patients with poorly controlled
type-2 DM; group 2: patients with well-controlled type-2 DM; group 3: non-diabetic patients with periodontitis; group 4: 
non-diabetic patients without periodontitis. Clinicoradiographic periodontal parameters (plaque index [PI], gingival 
index [GI], clinical attachment loss [AL], probing depth [PD] and mesial and distal marginal bone loss [MBL]) were
measured. The whole saliva total protein concentration (TPC) and suPAR as well as TNF-α levels were measured. The 
level of statistical significance was set at p < 0.01.

Results: One hundred patients (25 patients per group) were included. Scores of PI (p < 0.01), GI (p < 0.01), clinical 
AL (p < 0.01), PD (p < 0.01), number of missing teeth and mesial (p < 0.01) and distal (p < 0.01) MBL were statis-
tically significantly higher in group 1 than in groups 2–4. Scores of PI, GI, clinical AL, PD, mesial and distal MBL, and 
numbers of missing teeth were higher in group 3 (p < 0.01) than in groups 2 and 4. The whole saliva TPC, suPAR
and TNF-α levels were statistically significantly higher among patients in group 1 (p < 0.01) than in groups 2–4.

Conclusion: Patients with poorly-controlled type-2 DM presented with poorer clinicoradiographic periodontal status
and increased whole saliva levels of suPAR, TNF-α and TPC compared with patients with well-controlled type-2 DM
and non-diabetic individuals.
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A prominent risk factor of oral inflammatory conditions,
including periodontitis, is diabetes mellitus (DM),16,24

with type-2 DM being the most prevalent form.13 Chronic 
hyperglycemia results in increased accumulation of ad-

vanced glycation end products (AGEs) in systemic and peri-
odontal tissues.3,39 When AGEs interact with their recep-
tors (RAGE), oxidative stress occurs in human gingival
fibroblasts.23,27 Moreover, enhanced formation of reactive
oxygen species in patients with poorly-controlled DM (hemo-
globin A1c [HbA1c] > 7%) increases the expression of in-
flammatory cytokines, such as tumor necrosis factor-alpha
(TNF- ).7,26 The TNF-  induces a variety of cellular inflam-
matory and immunomodulatory effects, including activation
of osteoclasts and prostaglandin synthesis.21 Studies18,30

have reported significantly higher TNF-  in the unstimulated
whole saliva (UWS) of patients with DM compared with non-
diabetic controls. This destructive inflammatory cytokine 
jeopardises periodontal tissues by augmenting marginal
bone loss (MBL).21

The urokinase-type plasminogen activator receptor (uPAR)
is a glycoprotein which is attached to cell membranes of 
cells such as fibroblasts, macrophages, and activated T-lym-

PERIODONTOLOGY

This work is licensed under the Creative Commons Attribution 4.0 International License. To view a copy of this license, visit  
http://creativecommons.org/licenses/by/4.0/ or send a letter to Creative Commons, PO Box 1866, Mountain View, CA 94042, USA.



482 Oral Health & Preventive Dentistry

Ali et al

phocytes. After detachment from cell membranes, its soluble
structure (suPAR) is formed.20,34 The suPAR is expressed in 
varying concentrations in biological fluids such as saliva, gin-
gival crevicular fluid, urine, and plasma;25,31,33 the concen-
tration at which it is expressed is dependent upon the sever-rr
ity of inflammation. High serum and salivary suPAR levels
have been reported in diabetic and periodontitis pa-
tients.9,31 In this context, suPAR has been proposed as a 
potential inflammatory biomarker.28 Studies8,36 have also
shown that under optimal glycemic control, diabetic patients
exhibit periodontal status comparable to that of periodontally 
healthy individuals. According to Wang et al,36 optimal glyce-
mic control reduces the expression of TNF-  in body fluids
and reduces the clinical parameters of periodontal inflamma-
tion (probing depth [PD] and clinical attachment loss [AL]). 

To date, salivary suPAR levels remain uninvestigated in 
diabetic patients. Moreover, there are no studies that have
assessed salivary suPAR levels in relation to glycemic sta-
tus in periodontitis patients with type-2 DM. The present 
study is based on the hypothesis that whole saliva suPAR
and TNF- levels are higher in patients with poorly vs well
controlled type-2 DM and nondiabetic controls. With this
background, the aim was to compare periodontal clinicora-
diographic status and whole saliva suPAR and TNF-  levels 
in type-2 diabetic and non-diabetic individuals.

MATERIALS AND METHODS

Ethics Declaration

Protocols documented in the 2013 Helsinki Declaration of 
experiments on humans were adopted for this study. Par-
ticipating individuals were required to sign an informed con-
sent form. Patients were informed that they could withdraw
from this study at any stage, and that withdrawal or declin-
ing participation was not associated with any penalties
and/or consequences. Volunteers were also invited to ask
questions. The ethics committee of the Health Sciences
Center, Kuwait University, approved the study protocol.

Participants and Eligibility Criteria

Patients with and without self-reported medically diagnosed
type-2 DM were invited. Individuals habitually using alcohol
and nicotine-containing products such as waterpipe, ciga-
rettes, pipe, cigarillos and electronic nicotine delivery sys-
tems (ENDS), patients with diseases including type-1 DM,
prediabetes, cardiomyopathy, obesity, HIV/AIDS, and kidney 
and hepatic diseases were excluded. Third molars, and
grossly carious dentition with embedded root remnants were 
considered missing. Moreover, patients having undergone sur-rr
gical and/or non-surgical periodontal therapy were excluded.
Furthermore, pregnant/lactating females and individuals 
using probiotics, bisphosphonates, antibiotics, steroids, and
NSAIDS in the 3 months prior to the study were not sought.

Hemoglobin A1c

In all patients, HbA1c levels were measured using an
HbA1c measurement device (Quo-Test, EKF Diagnostics; 

Magdeburg, Germany). The HbA1c levels were measured
prior to clinicoradiographic examination by one investigator 
(Kappa score 0.82). 

Study Groups

Participants were classified in to 4 groups: group 1: patients 
with poorly controlled type-2 DM (HbA1c > 7%); group 2:
patients with well-controlled type-2 DM (HbA1c ≤ 7%); group
3: non-diabetic patients with periodontitis (HbA1c < 5%);
group 4: non-diabetic patients without periodontitis (HbA1c 
< 5%).26

Questionnaire

Demographic data pertaining to family history, DM, age, 
educational status (university-level education), gender, most 
recent visit to a dental hygienist/dentist/oral healthcare 
provider, and daily toothbrushing and flossing were gathered 
using a questionnaire. Individuals who reported to have 
graduated from a university were categorised as having
university-level education. 

Clinicoradiographic Investigations

In all groups, full-mouth plaque and gingival indices (PI and 
GI, respectively),19 clinical AL,1 and PD2 and were mea-
sured by one investigator (Kappa 0.86). Missing teeth were
counted. Full-mouth digital intra-oral radiographs (Planmeca
Romexis Intraoral X-Ray, Planmeca; Helsinki, Finland) were
taken, and standardisation of all radiographs was done as 
described elsewhere.14,35 All radiographs were examined by 
one researcher (Kappa score 0.83). 

Collection of Unstimulated Whole Saliva (UWS) and 

Assessment of Whole Saliva TPC and suPAR, TNF-  

Levels

In all groups, UWS samples were collected 48 h after clinico-
radiographic examinations. All UWS samples were collected
as described elsewhere.37 In summary, all UWS samples
were collected during the morning (between 8:00 am and 
9:00 am) with the patients being in a fasting state. Patients 
were comfortably seated on a chair in a quiet room and re-
quested to allow UWS to accumulate in the oral cavity for 
5 min. During this time, patients were advised to refrain 
from swallowing and jaw/lip movements. Patients were then
requested to expectorate the UWS into a disposable plastic
funnel, which was coupled to a graduated cylinder. The
amount of expectorated UWS was recorded in milliliters. For 
each individual per group, unstimulated whole saliva flow 
rate (UWSFR) was determined in ml per minute (ml/min). 
The UWS samples were transferred to sterile plastic tubes 
with lids and centrifuged in a cold room at 3000 rpm for 
5 min. The supernatant was collected and stored at -80°C.
All UWS samples were assessed for suPAR and TNF-  lev-vv
els within 24 h of collection. Levels of whole saliva suPAR
(Human suPAR ELISA kit, MBS7606253; Calabasas, CA, 
USA), and TNF-  (SunRed Bio; Shanghai, China) were deter-rr
mined using enzyme-linked immunosorbent assays accord-
ing to the manufacturers’ guidelines. Solutions of standard
and samples were added into the wells which were pre-
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coated with TNF-  and SUPAR antibodies. To each well,
streptavidin-conjugated HRP enzyme and biotin conjugated 
antibody were added. The plates were incubated for 60 min
at 37°C, after which the wells were washed five times with 
350 μl of a wash buffer. Chromogen was added and the
plates were again incubated at 37°C in a dark room. The
reaction was completed using a H2SO4 stop solution. An 
ELISA reader (ELX 800, BioTek; Winooski, VT, USA) was used
at 450 nm to read the absorbances of all biomarkers, and
concentrations of samples were calculated based on stan-
dard absorbance values. The whole saliva total protein con-
centration (TPC) was determined using the bicinchoninic acid
(BCATM) Protein Assay Reagent Kit (Product No. 23227, 
Pierce Chemical; Rockford, IL, USA). Using albumin as the 
standard, aliquots of saliva (200 μl/well) were placed in 
microtiter plates. The protein assay reagent was added, and
the plates were incubated at 37°C for 30 min. Optical densi-
ties were read at 550 nm in a microtiter plate spectropho-
tometer (Molecular devices, Vmax; Sunnyvale, CA, USA). 

Statistical and Power Analysis

Statistical software (SPSS, v 20; Chicago, IL, USA) was
used to perform group comparisons in relation to clinicora-
diographic parameters, UWSFR and whole saliva suPAR and
TNF-  levels. The Kolmogrov-Smirnov test was used to as-
sess data normality. Groupwise statistical evaluations were
done using one-way ANOVA and Bonferroni post-hoc adjust-
ment. A p-value < 0.01 was designated as an indicator of 
statistical significance. Sample size was estimated before-
hand using data obtained from a pilot investigation (nQuery 
Advisor 5, Statistical Solutions; Saugus, MA, USA). Sample
size estimation was based on the presumption that a mean
difference of 1 mm in clinical AL and PD should be detected 
at a significance level of 0.01 and a desired study power of 
at least 80%. It was estimated that a sample size of at 
least 24 patients/group would achieve 95% study power 
with a 0.01 two-sided significance level.

RESULTS

General Characteristics of the Study Participants

In total, 100 patients were included. There were 25 pa-
tients per group (group 1: 20 males and 5 females; group 
2: 22 males and 3 females; group 3: 20 males and 5 fe-
males; group 4: 21 males and 4 females). There was no
statistically significant difference in the mean age of par-
ticipants in all groups. In groups 1 and 2, the duration of 
type-2 DM was 8.5 ± 1.2 and 8.8 ± 0.8 years, respectively. 
The mean HbA1c levels were statistically significantly higher 
among patients in group 1 (p < 0.01) compared with groups 
2, 3 and 4. There was no statistically significant difference
in the mean HbA1c levels among patients in groups 2, 3
and 4. A family history of DM was more often reported by 
patients in group 1 (80%) compared with individuals in 
groups 2 (32%), 3 (28%) and 4 (24%). University-level edu-
cation was more often attained by patients in groups 2 
(60%), and 4 (68%) compared with patients in groups 1 (12%)
and 3 (28%). In groups 2 and 4, participants had visited a
dental hygienist/dentist 9.1 ± 0.4 and 7.2 ± 0.3 months
ago, respectively, compared with individuals in groups 1
(17.3 ± 3.8 months) and 3 (14.6 ± 1.7 months) (p < 0.01) 
(Table 1). 

Clinicoradiographic Parameters

Scores of PI (p < 0.01), GI (p < 0.01), clinical AL (p < 0.01),
PD (p < 0.01) and mesial (p < 0.01) and distal (p < 0.01)
MBL were statistically significantly higher among patients in 
group 1 compared with individuals in groups 2, 3 and 4. The
numbers of missing teeth were significantly higher among 
patients in group 1 (p < 0.001) compared with individuals
in groups 2, 3 and 4. There was no statistically significant 
difference in the scores of PI, GI, clinical AL, PD, mesial and 
distal MBL and numbers of missing teeth among patients in
groups 2 and 4. Scores of PI, GI, clinical AL, PD, mesial and 
distal MBL and numbers of missing teeth were statistically 

Table 1  General characteristics of the study groups

Parameters Group 1 Group 2 Group 3 Group 4

Patients (n) 25 25 25 25

Mean age in years 50.6 ± 5.2 52.4 ± 3.7 53.1 ± 2.1 51.7 ± 2.8

Males:females 20:5 22:3 20:5 21:4

Duration of type-2 DM 8.5 ± 1.2 8.8 ± 0.8 years NA NA

Mean HbA1c 10.6 ± 0.3* 5.2 ± 0.07 4.8 ± 0.2 4.5 ± 0.1 

Family history of DM 20 (80%) 8 (32%) 7 (28%) 6 (24%)

Recent visit to dental hygienist/dentist (in months) 17.3 ± 3.8* 9.1 ± 0.4 14.6 ± 1.7 7.2 ± 0.3

University-level education 3 (12%) 15 (60%) 7 (28%) 17 (68%)

*Compared with groups 2 (p < 0.01), 3 (p < 0.01) and 4 (p < 0.01). Group 1: patients with poorly-controlled type-2 DM; group 2: patients with well-controlled
type-2 DM; group 3: nondiabetic patients with periodontitis; group 4: nondiabetic patients without periodontitis; DM: diabetes mellitus; HbA1c: hemoglobin
A1c; NA: not applicable.
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Correlation of HbA1c Levels with Whole Saliva suPAR 

and TNF-  Levels as well as Total Protein 

Concentration (TPC)

In group 1, a statistically significant correlation was ob-
served between increasing HbA1c levels and whole saliva 
suPAR (p < 0.01) and TNF-  levels (p < 0.01) (Fig 1). The 
whole saliva TPC was statistically significantly corelated 
with HbA1c levels in groups 1 and 3 (Fig 2). In groups 2
and 4, there was no statistically significant correlation be-
tween HbA1c and whole saliva TPC, suPAR and TNF-  levels
(data not shown).

DISCUSSION

From a clinical and radiographic point of view, our results 
demonstrated that the clinicoradiographic parameters of 
periodontal inflammation were worse in patients with poorly-
controlled than well-controlled type-2 DM and non-diabetic
controls. These results are in accordance with previous clin-

significantly higher among patients in group 3 (p < 0.01)
compared with individuals in groups 2 and 4 (Table 2). 

UWSFR and Whole Saliva suPAR and TNF-  Levels

The UWSFR was significantly lower in group 1 (p < 0.01)
than in the other groups. The whole saliva TPC, suPAR and
TNF-  levels were higher in group 1 (p < 0.01) than in
groups 2, 3 and 4. There was no statistically significant dif-ff
ference in the UWSR, whole saliva TPC, and suPAR and 
TNF-  levels among patients in groups 2 and 4. Whole sa-
liva TPC, and suPAR and TNF-  levels were statistically sig-g
nificantly higher in group 3 (p < 0.01) than in groups 2 and 
4 (Table 3).

Correlation of HbA1c Levels with Clinical AL and PD 

In group 1, a statistically significant correlation was ob-
served for HbA1c levels and clinical AL (p < 0.001) and PD 
(p < 0.01) (Fig 1). In groups 2 and 4, there was no statisti-
cally significant correlation between HbA1c levels and clin-
ical AL and PD (data not shown).

Table 2  Clinicoradiographic periodontal status of the study groups

Parameters Group 1 
(n = 25)

Group 2 
(n = 25)

Group 3 
(n = 25)

Group 4 
(n = 25)

Plaque index 3.6 ± 0.9* 0.8 ± 0.08 2.2 ± 0.06† 0.4 ± 0.005

Gingival index 3.3 ± 0.5* 1.05 ± 0.04 2.4 ± 0.03† 0.3 ± 0.02

Clinical attachment loss 6.5 ± 0.3 mm* 1.01 ± 0.2 mm 4.2 ± 0.08 mm† 0.2 ± 0.003 mm

Probing depth 5.6 ± 0.2 mm* 1.4 ± 0.08 mm 4.1 ± 0.06 mm† 0.8 ± 0.005 mm

Marginal bone loss (mesial surface) 7.2 ± 0.2 mm* 2.2 ± 0.05 mm 4.4 ± 0.05 mm† 2.06 ± 0.03 mm

Marginal bone loss (distal surface) 7.05 ± 0.2 mm* 2.04 ± 0.08 mm 4.3 ± 0.007 mm† 1.9 ± 0.005 mm

Number of missing teeth 13.5 ± 1.2 teeth* 3.4 ± 0.8 teeth 6.02 ± 0.5 teeth† 2.2 ± 0.2 teeth

*Compared with groups 2 (p < 0.01), 3 (p < 0.01) and 4 (p < 0.01). †Compared with groups 2 (p < 0.01) and 4 (p < 0.01). Group 1: Patients with poorly-controlled 
type-2 DM; group 2: patients with well-controlled type-2 DM; group 3: non-diabetic patients with periodontitis; group 4: non-diabetic patients without periodontitis;
DM: diabetes mellitus; HbA1c: hemoglobin A1c.

Table 3  Unstimulated-whole-salivary-flow-rate and whole saliva suPAR and TNF-α levels

Parameters Group 1 
(n = 25)

Group 2 
(n = 25)

Group 3 
(n = 25)

Group 4
(n = 25)

UWSFR (ml/min) 0.09 ± 0.05 ml/min* 0.37 ± 0.03 ml/min 0.38 ± 0.04 mm 0.41 ± 0.005 ml/min

Whole saliva total protein 
concentration (μg/ml)

2084.7 ± 87.6 μg/ml* 994.2 ± 64.9 μg/ml 1127.2 ± 69.4 μg/ml† 806.4 ± 79.4 μg/ml

suPAR (ng/μl) 19.06 ± 2.74 ng/μl 2.42 ± 0.29 ng/μl 8.9 ± 1.3 ng/μl† 1.71 ± 1.25 ng/μl

TNF-  (pg/ml) 15.24 ± 3.2 pg/ml 3.51 ± 0.68 pg/ml 7.1 ± 0.5 pg/ml† 2.82 ± 0.14 pg/ml

*Compared with groups 2 (p < 0.01), 3 (p < 0.01) and 4 (p < 0.01). †Compared with groups 2 (p < 0.01), and 4 (p < 0.01). UWSFR: unstimulated whole saliva flow rate;
suPAR: soluble urokinase plasminogen activating factor; TNF- : tumor necrosis factor-alpha.
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ical studies.4,6,15 However, the present study is the first to 
assess whole saliva suPAR levels in relation to glycemic 
control among type-2 diabetic patients. The present results 
clearly demonstrated that levels of suPAR and TNF-  were
significantly higher in the UWS samples collected from pa-
tients with poorly-controlled compared to individuals with
well-controlled type-2 DM. Moreover, the whole saliva TPC
level was also statistically significantly higher among pa-
tients with poorly-controlled type-2 DM in contrast to other 
groups. It is challenging to determine the precise mechan-
ism that may have raised the level of whole saliva TPC and 
expressions and concentrations of suPAR and TNF-  among
patients in group 1 (patients with poorly-controlled type-2
DM) compared with other groups. One factor that may have 
contributed in this scenario is the state of persistent hyper-rr
glycemia among patients in group 1. Chronic hyperglycemia
is known to enhance the production and accumulation of 
AGEs in the periodontal tissues,12 which in turn induces a
state of oxidative stress in the targeted tissues, thereby 
augmenting inflammation.12 In addition, according to Son-

nenschein and Meyle,32 persistent hyperglycemia alters the 
function of leukocytes and produces reactive oxygen spe-
cies than enhance the expression and concentrations of 
destructive inflammatory cytokines (such as TNF- , IL-1-
beta and IL-6) in body fluids, including UWS. A critical evalu-
ation of pertinent indexed literature revealed no studies 
that had correlated whole saliva suPAR levels with expres-
sion of AGEs among patients with type-2 DM. However, an 
exhaustive review of indexed databases found one study38

in which the authors assessed serum suPAR levels in rela-
tion to RAGE in patients with acute respiratory distress syn-
drome (ARDS). The results showed that serum suPAR and 
RAGE levels were correlated with the severity of ARDS.38

Given the results reported by Yang et al,38 it is theoretically 
possible that whole saliva suPAR and TNF-  are correlated
with an increased expression of AGEs in the UWS of pa-
tients with poorly-controlled compared vs well-controlled 
type-2 DM and non-diabetic controls. These results suggest
that whole saliva suPAR may be a potential biomarker of 
periodontal inflammation. Nevertheless, and further well-

Fig 1  Correlation of HbA1c levels with clinical AL and PD in group 1.
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designed and power-adjusted studies are warranted to vali-
date this hypothesis. 

An interesting finding in the present study was that linear 
regression analysis showed that clinical AL and PD were the 
only clinical parameters that correlated with HbA1c levels
among patients with poorly-controlled type-2 DM. Moreover, 
whole saliva TPC and suPAR levels also demonstrated a
statistically significant increase as HbA1c levels among pa-
tients in group 1. One explanation for this can be associ-
ated with an experimental study10 on Akita mice, in which 
experimentally-induced hyperglycemia was shown to predis-
pose the rodents to an exaggerated inflammatory response 
and leukocyte dysfunction. Similarly, in another experimen-
tal study on mice, Zhang et al40 assessed the molecular 
mechanisms by which hyperglycemia drives inflammation-
induced aging in the gingival tissue of diabetic mice. The 
results showed that hyperglycemia increases senescence of 
macrophage-infiltrated and gingival tissues.40 However,
under optimal glycemic control, it is speculated that aging 
of gingival tissues is markedly less, as reflected by signifi-
cantly lower probing depths, clinical AL and whole saliva 
TPC and suPAR and TNF-  levels. In this context, it is man-
datory to educate the public, especially and including pa-

tients with DM, about the detrimental effects of hyperglyce-
mia and beneficial effects of glycemic control on dental and
overall health. Routine community-driven patient education
programs and efforts may play a role in this regard. In addi-
tion, oral health education and promotion in the community 
is also recommended by the authors.

One limitation of the present investigation is that the 
study design was observational. In other words, periodonti-
tis was not treated. Mechanical debridement of periodontal 
tissues and tooth surfaces (scaling and root planing [SRP])
is the classical treatment strategy for periodontal diseases, 
including periodontitis.5 However, adjunct therapies, e.g. 
essential-oil-based oral rinses and photodynamic therapy 
(PDT), have been reported to be more effective in the treat-
ment of periodontitis compared with SRP alone.11 Moreover, 
it has also been proposed that SRP helps improve meta-
bolic control in patients with DM.29 The authors of the pres-
ent study speculate that SRP, when performed with adjunct
therapies such as those mentioned above, is more effective
in reducing periodontal inflammation and HbA1c levels in
patients with type-2 DM, and furthermore that such an in-
terventional strategy would reduce the expression and con-
centrations of inflammatory biomarkers including suPAR

Fig 2  Correlation of HbA1c levels with whole saliva suPAR and TNF-α levels as well as total protein concentration in all groups.
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and TNF- in the UWS of diabetic patients. It is well estab-
lished that tobacco smoking is a risk factor for periodonti-
tis,17,22 and that habitual smoking compromises the out-
comes of oral therapeutic interventions.22 It is therefore 
hypothesised that the outcomes of SRP (regardless of the
use of adjuvant interventions) are compromised and whole 
saliva suPAR and TNF-  levels remain unchanged in habit-
ual tobacco smokers. Further studies are needed to test 
the aforementioned hypotheses. 

CONCLUSIONS

Patients with poorly-controlled type-2 DM present with poorer 
clinicoradiographic periodontal status and increased whole 
saliva levels of suPAR, TNF-  and TPC compared with patients 
with well-controlled type-2 DM and non-diabetic individuals.

REFERENCES

1. Armitage GC, Dickinson WR, Jenderseck RS, Levine SM, Chambers DW.
Relationship between the percentage of subgingival spirochetes and the
severity of periodontal disease. J Periodontol 1982;53:550–556.

2. Armitage GC, Svanberg GK, Loe H. Microscopic evaluation of clinical mea-
surements of connective tissue attachment levels. J Clin Periodontol 1977; 
4:173–190.

3. Chang PC, Chien LY, Yeo JF, Wang YP, Chung MC, Chong LY, et al. Progres-
sion of periodontal destruction and the roles of advanced glycation end
products in experimental diabetes. J Periodontol 2013;84:379–388.

4. Chee B, Park B, Bartold PM. Periodontitis and type II diabetes: a two-way 
relationship. Int J Evid Based Healthc 2013;11:317–329.

5. Cobb CM. Clinical significance of non-surgical periodontal therapy: an evi-
dence-based perspective of scaling and root planing. J Clin Periodontol 
2002;29(suppl 2):6–16.

6. García-Hernández AL, Muñoz-Saavedra Á E, González-Alva P, Moreno-Fier-r
ros L, Llamosas-Hernández FE, Cifuentes-Mendiola SE, et al. Upregulation
of proteins of the NLRP3 inflammasome in patients with periodontitis
and uncontrolled type 2 diabetes. Oral Dis 2019;25:596–608.

7. Graves DT, Ding Z, Yang Y. The impact of diabetes on periodontal dis-
eases. Periodontol 2000 2020;82:214–224.

8. Gurav AN. Periodontal therapy – an adjuvant for glycemic control. Diabe-
tes Metab Syndr 2012;6:218–223.

9. Guthoff M, Wagner R, Randrianarisoa E, Hatziagelaki E, Peter A, Häring
HU, et al. Soluble urokinase receptor (suPAR) predicts microalbuminuria 
in patients at risk for type 2 diabetes mellitus. Sci Rep 2017;7:40627.

10. Gyurko R, Siqueira CC, Caldon N, Gao L, Kantarci A, Van Dyke TE. Chronic 
hyperglycemia predisposes to exaggerated inflammatory response and
leukocyte dysfunction in Akita mice. J Immunol 2006;177:7250–7256.

11. Joseph B, Janam P, Narayanan S, Anil S. Is antimicrobial photodynamic 
therapy effective as an adjunct to scaling and root planing in patients 
with chronic periodontitis? A systematic review. Biomolecules 2017;7:79.

12. Katz J, Bhattacharyya I, Farkhondeh-Kish F, Perez FM, Caudle RM, Heft
MW. Expression of the receptor of advanced glycation end products in
gingival tissues of type 2 diabetes patients with chronic periodontal dis-
ease: a study utilizing immunohistochemistry and RT-PCR. J Clin Peri-
odontol 2005;32:40–44.

13. Kerner W, Brückel J. Definition, classification and diagnosis of diabetes 
mellitus. Exp Clin Endocrinol Diabetes 2014;122:384–386.

14. Khocht A, Janal M, Harasty L, Chang KM. Comparison of direct digital and 
conventional intraoral radiographs in detecting alveolar bone loss. J Amer 
Dent Assoc (1939) 2003;134:1468–1475.

15. Kocher T, König J, Borgnakke WS, Pink C, Meisel P. Periodontal complica-
tions of hyperglycemia/diabetes mellitus: Epidemiologic complexity and 
clinical challenge. Periodontol 2000 2018;78:59–97.

16. Lalla E, Papapanou PN. Diabetes mellitus and periodontitis: a tale of two 
common interrelated diseases. Nat Rev Endocrinol 2011;7:738–748.

17. Leite FRM, Nascimento GG, Scheutz F, López R. Effect of smoking on peri-
odontitis: A systematic review and meta-regression. Am J Prev Med 2018;
54:831–841.

18. Liu Y, Jin JQ, Yuan ZF, Liu XS, Cao J, Guo XH, et al. [Levels of interlukin-6 
and tumor necrosis factor-α in saliva of patients with type 2 diabetes mel-
litus and oral lichen planus]. Beijing Da Xue Xue Bao Yi Xue Ban 2011; 
43:596–599.

19. Loe H. The Gingival Index, the Plaque Index and the Retention Index Sys-
tems. J Periodontol 1967;38(suppl):610–616.

20. Mahmood N, Mihalcioiu C, Rabbani SA. Multifaceted role of the uroki-
nase-type plasminogen activator (uPA) and its receptor (uPAR): diagnos-
tic, prognostic, and therapeutic applications. Front Oncol 2018;8:24.

21. Martínez-Aguilar VM, Carrillo-Ávila BA, Sauri-Esquivel EA, Guzmán-Marín E,
Jiménez-Coello M, Escobar-García DM, et al. Quantification of TNF-α in pa-
tients with periodontitis and type 2 diabetes. Biomed Res Int 2019; 
2019:7984891.

22. Nociti FH Jr, Casati MZ, Duarte PM. Current perspective of the impact of 
smoking on the progression and treatment of periodontitis. Periodontol
2000 2015;67:187–210.

23. Nonaka K, Bando M, Sakamoto E, Inagaki Y, Naruishi K, Yumoto H, et al.
6-Shogaol inhibits advanced glycation end-products-induced IL-6 and
ICAM-1 expression by regulating oxidative responses in human gingival fi-
broblasts. Molecules 2019;24:1–13.

24. Preshaw PM, Alba AL, Herrera D, Jepsen S, Konstantinidis A, Makrilakis K, 
et al. Periodontitis and diabetes: a two-way relationship. Diabetologia 2012; 
55:21–31.

25. Rabna P, Andersen A, Wejse C, Oliveira I, Francisco Gomes V, Bonde Haa-
land M, et al. Urine suPAR levels compared with plasma suPAR levels as
predictors of post-consultation mortality risk among individuals assumed 
to be TB-negative: a prospective cohort study. Inflammation 2010;33: 
374–380.

26. Raoufi M, Khalili S, Mansouri M, Mahdavi A, Khalili N. Well-controlled vs
poorly-controlled diabetes in patients with COVID-19: Are there any differ-rr
ences in outcomes and imaging findings? Diabetes Res Clin Pract 2020;
166:108286.

27. Schmidt AM, Weidman E, Lalla E, Yan SD, Hori O, Cao R, et al. Advanced 
glycation endproducts (AGEs) induce oxidant stress in the gingiva: a po-
tential mechanism underlying accelerated periodontal disease associ-
ated with diabetes. J Periodontal Res 1996;31:508–515.

28. Sidenius N, Sier CF, Blasi F. Shedding and cleavage of the urokinase re-
ceptor (uPAR): identification and characterisation of uPAR fragments in 
vitro and in vivo. FEBS Lett 2000;475:52–56.

29. Simpson TC, Needleman I, Wild SH, Moles DR, Mills EJ. Treatment of peri-
odontal disease for glycaemic control in people with diabetes. Cochrane Da-
tabase Syst Rev 2010;10.1002/14651858.CD004714.pub2:Cd004714.

30. Singh P, Gupta ND, Bey A, Khan S. Salivary TNF-alpha: A potential marker 
of periodontal destruction. J Indian Soc Periodontol 2014;18:306–310.

31. Skottrup PD, Dahlén G, Baelum V, Lopez R. Soluble urokinase-type plas-
minogen activator receptor is associated with signs of periodontitis in ad-
olescents. Eur J Oral Sci 2018;126:292–299.

32. Sonnenschein SK, Meyle J. Local inflammatory reactions in patients with
diabetes and periodontitis. Periodontol 2000 2015;69:221–254.

33. Taşdemir İ, Erbak Yılmaz H, Narin F, Sağlam M. Assessment of saliva and
gingival crevicular fluid soluble urokinase plasminogen activator receptor 
(suPAR), galectin-1, and TNF-α levels in periodontal health and disease. J
Periodontal Res 2020;55:622–630.

34. Thunø M, Macho B, Eugen-Olsen J. suPAR: the molecular crystal ball. Dis 
Markers 2009;27:157–172.

35. Updegrave WJ. The paralleling extension-cone technique in intraoral den-
tal radiography. Oral surgery, oral medicine, and oral pathology 1951;4:
1250–1261.

36. Wang S, Liu J, Zhang J, Lin J, Yang S, Yao J, et al. Glycemic control and
adipokines after periodontal therapy in patients with Type 2 diabetes and 
chronic periodontitis. Braz Oral Res 2017;31:e90.

37. Wu Y, Shu R, Liu H. [Comparison of proteomic profiles of whole unstimu-
lated saliva obtained from generalized aggressive periodontitis patients and 
healthy controls]. Hua Xi Kou Qiang Yi Xue Za Zhi 2011;29:519–521, 525.

38. Yang J, Dong C, Li J, Zhang H, Zhang H, Song R, et al. [Ventilator bundle 
treatment of acute respiratory distress syndrome and its correlation with
biomarkers of inflammation]. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2014; 
26:544–548.

39. Yoon MS, Jankowski V, Montag S, Zidek W, Henning L, Schlüter H, et al. 
Characterisation of advanced glycation endproducts in saliva from pa-
tients with diabetes mellitus. Biochem Biophys Res Commun 2004;323: 
377–381.

40. Zhang P, Wang Q, Nie L, Zhu R, Zhou X, Zhao P, et al. Hyperglycemia-in-
duced inflamm-aging accelerates gingival senescence via NLRC4 phos-
phorylation. J Biol Chem 2019;294:18807–18819.


