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Abstract

Background: In 2010 The American Diabetes Association (ADA) recommended HbA1c as an alternative to fasting blood glucose (FBG) as
a screening test when diagnosing prediabetes, but little is known about sensitivity of HbAlc and fasting glucose for diagnosing prediabetes in
Chinese Americans in primary care setting.

Methods: Data from a primary care clinic were analyzed to determine the sensitivity of elevated HbAlc (5.7%-6.4%) and FBG (100-125mg/
dc) for diagnosing prediabetes. Prediabetes was diagnosed as per ADA suggested criteria: HbA1lc between 5.7%-6.4% or fasting glucose between
100-125mg/dl (or OGTT if done). A total of 1480 patients with both FBG and HbA1c measured at the same time were included from 11/2016
t0 07/2017.

Results: The prevalence of total prediabetes for isolated HbA1lc, isolated FBG, and their overlapping was 47.1%, 3.2%, and 14.7% respectively.
Using abnormal FBG as the reference standard, the sensitivity for diagnosing prediabetes by HbAlc criteria is 82.3%.

Conclusions: In this population of Chinese Americans, HbAlc has much higher sensitivity to diagnose prediabetes, in contrast to the
sensitivity described in the literature for non-Hispanic whites, non-Hispanic blacks and Hispanic Americans. The prevalence of prediabetes by
HbA1c alone is much higher in this group than that described in the literature by FBG alone in Chinese Americans.
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Introduction

risk factors, including overweight, family history, elderly, are
more likely to develop diabetes. Diabetes places a tremendous
demand on the economical resources of the US with about 20%

Prediabetes is a chronic condition, associated with increased
risk of diabetes-related complications, such as heart disease,
stroke, and nephropathy etc. The definition of prediabetes by the
American Diabetes Association (ADA) is HbAlc between 5.7%-
6.4% (or fasting glucose between 100-125mg/dlor OGTT if done)
[1]. Prediabetes is becoming more and more common in the US.
More than one third of American adults, around 84.1million,
had prediabetes in 2015, based on their HbAlc or FG, and
90% of them do not know it [2]. Nearly half (48.3%) of adults
aged 65 or above had prediabetes [2]. In addition, about 25%
of individuals with prediabetes will develop diabetes over the

of the nation’s health care dollars going to treating people with
diabetes [4]. In order to save the government billions of dollars
in medical care costs associated with prediabetes progression
to diabetes, the Centers for Medicare & Medicaid Services
(CMS), in partnership with CDC, developed the Medicare
Diabetes Prevention Program, which will be offered at no cost
to participants (but with reimbursement to medical providers)
beginning Jan 1, 2018. The program focuses on overweight
Medicare beneficiary with prediabetes through weight loss
and education [5]. A study by Yeh [6] etc specifically focusing
on Chinese Americans with prediabetes showed lifestyle

next 3-5 years. With longer observation, most individuals with
prediabetes eventually develop diabetes, which in turn causes
major morbidity and mortality [3]. Individuals with additional
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intervention significantly decreased diabetes progression by
improving HbAlc.

In 2015, Chinese Americans were the largest fastest growing
ethnic group among Asian Americans, which in turn were the
nation’s fastest-growing ethnic group, with a growth rate over 4
times that of the total USin 2012 [7,8]. The diabetes prevalence in
Chinese Americans was 4.3% in 2013-2015 [2] with ranges from
2.2-28.0% [7]. The age-adjusted prevalence of prediabetes was
35.7% in Asian American in 2011-2014 (no specific numbers for
Chinese Americans), which was similar among in non-Hispanic
whites, non-Hispanic blacks and Hispanic Americans [2]. In the
current study, we have used data from a primary care clinic in
New York City to compare the sensitivity, prevalence of HbAlc
and FBG for diagnosing prediabetes in a group of Chinese
Americans.

Subjects/Methods

Clinical and laboratory data from individuals older than
18 years of age, of any gender, and attending a primary care
facility for yearly physical checkup or regular follow up were
incorporated into a de-identified database from November,
2016 to July, 2017 and used for statistical analyses. Diabetes was
diagnosed by fasting blood glucose 2126 mg/dl, HbA1C 26.5%
or by history. Also, individuals with certain conditions affecting
HbA1lc measurement such as anemia (defined by Hb<normal
lower cut off for each individual laboratory), hemoglobinopathy,
hemolysis, recent blood loss/transfusion, erythropoietin
therapy, pregnancy and chronic liver disease were excluded.

The definition of prediabetes was the one used by the
American Diabetes Association (ADA): HbAlc between 5.7%-
6.4% or fasting glucose between 100-125mg/dl (or OGTT
if done) [1]. The study was done in a primary care clinic in
Flushing, New York City. The majority of the patients in this
clinic are Chinese (more than 95%). Chinese are defined as

Results

individuals with a Chinese last name such as Wang, Li, etc, who
also can speak Chinese. Only data in those subjects who had
both HbA1lc and FBG levels determined at the same time were
included (n=1480).

Since all analyses were performed using a database with no
identifiers and previously collected, the Icahn School of Medicine
at Mount Sinai Program for the Protection of Human subjects
(IRB) was consulted and decided that the study did not require
IRB approval or signed participants’ consent.

Majority of fasting blood samples (fasting at least 8 hours)
were drawn at the clinic and the specimen picked up at evening
or nighttime by an employee from Quest Diagnostics (New York,
USA). The remainder of fasting blood samples was drawn at local
(Flushing, New York City) branches from Quest Diagnostics, Bio
Reference Laboatories (ElImwood, NJ) or Lab Corp (Burlington,
NC). HbAlc, FBG as well as all other biochemical parameters
were all measured at Quest Diagnostics, Bio Reference or Lab
Corp central laboratories. Demographic data (age, gender) and
vital signs (systolic and diastolic blood pressure and weight and
height) were all documented during the subjects’ clinic visit.

Statistical analysis

Descriptive statistics number and percentage are used to
summarize categorical and biochemical variables, and mean
and standard deviation for continuous variables. Prevalence
of isolated HbAlc and isolated FBG were calculated. Every
subject had both HbAlc and FBG test values. The prevalence
of prediabetes was calculated based on ADA suggested criteria
described above. Two-test agreement was tested by Chi-Square
test. The abnormal FBG subjects were used as the reference. The
sensitivity of HbAlc was defined by the number of abnormal
HbAlc among the abnormal FBG subjects. The sensitivity
corresponding various cut values of HbAlc was calculated. All
analyses were performed using SAS version 9.4.

Table 1: Characteristics of participants by HbA1c and fasting blood glucose.

N HbA1c<5.7% HbA1c >5.7%
FBG<100mg/dl FBG>100mg/dl FBG<100mg/dl FBG>100mg/dl Total
517 47 697 219 1480
HbA1c(%) 5.4+0.2 5.5+0.1 5.9+0.2 6.0+0.2 5.7+0.3
FBG(mg/dl) 85.5+7.5 105.4+5.9 88.6+6.7 106.1+5.4 90.6+10.0
Age(years) 47.7%13.9 54.7£12.3 58.0+11.8 58.9+10.7 54.4+13.4
Female(%) 55.1 319 58.1 45.7 54.4
Current smoker(%) 10.3 21.3 9.6 9.1 10.2
Systolic blood pressure (mmHg) 119.3¥12.9 125.2+#14.5 123.9+£10.7 127.7£12.2 122.9+12.2
Diastolic blood pressure (mmHg) 75.2+47.9 78.4+9.0 77.5+7.2 79.7+7.3 77.1+£7.7
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Hypertension(%) 23.1 34.0 43.2 47.0 36.4
BMI(kg/m?) 23.8+3.2 24.2+3.4 24.7+3.1 25.9+3.2 24.6+3.2
Total cholesterol (mg/dl) 184.8+30.6 182.1+32.8 194.0+34.3 195.8+38.0 190.6+33.9
HDL cholesterol(mg/dl) 57.4+14.8 56.9+15.3 56.4+15.2 53.9+13.9 56.4+14.9
LDL cholesterol(mg/dl) 104.5+27.9 95.8+24.8 111.1+30.8 115.2+33.5 108.9+30.4
Triglycerides(mg/dl) 118.0+75.9 135.8+74.6 136.0+93.4 136.6+£78.4 129.8+85.3
eGFR<60 ml/min per 1.73m? (%) 1.6 2.1 2.7 2.7 2.3
Hemoglobin(g/dl) 14.0+1.3 14.4+1.2 13.8+1.2 14.2 #1.2 14.0+1.2
Serum Albumin(g/dl) 4.5+0.3 4.4+0.3 4.4 £0.2 4.5+0.3 4.4+0.3
Aspartate aminotransferase (units/1) 20.6+9.6 24.4+14.1 21.947.1 22.348.1 21.6+8.5
Alanine aminotransferase (units/1) 20.2+15.3 21.6+£10.3 21.6+14.1 23.4+14.9 21.4+14.6

FBG = Fasting Blood Glucose; eGFR = Estimated Glomerular Filtration Rate by Equation
Mean+SD was used to summarize continuous variables and percentage for categorical variables.

Main characteristics of the study population are described (estimated glomerular filtration rate greater than 60ml/min per
in Table 1. There were 1480 subjects included in the analyses 1.73m2 in 97.7%). Serum albumin, hemoglobin, liver function
with an average age of 54.4 years and about equally distributed tests and lipid levels were within normal limits. There were 10%
between men and women. Most of them had normal renal who were current smokers.

Table 2: Distribution of adults without diagnosed diabetes by the cross-classification of HbA1c¢ and fasting blood glucose using different HbA1c
cut points.

< HbA1c Cut Point >HbA1c Cut Point
HbA1c Cut Point

FBG<100mg/dl FBG>100mg/dl FBG<100mg/dl FBG>100mg/dl
5.30% 5.7(4.6,7.0) 0.2(0.0,0.6) 76.4(74.1,78.5) 17.8(15.9,19.8)
5.40% 10.9(9.4,12.6) 0.7(0.4,1.3) 71.1 (68.7,73.4) 17.2(15.3,19.3)
5.50% 17.4(15.5,19.5) 1.4(0.8,2.1) 64.6(62.1,67.0) 16.6(14.8,18.6)
5.60% 26.4(24.1,28.7) 1.9(1.3,2.7) 55.7(53.1,58.2) 16.1(14.2,18.1)
5.70% 34.9(32.5,37.4) 3.2(2.3,4.2) 47.1(44.5,49.7) 14.8(13.0,16.7)
5.80% 46.1(43.5,48.7) 5.3(4.2,6.5) 35.9(33.5,38.5) 12.7(11.0,14.5)
5.90% 55.3(52.7,57.8) 7.6(6.3,9.0) 26.8(24.5,29.1) 10.4(8.9,12.1)
6.00% 64.1(61.5,66.5) 9.7(8.2,11.3) 18.0(16.0,20.0) 8.3(7.0,9.8)
6.10% 70.8(68.4,73.1) 11.8(10.2,13.5) 11.2(9.7,12.9) 6.2(5.0,7.6)
6.20% 76.4(74.2,78.6) 14.3 (12.6,16.2) 5.6(4.5,6.9) 3.6(2.8,4.7)
6.30% 79.7(77.5,81.7) 16.1(14.2,18.1) 2.4(1.7,3.3) 1.9(1.3,2.7)
6.40% 81.1(79.1,83.1) 17.4(15.5,19.5) 0.9(0.5,1.5) 0.5(0.2,1.1)

The prevalence of total prediabetes for isolated HbAlc,
isolated FBG, and their overlapping was 47.1%, 3.2%, and
14.7% respectively (Table 2). The use of FBG (100-125mg/
dl) for diagnosis of prediabetes failed to identify 72.4% of the

patients with abnormal HbA1c (5.7-6.4), while the use of HbAlc

m How to cite this article: Andrew W, Qiuhu S, John C H, Uribarri J. Comparison of Sensitivity of HbA1c with Fasting Blood Glucose for Diagnosing

for diagnosis of prediabetes only failed to identify 5% of the
patients with abnormal FBG (100-125mg/dl).

The sensitivity for diagnosing prediabetes by HbA1c criteria
was 82.3%, using FBG as the reference standard (Table 3).
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Table 3: Sensitivity, specificity, positive predictive value and negative predictive value according to different HbA1c cut points.

Test Characteristics (%)

HbA1c cut point Sensitivity Specificity Positive predictive value | Negative predictive value
5.30% 98.9 189 96.6
5.40% 95.9 13.3 19.5 93.6
5.50% 92.5 21.3 20.5 92.8
5.60% 89.5 321 22.4 93.3
5.70% 82.3 42.6 23.9 91.7
5.80% 70.9 56.2 26.1 89.7
5.90% 57.9 67.4 28 88
6.00% 46.2 78.1 31.6 86.9
6.10% 34.6 86.3 35.7 85.8
6.20% 20.3 93.2 39.4 84.2
6.30% 10.5 97.1 44.4 83.2
6.40% 3 98.9 38.1 82.3

Subjects who had abnormal FBG based on ADA suggestion criteria were used as case and normal FBG as control. Given a cut point, sensitivity,
specificity, positive predictive value and negative predictive value were calculated based on these cases and controls defined by FBG.

Discussion

Since ADA recommended HbAlc as a screening test for
prediabetes in 2010, HbA1lc has become a preferred test over
fasting glucose in the primary care setting due to its convenience,
less day-to-day perturbation during stress and illness, and
greater pre-analytical stability [1]. In our study population,
made up by Chinese Americans attending a primary care clinic in
Flushing, New York City, we found that the sensitivity of HbAlc
criteria to diagnose prediabetes, using FBG as the reference
standard was 82.3%, a value which is much higher than that
reported in majority of Americans (27.0%). This sensitivity is
also in contrast with published findings in non-Hispanic whites,
non-Hispanic blacks and Hispanic Americans. In the latter
populations, Mann et al showed that overall sensitivity of HbAlc
criteria was 27% using data from NHANES 1999-2006 [9].

The prevalence of prediabetes defined using HbA1c alone in
our study population was much higher than that using FBG alone
(47.1% vs 3.2%), also quite in contrast with findings in non-
Hispanic whites, non-Hispanic blacks, and Hispanic Americans.
Guo et al. [10] using data from NHANES 2005-2010 showed the
overall prevalence of prediabetes by HbAlc alone being much
lower than that by FBG alone in non-Hispanic whites (23.8%
vs 45.3%) and Mexican American (25.8% versus 45.7%), but
almost equal in non-Hispanic blacks (37.4% versus 38%). Mann
et al. [9]. using data from NHANES 1999-2006 also showed
that overall prevalence of prediabetes was much lower in these
ethnic groups using HbA1c alone compared to FBG alone (16.5%
versus 30.5 %).

The significant difference in sensitivity of HbAlc in our study
group could be due to genetic and/or environmental factors.
Asian Americans had higher HbAlc levels than whites (mean
5.96% versus 5.80%) [11]. Racial difference in hemoglobin
glycation or red cell survival might account for the difference
in HbAlc level independent of glycemia [11,12]. Chen at all
found Chinese and other east Asians have multiple non-glycemic
genotypes in red cells, which affects hemoglobin de-glycation,
causing 1.76% of the variance in HbAlc [13]. The relatively high
percentage of smoking in Chinese Americans (both active and
passive) may explain in part HbAlc by affecting hemoglobin
glycation independently of glycemia [12]. Another factor to
consider in our study was the delay in analysis of the blood
samples taken to a national laboratory; this would affect FBG
more than HbA1c due to the effect of glycolysis.

Reasons for the much higher prediabetes prevalence in
this study by HbAlc versus FBG are probably multi factorial.
Participants were from a primary care setting and therefore
more likely to be health conscious but sicker than general
population. Moreover, mean BMI was higher in this study than
the ADA recommended screening BMI of 23 for Asian Americans
[2], which might detect more prediabetes. Lear et al. [14] found
more abdominal fat in Chinese Canadians than Whites. Visceral
fat may have an independent increased risk of getting diabetes
[15]. White rice and refined grain makes up large portion of
daily energy intake in Chinese Americans, which increases risk
of diabetes [16]. A study by Wang et al. [16] etc found brown
rice instead of white rice significantly reduced the risk of getting
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diabetes in pre-diabetic Chinese Americans living in New York
City.

The study has limitations. Subjects were not recruited
from the general community but from a specific primary care
clinic for physical checkup or regular follow up. They might be
more health conscious and sicker than general population. This
primary care clinic was localized in a specific neighborhood in
NYC and therefore these results may not be generalizable to the
overall Chinese American population. Also, we were unable to
compare to insulin glucose tolerance since there were no oral
glucose tolerance tests performed, so we could only use FBG as
the reference standard to calculate sensitivity of HbA1lc. Clearly,
more studies need to be done to confirm these findings. Overall,
however, HbAlc is more strongly associated with risks of
cardiovascular disease and death from any causes as compared
with fasting glucose in addition to risk of diabetes [17,18].
Also HbAlc is more accurate that FBG in identifying cases of
retinopathy in addition to strong correlation with retinopathy
[18]. Therefore HbAlc may be a better predictor of potential
medical complications than FBG.

Conclusion

In a group of Chinese Americans screened in a primary care
setting in New York City, HbAlc had much higher sensitivity
for diagnosing prediabetes than FBG. Using FBG alone would
have significantly under diagnosed prediabetes in this group
of patients, which may lead to delayed diagnosis and potential
progression to diabetes. Therefore, the best option may be to
use HbAlc as a screening tool in order to get earlier diagnosis
of prediabetes. Combining HbAlc with fasting glucose will
significantly increase the sensitivity in diagnosing prediabetes
in Chinese Americans. This we hope should lead to more cases
of prediabetes identified, and early intervention enforced to
prevent or delay the progression to diabetes through intensive
lifestyle changes, or metformin use, both shown to be equally
effective in all ethnic groups [6,16,19,20].
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