
INTRODUCTION

iabetes mellitus and periodontitis are two common
chronic pathologies. It is commonly acknowledged
that there exists a two-way association between

diabetes mellitus and periodontitis and the presence of one
disease increases the severity of the other. Diabetes is
perceived as a significant risk factor for periodontitis. It has
been proven that people with diabetes are more vulnerable
to periodontal diseases as compared to people without
diabetes.1 Periodontal inflammation with diabetes mellitus
can cause aesthetic and functional disturbances in teeth and
increase the chances of periodontal pocket formation and
alveolar bone resorption.2 Diabetes is more prevalent in the

developing countries, where around 46% of all the cases
are estimated to be undiscovered.3 In Pakistan, the prevalence
of diabetes is more than 11%. Uncontrolled diabetes can
increase the mortality rate of the affected population. Diabetic
complications accounted for the death of 5 million individuals
in Pakistan in 2015.4 Most of the persons diagnosed with
diabetes fail to keep up with their routine checkups and
evaluation of glycemic control. Uncontrolled diabetes causes
both micro-vascular and macro-vascular complexities.
Significant complications of diabetes include retinopathy,
neuropathy, cardiovascular disorders, nephropathy,
cerebrovascular diseases and delayed wound healing.5

Periodontitis is an early complication of diabetes. Both
diabetes and periodontal disease are pathologically linked
by inflammation and chronic periodontal inflammation may
give a clue to an underlying systemic disease.6

Commonly used screening tests for diabetes include
evaluation of fasting plasma glucose, oral glucose tolerance
tests and glycosylated hemoglobin (HbA1c) test.7 Glucose
self-observing devices (glucometers) offer a straightforward
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OBJECTIVE: The aim and objective of this study was to assess if gingival crevicular blood could be utilized for blood glucose
evaluation in patients with periodontitis and to check the reliability of this screening method.
METHODOLOGY: The study was conducted at the department of Oral Medicine, Ziauddin Dental Hospital, Karachi. The
sample size involved 348 participants with chronic periodontitis. The gingival crevicular blood produced during periodontal
probing was collected on a glucometer strip to assess random glucose levels. Glycemic levels were also checked by finger
capillary blood via a glucometer. Intravenous blood glycated hemoglobin A1c test was performed in patients found with blood
glucose levels in pre-diabetic or diabetic range.
RESULTS: The results of this study demonstrate a strong correlation (0.987, p< 0.001) between gingival crevicular blood and
finger capillary blood glucose values and good correlation (0.709, p<0.001) between gingival crevicular bloodglucose and
glycated Hemoglobin A1c levels. Receiver operating characteristic curve showed 94.1% sensitivity and 100% specificity of
GCB glucose screening at the cut-off value of 168mg/dl. Gingival crevicular blood glucose showed significant regression with
Finger capillary bloodglucose (R=0.987, R2=0.974, p<0.001) andglycated hemoglobin A1clevels (R=0.709, R2=0.502, p<0.001).
CONCLUSIONS: From this study we conclude that gingival crevicular blood can be relied upon for screening of blood glucose
levels in periodontitis patients presenting with bleeding on probing.
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and sensibly precise technique to screen blood glucose
levels.8 Most of the currently used glucometers require small
amount of blood to deliver results.9,10 Past studies suggest
that blood glucose screening via glucometers can serve as
a more convenient, cost-effective and less intrusive alternate
for diabetes screening as compared to conventionally used
methods.11,12

Since periodontal disease may predispose individuals
to incident diabetes, the dental visit offers a unique
opportunity to screen an especially at-risk population.13

According to a study conducted by Rosedale et al (2012),
the use of GCB was approved by the patients as a more
convenient method for diabetes screening as compared to
conventionally used methods.12 Although most of the past
studies support the use of GCB for glucose screening as a
non-invasive method but they were conducted on a smaller
sample size.14-17 Moreover, there is limited literature available
to prove the accuracy and reliability of this screening
technique and its association with standardized HbA1c test.
Therefore,  this study was conducted to evaluate if gingival
crevicular blood could reliably be used for screening diabetes
in patients with periodontitis, with the help of glucometers
and to assess the accuracy of this technique as compared to
finger capillary blood (FCB) glucose screening and
intravenous HbA1c scores.

METHODOLOGY

This cross-sectional study was carried out for the duration
of 6 months starting from 1stDecember 2018 to 30th May
2019, among patients with periodontitis, visiting the
department of Oral Medicine, Ziauddin Dental Hospital,
Karachi, Pakistan. The study was approved by Research
Advocacy Committee, Ethical Review Committee and Board
of Advanced Studies and Research Ziauddin University,
under the reference number (0450818QPOM). Open Epi
Version 3.0 was used to determine the sample size of the
study. The sample size of minimum 348 patients was
calculated according to 34.5% prevalence of periodontitis.18

Confidence interval was taken at 95% and consecutive
sampling technique was used to recruit the patients.

Both male and female patients aged 25 to 60 years of
age were included in the study. The inclusion criteria were
patients presenting with periodontitis (>3 mm clinical
attachment loss) and bleeding on periodontal probing. The
exclusion criteria included patients having purulent
periodontal discharge, patient's presenting with a history of
anemia or polycythemia, and known cases of cardiovascular,
renal and hepatic disorders.

After informing the participants about the study
procedure, verbal and written consent was obtained from

all the patients presenting with periodontitis. The site with
periodontal inflammation or bleeding was chosen for
periodontal probing. For gingival crevicular blood (GCB)
sample collection, preference was given to maxillary anterior
teeth for the ease of isolation from salivary contamination.
The isolation was maintained by cotton rolls. Periodontal
probing was performed by University of North Carolina
(number 15) periodontal probe and a small drop of GCB
was collected directly on the glucometer strip for assessment
of random blood glucose. Freestyle glucometers by Abbott
Diabetes Care were used in our study.

For obtaining random finger capillary blood (FCB)
glucose readings, the finger bed was cleaned with disposable
alcohol wipes. A sterile lancet was used to gently prick the
site and a small drop of blood was collected on the glucometer
strip to produce the results. Intravenous glycated hemoglobin
(HbA1c) was checked at Ziauddin Laboratory, in patients
with blood glucose measurements in pre-diabetic
(180-200mg/dl) and diabetic (>200mg/dl) range.19 HbA1c
levels of <5.7% indicated that the patient was a non-diabetic
while levels between 5.7-6.4% determined a pre-diabetic
state. The diagnosis of diabetes was determined with HbA1c
scores of 6.5% and above.20

STATISTICAL ANALYSIS OF DATA

The data were analyzed through SPSS version 20.
Frequency and percentage were calculated for descriptive
variables(gender and diabetes screening status).Mean and
standard deviation was assessed for numerical variables
(age, GCB and FCB glucose values). Karl Pearson formula
was used to find the correlation between gingival crevicular
blood glucose, finger capillary blood glucose and HbA1c
levels. Difference in mean between GCB and FCB glucose
was calculated. ROC (receiver operating characteristic)
curve was calculated to determine the sensitivity and
specificity of gingival crevicular blood glucose assessment.
Linear regression analysis was performed to confirm the
association between GCB glucose levels and HbA1c scores.

RESULTS

A total of 348 participants took part in this study out of
which 202 (58%) were females and 146 (48%) were
males.The age range of the participants was 25 to 60 years
and the mean age was 42.97 with standard deviation of
10.35 years.In our study, more than half of the overall
participants(51.1%) reported to be unaware of their glycemic
status and were never screened for diabetes before; out of
these 20 patients had their blood glucose levels in the diabetic
range while 15 patients were found to have their blood
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glucose values in the pre-diabetic range (Figure 1). When
HbA1c test was performed in such patients, 17 were
confirmed with diabetes (HbA1c > 6.5%) and 2 patients
were found to be pre-diabetics(HbA1c 5.7-6.4%).When
correlation of GCB with FSB and HbA1c was assessed, a
significant positive correlation was observed (Table 1).

   The means of GCB and FCB values were found to be
151.69 +/-60.48 and 159.78+/-61.99 respectively. Difference
in means of GCB and FCB was calculated by t-test which

showed a mean difference of 8.09+/-10.06 (Table 2).
ROC was generated to determine the sensitivity and
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Table 2: Difference in mean between GCB and FCB glucose values

GCBG=Gingival Crevicular Bood glucose, FCBG=Finger
Capillary Blood Glucose, SD=Standard Deviation, t=t-statistic,
P value=Level of significance

Figure 1

Figure 2

Receiver operating characteristic curve showing Area under the
curve (AUC) of 0.985 (level of significance= <0.001, standard
error=0.006)

Table 1: Correlation of Gingival crevicular blood glucose levels
with Finger Capillary blood glucose levels and HbA1c scores

**Correlation is significant at the 0.01 level. Less than 0.0001
represents highly significant correlation, N= Sample size.
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 Scatter plot and regression line indicating a linear relationship
between GCB and FCB glucose levels. Level of significance
<0.0001, Correlation Coefficient (R) =0.987, Coefficient of
determination (R2) =0.974

Figure 3

Figure 4

Scatter plot and regression line indicating a linear relationship
between GCB and Intravenous HbA1c levels. Level of
significance<0.0001, Correlation Coefficient (R)=0.709, Coefficient
of determination (R2) = 0.502



specificity of GCB glucose testing. The area under the curve
was 0.985 (Figure 2) with 94.1% sensitivity and 100%
specificity at the GCB glucose cut off value of 168mg/dl.

Regression analysis was performed to determine the
linear relationship of gingival crevicular blood glucose with
finger capillary glucose and HbA1c levels. GCB glucose
showed significant linear relation with FCB glucose
(R=0.987, R2=0.974, p=0.000) and HbA1c levels (R=0.709,
R2=0.502, p=0.000). The scatter plots summarize the linear
relationshipof GCB with FCB and HbA1c (Figure 3, 4).

DISCUSSION

Diabetes and periodontitis share a mutual pathological
relationship. Periodontally diseased patients are more
susceptible to diabetes and many patients visiting the dental
office may have undiagnosed asymptomatic diabetes.6

Majority of patients visiting dental practitioners may have
never been screened for diabetes. Blood glucose evaluation
at a dental visit may provide a good opportunity for screening
of diabetes in periodontitis patients. Gingival bleeding upon
probing is one of the most common signs of periodontal
inflammation.21 In this study, we evaluated the reliability
of gingival crevicular blood glucose testing via glucometers
in patients with periodontitis and correlated the results with
finger capillary blood glucose readings and HbA1c scores.
All the participants recruited for the study agreed to glucose
screening via GCB, indicating that the screening technique
was acceptable and comfortable for the periodontal patients.
Rosedale et al(2012) also reported that screening of diabetes
via GCB was non- invasive and convenient for the patients.12

To determine the association between GCB and FCB
glucose levels, Pearson's correlation was used which showed
a significantly strong correlation, indicating that there exists
a very strong positive association between the two variables.
This strong positive correlation between GCB and FCB
suggests that GCB can potentially be used to screen for
diabetes in periodontal patients. The present study supports
the results of the study carried out by Parker et al(1993),who
found significant correlation between GCB and FCB glucose
levels.22 Jain S et al(2015) also found strong correlation  (R
= 0.893, p = 0.001) between GCB and FCB glucose levels
in their study.23 Beikler et al(2002) also proved the usefulness
of GCB for glucose assessment in diabetic and non-diabetic
patients.24

 HbA1c test was performed as a confirmatory analysis
in patients with high or borderline increased glucose levels.
When GCB glucose levels were correlated with HbA1c
scores, significant positive correlation was observed. In this
study, GCB glucose showed stronger correlation with FCB
glucose levels than HbA1c as both GCB and FCB showed

point in time random capillary blood glucose levels as
compared to HbA1c which showed the 3 monthly glycemic
record of the patient. The mean GCB glucose levels were
generally found to be lower than FCB glucose levels. The
possible reason could be dilution of GCB sample with
gingival crevicular fluid and saliva, which have lower glucose
levels than blood. When the means of GCB and FCB were
compared, significant difference was observed indicating
that GCB and FCB glucose levels were related but not
similar. These findings are in accordance with the results
of the study carried out by Muller et al and Debnath et al
who found significant difference in mean between GCB and
FCB values.16,17 Difference in mean between the two variables
indicated that GCB cannot be used as a substitute for FCB
for glucose assessment at the same cut-off values.

However, the high sensitivity and specificity of this
method indicate that GCB glucose screening can be reliably
carried out for screening diabetes with a cut-off value of
168mg/dl. The role of GCB for the study carried out by
Parihar S et al(2016) also showed high sensitivity (100%)
and specificity (98.4%) of GCB glucose screening via
glucometers.25

The linear regression analysis demonstrated that gingival
crevicular blood glucose values can significantly predict
finger capillary blood glucose values (R2= 0.987, p<0.0001)
which is in agreement with the results of the linear regression
between GCB and FCB glucose  (R 2 =0.954,
p=<0.001)observed by Gaikwad et al(2013).26  Similar results
were obtained by Shetty et al in their study.27  Linear
regression analysis between GCB glucose levels HbA1c
scores revealed significant linear association (R2=0.502,
p<0.0001) between the two suggesting that GCB glucose is
a good predictor of HbA1c scores. High GCB glucose levels
can give an indication of underlying uncontrolled diabetes
and may be a first clue to asymptomatic undiagnosed diabetes
in periodontally diseased patients visiting dental
practitioners.28 Therefore, GCB glucose assessment at a
dental visit serves as an important screening opportunity
for the periodontal patients who are at risk of diabetes. As
treatment of periodontitis requires multiple visits to the
dentist, blood glucose readings can be recorded in known
diabetics to evaluate their glucose control as the treatment
advances.Aside from this, suspected diabetics can likewise
be screened in the dental office itself and afterward referred
for further examinations whenever required. Since the
estimation of glucose through GCB includes a speedy and
straightforward intraoral methodology with negligible cost,
dental experts might be persuaded to execute diabetes
screening in future. To the best of our knowledge, this was
the first study to conclude that random GCB glucose levels
are strongly correlated with Hba1c values and GCB glucose
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levels can predict Hba1c score of the patients with
periodontitis.

CONCLUSION

Gingival crevicular blood glucose assessment is a reliable
method to screen blood glucose levels in periodontal patients
at a cut-off value of 168mg/dl.  Efforts should be made to
reinforce the screening of diabetes in dental setups as the
procedure has proved to be acceptable for the patients. It is
recommended that dental practitioners and staff should be
trained to carry out diabetes screening of periodontal patients
at the dental office.
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