www.scidoc.org/ijdvr.php

Special Issue on "Diabetic Sensory Neuropathy"

International Journal of Diabetology & Vascular Disease Research (IJDVR)
ISSN:2328-353X
Prediabetes: The Variation between HbA1c and Fasting Plasma Glucose
									

Research Article

White K.A.M1,2#, Daneshvari S3#, Lilyquist J1,2, Luo L2, Steffen L.E4,5, Bivin A1, Gurule N4, Ducasa G.M1, Torres S.M5, Lindeman R2, Sankarappan S2,
Berwick M1,2*#
Molecular Epidemiology Laboratory, University of New Mexico, Albuquerque, New Mexico, USA.
Division of Epidemiology, University of New Mexico, Albuquerque, New Mexico, USA.
3
Health Sciences Library and Informatics Center, University of New Mexico, USA.
4
Department of Cancer Biology, University of Colorado Anschutz Medical Campus, USA.
5
Department of Psychology, University of New Mexico, Center for HPV Prevention, Department of Pathology, University of New Mexico, USA.
1

2

Abstract
Purpose: The prevalence of Diabetes Type 2 is on the rise internationally. Currently, Fasting Plasma Glucose (FPG) and
HbA1c are both used to determine if an individual is diabetic or prediabetic. We aimed to describe the prevalence of
diabetes, prediabetes, and glycemic control in a population-based sample of elderly Hispanic and non-Hispanic White
participants in New Mexico.
Methods: To do this, we compared HbA1c with FPG using Chi-Square analysis across gender and ethnicity to provide
information for future health care policy. We also performed non-parametric regression using a locally weighted smoothing
technique to investigate the relationship between FPG and HbA1c levels.
Results: Our analysis identifies a large variation between the sensitivity of HbA1c and FPG in the identification of both
prediabetes and diabetes. Interestingly, 95% of diabetics defined by FPG are also defined by HbA1c, representing overlap
between the two measures. When comparing the prevalence of prediabetes between the two measures, the overlap of FPG
with HbA1c was only 30% and HbA1c identifies more individuals as prediabetic than FPG. Prevalence of diabetes was
also higher when defined by HbA1c compared to FPG and the overall agreement between HbA1c and FPG appears to be
poor particularly by sex and ethnicity (K=0.22-0.34). Glycemic control was poor overall with Hispanics displaying a larger
amount of uncontrolled diabetes.
Conclusion: We compared HbA1c and FPG by gender and ethnicity and showed both measures of diabetes differ in their
sensitivity across ethnic groups. Our results suggest that using HbA1c, rather than FPG, results in higher rates of prediabetes and diabetes, a finding with numerous implications for health care practice.
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Introduction
More than 382 million people are living with diabetes throughout
the world [1], 90% of whom suffer from Type 2 diabetes (Type-2
DM) [2]. Currently, 29.1 million Americans (9.3% of the population) have a diagnosis of diabetes (Type-1, -2, and gestational)
[3]; diabetes incidence, Type-2 DM in particular, is increasing in
the U.S and throughout the world [4]. The prevalence of diabetes
in the U.S. alone is estimated to rise to 53.1 million by 2025 [1].
Rates of diabetes are also projected to increase 63 % by 2015,
but the true rate of diabetes in the U.S. may be even higher, as
it is estimated that 8.1 million people are currently living with
undiagnosed diabetes [3, 5]. Diabetes is often undetected due to
difficulty in testing, poor access to health care and limited health
education, making accurate diagnosis a substantial public health
problem. Furthermore, 86 million people in the U.S. have prediabetes [5]. Prediabetes is a condition in which blood glucose levels
are elevated but not high enough to meet the criteria for Type-2
DM(3).
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Type-2 DM is a chronic condition that affects the way the body
metabolizes sugar (glucose) [6, 7] and may be due to an incretin
deficiency [5]. Incretins, members of the glucagon superfamily,
are gut-derived metabolic hormones that stimulate pancreatic
insulin secretion in a glucose-dependent manner in order to decrease blood glucose levels. Incretins play an important role in
both the local gastrointestinal and whole-body response to fluctuating glucose levels. Incretin deficiency and/or resistance contribute to Type-2 DM.
Type-2 DM typically begins with insulin resistance, a disorder in
which muscles, liver, and fat cells cannot use insulin properly to
control blood glucose levels. As the demand for insulin increases,
the insulin producing cells in the pancreas gradually lose the ability to produce sufficient amounts of insulin to regulate blood glucose [8]. Type-2 DM is associated with age, ethnicity, and genetics,
as well as lifestyle modifiers including weight or body mass index,
central adiposity, and sedentary lifestyle [4, 8].
In addition to an increased risk of diabetes, people with prediabetes have 1.5 times more risk of heart and blood vessel disease
[5] such as high blood pressure, stroke, and heart attack. Interventions such as physical activity, weight loss and healthy food
choices can prevent prediabetes from progressing to Type-2 DM.
Without intervention, 15% to 30% of people with prediabetes
will likely develop Type-2 DM within five years [8].
In order to evaluate risk factors for Type-2 DM, it is critical to
have consistent measures. There are two laboratory tests for diabetes: a fasting plasma glucose (FPG) test measures the amount
of blood glucose, the major source of energy for most cells of
the body. A FPG level of greater than 100 but less than 126 is
considered prediabetic while a level greater than or equal to 126
is classified as diabetic. Conversely, the HbA1c assay quantifies
the level of glycated hemoglobin thus approximating the average blood glucose levels over the lifetime of red blood cells (8
to 12 weeks). This test, therefore, reflects the average blood glucose levels over a period of three months. An HbA1c level of
5.7 to less than 6.5 is considered prediabetic and greater than or
equal to 6.5 is classified as diabetic. Currently, diabetes is clinically
defined by FPG and not by glycation of proteins as measured
by HbA1c. However, the American Diabetes Association (ADA)
recently added HbA1c as a diagnostic criterion for diabetes and
suggested that either HbA1c or FPG should meet the diagnostic
requirements for Type-2 DM [5]. There is still debate as to whether HbA1c should be used to supplement FPG testing or if it can
stand alone as a diagnostic test for diabetes and prediabetes [9].
Some clinicians suggest that HbA1c has poor sensitivity in diabetes diagnosis and its use as a diagnostic would alter the epidemiology of diabetes [10]. Still, many clinicians prefer to use HbA1c
to identify diabetes in their patients, as chronic hyperglycemia is
captured by HbA1c, fasting is not required for assessment and it
is a useful marker of risk of other diseases [11]. In addition, higher HbA1c levels are more strongly related to increased all-cause
mortality in women [12]. HbA1c levels greater than 6.5 % have
met the requisite sensitivity and specificity to identify patients at
risk for developing diabetic retinopathy [13]. Another advantage
of HbA1c is that acute perturbations, which cause variation in
FPG (including stress, diet, exercise, and smoking), do not affect
the results. Three international committees of experts [1, 5, 14]
have recommended that the HbA1c test be the primary test used
to diagnose prediabetes, Type-1 diabetes and Type-2 diabetes.

However, these committees recommended that clinicians continue to use FPG to confirm the diagnosis following HbA1c testing.
Age, gender and race/ethnicity have previously been implicated
in the modification of FPG and HbA1c measurements. Despite
data suggesting that FPG and HbA1c may be affected by race/
ethnicity, the percentage of U.S. adults overall with prediabetes is
estimated to be similar for non-Hispanic whites (NHW) (35%),
non-Hispanic blacks (39%), and Hispanics (38%). Understanding
the role of age, gender, and ethnicity in the diagnosis, prevalence
and control of prediabetes and Type-2 DM addresses an important public health concern that can inform prevention and disease
management programs.
To date, there is evidence, despite equivalent prevalence rates, that
ethnicity/race, age and sex affect FPG results. One study illustrating the difference in the processing of glucose by age showed that
people above age 60 had lower FPG levels for the same post-load
glucose concentration than younger people [15]. Another study
of Southeastern Asian subjects, older than 65 years, reported high
false-negative rates with FPG (60.8%) for detecting Type-2 DM
[16]. Oh et al. (2002) demonstrated that gender, specifically gender related endogenous hormones, may impact FPG [17]. They
reported that both bioavailable testosterone and estradiol were
positively associated with FPG in women, while in men total testosterone was inversely related to FPG. Finally, gender and race/
ethnicity were shown to affect FPG, and the distribution of FPG
was shifted higher in men compared to women, as well as in Mexican-Americans compared to NHW [18].
Similar to variations in FPG, HbA1c values are affected by age,
gender, and race/ethnicity. Data from the National Health and
Nutrition Examination Survey (NHANES) population indicates
that HbA1c increases by 0.10% per year with age, independent of
fasting glucose levels [19]. In the same study on elderly Southeastern Asian subjects [16], the use of HbA1c reported high falsenegative rates of 35.1% along with low sensitivity (58.7%, 95%
CI 50.4–65.7) and low specificity (71.1%, 95% CI 57.3–82.6) for
Type-2 DM detection when compared to younger age groups
[16]. Although HbA1c performed better for detecting Type-2 DM
than FPG in the sample, it still failed to detect one-third of cases
identified by FPG [13].
In addition, hemoglobin levels affect HbA1c values. Bae and colleagues showed that Korean women have a lower mean hemoglobin value when compared with Korean men [20]. There is a
significant gender-specific association between age and HbA1c,
such that women had lower HbA1c than men, unless they were
over the age of 55 years [20]. As a result, HbA1c cut offs derived
from population studies across genders and age groups may be
less accurate in older subjects.
Racial/ethnic differences may also account for discrepancies in
sensitivity of HbA1c to detect Type-2 DM because ethnicity affects hemoglobin glycation, independent of sex and body mass
index [21, 22]. For example, Menke and colleagues reported that
the distribution of HbA1c was shifted higher for non-Hispanic
blacks when compared to NHW [18]. In addition, Venkataraman
and colleagues (2012) reported that HbA1c was increased more
in Malays and Indians compared with Chinese, even after adjustment for age, gender, waist circumference, serum cholesterol, and
serum triglyceride[23].
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Concentrations of HbAlc and FPG clearly differ in important
ways by ethnicity and gender [20, 23]; the reasons for these differences are poorly understood and require further investigation.
Hispanics have a high prevalence of Type-2 DM [5], although
there is variation in age-adjusted rates of diabetes among subcultures of Hispanics. Central and South Americans have an
age-adjusted rate of diabetes of 8.5%, Cubans 9.3%, Mexican
Americans 13.9% and Puerto Ricans 14.8% [5]. The 2014 rate of
diabetes for Native American Indians/Alaskan Natives is 15.9%
[5]. Hispanics originating in New Mexico are genetically identified
as 26-27% Native American, 71-72% European ancestry and 2%
African American [24]. Interestingly, Hispanics in the Southwest
have been reported to have an increased prevalence of insulin
resistance syndrome which contributes to the development of
diabetes [25].
Lindeman and colleagues (1998) also showed that elderly New
Mexican Hispanics have twice the prevalence of Type-2 DM
compared with elderly NHW [26]. In this study, prediabetes was
not evaluated leaving the question of whether there could be
more undiagnosed prediabetics within NHW and Hispanics.

Goal of Study
Given these differences between HbA1c and FPG, our goal was
todescribe the prevalence of diabetes, prediabetes, and glycemic
control in a population-based sample of elderly Hispanic and
NHW participants. To do this, we compared HbA1c with FPG
across gender and ethnicity to provide information for future
health care policy.

Methods
Participants
The data are from a previous study where participants were randomly selected from the Medicare rolls of Bernalillo County (Albuquerque, NM; age ≥ 65 years). Participants who completed a
home interview along with an interview and examination by a
nurse practitioner, nurse, and nutritionist were included in this
study (n=883). A total of 849 participants, either NHW (n=457)
or Hispanic adults (n=392), aged 65 years and older, were included in our analysis as they had both HbA1c and FPG measurements from blood samples [26]. Diabetes status was also selfreported during the interview and included information on the
use of insulin and oral hypoglycemics within the last year. Since
the study by Lindeman and colleagues was not focused on diabetes it is unknown how many individuals in the sample (N=854)
had Type -I DM. Using self-identification of Type-2 DM and the
criteria for HbA1c there were 260 individuals in the sample that
were positive for Type-2 DM. Using FPG, however, there were
only 80 individuals diagnosed as Type-2 DM. The classification of
Hispanic in our study is a based on participants having a Spanish
surname, being Spanish-speaking, or originating from a Spanishspeaking country. The actual term “Hispanic” refers to a heterogeneous population making generalized statements difficult. In
New Mexico, there are two major populations of Hispanics, Mexican-Americans whose ancestors originate from Mexico, and the
Spanish-Americans, whose ancestors originate from Spain. Of
this study population, 83% self-identified as Spanish- American,
10% as Mexican-American, 5% as Hispanic-Native Americans,

and 3% as other Hispanics (e.g., Cuban, Puerto Rican, and Central
and South American).
Laboratory Methods
Blood samples were drawn between 8:00 and 8:30 A.M. after an
overnight fast and assayed for serum glucose, insulin and HbA1c.
Glucose was determined by anenzymatic test (hexokinase enzymatic assay) using a Roche-Cobas Bio instrument and reagents
from Beckman Instruments (Carlsbad, CA). Briefly, the reduction
of NAD+ to NADH is associated with glucose phosphorylated
by hexokinase (HK) we measured the increase in absorbance at
340nm which is proportional to the glucose concentration in the
sample.
A radioimmunoassay (RIA) was used to determine insulin concentrations (Diagnostic Products, Los Angeles, CA) and HbA1c
levels (Endocrine Science Products, Calabasas Hill, CA) as described previously [26]. Briefly, using RIA, a double-antibody
method, we measured insulin or HbA1c in our participant’s serum. Radioactive isotopes were mixed with patient’s samples and
antibodies specific for insulin or HbA1c and competed with a
fixed amount of 125I-labelled insulin or HbA1c for binding sites.
Bound and free insulin or HbA1c were then separated using a secondary antibody and the amount of free radioactivity was measured. The measurable radioactivity was recorded and is inversely
proportional to the quantity of insulin or HbA1c in the specimen.
Criteria for Determining Diabetic Status, Glycemic Control,
and Estimated Average Glucose
Diabetic Status: Participants were placed in one of three diabetic categories: normal, pre-diabetic, and diabetic. Diabetes Mellitus
diagnostic criteria based on FPG and HbA1c results were determined using ADA categories as well as a local reference laboratory’s classification [5, 27]. These criteria included a FPG ≥ 126
mg/dl (7.0 mmol/l) OR HbA1c ≥ 6.5%. Categories of increased
risk for diabetes (prediabetes) criteria included FPG levels of between 100 to 125mg/dl (5.6 - 6.9mmol/l) or HbA1c: 5.7 - 6.4%.
Glycemic Control: Among participants categorized as diabetic
and on medication within the last year, glycemic control was defined as HbA1c of < 7.0% [28].
Statistical Methods
Chi-square analyses were performed on both HbA1c and FPG
values by ethnicity, gender, and education. Using logistic regression, we adjusted for confounding factors, including age, ethnicity,
gender and education. Education was used as a proxy for socioeconomic status as the retirement status of individuals over the
age of 65 has the potential to modify income.
To assess glycemic control, a chi-square analysis was performed
on the use of medications and diabetic status by ethnicity and
gender. (StataCorp. 2013. Stata Statistical Software: Release 13.
College Station, TX: StataCorp LP).
Kappa statistics were calculated to measure the agreement between the normal, prediabetes, and diabetes status classified by
HbA1c and FPG. Scatter plots with linear regression fit and locally weighted regression fit were used to explore the relationship
between the HbA1c and glucose levels in this population.
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We performed non-parametric regression using a locally weighted
smoothing technique in addition to standard linear regression
analysis in order to investigate the relationship between FPG and
HbA1c levels stratified by gender and ethnicity (SAS 9.3, Cary,
NC).

and ethnic groups (Figure 1). However, in females the correlation
was not linear in the extreme upper bounds of our data. This
indicated that there is not a constant linear relationship between
FPG and HbA1c, although more linear when HbA1c was less
than 6.4. This is similar to what was found by the Ramachandran
group [29] who also reported a steeper, relatively linear comparison. We report a horizontal linear fit for low HbA1c values, which
indicates that FPG levels do not change as HbA1c changes, when
HbA1c is less than 6.4 (Figure 1). This non-parametric method
does not assume a strictly linear relationship between FPG and
HbA1c levels, and describes their relationship over certain ranges
of the data rather than globally. However, as HbA1c increases to
greater than 6.4, a steeper linear relationship between FPG and
HbA1c is observed, where the slope coefficient is comparable to
the linear regression results. This is clinically relevant as the reduction of HbA1c by one percentage point has been associated with
a 40% reduced risk of eye, kidney, and nerve diseases, complications present with diabetes.

Results
Within our population, there was a relatively even distribution
of Hispanics (46.2%) and NHW (53.8%) (Table1). There were
no significant differences in age or gender when Hispanics were
compared to NHW. There were significant differences between
Hispanics and NHW by socioeconomic status (SES) as represented by educational level (p<0.0001). However SES was not found
to be associated with risk of prediabetes or diabetes (p=0.1461)
(data not shown).
FPG and HbA1c were determined using ADA criteria (Table 2)
[5, 27]. FPG and HbA1c were similarly correlated among gender

Table 1. Characteristics of Age, Sex and Median Education by Hispanic vs. Non-Hispanic White.

No
Yes

Completed High School
Average Age

Males
Females

Sex

Hispanic
313 (76.9%)
94 (23.1%)
73.9 (SD: 6.5)
220 (54.5%)
194 (45.5%)

NHW
167 (35.8%)
299 (64.2%)
74.3 (SD: 6.2)
245 (52.6%)
224 (47.4%)

P-value
<0.0001
0.315
0.789

Table 2. Criteria for Three Diabetic Categories.

Normal
Prediabetic
Diabetic

Reported Taking Insulin or Oral Hypoglycemics
No
No
Yes

FPG (mg/dl)
≤100
>100, <126
≥126

HbA1c(%)
<5.7
≥5.7, <6.5
≥6.5%

Figure 1 (a-d). Locally Weighted Correlation of FPG vs. HbA1c by Gender and Ethnicity.
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Our analysis identifies a large variation between the sensitivity of
HbA1c and FPG in the identification of both prediabetes and
diabetes. Prevalence of prediabetes and diabetes was higher when
defined by HbA1c compared to FPG levels. Interestingly, 95% of
diabetics defined by FPG are also defined by HbA1c, representing overlap between the two measures. However, total diabetes
prevalence by HbA1c was greater, and the overall agreement between the two measures appears to be poor, particularly by sex
and ethnicity between HbA1c and FPG. (K=0.22-0.34) (Table3).
For prediabetics, the overlap of FPG with HbA1c was only 30%
and of clinical importance, HbA1c identifies more individuals as
prediabetic than FPG. HbA1c identified more prediabetics and

diabetics, particularly in Hispanic males, which suggests that the
threshold for FPG may vary in our population particularly at the
extremes. Our data supports the idea that FPG varies by ethnicity. Therefore, prediabetes and diabetes thresholds should be adjusted for Hispanic and non-Hispanic ethnicity.
Glycemic control for individuals on medication within the last
year was poor (n=56) (Figure 2). Further, diabetes was less controlled among Hispanics compared with NHW (p<0.0001). However, the sample size of those with pre-diabetes and diabetes is
relatively small, and these results require further investigation.

Table 3. Agreement between FPG and HbA1C, overall and by sex and ethnicity.
HbAIC
Overall

FPG
Normal
Normal
Prediabetic
Diabetic
Total

Prediabetic

265 (41)
10 (8)
1 (1)
276

Diabetic

278 (43)
109 (17)
37 (30)
75 (62)
3 (4)
76 (95)
318
260
Weighted Kappa = 0.27 (95 % CI = 0.23, 0.30)

Non Hispanic Whites

Normal
Prediabetic
Diabetic
Total

Normal
Prediabetic
Diabetic
Total

84 (44)
3 (19)
0
87

26 (14)
12 (75)
9 (90)
47

Weighted Kappa = 0.22 (95% CI = 0.14, 0.29)

652
122
80
854
Hispanic

Males
Normal
Prediabetic
Diabetic
Total
73 (41)
79 (44)
26 (15)
178
5 (13)
18 (46)
16 (41)
39
0
2 (10)
19 (90)
21
78
99
61
238
Weighted Kappa = 0.27 (95% CI = 0.19, 0.35)
Females
Normal
Prediabetic
Diabetic
Total
83 (43)
1 (6)
1 (10)
85

Total

193
16
10
219

Males
Normal Prediabetic
Diabetic
Total
52 (38)
56 (41)
28 (21)
136
2 (5)
11 (29)
25 (66)
38
0
1 (3)
34 (97)
35
54
68
87
209
Weighted Kappa = 0.34 (95% CI = 0.26, 0.42)
Females
Normal Prediabetic Diabetic Total
52 (37)
59 (42)
29 (21)
140
2 (7)
5 (17)
22 (76)
29
0
0
14 (100)
14
54
64
65
183
Weighted Kappa =0.22 (95% CI = 0.14, 0.29)

Figure 2. Comparison of Diabetes Control by HBA1C.
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Conclusion

Acknowledgement

The goal of this study was to describe the different prevalence of
diabetes, prediabetes, and glycemic control in a population-based
sample of elderly Hispanic and NHW participants by comparing
HbA1c and FPG. Our results suggest that using HbA1c, rather
than FPG, results in higher rates of prediabetes and diabetes, a
finding with numerous implications for healthcare practice. Using HbA1c might result in higher rates of false-positives, which
could lead to unnecessary testing, treatment, anxiety, and potential
discrimination by insurers. However, it could also result in earlier
lifestyle intervention and consistent monitoring. For clinicians,
HbA1c provides several advantages over FPG, including the lack
of fasting prior to testing, which may increase compliance and
monitoring by patients and the fact that external factors, including
those confounders, which may particularly impact elderly populations, do not affect HbA1c levels. Finally, the risk of false positives among those diagnosed using HbA1c may be outweighed by
the potential to overcome the known disparities in the identification and treatment of prediabetes in individuals with lower SES
[28].

This project was supported in part by the K05 CA131675 and the
National Center for Research Resources and the National Center
for Advancing Translational Sciences of the National Institutes
of Health through Grant Number UL1 TR000041. The content
is solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

Southwestern Hispanics, compared with overall Hispanics in the
U.S., have been reported to have a higher prevalence of diabetes
than NHW [30], and previous studies have indicated that Hispanic men are at an almost a two fold increase in risk for diabetes
when compared with NHW men. In our population, Hispanic
men were less likely to have glycemic control of their diabetes,
but it is unclear whether this is due to differences in testing by
gender/ethnicity, disease progression of diabetes by gender/ethnicity, lifestyle or in care of diabetics by gender/ethnicity. As discussed previously, potential variations in the glycation of proteins
by gender and ethnicity may result in changes in HbA1c results.
As HbA1c typically monitors glycemic control, and HbA1c appears to identify more diabetics in our population, this increase
could improve the care of those being monitored.

Limitations
As mentioned previously, HbA1c cut offs derived from population studies may be less accurate in older subjects. This is not a
variable we can correct and represents a limitation of our study
design. Since SES in our population was influenced by retirement
status, we used level of education as a proxy marker for SES. This
variable may have limited our ability to predict the impact income
has on the early identification of prediabetes.
Given the differences between HbA1c and FPG, we sought to
describe the prevalence of diabetes, prediabetes, and glycemic
control in a population of Hispanic and NHW participants. We
compared HbA1c with FPG across gender and ethnicity and
showed both measures of diabetes differ in their sensitivity across
two ethnic groups. In addition the increased sensitivity of HbA1c
might result in higher rates of false-positives, but could provide
early intervention points and increase glycemic control due to
ease of monitoring. In the future it would be important to consider adapting HbA1c ranges based on ethnicity and to create studies, which examine how effective glycemic control program and
education intervention programs are for the Hispanic population.
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