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ABSTRACT

Current understanding of the relationship between fasting plasma glucose (FPG) and
Hemoglobin A1c (HbA1c) may no longer be accurate. A variety of genetic, environmental and
lifestyle factors help point to the complexity of the relationship. This experiment tests the
linearity observed between FPG and HbA1c values measured amongst different self-reported
races of men and women in the Pennsylvania State University undergraduate and graduate
student population (Age = 21.21 ± 1.86 years). Experimental testing was completed using fingerstick screening with lipid-glucose and HbA1c tests on students fasted for a minimum of 9-12
hours before blood sampling. Results of (n=217) subjects (n=117 Non-Hispanic White race,
n=100 Other Races) revealed significant differences in HbA1c values of 0.28% between the
Non-Hispanic White race versus Other Races using the A1cNow+ System (PTS Diagnostics,
Indianapolis, IN) (p < 0.00003) and difference in 0.15% between the Non-Hispanic White race
versus Other Races using the DCA Vantage Analyzer (Siemens Medical Solutions USA, Inc.) (p
< 0.007). Additionally, no statistically significant correlations between FPG and either HbA1c
measurement used were found, demonstrating a non-linear relationship between the two
variables in the entire sample population, and once again when analyzed in the Non-Hispanic
White race and Other Races categories specifically. The findings described have clinical
significance in evaluating the relationship between HbA1c and FPG, and using HbA1c as part of
the diagnostic criteria for prediabetes and diabetes.
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Chapter 1
Introduction
The following investigation is aimed at examining statistical variables that contribute to
one of the largest growing pandemics, diabetes. The primary variables targeted for research in
this experiment are Hemoglobin A1c and fasting plasma glucose (FPG). In the US population
alone, 2015 statistics reported that 30.3 million Americans had diabetes, while approximately
84.1 million Americans had pre-diabetes symptoms (“Statistics About Diabetes”, n.d.) While
there are a handful of factors that contribute to both type 1 and type 2 diabetes development,
including genetic, environmental, and lifestyle choices (“Symptoms & Causes of Diabetes”
2016), this study focused on sampling and analyzing key components of blood which help
indicate prediabetes and diabetes classifications. The two types of tests used in this study were
the lipid-glucose test, carried out by the Alere Cholestech LDX analyzer (Abbot Labs, Chicago,
IL), and an HbA1c test carried out by two machines: the A1cNow+ System (PTS Diagnostics,
Indianapolis, IN) and DCA Vantage Analyzer (Siemens Medical Solutions USA, Inc.). Because
hyperglycemia has become an essential condition in diagnosing diabetes (Sacks, 2011) these two
tests listed above play an instrumental role in examining the presence of elevated glucose in the
bloodstream. FPG is tested by measuring the amount of glucose present in a blood sample, and is
commonly measured in a density unit of milligrams/deciliters. (“Diabetes”, 2018) The HbA1c
test is a longer-term measure of blood sugar control, indicating the percentage of glucose that
attached to the oxygen-transporting protein hemoglobin, found in red blood cells over the most
recent 2-3 month duration leading up to time of testing (“Diabetes”, 2018).
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Together, these two measurements provide quantitative guidelines for defining which
individuals may meet the criteria for pre-diabetes or diabetes diagnosis. The criteria outlined for
prediabetes diagnosis includes an HbA1c level between 5.7-6.4%, and a fasting blood sugar
between 100-125 mg/dL (“Prediabetes”, 2017). Moreover, the criteria for type 2 diabetes
includes an HbA1c level of at least 6.5% on multiple tests and a fasting blood sugar above 125
mg/dL (“Prediabetes”, 2017). While both tests have their own advantages and disadvantages
associated, there is much discussion on the exact relationship between the two tests, given their
functionality is generally aimed at serving the same purpose. Modern research suggests there is a
linear to curvilinear relationship between the FPG and HbA1c variables. Furthermore, many
educational websites offer tables identifying a given blood chemistry value (FPG, HbA1c) in
correspondence with the other tested blood variable mentioned. Other confounding literature on
specific populations suggests that there are actually discrepancies in these supposed FPG and
HbA1c relationships values which are distinguished by specific race, such as the HbA1c gap
between Non-Hispanic Whites and African-Americans (Bergenstal, 2017). This study aims to
explore the relationship between FPG and HbA1c and does so by comparing these measures in a
younger, college-aged sample population. There are significant differences, and thus non-linear
relationships between the FPG and HbA1c levels of Non-Hispanic White (NHW) Races versus
Other Races in the college-aged population.
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Chapter 2
Methodology

Research Questions and Null Hypotheses
The primary objective of the study was to identify the relationship between fasting
plasma glucose and Hemoglobin A1c when evaluated by race. The study aimed to demonstrate
that no significant correlation exists between an individual’s FPG level and HbA1c value in a
given sample size of a population.
The null hypothesis of this study states that there is no relationship between FPG and
HbA1c blood levels. The alternative hypothesis of this study states that there is a relationship in
FPG and HbA1c blood levels. The proposed relationship of how a subject’s FPG and HbA1c
levels correspond is shown to exist in a linear to curvilinear form (“A1c test”, 2018;
Ramachandran et. Al, 2012; Riet et. Al, 2010; Sacks, 2007; Zhou et. Al, 2013). This association
is said to exist in subjects of various race/ethnicity, as well as diabetic and non-diabetic status,
although it can vary in its strength of correlation (Ramachandran et. Al, 2012; Riet et. Al, 2010;
Zhou et. Al, 2013). This study attempted to accept the null hypothesis and illustrate a nonsignificant, non-linear relationship between the two variables being tested.
While not a primary objective of the study, additional analysis of the data would allow
for exploration of any statistically significant differences of tested blood variables between race
groups, between sexes of all races combined, and between sexes of each race group. Findings
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from these analyses were discussed in the results section of this report to supplement any
primary objective findings.

Research Design
The research experiment implemented is a cross-sectional study using primarily
quantitative research methods to analyze blood biomarkers in a college-aged sample population.
Data taken included specific components of an individual’s blood sample which were measured
numerically based on density and percentage of the desired component present in the blood
sample. Additionally, subject demographic data was translated into numerical format for rapid
and accessible categorization of data. Data was entered into Microsoft Excel 2016 and Statistical
Package for the Social Sciences (SPSS) Statistics Version 25 software systems for storage and
analysis of results.

Participants

The primary target population for this study was college-aged students of various racial
backgrounds. Total reported participation in the study was 217 subjects, which consisted of 114
men and 103 women, with an average of 21.21 ± 1.86 years of age. All participants self-reported
their race(s) on an Institutional Review Broad (IRB) approved screening form at the time of their
testing into one or more of the following categories: American Indian or Alaska Native, Asian,
Black or African American, Caucasian or White, Hispanic or Latino, Middle Eastern or North
African, and/or Native Hawaiian or other Pacific Islander.
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Figure 1. Number of participants tested according to self-reported race.
Of the total sample size gathered, the majority were Penn State students. The majority of
undergraduate students tested were enrolled in Kinesiology Physical Activity Program (KPAP)
courses, classes designed to fulfill the Health and Wellness (GHW) component of the General
Education requirements for students in pursuit of a Baccalaureate degree (“Kinesiology Physical
Activity Program”, n.d.). As part of select KPAP courses, students are required to visit the
Center for Fitness and Wellness, located in 020 Intramural Building of the Penn State University
Park campus to complete both a fitness and blood lipid and glucose-profile test, assessing
students’ overall health levels. Before a lipid-profile test was performed, students were asked
verbally if one would like to additionally participate in the IRB-approved study designed to test
HbA1c levels of participants, documented as Study # 00008438: Variability in the relationship
between HbA1c and fasting plasma glucose in college students of different ethnicities. Those
answering in the affirmative were provided with written consent. With verbal and documented
consent granted, research staff would conduct a lipid-profile test, and HbA1c test on the
participant.
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The remaining minority of subjects were obtained from community outreach events
coordinated by principal investigator, Dr. Christopher Bopp, and student investigator Michael
Healy, from the Department of Kinesiology at the Pennsylvania State University. Of these 11
students, one was a non-Penn State college student, and the remaining 10 were high school
students, at least 18 years of age with a dual-enrollment affiliation to Penn State. All testing took
place within the borough of State College and Penn State University Park campus with the same
approved testing materials and methods described. Additional approval from the IRB was
requested and obtained to conduct testing on all students that were not previously specified in the
original document.

Materials/Instruments Used

Subjects who consented to be in the study agreed to have a lipid-glucose test and HbA1c
test performed. All tests were administered via fingerstick. To carry out these tests, an Alere
Cholestech LDX System analyzer (Abbot Labs, Chicago, IL) was utilized to perform a lipid
profile, cholesterol, and glucose assessment of the bloodstream. Additionally, a commercially
available A1cNow+ System (PTS Diagnostics, Indianapolis, IN) was used to provide HbA1c
readings. Five months into the study, a second HbA1c instrument, the DCA Vantage Analyzer
(Siemens Medical Solutions USA, Inc.) was obtained by the Department of Kinesiology and was
incorporated as a second HbA1c measurement into the study, with IRB approval.
Both the DCA Vantage Analyzer and PTS Diagnostics A1cNow+ instruments calculate
glycosylated hemoglobin scores according to the following equation (Siemens Medical Solutions
USA, Inc.): % HbA1c = (HbA1c/Total Hemoglobin) x 100
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The A1cNow+ System is a National Glycohemoglobin Standardization Program (NGSP)
certified testing monitor that has the capacity to measure HbA1c values from a range of 4-12%
or a density of 20-108mmol/mol (NGSP; PTS Diagnostics, Indianapolis, IN). It requires 5microliters of blood that provides participant’s results in five minutes (PTS Diagnostics,
Indianapolis, IN). Accuracy of the instrument was tested on 189 diabetic and non-diabetic
subjects in the United States using the NGSP-certified method (Tosoh Bioscience) and displayed
a 99% average accuracy value. Using a 95% confidence interval, A1cNow+ results were
reported to vary by as much as –1.0% to +0.8% from the true HbA1c value (PTS Diagnostics,
Indianapolis, IN). Precision studies running a total of 80 assays at low (6.0%) and high (9.0%)
HbA1c values over the course of 20 days revealed a coefficient of variation of 3.0% and 4.2%
for the high and low HbA1c levels, respectively (PTS Diagnostics, Indianapolis, IN).
The DCA Vantage Analyzer, which is also National Glycohemoglobin Standardization
Program (NGSP) approved, has the capacity to measure HbA1c values from a range of 2.5-14%,
or a density of 4-130mmol/mol (Siemens Medical Solutions USA, Inc.) The blood sample is
contained in an immunoassay cartridge that utilizes a monoclonal antibody agglutination reaction
to obtain results. A 1-microliter sample of whole blood is required that provides participant’s
results in 6 minutes (Siemens Medical Solutions USA, Inc.). A precision study of the DCA
Vantage Analyzer’s HbA1c test was conducted at the Central Primary Reference Laboratory for
the NGSP using the following wide range of concentrations: 31 mmol/mol (5.0%), 48 mmol/mol
(6.5%), 64 mmol/mol (8.0%), and 108 mmol/mol (12.0%). Using clinical samples, each HbA1c
concentration was measured on the Tosoh G7 HPLC method (Tosoh Bioscience). Results from
the study yielded extreme precision at the concentrations of 5.0%, 6.5%, and 8%, which
surpassed the acceptance criteria for precision according to the guidelines of the Clinical and
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Laboratory Standards Institute with coefficient of variations of 2.0% or less (Siemens Medical
Solutions USA, Inc.).
The Alere Cholestech LDX System is a Clinical Laboratory Improvement Amendments
(CLIA)-waived machine that tests the glucose, cholesterol, and associated lipid components of a
subject’s bloodstream (Abbot Labs, Chicago, IL). This machine works by separating blood
plasma from blood cells, and allows each component to be measured via enzymatic methods on a
custom reaction pad (Abbot Labs, Chicago, IL). An example of enzymatic reactions used to
measure blood components are provided below in Figure 2.

Figure 2.
Example of enzymatic reaction used to measure FPG (Abbot Labs, Chicago, IL).
In addition, the limitations of each measurement using scales and ranges associated with
this instrument are provided in Figure 3 below.

Figure 3.
Range of measurable values on Alere Cholestech LDX System (Abbot Labs, Chicago, IL).
Note: Values measured outside the identified ranges displayed the value “N/A”.
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Other limitations not directly addressed in Figure 3 above are provided below in a
detailed list distributed in Abbot Labs’s Cholestech LDX Lipid Profile•GLU cassette package
inserts (Chicago, IL).









If the measured value of TRG is >650 mg/dL (>7.34mmol/L), the LDX displays “N/A”
for HDL.
If the measured value of TRG is >400 mg/dL (4.51 mmol/L), the LDX displays “N/A”
for the LDL estimate.
If the measured value of TC, HDL, or TRG is outside the measuring range, the LDX
displays “N/A” for the LDL estimate. [Software version 2.02 calculates LDL estimates
with measured TRG values as low as 30 mg/dL (0.34mmol/L).]
The glucose test is specific for D-glucose. Other sugars that may be present in the blood
do not react with the glucose test (i.e., fructose, lactose).
Samples with total cholesterol, HDL cholesterol, triglyceride or glucose values outside
the measuring range should be sent to a laboratory for testing.
Performance of the Alere Cholestech LDX® system has not been tested on samples from
newborns.
Blood glucose results performed at altitudes above 5000 feet have not been validated.
As previously mentioned, the components total cholesterol (TC), high-density lipoprotein

(HDL), triglycerides (TRG), and glucose (GLU) are calculated by their determined amounts in
the sampled blood via enzymatic reactions that react with the blood sample to yield a given
value. The variables “ratio” and “LDL” however, are calculated by the analyzer using the
aforementioned components directly determined from the blood sample. To elaborate, the
variable, “ratio” is calculated by the amount of TC divided by the amount of HDL in the blood,
as shown in the equation below.
Ratio = (TC/HDL)
The variable LDL is calculated using the equation shown below.
LDL = (Total cholesterol) – (HDL cholesterol) – (TRG/5)
Alere reports that the Cholestech LDX analyzer’s measured triglyceride, cholesterol, and
associated lipids meet the National Cholesterol Education Program’s (NCEP) standards for TC,
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HDL, TRG, and LDL values. The Cholestech LDX’s TE measurements fell within 8.9%, 13%,
15%, and 12% NCEP TE guidelines, respectively. Additionally, Alere reports that despite there
being no nationally recognized total error (TE) goal to fall within, their product is regarded as
acceptable for clinical care with accuracy ranges falling with 12% of TE goals (Abbot Labs,
Chicago, IL).
A total of 3 documents were given to subjects acknowledging their participation in the
study. Each of these documents are located in Appendix B of this report. These documents
consisted of two consent forms, and one demographic survey form. The first form administered
is the Center for Fitness and Wellness’s Cholestech Consent form, which provides written
consent to have a complete blood-lipid profile conducted. The second consent form administered
is the IRB study #00008438 Consent For Research form, which provides all background and
instructions necessary to participate in the HbA1c test permitted through the study. The third
document administered is the IRB-approved survey, which allows individuals to self-report the
following demographics: Gender, Age, Race. Additionally, the survey asks a total of 10
questions regarding to health history in the following Yes or No response format.
Do you have the following conditions?


Have you ever been told you have any form of anemia?



Sickle cell anemia



Iron deficiency anemia



Hemolytic anemia



Are you currently receiving iron replacement therapy?



Diabetes mellitus (type 1 or 2)



Have you had a recent (3 months) blood transfusion?
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Have you had your spleen removed?



Have you been told that your spleen does not function normally?



Do you have a family history of diabetes?
All responses were recorded and saved in accordance with a personal ID given to each

participant.

Procedure

Participants report to the Center for Fitness and Wellness, located in Room 020 of the
Intramural Building for their testing. Upon entrance, students seeking bloodwork are verbally
asked to participate in the human subjects study titled: Variability in the relationship between
HbA1c and fasting plasma glucose in college students of different ethnicities. Students are
explained the terms of the study, as well as its potential risks and benefits associated. Upon
verbal consent, subjects are then required to fill out an IRB-approved consent to research form
further explaining the conditions of the study. After verbal and documented consent to testing,
students are asked to fill out a one page questionnaire which provides basic demographic data
about the subject’s background (age, sex, and race). These are meant to clarify the groups of
individuals tested during this study. Additionally, 10 written questions are asked to the subjects
in YES/NO format providing relevant information about past medical history that can have a
significant effect on any of the primary variables tested in the study (glucose, HbA1c).
In the approved testing site, all blood tests are delivered via finger-stick by research staff.
At the beginning stages of the trial, a total of two blood tests were ran on subjects, a lipidglucose, and an HbA1c test. During testing, the lipid-glucose test was administered first via

12

Alere Cholestech LDX System analyzer (Abbot Labs, Chicago, IL). The subject would sit down
in the phlebotomy chair laying down relaxed in supine position with their preferred hand facing
out palm-side up toward the administrator. The administrator would then take the subject’s hand,
ask which finger the subject would like to be sampled from (excluding the thumb), and disinfect
the chosen finger and surrounding areas with an alcohol swab. After letting the disinfected area
air-dry for 15-20 seconds, the administrator would proceed to finger-stick the individual by
applying a lancet to the medial or lateral side of the chosen distal phalanx. Any jewelry on these
selected phalanges were removed as well. With a lightly applied force to the phalanx, the lancet
triggers the release of a small needle intended to make an incision through the skin to allow for
drop-sized extractions of blood to be made. After finger-stick is administered, the finger is left
alone for 3-5 seconds to allow blood to reach the skin surface, at which point a cotton gauze pad
is used to remove this first sample to remove any trace amounts of alcohol that remain from
previous disinfection. As blood begins to resurface the second time, a 40-microliter cylindrical
vile is placed in contact with the blood sample at a 45-degree angle to the horizontal surface (of
the finger) where blood is then drawn upward through the vile via capillary action using the
molecular properties of adhesion. A total of 40-microliters is collected for testing in the lipidglucose test. This sample is then expelled to the sample well of the main body in a labeled
cartridge via a small plunger. When the blood is inserted into the main body, it travels across a
filament to a reaction bar, where the red blood cells and plasma are separated from each other.
The isolated plasma is translocated to the reaction bar on the cassette, where the variables of
interest are measured. Next, the cartridge is inserted into the Alere Cholestech LDX System
analyzer. After proper placement of cartridge is completed, the button “Run” can be clicked
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which will begin the analysis; results of the sample are provided approximately 6 minutes later,
yielding glucose values, as well as other related lipid-components.
During this time, the second test, the HbA1c test is administered, using the PTS
diagnostics kit. To administer this test, 5-microliters of blood should be drawn from the same
finger used beforehand to conduct the lipid-glucose profile. If blood is no longer able to be
drawn from this finger, the aforementioned process of finger-sticking can be repeated to obtain
the necessary measurements. To begin HbA1c experimentation, draw 5-microliters of blood into
the collection vile, then insert this piece into the shaker body. When these two pieces lock in
place with a clicking sound, the new unit should be shaken 6-8 times in a vigorous motion to
allow for mixing between the collection sample and enzymatic solution in the instrument to
measure HbA1c values. Once mixed thoroughly, a test cartridge should be removed from its
packaging and inserted into the PTS diagnostic system analyzer. Upon insertion, the analyzer
screen will read “SMPL”, meaning that the device is ready for a sample to analyze. At this time,
the sample unit (the collection vile and shaker body) should have its shaker base removed from
the shaker body, and the remaining unit be inserted onto the test cartridge given. It should be
noted that once opened out of its packaging, the cartridge has a lifespan in the external
environment for only two minutes before results are compromised. When the unit sample of
blood is inserted into the cartridge, the cartridge can then finally be inserted into the HbA1c
analyzer, a handheld piece that will provide results in five minutes.
While this was the exact protocol for all test subjects for the duration of the Spring 2018
semester at Penn State University, during the month of May, an additional piece of equipment
was obtained by the Department of Kinesiology and was utilized infrequently for the remaining
duration of the study. This machine was the Siemens DCA System analyzer, and was obtained
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by the department because of its superior accuracy compared to the aforementioned PTS
diagnostics analyzer used in the study. This instrument became incorporated as the third test
utilized in the research protocol as a pilot study for future investigations. About 1/3 of all
subjects received all three tests (one lipid-glucose profile, and both HbA1c tests), while the
remaining 2/3 of subjects received the initial standard protocol of one lipid-glucose and one
HbA1c test.
The protocol for administering this third test was similar to the previous two testing
devices. Using the lancet as a source of dispensable blood, a 1-microliter sample is obtained via a
capillary holder and this sample inserted on the right lateral side of the HbA1c reagent cartridge.
This reagent cartridge should be brought to the DVA Vantage Analyzer where the barcode on the
side of the reagent cartridge will be scanned via a swiping action. By scanning the cartridge, the
analyzer machine will then say if the sample is ready to be measured. If it is, the machine will
prompt the administrator to open the machine lid, insert the cartridge, pull the tab associated with
the cartridge, and then by closing the lid back down, the analyzer will measure the sample,
taking a total of six and a half minutes.
During the remaining time until completion of results, the administrator directs the test
subject to rinse off the sampled hand(s), and then apply a band-aid to the exposed area of the
finger(s). All materials used are disposed of using labeled trash containers or sharps biohazard
bins, dependent on the instrument/material. Once all results are completed, results are recorded
into Microsoft Excel 2016 for data storage, as well as onto paper for the subject to keep as a
personal record. All results obtained are explained to the subject by the administrator, and upon
answering any related questions, the subject is free to leave the testing room having completed
their participation in the study.
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Data Analysis Plan

During experimentation, all participant data is added to Microsoft Excel 2016 using Penn
State Box as the storage site. Upon completion of testing, all data was scanned, cleaned, and
organized in Microsoft Excel 2016 to allow for easy export into Statistical Package for the Social
Sciences (SPSS) Statistics Version 25. In SPSS Statistics v25, statistical analysis was performed
in the form of correlations and T-tests on the independent variables of race and sex. Dependent
variables analyzed based on race and sex included the following: Glucose (GLU), HbA1c (from
PTS and DCA machines), cholesterol (TC), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), TC/HDL (ratio), and triglycerides (TRG). Linearity between two groups was
assessed via the Pearson correlation. Equality of variance between groups was assessed using
Levene’s test. Group statistics regarding mean and standard deviation were also applied for the
population groups of men and women in the study, and then again specifically for men and
women of “Non-Hispanic White” race and “Other Races” in the study. These statistical tests are
intended to justify any relationships between specific variables, or significant differences
between such.

Sample Size Justification
From Herman et al. (2007) we know the mean HbA1c values for participants in the Diabetes
Prevention Program was 5.91%±0.5%. Values for Whites were (5.8±0.44%) and for African Americans
(6.19±0.59%). Assuming an a priori alpha value of 0.05 and statistical power of 0.85, we calculated
sample size needed would be 30 per group. The sample size justification was calculated as follows:
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Given:
Alpha = 0.05
Power = 0.85
Beta = 0.15
Mean 1 = 5.8%±0.44%
Mean 2 = 6.19%±0.59%

N (per group) = σ12+σ22 (Z1-α/2+Z 1-β)2 / Absolute difference between means2

N = .442+.592 (1.96+1.04)2 /.16 = 30 per group

Initially, low enrollment of African Americans resulted in altering the comparisons from
Caucasian vs African American to Caucasian vs. non-Caucasian. Sample size was recalculated using the
Caucasian mean and the pooled minority mean (6.06%) while keeping all other parameters. The sample
standard deviation (σ=0.5) was used for minority subjects. The sample size needed for this new
calculation was 60 subjects per group and was calculated as follows:
Given:
Alpha = 0.05
Power = 0.85
Beta = 0.15
Mean 1 = 5.8%±0.44%
Mean 2 = 6.06 %±0.5%

Population variance was used (0.5%) for pooled analysis.
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N = 0.442 + 0.52 (1.96+1.04)2 / .262

N= 60 per group
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Chapter 3
Results
In total, 217 subjects participated in the study. The demographic breakdown of these
subjects by race is provided in Table 1. The mean age of all subject participants in the study was
21.21 ± 1.86 years.
Table 1
Participant Characteristics, n = 217
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Table 2
Differences in Blood Variables Between NHW and Other Races

Note. TC, HDL, TRG, LDL, and GLU units = mg/dL; A1c_pts and A1c DCA units = %; Ratio
variable is unitless; η2 = measure of effect size.
Tables 2 shows a statistically significant moderate difference in HbA1c measures
between NHW and Others Races was revealed in both the A1c_pts and A1c_DCA variables.
NHW were found to have lower values in both of these HbA1c variables. No other significant
differences in blood variables were revealed between NHW and Other Races sample groups.
Table 3
Differences in Blood Variables Between Men and Women (All Races)

Note. TC, HDL, TRG, LDL, and GLU units = mg/dL; A1c_pts and A1c_DCA units = %; Ratio
variable is unitless; η2 = measure of effect size.
The data in Table 3 displays statistics associated with each variable tested regarding
differences in the men and women identified in the study, inclusive of all races. There are
statistically significant differences between the men and women in the categories: HDL, TRG,
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LDL, Ratio, GLU, and A1c_DCA. However, the differences in HDL, TRG, LDL, and Ratio are
secondary findings in this study are not pertinent to the objective of the study.
Table 3 also highlights that men have a higher fasting plasma glucose (FPG) level
compared to women. In regards to the A1c_DCA test instrument, women have a higher HbA1c
level. There were no statistically significant differences between men and women using the
A1c_pts test instrument.
Table 4
Correlations Between Measured Blood Variables of All Races
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Figure 4. Correlation of HbA1c vs. FPG in all study participants using A1c_pts.
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Figure 5. Correlation of HbA1c vs. FPG in all study participants using A1c_DCA.
Table 4 provides statistical correlations between all blood variables measured in this
study, which is inclusive to all races. The primary objective of this table was to examine the
relationship between FPG and HbA1c values. The correlation coefficients between FPG and
A1c_pts and A1c_DCA were not significant to qualify for a weak correlation of (r=0.30) or
higher. The exact correlations between FPG and each HbA1c instrument were shown in Figures
4 and 5 to provide a visual aid of their non-significant, non-linear relationships. Correlations
between variables were analyzed to search for correlations with FPG and/or HbA1c values. FPG
shows weak, but significant correlations with TRG (r=0.157) and Ratio (r=0.159). A moderate
correlation (r=0.479) is expressed between the two HbA1c measures. A1c_pts also has a weak,
but significant correlation with LDL.
As secondary findings to the study, TC showed weak correlations with HDL (r=0.252),
TRG (r=0.304), and a strong correlation with LDL (r=0.837). HDL was found to have a weak
correlation with LDL (r=-0.211) and strong correlation with Ratio (r=-0.710). TRG was also
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found to have a very weak correlation with Ratio (r=0.189). Lastly, LDL was found to have a
moderate to strong correlation with Ratio (r=0.666)
Table 5
Differences in Blood Variables Between Men and Women of NHW Race

Note. TC, HDL, TRG, LDL, and GLU units = mg/dL; A1c_pts and A1c_DCA units = %; Ratio
variable is unitless; η2 = measure of effect size.
Table 5 provides differences in the men and women categorized in the NHW race only.
There are statistically significant differences between the men and women in the following
categories: HDL, TRG, Ratio, GLU, and A1c_DCA. The differences in HDL and TRG are of
moderate to large significance in effect size, while the Ratio is of small to moderate effect size.
These findings are that women have higher HDL and TRG values than men, and that men have a
higher Ratio than women. However, the differences in HDL, TRG, and Ratio are secondary
findings in this study. GLU has a statistically significant moderate difference and A1c_DCA has
a moderate to strong difference between men and women. These differences are that NHW men
have a higher fasting plasma glucose (FPG) level compared to women and men have a higher
HbA1c level of 0.12% according to A1c_DCA measurements. There were no statistically
significant differences between men and women using A1c_pts measurements.

23

Table 6
Correlations Between Measured Blood Variables of NWH Race
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Figure 6. Correlation of HbA1c vs. FPG in all NHW’s using A1c_pts.

24
5.8
5.7

HbA1c (%)

5.6

y = -0.002x + 5.4736
R² = 0.009
R = -0.095

5.5
5.4
5.3
5.2
5.1
5
70

80

90

100

110

120

130

FPG (mg/dL)
Figure 7. Correlation of HbA1c vs. FPG in all NHW’s using A1c_DCA.
Table 6 shows there is no linear relationship between FPG and either of the two HbA1c
measures. The exact correlation between FPG and each HbA1c instrument was shown in Figures
6 and 7 to provide a visual aid of their non-significant, non-linear relationships. FPG also shows
no significant relationship with any of the other lipid-related variables either. Additionally, no
significant relationship was found between the two HbA1c measuring devices. All significant
relationships found in the NHW Race was seen only in lipid related variables, which are
secondary findings to the objective of the study.
In regards to these supplementary findings, the Non-Hispanic White race sample group
exhibited a strong correlation between TC and LDL (r=0.815), as well as weak to medium
correlations between TC and HDL (r=0.350), TRG (r=0.375), and Ratio (r=0.427) respectively.
The Ratio variable had a strong correlation with LDL (r=0.714), a medium to strong correlation
with HDL (r=-0.655), and finally a weak correlation with TRG (r=0.298).
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Table 7
Differences in Blood Variables Between Men and Women of Other Races

Note. TC, HDL, TRG, LDL, and GLU units = mg/dL; A1c_pts and A1c_DCA units = %; Ratio
variable is unitless; η2 = measure of effect size.
Table 7 displays differences in the men and women categorized in the Other Races
sample group. There is a statistically significant large difference between the men and women in
HDL values and a moderate difference in the Ratio as well. However, the differences in HDL
and Ratio are secondary findings in this study. FPG and both HbA1c measures show no
significant differences between the men and women of the Other Races category.
Table 8
Correlations Between Measured Blood Variables of Other Races

Note. *Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
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Figure 8. Correlation of HbA1c vs. FPG in all Other Races using A1c_pts.
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Figure 9. Correlation of HbA1c vs. FPG in all Other Races using A1c_DCA.
Table 8 shows there is no significant linear relationship between FPG and either of the
two HbA1c measures in the Other Races sample population. The exact correlation between FPG
and each HbA1c instrument was shown in Figures 8 and 9 to provide a visual aid of their nonsignificant, non-linear relationships. FPG shows only a significant relationship to TRG in the
form of a very weak to weak correlation (r=0.245). The two HbA1c devices exhibit a significant
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relationship in the form of a strong correlation between one another (r=0.749). Additionally, the
A1c_pts device has a very weak to weak correlation with TC (r=0.200).
Secondary findings were found in the correlation test done regarding the Other Races
sample group. TC was found to have an extremely strong correlation to LDL (r=0.860), a weak
to correlation to Ratio (r=0.353), and a very weak correlation to TRG (r=0.224). HDL was
reported to have a strong correlation with Ratio (r=-0.769) and weak correlation to LDL (r=0.320). Lastly, LDL was reported to have a moderate to strong correlation with Ratio (r=0.629).
Because the following health conditions listed on the IRB approved survey (anemia,
Sickle cell anemia, Iron deficiency anemia, Hemolytic anemia, iron replacement therapy, type 1
or 2 diabetes mellitus, recent blood transfusions, spleen removal, dysfunctional spleen, family
history of diabetes) are known to affect HbA1c levels, they were excluded from the following
analysis. In Tables 9-10 below reflect statistical data compiled from (n=141) subjects who
reported no underlying health conditions from the administered survey which may or may not
affect blood chemistry values. It is also noted that the following tables provide information on
blood variables which reflect the primary objective of the study, to analyze the linear relationship
of FPG and HbA1c values across different races.
Table 9
Correlations in Blood Variables of NHW Race with No Adverse Conditions

Note. *Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
Table 9 shows that in the Non-Hispanic White race sample group, there are no significant
correlations between FPG and either of the HbA1c devices used to record values. Additionally,
there is no correlation present between the two HbA1c devices’ measurements themselves.
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Unlike previous tables in this report, Sig (2-tailed) values of each variable were left in to justify
that no significant correlations were found.
Table 10
Correlations in Blood Variables of Other Races with No Adverse Conditions

Note. *Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
Table 10 shows that in the Other Races sample group, there are no significant
correlations between FPG and either of the HbA1c devices used to record values. There is
however, a significant strong correlation of (r=0.767) between the A1c_pts and A1c_DCa
devices’ measurements. Sig (2-tailed) values were left in the table to justify any significant/nonsignificant correlations in the table.
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Chapter 4
Discussion
The objective of the study was to identify the relationship between fasting plasma
glucose and Hemoglobin A1c when evaluated by race. The main race groups evaluated were
categorized as Non-Hispanic White and Other Races. This study’s findings has demonstrated
that there is no significant relationship between fasting plasma glucose (FPG) and Hemoglobin
A1c (HbA1c) across the entire sample population (n=217), and again when split into the NonHispanic White race (n=117) and Other Races (n=100). Previous literature suggests that there is
a linear to curvilinear relationship (“A1c test”, 2018; Ramachandran et. Al, 2012; Riet et. Al,
2010; Sacks, 2007; Zhou et. Al, 2013) in how a subject’s FPG and HbA1c blood levels will
correspond. This relationship is said to exist in subjects of various races, as well as diabetic and
non-diabetic statuses, although it can differ in correlational strength (Ramachandran et. Al, 2012;
Riet et. Al, 2010; Zhou et. Al, 2013). No such relationship was found with statistical significance
across all correlational analyses regarding the entire sample population, as well as the NonHispanic White race and Other Races subdivisions. Additionally, correlational analyses were
performed specific to the sample population which had no underlying health conditions as stated
by the IRB-approved health questionnaire/survey (Sickle cell anemia, Iron deficiency anemia,
Hemolytic anemia, iron replacement therapy, Diabetes mellitus (type 1 or 2), recent (3 months)
blood transfusions, spleen removal, dysfunctional spleen, family history of diabetes) that could
affect results of blood chemistry. These correlational analyses in both Non-Hispanic White race
and Other Races subgroups revealed non-significant relationships that failed to meet the criteria
of a weak correlation at best. The lack of linearity between FPG and HbA1c measurements
among both the Non-Hispanic White race and Other Races with statistical significance was a
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primary finding of the study, which accepts the stated null hypothesis and thus, presents results
that are defiant of generally accepted data in current literature (“A1c test”, 2018; Ramachandran
et. Al, 2012; Riet et. Al, 2010; Sacks, 2007; Zhou et. Al, 2013).
In addition to FPG and HbA1c levels, additional blood lipid-related components were
measured using the Cholestech LDX machine during each subject’s test. These supplementary
components provide potential examples of identifying variables that coincide with a given FPG
and HbA1c value. Overall, this study presents results in a far less studied population group,
evaluating FPG and HbA1c values in primarily college-aged men and women. A demographics
study in 2012 reported that 79% of college students are aged between 18-24 years old (US
College Student Demographics, 2012). The mean age of this study’s data set reported 21.21 ±
1.86 years, which appears representative of the college age population. Little to no data of FPG
and HbA1c variables has been collected on the college-aged population, which further justifies
the importance of this experiment. Findings of all data from figures and tables in the results
section are discussed chronologically.
Table 1 provides relevant participant demographics for the study. Comparison of
participation by race in the study to University-wide enrollment at Penn State (Penn State
Admission & University statistics, 2016-17) reinforces that the study yields a fair representation
of the school’s demographics.
Table 2 expresses key differences in blood components between the Non-Hispanic White
race and Other Races subgroups. The two statistically significant measurements reported were
both of the HbA1c devices, demonstrating differences in net mean HbA1c values of 0.15-0.24%
between NHW’s and Other Races. This statistic alone, justifies how there is not a true linear
relationship between FPG and HbA1c among all individuals, regardless of race, or tolerance to
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glucose. For example, following this understanding, a NHW and a non-NHW individual each
with a FPG of 90mg/dL could theoretically have an HbA1c reading of 5.0% and 5.2%,
respectively, using only the means that were reported.
Table 3 discussed any pertinent differences in blood components between men and
women of the study, inclusive of all races. As shown by women having a higher HbA1c value
than men, this result is supported by a research which claims biological hormones such as
estrogen might increase the rate of glycation in women (Nakagami, 2017). Differences in fasting
plasma glucose showed a slightly higher FPG in men than women, which is consistent with other
literature claiming men have slightly higher fasting blood sugar’s compared to women (Anish,
et. Al, 2013).
Like Table 2 which used a t-test, Table 4 uses correlations which further support the lack
of linearity present between FPG and HbA1c measures across all races; these results provided
also appear deviant from current literature (“A1c test”, 2018; Ramachandran et. Al, 2012; Riet
et. Al, 2010; Sacks, 2007; Zhou et. Al, 2013). Figures 4 and 5 build off this finding in Table 4 by
providing a visual representation of how FPG has a non-significant, non-linear relationship with
both A1c_pts and A1c_DCA measured values, respectively. Table 4 also noted very weak
correlations between FPG and that of TRG and Ratio (TC/HDL). Extended literature reviews
also reported that a positive relationship between glucose and triglycerides does exist, as well as
the low levels of HDL compared to overall cholesterol (Handelsman & Green, n.d.). Another
interesting finding in Table 4 is the fact that the two HbA1c’s instruments, both nationally
accredited for their accuracy in providing accurate results, yielded only a moderate correlation
with one another. This is a surprisingly unexpected outcome given that two devices which
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measure the same variable and are accredited for their accuracy would likely yield a much
stronger correlation.
Tables 5 and 7 exhibit any pertinent differences in blood components between men and
women of the study specific to NHW and Other Races, respectively. Tables 5 and 7 yield how
once again FPG appears higher in men, however this statistic is only significant in the NHW
dataset. HbA1c values in NHW’s appears higher in women using both A1c_pts and A1c_DCA,
however this difference is only significant in the A1c_DCA instrument. Regardless, this finding
regarding higher HbA1c’s in women align with current literature. The same cannot conclusion be
said about HbA1c levels of Women in Other Races with the data shown. Secondary findings of
women having higher HDL than men due to increased estrogen production is supported by
modern literature (Why Cholesterol Matters, n.d.), however studies show that young adult
women should have lower TRG than men, and that is contradicting to findings in this study
(Bitter, n.d.). Additionally, women having higher HDL than men could be a possible reason for
why women’s Ratio (TC/HDL) ratios were lower than men’s.
Tables 6 and 8 demonstrate that there is no significant correlation present between FPG
and HbA1c in neither NHW nor Other Races, respectively. This is done by way of analyzing
men and women together as one race group for NHW’s in Table 6 and men and women together
as one race group for Other Races in Table 8. Figures 6 and 7 build off this finding in Table 6 by
providing a visual representation of how FPG has a non-significant, non-linear relationship in the
NHW group with both A1c_pts and A1c_DCA measured values, respectively. Likewise, Figures
8 and 9 build off this same finding in Table 8 by providing a visual representation of how FPG
has a non-significant relationship in the Other Races group with both A1cc_pts and A1c_DCA
measure values, respectively.
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A surprising finding of Table 6 is that unlike Table 4 where at least a moderate
correlation was present, there was no significant correlation between the two HbA1c devices
used at all. This is a very drastic find, and increase skepticism to the actual accuracy and
precision of the HbA1c measures itself. It also points the question to if any sources of error were
observed in one or both of the instruments, which could help explain such non-linearity between
the two instruments which are designed to give accurate results. What promotes even greater
question to this finding is that in Table 8, there is not only a significant, but a strong correlation
between the same two HbA1c measuring devices. Therefore, the greatest correlation in HbA1c
values was present in the Other Races category, and the weakest correlation was present in NHW
the category Examining this further and referring back to Table 2, the Other Races category had
higher mean HbA1c values in their respective population. It is possible that with higher HbA1c
test measures, the correlation between the HbA1c instruments strengthened as well. A theoretical
trial that could support this suggestion would be to test the HbA1c values of diabetic NHW and
Other Races using these same two test instruments, and see if the correlation coefficient also
strengthened with increased glycosylated Hemoglobin scores. Otherwise, initial speculation for
source of error in an HbA1c device used could potentially explain the lack of significance in
Table 6 correlations for NHW races, but would then fail to explain and actually oppose the
strong correlation shown in Table 8 in Other Races. The remaining findings for associated bloodlipid components in Table 6 and Table 8 both appear to match findings in literature how lipids
and triglycerides are generally inter-related (Handelsman & Green, n.d.), demonstrating not as
much variance in lipid-related components between Whites and Other Races. Other unique
findings Table 8 exhibited was how the Other Races sample group’s FPG had a weak correlation
with TRG which is supported by literature in regarding critical health numbers that rise during

34

development of various CV diseases (Handelsman & Green, n.d.). Secondly, the A1c_pts device
had a weak, but significant correlation to TC, which has been previously confirmed in literature
of diabetic patients only, yet relatively unexplored in non-diabetic patients (Pant, Mowar, &
Chandra, 2018), something this study helps provide evidence for.
Lastly, Tables 9 and 10 were implemented to test for significant differences in FPG and
HbA1c levels free of bias from any past medical history of subjects that could influence the
authenticity of the results. Tables 9 and 10 once more demonstrated that there is no significant
correlation between FPG and HbA1c in either NHW’s or Other Races respectively, and the only
true pertinent correlation exhibited in individuals free of data-influencing medical conditions was
the strong correlation between HbA1c values of the A1c_pts and A1c_DCA devices recorded in
the Other Races group.
Overall analysis of all data generally reveals that any conceptions of strong correlations
between FPG and HbA1c should be re-examined, if not re-established for much more specific
populations as the correlations cannot be standardized for any race, or sex for that matter.
Secondly, there is enough evidence presented to show that values such as FPG and HbA1c can
help point out elevations in other lipid-related components in the bloodstream. The correlations
found between these variables are generally weak, but still statistically significant correlations.
These correlations can be applied practically when examining for signs of cardiovascular
disease, because certain blood components tend to increase and decrease in certain relationships.
In regards to the primary objective of the study which is to examine the relationship
between FPG and HbA1c, more research should be dedicated to the causes behind its significant
variation. Future experimentation should certainly involve large sample sizes of multiple races,
large enough to reveal reportable statistical differences. Several different races were reported in
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this study, however not large enough in size to report statistical differences other than comparing
the Non-Hispanic White race to Other Races. With larger sample sizes across different races, the
FPG/HbA1c relationship can be examined on a much closer level, perhaps to a point where more
confirmations can be made on its correlations, or lack of for that matter.
One of best recommendations I can make to future researchers interested in this field is to
continue to define this unclear relationship between such blood related variables so that it can
enhance the clinical practice involved in examining cardiovascular diseases and growing
epidemics such as the diabetes population. With variances in FPG/HbA1c relationships by race,
it seems fitting that different races should be treated accordingly too. Such disparities in the
FPG/HbA1c relationship also insist that when testing patients in clinical practice, both tests
should be utilized, as for sometimes, one test alone does not tell the whole story, or might be
missing another critical piece of information to a potential diagnosis, or a false positive.
As for limitations of the study, it is difficult to make accurate interpretations on
statistically significant differences in the Other Races sample group simply because it carries a
wide array of races which possibly have variable differences in genetics that are unexamined and
out of the scope of this research project. On the contrary, the practicality of having this Other
Races group is that it provides a category of itself that is large enough in sample size to compare
to the largest race prevalent in the study, which is the Non-Hispanic White race. Together
between the Non-Hispanic White race and Other Race categories, there is enough evidence to
demonstrate that there are differences in FPG and HbA1c levels by race, regardless of what race
that might be, which has yet to be determined.
Additional limitations regarding this research performed relate to the demographic
constraints of the study location (State College, PA) and quality of research performed by the
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investigators and assistants. The demographics of Penn State University and State College, PA
are predominantly Non-Hispanic Whites, which also constitute the predominant race gathered in
this study as well. Performing this experiment in a more demographically diverse area would
make participation from different races much easier to attain, while still keeping the trial
randomized to its participants. In regards to quality of research, several factors can be discussed.
First off, the Center for Fitness and Wellness underwent changes in contract with its client results
management portal during this experiment’s trialing period in the year of 2018, which resulted in
a loss of some irretrievable demographic data regarding age kept on this portal. These mishaps
can certainly be accounted for in the future by having a consistent results management portal
throughout the duration of an experiment. Furthermore, the overall quality of research may have
been a limitation of this study. Because both co-investigators and student interns of the Center
for Fitness and Wellness took part in administering the research study to subjects, there is the
possibility that human error was performed when training administrators how to give proper
instruction to subjects, perform experiments, calibrate test instruments, or record data properly.
These difficulties can be accounted for in the future by having scheduled, consistent training
sessions to ensure all test administrators perform the test in the most repeatable manner possible.
Additional speculations that could have led to alternatives in findings of this study are
variations in the personal choices of the subjects themselves. Understanding of the research study
and integrity of the protocol is assumed and expected of each subject being tested, however this
does not guarantee all subjects complied according to the guidelines of the study. For example,
all subjects were asked to fast for a minimum of 9-12 hours before sampling of blood, however,
it is possible some students could have chosen not to adhere to this protocol. This personal
decision, plus perhaps a handful of other factors such as taking medications, the stress levels of
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subject, the posture, and any incorrect steps taken to draw blood could have affected the results.
These sources of variability are consistent with common side effects associated with regular
phlebotomy testing (Sacks, 2011), but should still be accounted for in creating a better designed
research study. Future studies in this field can aim to obtain larger sample size populations of
different racial backgrounds to test for statistically significant differences in correlations between
races.
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Chapter 5
Conclusion
There are discrepancies in the HbA1c values of Non-Hispanic White races versus Other
Races. There are no linear relationships or significant correlations between FPG and HbA1c of
any strength associated with NHW’s, Non-NHW’s, or the entire sample population when tested
together. This investigation’s findings are contrary to several sources in current literature
suggesting that a linear to curvilinear relationship exists between FPG and HbA1c in the general
population, with inclusion to different races, diabetic and non-diabetic individuals, albeit with
different correlational strengths. The findings in this study have clinical relevance when
evaluating patients for pre-diabetes or diabetes using HbA1c as part of the diagnostic criteria.
Further research is needed to find statistical evidence regarding the relative HbA1c values of
other Non-NHW races and clarify what types of factors influence HbA1c discrepancies.
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Appendix A
Literature Review
In kinesiology and everyday life, having regulated blood sugars and A1C levels are
critical to a healthy style of living. Blood glucose is a simple sugar which functions as the
primary source of carbohydrates the body utilizes for neural and muscular activity (Kent,
2016). When the body falls outside the normal ranges of blood sugar levels, the risk of losing
optimal health and developing chronic disease begin to increase immensely. A healthy, regulated
glucose level in the blood especially following a meal can be stabilized with routine exercise
and proper nutrition (Kasuya et al., 2015). There are several different ways to test blood sugar in
the human body to monitor these potential fluctuations in glucose (Dalkin et al., 2015). A fasting
blood sugar test checks the glucose levels of an individual that has not eaten for over 8 hours to
sense any drops or prolonged elevated glucose levels A 2-hour postprandial blood sugar test
helps predict whether sustained insulin levels in the body following a meal are functioning
properly (Dalkin et al., 2015). Random blood sugar tests look for possible fluctuations in blood
sugar during any given time of the day; consistency of blood sugar throughout the day indicates
optimal healthiness (Dalkin et al., 2015). One of the most important tests available is called a
hemoglobin A1C test. This measures the amount of glucose that binds to red blood cells in the
bloodstream (Dalkin et al., 2015). An A1C reading is valuable in that it can provide blood
glucose data for extended periods of time of up to 2-3 months and see whether additional
medicine is needed to treat patients with any outstanding levels of sugar bound to hemoglobin in
the body (Dalkin et al., 2015). High levels of A1C are often predictors of pre-diabetes, diabetes,
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or gestational diabetes symptoms (Dalkin et al., 2015). On the contrary, low levels of A1C are a
sign of hypoglycemia, a result of high insulin production which is dangerous because not enough
sugar, or energy is being delivered to the body to function properly (Dalkin et al., 2015).
While administration of blood sugar and A1C tests are both excellent ways of analyzing
and predicting symptoms of hypoglycemia and hyperglycemia, and more profoundly, diabetes, it
is researched that these specific tests do not always have an exact correlation with one another
for determining health outcomes. Within each specific test, there is also variability in the results
of the data due to each individual’s unique ways of processing blood glucose. The first step is to
understanding the similar, but different functions of blood sugar and A1C levels and what each
test aims to uncover when testing for potential symptoms of hypoglycemia and diabetes.
An A1C test measures the level the glucose that binds to hemoglobin, a transport protein
found in the body. Hemoglobin is a primary source for oxygen transport in the body and with it,
requires glucose to be delivered to all parts of the body to carry out metabolic, neurological, and
muscular reactions. On a molecular level, hemoglobin is a primary provider for catalyzing
cellular respiration in the body, as it relays glucose and oxygen for cells to utilize. Glucose binds
to hemoglobin through the irreversible process of glycation. Without the help of an enzyme,
glucose binds with the reactive sites of the hemoglobin protein complex including the alpha and
beta groups on the N-terminus of Valine as well as the epsilon amino-group of the side chain in
Lysine. A1C levels are a primary method to recognizing high blood glucose concentration, and
with that, are commonly used to manage the concentration of glucose in patients with diabetes
and pre-diabetes symptoms. Finding ways to lower patient’s blood sugar levels can
resemble a decrease in A1C values over time too (Osterman-Golkar & Vesper, 2006).
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When screening a patient for a possible diagnosis of diabetes, recognizing any variations
between blood glucose levels and A1C hemoglobin levels is important for not only accuracy of
diagnosis, but proper treatment prescribed for each victim of the disease. There is a level of
biological variation that exists as each individual processes glucose and transports hemoglobin
at different rates than others, which can affect A1C results. During the course of a day, a subject
being tested with a blood sugar level of 126 mg/dL is said to have biological variation in
the actual amount of glucose present in the bloodstream, exemplifying how this number can
change. As the subject is fasting, a coefficient of variation is used to describe a 5.7-8.3%
variability that can exist from that initial sugar reading. In reality, this specific fasting blood
sugar can vary anywhere from 112-140 mg/dL in that individual specifically. This percent range
of biological variability accounts for 95% of a researched population, however some cases will
show even greater range of glucose variability in the bloodstream (Sacks, 2011).
Testing glucose levels at consistent times of a day help provide accuracy in
concentrations present in a subject. Testing blood glucose levels following a standard meal
typically raise the glucose level in the body because the food ingested is being metabolized
within the bloodstream. Another example of a physiological variability that can affect accuracy
of blood glucose testing is administering a reading after sustained exercise, where the body has
used more of its glycogen storage in the body. Implementing exercise into an individual’s routine
is beneficial for the body, but the physiological processes that occur during and after exercise can
affect glucose testing because the level of sugar in the blood can rise and fall following exercise.
When physical activity begins, the liver is stimulated to release glucose into the bloodstream so
that the musculoskeletal actions can be carried out. In order to utilize this incoming source of
energy though, insulin must also be readily available to process the sugar (Joslin Diabetes
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Center, 2017). This insulin is sent out from the beta cells of the pancreas. In simplest of terms,
the signal transduced insulin acts as a key which binds to a transmembrane insulin
receptor (Hess-Fischl, 2017), a form of tyrosine-kinase receptors which beginning with
phosphorylation, activates the cell to transport the glucose intracellularly (Meyts, 2016). Without
this initial release of insulin during exercise however, a sudden increase in blood sugar can
occur, which would influence the results of a glucose test (Joslin Diabetes Center, 2017). Being
able to study the pathway of insulin signaling from beta cells can help identify and prevent early
symptoms of type 2 diabetes from developing on a chronic level (Meyts, 2016).
On the contrary, too much physical activity can in turn lower the blood glucose level in
the body. The blood sugar ingested and stored glycogen are used during exercise to provide
energy to the muscles of the body. Fatty acids in the body are utilized after sustained activity of
thirty minutes or more and this lack of fatty acids plus glycogen storage are what trigger
hypoglycemic symptoms following exercise. As a result, testing blood sugar after exercise is
another inaccurate example of test readings (Joslin Diabetes Center, 2017).
Even when obtaining results, there can be differences in measurements depending on the
type of test and tools used to determine blood glucose and A1C levels. Having blood glucose
tests examined in laboratory settings help improve the range of imprecision that an initial blood
sugar reading can propose. A barrier for finding the most precise reading of blood sugar is the
lack of having a common mechanism to compare blood sugar levels from different machines of
different testing facilities. To exemplify this problem, a serum glucose measurement test was
conducted across six-thousand laboratories using thirty-two different instruments of
measurement: the results indicated that for a standard blood sugar reading of 100 mg/dL, a
variability of +/_ 6-7 mg/dL was expressed, leading to the misclassification of 12% of patients
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blood sugar levels involved in the study (Sacks, 2011). This is a significant number that speaks
to the idea that blood glucose and A1C levels are not only sometimes inaccurate, but the result of
one piece of data often misclassifies the result of another piece of data.
Perhaps the most fascinating evidence of my research with analysis of blood glucose and
A1C levels is that the factors that affect daily fasting glucose levels of subjects have little to
no effect on the A1C levels of a subject. The factors that contribute to A1C changes are not short
term events or habits, rather longer term occurrences of physiological changes in the human
body. While exercise, meal-times, and daily routines directly influence blood glucose, largerscale processes including erythrocyte production, triglyceride production, iron
deficiency, and even long term alcohol consumption hinder hemoglobin and glucose binding
abilities (Sacks, 2011).
With evidence of variable data in blood glucose and A1C testing levels, the underlying
part of my research is going to focus on the biological differences in glucose and A1C values
specifically in different cultures of the Pennsylvania State University undergraduate
population. Studies show that select populations such as Mexican-Americans and AfricanAmericans have higher A1C values than whites (Sacks, 2011). A 0.4% increase in A1C levels of
African-Americans compared to whites suggests significant enough evidence that perhaps a
genetic or physiological difference between cultures is responsible for the molecular mechanism
to process glucose or bind glucose to hemoglobin at various levels. An additional study across
ten U.S. diabetes centers tested the A1C levels of 104 whites and 104 blacks each and observed
the average A1C level to be 0.8% higher (8.3% White vs. 9.1% Black) in blacks while the
concentration of glucose between the two populations to be 0.4% higher in Blacks. Once again,
this evidence suggests not only biological variability in glucose and A1C levels by individual,

44

but a more prevalent amount in culture over another (Bergenstal, 2017). I would like to explore
any differences in A1C and blood glucose concentration amongst multiple cultures at Penn State,
including whites, blacks, and Hispanic-Americans. The goal of my research is to not
only attempt to identify a correlation between these cultures, but also to observe for biological
variability of these glucose and hemoglobin binding levels between each subject tested. I intend
to inform all individuals, especially those with elevated or low blood sugars, the symptoms of
hypoglycemia and hyperglycemia. For subjects with elevated glucose levels, I seek to have
further blood testing completed to ensure accuracy of blood glucose and A1C levels being
observed. Based on the results compiled, I would like to analyze the data of all subject’s blood
glucose and A1C values in correspondence with their daily living habits, as well as long-term
living environments to account for any substantial changes in blood sugar and hemoglobin
binding levels.
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Appendix B

IRB Documents

Figure 10. Blood glucose testing consent form.
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Figure 11. Page 1 of HbA1c test consent form.
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Figure 12. Page 2 of HbA1c test consent form.
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Figure 13. Page 3 of HbA1c test consent form.
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Figure 14. Page 4 of HbA1c test consent form.
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Figure 15. HbA1c test self-report questionnaire.
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