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Abstract Background/purpose: The early diagnosis of diabetes is essential for the prevention
of complications. Periodontitis has been identified as the sixth complication of diabetes and
chair-side screening may improve diagnosis of diabetes. This study evaluated whether gingival
crevicular blood (GCB) available during routine periodontal examination can be used to screen
for diabetes in Chinese patients with moderate to severe periodontitis.
Materials and methods: Finger-stick blood (FSB) and GCB were collected from patients (18
with diabetes and 42 without diabetes) during routine periodontal probing and analyzed for
glucose and hemoglobin A1c (HbA1c) levels.
Results: In the diabetic group, the mean glucose levels in GCB and FSB were 12.21� 3.86 and
12.61� 4.19 mmol/L respectively, while those of the non-diabetic group were 6.14� 0.85 and
6.15 � 0.87 mmol/L, respectively. The average HbA1c values of the diabetic group were
7.72% � 1.71% and 7.89% � 1.78% in GCB and FSB, respectively, while those of the non-
diabetic group were 5.28%� 0.31% and 5.23%� 0.32%, respectively. Highly significant correla-
tions were found between GCB and FSB glucose levels (rZ 0.993 for the diabetic group, and
rZ 0.977 for the non-diabetic group) and between GCB and FSB HbA1c levels (rZ 0.977 for
the diabetic group, and rZ 0.829 for the non-diabetic group).
Conclusion: Our study results indicate that GCB available during routine periodontal examina-
tion may be acceptable for the analyses of blood glucose and HbA1c levels. The approach is
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suitable for screening undiagnosed diabetes in a dental setting.
ª 2020 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Diabetes, a pandemic disease with serious complications, is
increasing in prevalence. In 2019, the International Dia-
betes Federation estimated that 9.3% of adults have dia-
betes. Type 2 diabetes accounts for most cases
(approximately 90%); among patients, 79.44% live in low-
and middle-income countries.1 Approximately 4.2 million
people died of diabetes and its complications in 2019. One
in two (50.1%) adults living with diabetes are unaware that
they have the condition. In China, only 44% of patients with
diabetes are diagnosed and treated in a clinic.1 Thus, there
is an urgent need to screen and diagnose people with dia-
betes.2 Many remain undiagnosed because they have few
symptoms in the early stages of type 2 diabetes, or because
the symptoms that do appear are not associated with
diabetes.3

Recent evidence indicates that diabetic complications
such as retinopathy, cardiovascular disease and neuropathy
may appear several years before the diagnosis of type 2
diabetes.4 Periodontal disease is the sixth most common
complication of diabetes and interacts with diabetes in a
bidirectional manner.5 The National Health and Nutrition
Examination Survey (2009e2010) indicated that the preva-
lence of diabetes in periodontal patients was 12.5%, while
the prevalence of diabetes without periodontitis is only
6.3% in the United States.6 A multivariate analysis in China
suggested that participants with diabetes were 2.4-times
more likely to have severe periodontitis, indicating that
dentists likely encounter undiagnosed diabetes patients
with periodontitis.7 Routine periodontal probing during
periodontal examination produces gingival crevicular blood
(GCB) in patients with moderate to severe periodontitis.
This study examined whether GCB can be used to test blood
glucose and hemoglobin A1c (HbA1c) values during peri-
odontal visits as an alternative to the conventional finger-
stick blood (FSB) method.

Materials and methods

Study design and patients

This study was approved by the Research Ethics Committee
of Nanjing Stomatological Hospital, Medical School of
Nanjing University. Informed consents were obtained from
all patients before enrollment in the study. The patients
were assessed for diabetic history and received periodontal
examination. GCB and FSB were collected with a blood
glucose test strip and in an Eppendorf tube for the HbA1c
test. Glucose levels and HbA1c values of GCB and FSB were
determined simultaneously in the same patient.

Patients with moderate to severe chronic periodontitis
were recruited from the Department of Periodontology
between March 2018 and August 2019. The diagnosis of
patients was based on the clinical and radiographic criteria
proposed by the American Academy of Periodontology for
the classification of periodontal disease.8 Patients were
eligible for this study if they met the following criteria: (1)
age 20e70 years; (2) less supragingival plaque; (3) visible
gingival inflammation, radiographic evidence of bone loss,
clinical attachment loss: �3mm, probing pocket depth: �
5mm; and (4) obvious gingival inflammation on the facial
surfaces of upper anterior teeth with pronounced bleeding
on probing (BOP). Patients meeting the following criteria
were excluded from the study: (1) bleeding disorders; (2)
severe systemic disease (type 2 diabetes excluded), such as
a cardiovascular, renal, hepatic or immunological disor-
ders; (3) any indication of antibiotic prophylaxis; and (4)
drugs affecting coagulation.

Sample collection

The maxillary anterior teeth were chosen as the sites of
GCB acquisition as they are easily accessed. As shown in
Fig. 1, contamination with saliva was prevented by using
cotton rolls and air drying. BOP was observed during routine
periodontal examination using a UNC-15 probe (Hu Friedy,
Chicago, IL, USA). The top edge of a test strip preloaded in
a glucometer (Roche Diagnostics GmbH, Mannheim, Ger-
many) was then placed in contact with the blood oozing out
from the gingival margin until the confirmation window was
full and the glucometer began to count down. GCB (at least
10 ml) was then collected for HbA1c analysis using a
micropipette (Eppendorf AG, Hamburg, Germany) and
transferred to ethylenediaminetetraacetic acid (EDTA)-
treated tubes and stored at �20 �C.

Immediately after the GCB sample was collected as
shown in Fig. 1, the finger pad of the participant was wiped
with alcohol, allowed to dry, and then punctured with a
lancing device (Roche Diagnostics GmbH). The resulting FSB
was drawn onto a glucose test strip, and the glucometer
reading was recorded. FSB samples (at least 10 ml) were also
collected in EDTA-treated tubes and stored at �20 �C for
HbA1c analysis.

HbA1c analysis

HbA1c was assayed using ion-exchange high-performance
liquid chromatography on a Bio-Rad D-10� autoanalyzer
(Bio-Rad Laboratories, California, CA, USA).

Statistical analysis

The GCB and FSB glucose levels were considered as
“random glucose”. Pearson’s correlation coefficient was
used to assess the correlation between glucose and HbA1c
levels in GCB and FSB. Statistical analyses were performed
using SPSS18.0 software (SPSS Inc., Chicago, IL, USA).
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Figure 1 Collection of gingival crevicular blood and finger-stick blood.
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Results

A total of 60 patients (26 males and 34 females) were
enrolled in the study and divided into diabetic and non-
diabetic groups. Table 1 shows demographic data for the
patients. The diabetic group consisted of 18 patients,
including 16 already diagnosed with type 2 diabetes and
two newly diagnosed patients based on the FSB HbA1c level
determined in this study (FSB HbA1c> 6.5%). The non-
diabetic group included 42 patients (18 males and 24
females).

The random glucose and HbA1c values of GCB and FSB
were determined simultaneously for each patient. The GCB
glucose levels of diabetic patients ranged from 5.7 to
18.2 mmol/L, with an average of 12.21� 3.86 mmol/L. The
FSB glucose levels ranged from 5.9 to 19.7 mmol/L, with an
average of 12.61� 4.19 mmol/L. As shown in Fig. 2, the
blood glucose levels assessed using GCB and FSB were
nearly identical, with a correlation coefficient of 0.994
(P< 0.001). The HbA1c levels determined in GCB samples
ranged from 5.7% to 10.4%, with an average of
7.72%� 1.71%. In FSB samples, the HbA1c content ranged
from 5.7% to 10.6%, with an average of 7.89%� 1.78%. The
HbA1c levels in GCB and FSB samples were highly consis-
tent, with a correlation coefficient of 0.977 (P< 0.001;
Fig. 2).

The GCB glucose levels in non-diabetic patients ranged
from 4.5 to 8.4mmol/L, with an average of
6.14� 0.85 mmol/L. The FSB blood glucose levels ranged
from 4.7 to 8.3mmol/L, with an average of
6.15� 0.87 mmol/L. The correlation coefficient between
the glucose levels in GCB and FSB was 0.926 (P< 0.001;
Fig. 3). The HbA1c levels in the GCB samples of non-
diabetic patients ranged from 4.9% to 6.3%, with an
average of 5.28%� 0.31%. The FSB HbA1c levels ranged
from 4.8% to 6.2%, with an average of 5.23%� 0.32%. As
shown in Fig. 3, the Pearson correlation coefficient be-
tween the HbA1c values of GCB and FSB was 0.829
(P< 0.001).
Discussion

The early detection and treatment of diabetes can reduce
the burden and complications of the disease. China, India
and the United States are among the countries with the



Table 1 Descriptive statistics of the participants in the study.

Group n Sex Age in years Glucose level (mmol/L,
mean� SD)

HbA1c (%, mean� SD)

Male, n Female, n 20e44 45e70 GCB FSB GCB FSB

Diabetic 18 8 10 0 18 12.21� 3.86 12.61� 4.19 7.72%� 1.71% 7.89%� 1.78%
Non-diabetic 42 18 24 26 16 6.14� 0.85 6.15� 0.87 5.28%� 0.31% 5.23%� 0.32%
Total 60 26 34 26 34 7.96� 3.56 8.09� 3.81 6.03%� 1.58% 6.01%� 1.48%

GCB: gingival crevicular blood; FSB: finger-stick blood; HbA1c: hemoglobin A1c; SD: standard deviation.

Figure 2 Scatter plots and linear regression lines showing the relationships between blood glucose levels (A) and HbA1c values
(B) determined from gingival crevicular blood and finger-stick blood in the diabetic group.

Figure 3 Scatter plots and linear regression lines showing the relationships between blood glucose levels (A) and HbA1c values
(B) determined from gingival crevicular blood and finger-stick blood in the non-diabetic group.
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greatest number of people with undiagnosed diabetes.1

Poor control of diabetes increases the risk of developing
destructive periodontitis and impairs treatment outcomes.
Chronic inflammatory periodontal disease considerably
complicates the control of diabetes.9 The prevalence of
diabetes in patients with periodontitis is nearly double that
of periodontally healthy subjects.10 Dentists, and specif-
ically periodontists, are likely to encounter undiagnosed
diabetics. Therefore, screening for diabetes during dental
visits presents an opportunity to improve public health.

Clinical periodontal probing is the primary method used
to diagnose periodontitis. BOP under a probing force of
0.25e0.30 N around the gingival margin indicates gingival
inflammation.11 The determination of blood glucose re-
quires only 0.6 ml of blood, and HbA1c testing requires 10 ml
of blood. Routine periodontal probing during periodontal
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examination can provide a sufficient amount of GCB to test
undiagnosed patients with moderate to severe periodontitis
for diabetes. This study compared the GCB glucose levels of
periodontitis patients with the FSB levels. Highly significant
correlations were found between GCB and FSB glucose
levels in the diabetic (rZ 0.994) and non-diabetic
(rZ 0.926) groups. The results of this study agree with
those of Shetty et al. (India), Shylaja et al. (India), Parihar
et al. (India), Bhavsar et al. (India) and Gupta et al.
(India).12e16 However, in contrast to the above studies,
Muller and Behbehani (Kuwait) did not find a correlation
between GCB and FSB glucose levels in 46 subjects (24 with
periodontitis and 22 with gingivitis; sufficient GCB was ob-
tained in 31 patients).17 Strauss et al. (United States) re-
ported that GCB samples were suitable for diabetes
screening when adequate BOP could be obtained, and when
the samples did not contact the teeth or gingival margin.18

In 2014, the American Diabetes Association recom-
mended monitoring HbA1c levels to diagnose diabetic and
prediabetic patients and to monitor glycemic control in
diabetic patients. HbA1c testing is advantageous because
fasting is not required, and HbA1c levels are not affected
by acute perturbations (e.g., stress, diet and exercise);
thus, HbA1c testing can provide an average glycemic level
over a three-month period.19 For the first time, this study
compared HbA1c levels in GCB and FSB samples simulta-
neously. Highly significant correlations in HbA1c level were
found between GCB and FSB in the diabetic (rZ 0.977) and
non-diabetic (rZ 0.829) groups. In addition, two patients
in our study were found to have diabetes and referred to a
physician for further treatment. Kim et al. (United States)
compared HbA1c values in GCB and FSB among 29 diabetic
patients and obtained a Pearson correlation coefficient of
0.98.20 Strauss et al. (United States) compared the GCB and
FSB HbA1c levels of 75 patients with periodontal disease
and obtained a Pearson correlation coefficient of 0.842.
The authors also suggested a criterion of 6.3% for the GCB
HbA1c test to screen for diabetes.21 In an examination of
408 adults with or at risk of diabetes, Strauss et al. (United
States) obtained a correlation coefficient of 0.991 between
GCB and FSB HbA1c levels and suggested that GCB collected
during a dental visit can be used to screen for diabetes and
monitor glycemic control in many at-risk patients.22

The early identification and treatment of prediabetes
can interrupt the progression of the disease. A survey
conducted by Rosedale et al. indicated that both peri-
odontitis patients and dentists believe that dental visits are
suitable for diabetes screening, and patients generally
prefer GCB collection to FSB collection. Many patients
approved of the use of GCB for diabetes screening, and
most dentists agree that GCB collection is quick and easy.23

Thus, dental visits could be an important setting for dia-
betes screening. In addition, understanding the diabetes
status of patients can help dentists make treatment de-
cisions and optimize the oral health of patients.

In conclusion, diabetes screening during dental visits is a
promising public health opportunity. For the first time, this
study compared the glucose and HbA1c levels determined
from GCB and FSB samples in Chinese patients with mod-
erate to severe periodontitis. The results indicate that GCB
available during routine periodontal examination can be
used to estimate blood glucose and HbA1c levels.
Additional studies in larger populations should be con-
ducted to confirm the appropriateness of GCB for diabetes
screening.
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