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Abstract
Background—This pilot study examined whether a novel diabetes screening approach using
gingival crevicular blood (GCB) could be used to test for hemoglobin A1c (HbA1c) during the
periodontal visit.

Methods—At a large periodontics clinic, finger stick blood (FSB) samples from 120 patients as
well as GCB samples from those patients with adequate bleeding on probing were collected on
special blood collection cards and were analyzed for HbA1c levels in a laboratory. The Pearson
correlation coefficient was used to measure correlation between FSB and GCB HbA1c values for
75 paired FSB and GCB samples. A Receiver Operator Characteristic Curve (ROC) analysis was
performed to determine an optimal GCB HbA1c criterion value for a positive diabetes screen.

Results—For the 75 paired samples, the Pearson correlation coefficient was .842. The ROC
analysis identified a criterion value of 6.3% for the GCB HbA1c test with high sensitivity (.933)
and high specificity (.900) corresponding to FSB HbA1c values of 6.5% or greater (in the diabetes
range). Using this GCB HbA1c criterion value for 27 additional paired samples in which there was
an unidentified component observed to co-elute within the elution window of GCB HbA1c in the
laboratory, there was agreement between FSB and GCB values for 24 of the pairs according to
whether they were both within, or both outside of the diabetes range.

Conclusions—Using a criterion value of 6.3%, GCB samples are acceptable for HbA1c testing
to screen for diabetes in most persons with bleeding on probing at the GCB collection site.
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INTRODUCTION
Diabetes has reached epidemic proportions in the United States. In 2010, 18.8 million
people in the U.S. had been diagnosed with diabetes, including 1.9 million aged 20 years or
older who were newly diagnosed that year.1 Of special concern is that an additional 7
million people living with diabetes in the U.S. are estimated to have been undiagnosed in
2010.1 Notably, early diabetes detection could identify diabetes-related complications at an
earlier stage,2–10 suggesting the value of screening to discover unrecognized illness, manage
existing complications, and prevent the progression of disease.

Some have therefore advocated for opportunistic screening among at-risk persons who
present for health care unrelated to diabetes.11–16 Among those at risk are persons with
moderate or severe periodontal disease,17–22 a condition that affects about 1/8 of U.S. adults
over 30 years of age.23 In our earlier analysis of National Health and Nutrition Examination
Survey (NHANES) data collected from adults who had moderate or severe periodontitis but
did not report a past diabetes diagnosis, we found that 93% would have been recommended
for diabetes testing according to American Diabetes Association guidelines.24 Many of these
adults had recent contact with a dentist (50% in the past year), and therefore could
potentially have been screened for diabetes in the dental office. For the many persons with
periodontitis who might not be screened elsewhere, the dental visit may be an important
setting for opportunistic diabetes screening, with considerable benefit to patients who might
not otherwise be screened. In addition, knowing a patient’s diabetes status can help dentists
make decisions about treatment to optimize the patient’s oral health care,25 and enhance the
role that dental providers play in supporting their patients’ overall health.

Several approaches have been proposed to screen for diabetes at dental visits. One suggested
approach has been to use dental and demographic data to identify at-risk patients.26–28

While non-invasive, this approach requires that patients visit their primary care providers for
even initial determinations of whether their glucose levels are in the diabetes range. Our
earlier work and that of others proposed an alternate diabetes screening approach that
involved the use of a hand-held glucose meter to perform point-of-care glucose testing using
gingival crevicular blood (GCB) obtained from patients with periodontitis.29–33 This
approach capitalized on the fact that the dental clinician’s routine probing to measure
periodontal pocket depth typically produces substantial gingival crevicular bleeding in
patients with moderate or severe periodontal disease. As dental providers and patients may
expect the dental provider to perform intra-oral, rather than extra-oral procedures, it was
thought that GCB glucose testing might be a more acceptable and feasible means for
diabetes screening in the dental office.34 In fact, in a survey of a national random sample of
U.S. dentists, although 76.6% thought it important for dentists to conduct diabetes screening,
only 55.9% were willing to collect blood via finger stick.35 Results from glucose testing
with hand-held glucose meters generally demonstrated high correlations between GCB
glucose values and finger stick blood glucose readings. However, limitations in the accuracy
of these readings, and the fact that the readings were affected by what and when the patient
last ate, made the value of their use in diabetes screening somewhat limited.

Notably, the hemoglobin A1c (HbA1c) test, recently promoted by the American Diabetes
Association for diabetes diagnostic purposes, is often preferred over other recommended
diagnostic tests (i.e., Fasting Plasma Glucose or Oral Glucose Tolerance) as it does not
require a fasting blood sample. By removing the need for fasting, the HbA1c test eliminates
a major barrier to diabetes screening, and can thereby help reduce the number of
undiagnosed patients, whatever the venue.36 To facilitate diabetes screening with HbA1c
testing in the dental office, a certified, high-complexity, Clinical Laboratory Improvement
Amendment [CLIA]-accredited laboratory¶ has developed a diabetes screening approach

Strauss et al. Page 2

J Periodontol. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



specifically intended for dental providers that involves finger stick HbA1c testing. Giving
highly reliable and valid results that conform to American Diabetes Association
recommendations regarding testing for HbA1c, this approach uses a self-contained kit with
all of the necessary supplies. It involves collecting a drop of the patient’s finger stick blood
(FSB) for HbA1c testing on a specially prepared blood collection card, enclosing the card
with the dried blood sample in a sealed, desiccated foil pouch within a waterproof envelope
to be sent via U.S. mail to the laboratory, and having the laboratory perform the HbA1c test
on the sample. However, consistent with the rationale for collecting GCB for glucose testing
using a hand-held glucose meter, some dental providers and patients may be more amenable
to the collection of oral blood in the dental venue. Therefore, in addition to using the
laboratory’s HbA1c testing approach with FSB, we expanded its approach to HbA1c testing
to include the testing of GCB, with the blood collected on a specially prepared blood
collection card wand and sent to the laboratory for testing. The dental provider collects the
GCB sample; the laboratory, rather than the dental provider, conducts the HbA1c test and
provides test results to the patient.

The major objective of the research study was to determine if GCB HbA1c tests are feasible
and acceptable for diabetes screening in periodontal patients. Specifically, our research was
intended to determine (1) whether periodontal patients will agree to have GCB collected and
dental providers will be willing and able to collect GCB for diabetes screening in the course
of the dental visit, and (2) whether a criterion value on the GCB HbA1c test in periodontal
patients can be determined that results in high sensitivity and specificity relative to an FSB
HbA1c value in the diabetes range. This paper focuses on the second of these two aspects of
the GCB HbA1c testing approach’s feasibility and acceptability. To do so, we report results
from a pilot study involving HbA1c testing of FSB and GCB samples from 120 patients who
were recruited from a Periodontics Clinic in a large, urban Dental College. We first
examined the HbA1c FSB test results from participating patients with regard to the extent to
which they were in the diabetes range (i.e., HbA1c ≥ 6.5%). For patients from whom a GCB
sample was also collected, we report the extent to which these GCB HbA1c sample results
could be used for comparison with FSB HbA1c sample tests. For patients for whom these
comparisons could be made (N=75), we then determined (a) the correlation of FSB and
GCB HbA1c values, and (b) the optimal criterion GCB HbA1c value to identify patients
with FSB HbA1c values in the diabetes range.

MATERIALS AND METHODS
Study recruitment, participation, and data collection took place at the New York University
College of Dentistry (NYUCD) Periodontics Clinic from March through May 2011. All of
the recruited subjects were patients either under treatment, or on maintenance for
periodontal disease. Patients were eligible for the research if they were ≥ 18 years old and if
(1) they did not require antibiotic pre-medication before dental treatment, and did not have a
history of severe cardiovascular, hepatic, immunological, renal, hematological, or other
organ impairment (consistent with NHANES exclusion criteria37), and (2) had diabetes or
were at risk for diabetes according to criteria established by the American Diabetes
Association.38 In establishing the study’s recruitment and eligibility criteria and strategy, it
was anticipated that while all of the participating periodontal patients would be able to
provide a FSB sample for HbA1c testing, not all of these patients would have sufficient
bleeding on probing for GCB blood collection. The approach to patient recruitment and
eligibility was intended, in part, to assess the extent to which sufficient GCB blood

¶Healthy Life Laboratories, Bannockburn, IL
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collection for HbA1c testing would be possible for the majority of patients receiving care at
a Periodontics Clinic in a large, urban Dental College.

When patients presented for their dental appointment at the Clinic, they were given an NYU
IRB-approved flyer that contained information about the study. When a patient expressed
interest in learning more about the study and possibly participating, a Research Assistant
(RA) who was on site at the NYUCD Periodontics Clinic waiting area, reviewed with the
patient the informed consent form for study participation. Individuals who agreed to
participate and provided informed consent were first screened for eligibility in accordance
with the study inclusion criteria, receiving a $5 gift card for completing this eligibility
screening. Eligible patients who participated in the study received an additional $20 gift
card. Participants were each given unique study identification codes for all assessment
instruments and blood samples; no other information that would disclose the participant’s
identity was found on any assessment instruments. A separate secured sheet, accessible only
to the PI, Collaborators, and the RA, linked the participant’s name to the identification
number. Individuals were assured that their decision of whether or not to participate would
not affect services they received at the NYUCD. The IRB at the NYU School of Medicine
approved all instruments and procedures. By the end of May, 2011, a total of 134
individuals had been recruited into the study, with 14 who expressed interest in study
participation found to be ineligible.

The RA first oversaw the eligible participant’s completion of a 10-minute survey before the
dental visit at the NYUCD Periodontics Clinic. The survey gathered socio-demographic and
health information, as well as participants’ knowledge and feelings about diabetes and
diabetes screening. Blood samples were collected by a dental provider when the patient was
seated in a dental chair in the Clinic. For collection of the FSB sample, the patient’s finger
tip was cleaned with an alcohol prep pad and the alcohol was allowed to evaporate. The
finger tip was then punctured with a sterile lancet. The drop of blood was touched to a blood
collection card comprised of a Whatman 903® filter paper medium that was overlayed with
a protective inert paper covering to minimize handling and contamination of the filter paper
card. A barcode label, unique to each patient, was affixed to the blood collection card. The
blood sample was allowed to dry for 15 minutes at ambient temperature, and then
transferred to a zip-lock sealed, desiccated foil pouch. The pouch was enclosed with the
laboratory’s requisition endorsed by the patient in a pre-addressed, business reply, leak-
proof envelope and sent to the laboratory for processing. The participating laboratory in the
research has demonstrated 28-day stability of dried blood specimens using this system,
which is approved by the U.S. Postal Service for transport of bio-hazardous substances.
Patients were informed that they would receive their FSB HbA1c results directly from the
laboratory.

Next, an intra-oral exam was performed by a dentist or dental hygienist to determine the
extent of periodontal pocket depth and bleeding on probing so that an optimal site for GCB
collection could be selected (maxillary anterior whenever possible as this area offered the
best access for GCB collection and with minimal contamination with saliva). If there was no
indication of bleeding upon probing, only FSB was collected. When it was possible to obtain
a GCB sample for HbA1c testing, a dental provider then inserted a Marquis periodontal
probe into the gingival sulcus in one of the areas that exhibited erythema and/or edema. The
probe was then removed, and the gingival crevice observed for bleeding. After selecting the
site, the dental provider isolated it with cotton rolls to limit saliva contamination, scaled the
site, dried the area with gauze to eliminate contaminants from the tooth, and then re-probed
the site. The tip of a special blood collection card wand, with the wand in the shape of a
right trapezoid and affixed with a unique barcode label, was then touched to the bleeding
gum, and care was taken to avoid contact with the surface of the tooth or gum. As much
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blood as wicked onto the tip of the wand was collected and allowed to dry for 15 minutes at
ambient temperature. As with the patient’s FSB sample, the wand containing the GCB
sample was enclosed in a sealed, desiccated foil pouch, placed in the waterproof envelope
created for this purpose, and mailed to the laboratory for HbA1c testing. We note that some
of the initial GCB samples that were collected covered less than one third of the tip of the
wand and were found by the laboratory to be inadequate for HbA1c testing. Therefore, for
subsequent GCB HbA1c tests, we sent the laboratory only those GCB samples that covered
at least one third of the tip of the wand. When the amount of GCB was inadequate for
HbA1c testing, only the patients’ FSB samples were sent to the laboratory for this testing.
We also note that although the barcode labels for the FSB and GCB samples were carefully
linked to each patient, the laboratory was blind to this linkage and therefore analyzed the
samples as unique blood specimens for HbA1c testing.

The HbA1c tests on the FSB and GCB samples were performed at the laboratory under the
direction of a board-certified medical technologist and clinical chemist, and the medical
direction of a licensed clinical and anatomical pathologist. At the laboratory, analysis for
HbA1c underwent an elution process, which began with punching a 3mm spot using a
calibrated hole punch (McGill Inc., Marengo, IL) from a homogeneous region of the dried
blood spot on the blood collection card or wand. The punched spot was transferred to a pre-
labeled 15 × 100mm borosilicate tube (Fisher Scientific, Pittsburgh, PA). To each tube,
500μL of a proprietary hemolyzing reagent was pipetted. To ensure homogeneity, the eluate
tubes were rotated at 1000 rpm for 30 minutes at 25°C. The resulting hemolysate was
analyzed for HbA1c using the BioRad Variant II Analyzer (BioRad, Inc, Hercules CA),
which employs high-performance liquid chromatography, and exclusively uses BioRad
Reagents.39 The BioRad Variant II HbA1c method is certified by the National
Glycohemoglobin Standardization Program (NGSP) as being traceable to the HbA1c
reference method.40 Analytical runs were quality-controlled with commercially available
assayed whole blood control materials from BioRad, and laboratory-prepared dried blood
quality control cards prepared on Whatman 903® filter paper using donor blood. Within-run
precision and between-run precision of dried blood spot quality control have been
established at coefficients of variation of 0.5% and 0.5%, and 1.4% and 1.4% at HbA1c
values of 5.3% and 6.4% respectively. Comparison of HbA1c in dried blood spot samples to
paired whole blood samples has yielded a correlation coefficient of 0.991 (n = 87), and
demonstrated diagnostic accuracy exceeding 98% at a HbA1c diagnostic cutoff of 6.5%.
The laboratory also participates in semi-annual proficiency testing challenges to enable
blinded assessment of performance compared to a peer group of clinical laboratories, as well
as comparison to the NGSP HPLC reference method.

In the current work, descriptive statistics (i.e., means, standard deviations, proportions) were
used to report the average FSB HbA1c readings, socio-demographic characteristics, and
health-related factors of the participants, especially as they are relevant to diabetes risk. For
some GCB samples, an unidentified component was observed to co-elute within the elution
window of GCB HbA1c in the laboratory, interfering with the quantification of the HbA1c
percentages. Thus, for participants for whom their GCB HbA1c tests did not have such an
unidentified component, the Pearson correlation coefficient was used to assess the
correlation of FSB and GCB values. A Receiver Operator Characteristic Curve (ROC)
analysis was then performed to determine an optimal GCB HbA1c criterion value for a
positive diabetes screen. All analyses were conducted using PASW version 18.0.

RESULTS
A total of 120 individuals were eligible and participated in the study and provided a FSB
sample for HbA1c testing. Average FSB HbA1c readings were 6.0% (standard deviation = .
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83%), with 20 (16.7%) in the diabetes range. An additional 66 (55.0%) patients had FSB
HbA1c test results in the pre-diabetes range (i.e., between 5.7% and 6.4%), and are at
increased risk of developing diabetes in the future.

GCB samples were also collected from 102 of the 120 participants; no bleeding on probing
or insufficient bleeding to adequately cover the tip of the blood collection wand prevented
collection and/or laboratory analysis of GCB samples from the remaining 18 participants. In
the case of 27 of the 102 GCB samples, an unidentified component was observed to co-elute
within the elution window of HbA1c in the laboratory. The presence of a co-elution peak
from this unidentified component interfered with the quantification of HbA1c and generally
resulted in underestimation of true HbA1c percentages. Thus, as seen in Figure 1,
assessment of the HbA1c percentage without such interference was possible for 75 of the
102 GCB samples.

Comparisons between the FSB and GCB HbA1c readings for the 75 participants without co-
elution peaks when conducting the GCB HbA1c tests and the 27 participants with co-elution
peaks when performing these tests are shown in Figure 2.

Confining our analyses to the 75 participants who had GCB HbA1c samples without co-
elution peaks, forty-two (56.0%) of the 75 participants were women, with 44 (58.7%)
participants between the ages of 45 and 64, and 16 (21.3%) at least 65 years old. With
regard to their ethnicity, 16 (21.3%) were Latino. Participants’ racial distribution included
29 (38.7%) who were Black, African American or Caribbean; 31 (41.3%) who were White;
and 5 (6.7%) who were Asian, Native American, American Indian, or Pacific Islander. The
remaining participants generally identified their race as Hispanic. Forty-seven (62.7%) of
the 75 participants had a body mass index (BMI) ≥ 25 kg/m2, and 35 (46.7%) indicated that
they got little exercise during a given day. Seventeen (22.7%) participants had a sibling with
diabetes and 27 (36.0%) had a parent with the condition. Two women had a baby of at least
9 pounds at birth. Most (76.0%) indicated that they had regular dental checkups at least
annually with a dentist or dental hygienist.

Notably, of the 75 participants, 15 (20.0%) had FSB HbA1c values in the diabetes range (≥
6.5%), including 8 who indicated that they had never been told by a health care provider that
they had diabetes. For these 75 participants, the correlation between FSB and GCB HbA1c
values was .842.

We next performed an ROC analysis to determine the optimal GCB HbA1c value that could
serve as a criterion for a positive diabetes screening result corresponding to an FSB HbA1c
reading ≥ 6.5% (in the diabetes range). The area under the ROC curve (AUC) was .964, with
asymptotic 95% confidence interval (.915, 1.000) (see Figure 3).

Table 1 provides the sensitivities and specificities for different possible criterion GCB
HbA1c values that correspond to FSB HbA1c values ≥ 6.5%. As can be seen in Table 1, a
criterion value of 6.3% on the GCB HbA1c test provides the optimal combination of
sensitivity (.933) and specificity (.900) as it minimizes the value of the sum, (1-sensitivity)2

+ (1-specificity)2.

With a criterion value of 6.3% on the GCB HbA1c test, of the 15 individuals with a FSB
HbA1c value ≥ 6.5%, only 1 individual (whose FSB HbA1c value was 6.5%) would fail to
be recognized as having a HbA1c reading in the diabetes range (a false negative; see Table
2). Moreover, with this GCB criterion value, only 6 of the 60 individuals with a FSB HbA1c
reading < 6.5% would be falsely classified as having a HbA1c reading in the diabetes range
(a false positive; see Table 2). Even for these 6 individuals, FSB HbA1c values fell between
5.8% and 6.4%, all in the pre-diabetes range.
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Notably, for 24 of the 27 GCB samples that had co-elution peaks when analyzing HbA1c, a
criterion value of 6.3% on the GCB HbA1c test resulted in correct classification regarding
whether a paired FSB HbA1c value was inside, or outside of the diabetes range (see Figure
1). In particular, 22 of the individuals would have been correctly classified as having HbA1c
values below the diabetes range (i.e., FSB HbA1c < 6.5%), and 2 would have been correctly
classified as having HbA1c values in the diabetes range (i.e., FSB HbA1c ≥ 6.5%). In the 3
discordant cases, the FSB HbA1c values were 6.5% (N=2) or 6.6% (N=1), and the paired
GCB HbA1c values were less than 6.3%.

DISCUSSION
In view of the growing number of people with unrecognized diabetes and the increased risk
for diabetes among periodontal patients, diabetes screening at the time of the dental visit is a
promising public health opportunity. In fact, although not a random sample, it is noteworthy
that 16.7% of the 120 patients who participated in our study had FSB HbA1c values in the
diabetes range, and 55% of the values were in the pre-diabetes range. Although the
laboratory’s approach to diabetes screening using FSB samples may be acceptable to some
dental providers and some patients, others may prefer that such screening be performed with
a GCB sample. Notably, results from our pilot study suggest that criterion-based testing for
periodontal patients’ HbA1c values with dried blood GCB samples using the laboratory’s
approach is feasible at the time of the dental visit. Although in need of subsequent research
to understand how to avoid or limit co-elution peaks at the time of GCB HbA1c testing, (1)
the high correlation (.842) between FSB and GCB HbA1c values among the samples with
GCB HbA1c tests not having co-elution peaks, and (2) the high specificity and sensitivity (.
933 and .900, respectively) among these samples for a criterion value of 6.3% on the GCB
HbA1c tests generates considerable promise regarding the acceptability of our unique
approach to diabetes screening at the dental visit. Furthermore, because 76% of these
patients visited a dental provider regularly, there is great potential for reaching at-risk
periodontal patients for diabetes screening, many of whom exhibit diabetes risk factors such
as having a first degree relative with diabetes or having a high BMI.

Together with the advantage of collecting oral blood that is present when probing the pocket
depths of periodontal patients, our GCB HbA1c approach to diabetes screening retains many
of the advantages of the laboratory’s finger stick HbA1c testing approach. As advocated by
the American Diabetes Association, the laboratory’s HbA1c analysis with both FSB and
GCB sample testing employs High Pressure Liquid Chromatography (HPLC) technology,
widely regarded as the reference method of the National Glycohemoglobin Standardization
Program (NGSP). Portable devices used for HbA1c testing at dental visits and elsewhere
generally use an immunoassay, which is prone to inaccuracy from abnormal hemoglobin
variants, including the common sickling hemoglobins S and C. In addition, portable devices
for HbA1c testing are very costly and complex, limiting their practicality for use in a dental
venue. They require collecting blood into a capillary tube and inserting it into a vial that is
mixed, timed, and transferred to an instrument for testing. There is no indication whether the
blood collected was of adequate quantity, or whether the sample mixing steps were
performed correctly. In contrast, our method requires only a single drop of blood to be
collected by the dental provider, applied to a card, and mailed to the laboratory for HbA1c
testing. This quality control testing is performed at a certified clinical laboratory and run by
a medical technologist or laboratory technician who analyzes the HbA1c. In addition, use of
the portable HbA1c testing devices requires that a Clinical Laboratory Improvement
Amendments (CLIA) certificate of waiver be obtained by the dental practice if the testing is
to be conducted in the dental office, whereas the blood collection at the point-of-care using
our method is CLIA-exempt, with analysis of HbA1c levels conducted by a CLIA-
accredited laboratory. Notably, our approach also does not require the dentist to make a
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diabetes diagnosis, a task with which the dentist may be especially uncomfortable as it is
outside of her/his scope of practice.

We acknowledge some limitations and issues in need of future research in using our
approach for diabetes screening. First, as was the case with 18 of our 120 participants, not
all patients will have adequate oral bleeding to obtain a GCB sample for HbA1c testing. For
such patients, the laboratory’s FSB HbA1c testing approach can be used. Another limitation
involves the presence of co-elution peaks in the analysis of some GCB samples. In spite of
careful debridement of the collection site to remove as much of the contaminants (i.e.,
saliva, oral effluents) as feasible, some of these oral samples may have been contaminated
with high levels of bacteria, or retained elements from a mouth rinse that may have been
used prior to the GCB collection. Although this limitation affected 27 samples, only 3 of the
27 samples did not agree with the FSB samples regarding whether or not HbA1c values
were in the diabetes range. Nonetheless, further research is needed to understand the reason
for these co-elution peaks, and to identify the optimal way to preserve specimen integrity
through the use of stabilizing agents that can be incorporated into the specimen transport
media. In addition, although the GCB samples were collected from maxillary anterior sites
whenever possible, some samples were collected from posterior and mandibular sites when
bleeding in the maxillary anterior was limited. To obtain the most contaminant-free GCB
samples at all GCB collection sites, site isolation with cotton rolls was followed by scaling,
drying with gauze, and re-probing. Future studies will explore whether there is a need to
standardize GCB specimen collection sites to best minimize sample contamination and
optimize performance. An additional limitation to the research concerns the involvement of
patients from only one dental venue: a Periodontics Clinic in an urban Dental College. The
feasibility and acceptability of this approach needs to be further examined in community-
based and other dental practices. Finally, although dentists appear to be willing to
incorporate screening for medical conditions into their practices,35 the extent to which
community-based dental providers would be amenable to incorporating our suggested
approach to diabetes screening remains to be determined. In spite of these limitations, our
pilot study provides data in strong support of further exploration to capitalize on a promising
approach to screen periodontal patients for diabetes.
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Figure 1.
Study Participants from Whom Finger Stick Blood (FSB) and Gingival Crevicular Blood
(GCB) Were Collected.
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Figure 2.
Finger Stick Blood (FSB) Vs. Gingival Crevicular Blood (GCB) %HbA1c (N=102).
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Figure 3.
Receiver Operator Charactistic Curve for Gingival Crevicular Blood (GCB) HbA1c Values
Corresponding to Finger Stick Blood (FSB) Values ≥ 6.5% (N=75)
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Table 1

Coordinates of the ROC Curve: GCB HbA1c Cutoff Values for FSB HbA1c Values ≥ 6.5% (N=75)

Criterion Value for a GCB %HbA1c Cutoff Sensitivity 1-Specificity

3.80 1.000 1.000

4.85 1.000 0.983

4.95 1.000 0.967

5.10 1.000 0.950

5.25 1.000 0.933

5.35 1.000 0.917

5.45 1.000 0.833

5.55 1.000 0.800

5.65 1.000 0.717

5.75 1.000 0.600

5.85 1.000 0.467

5.95 1.000 0.300

6.05 0.933 0.200

6.15 0.933 0.167

6.30 0.933 0.100

6.40 0.800 0.050

6.55 0.600 0.033

6.70 0.600 0.017

6.85 0.467 0.000

6.95 0.400 0.000

7.10 0.333 0.000

7.30 0.133 0.000

7.45 0.067 0.000

8.50 0.000 0.000

ROC=Receiver Operating Characteristic; HbA1c=hemoglobin A1c; FSB=finger stick blood; GCB=gingival crevicular blood
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Table 2

FSB and GCB HbA1c Values: Criterion Cutoff of 6.3% for the GCB HbA1c Values (N=75)

GCB HbA1c Readings FSB HbA1c Readings < 6.5% FSB HbA1c Readings ≥ 6.5% Total

< 6.3% 54 1 55

≥ 6.3% 6 14 20

Total 60 15 75

HbA1c=hemoglobin A1c; FSB=finger stick blood; GCB=gingival crevicular blood
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