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Abstract

Obijectives: The measurement of glycated hemoglobin (HbA1c) has been recently recommended for the diagnosis of diabetes. There are many
diseases and conditions influencing HbA1c values, but hemoglobin (Hb) levels are not usually taken into account in the interpretation of HbA1cin
the screening of diabetes. This study examined the association between Hb and HbA1c, together with the factors possibly affecting HbA1c in
Japanese without anemia or diabetes.

Methods: Subjects were 32605 individuals (16706 men) aged 30-75 years from the general health check-up program with fasting plasma glucose
(FPG) <7 mmol/L and HbAlc < 6.5% (48 mmol/mol) without anemia, under treatment of anemia, self-reported diabetes, chronic kidney disease, liver
disease, rheumatoid arthritis or collagen diseases. Multivariable linear regression analysis was performed to analyze the effect of Hb on HbA1c,
after adjusting for age, body mass index (BMI), FPG, and alcohol and smoking habits in men and women separately.

Results: Men had more unfavorable cardiovascular risk profiles and higher hematological parameters compared with women. In both men and
women, age, BMI and FPG had positive associations, while Hb had a negative association with HbA1c in the univariate linear regression model (all
P < 0001). The multivariable linear regression analysis showed that HbA1c was negatively affected by Hb, independent of age, sex, BMI, FPG, and
smoking and alcohol habits in both men and women (both P < 0001). An interaction between sex and Hb was shown in the effects on HbA1c (P <
0.05).

Conclusion: HbA1c levels decreased with increasing Hb levels, independent of FPG and covariates in Japanese men and women without diabetes

or anemia. There was an interaction between sex and Hb in the effects on HbA1c. This should be appreciated when interpreting HbA1c.

Introduction

Glycated hemoglobin (HbA1c) levels reflect the average levels of glycemia
over a 1-2 month period because of the life span of erythrocytes. Thus,
HbA1c has been the gold standard for the assessment of glycemic control
in patients with diabetes for the past three decades, and has been recently
recommended for the use of HbA1c level > 6.5% in the diagnosis of diabe-
tes [1-3].

In the setting of hyperglycemia, the highly permeable erythrocyte
membrane allows exposure of hemoglobin (Hb) to elevated intracellular
glucose levels. HbA1c is formed by the non-enzymatic glycation of N-ter-
minal valine on the beta chain of Hb in a two-step Maillard reaction [4].
Erythrocyte turnover, as well as Hb features and glycation, are known to
influence HbA1c values, independent of glucose concentrations [4]. Thus,
the interpretation of HbA1c values may have limitations. Moreover, HbA1c
is a ratio of glycated hemoglobin to total Hb [5]. Hb value may be an im-
portant contributing factor to HbA1c level, and there may be inter-individ-
ual differences in the relationship between Hb and HbA1c values. Never-
theless, Hb levels have not always been taken into account in the use of
HbA1c in routine clinical practice.

The aim of this study was to investigate the association between he-
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matological parameters, especially Hb and HbA1c, together with the fac-
tors affecting HbA1c including glucose values in Japanese men and
women without diabetes or anemia, by a cross-sectional analysis.

Methods

Subjects

The study comprised of 32605 individuals (16706 men) aged 30-75 years
and with fasting plasma glucose (FPG) < 7 mmol/L and HbA1c < 6.5% (48
mmol/mol). The study excluded individuals with anemia (men: Hb < 13.5
g/dL, women: Hb < 11.5 g/dL), Hb levels above the reference range (men:
Hb > 17.5 g/dL, women: Hb > 15.5 g/dL), under treatment of anemia, self-
reported diabetes, chronic kidney disease (men: creatinine > 1.6 mg/dL,
women: creatinine > 1.2 mg/dL), liver disease (i.e. hepatitis B or C), or
those with rheumatoid arthritis or collagen diseases. Participants were
identified from 74823 individuals (45386 men) in the annual health check-
up program at the Josai Hospital Healthcare Center, Tokyo, Japan between
January 2003 and December 2003.

Measurements

FPG was determined using the hexokinase UV method (Quick auto neo
GLU-HK, Shino-test Co., Ltd, Tokyo, Japan). HbA1c was determined in
whole blood by latex agglutination turbidimetry with Determina Alc
(Kyowa Medex Co., Ltd, Tokyo, Japan) after standardization by Japan Dia-
betes Society (JDS) calibration. HbA1c values used in this report were con-
verted from JDS aligned values to National Glycated Standard Program
(NGSP) aligned values and International Federation of Clinical Chemistry
(IFCC) aligned values according to the formula [6]: NGSP value (%) = 1.02 x
JDS value (%) + 0.25% and IFCC value (mmol/mol) = 10.93 x NGSP value (%)
- 23.52. The intra- and inter- assay co-efficients of variation for HbA1c
were 2.3% and 2.4%, respectively. Hb, hematocrit (Ht), and red blood cell
(RBC) counts were measured using the sodium lauryl sulfate-hemoglobin
method, RBC pulse wave high value detection method, and sheath flow
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electrical resistance detection method, with an automated multiple blood
count analyzer (Sysmex XE-2100, Sysmex, Kobe, Japan). The mean corpus-
cular volume (MCV), mean corpuscular hemoglobin (MCH), and mean cor-
puscular hemoglobin concentration (MCHC) were calculated according to
the formula: Ht/RBC x 103, Hb/RBC x 103, and Hb/Ht x 102, respectively.

Information of smoking habits (current, past, none) and alcohol habits
(every day, sometimes, none) was obtained from the responses to the self-
administrated questionnaires. In the current analysis, past- and non-
smoker were grouped as non-current smoker, and the subjects who drink
alcohol every day or sometimes were grouped as subjects with alcohol
habits.

Statistical Methods
Data were analyzed and reported for men and women, separately.

Univariate regression analysis was performed to test the effects of age,
body mass index (BMI), FPG, hematological parameters (Hb, Ht, RBC, MCV,
MCH, and MCHC), alcohol habits, and smoking habits, respectively, on
HbA1c (%). Next, multivariable linear regression analysis was performed
to test the independent effect of hematological parameters (Hb, Ht, RBC,
MCV, MCH, and MCHC) on HbA1c. The independent variables tested in this
model were those identified as significant in the univariate regression
model: i.e., age (continuous), BMI (continuous), FPG (continuous) and Hb
(continuous), Ht (continuous), RBC (continuous), MCV (continuous), MCH
(continuous), MCHC (continuous), smoking habits (categorical: current
smokers versus non-current smokers), and alcohol habits (categorical: yes
versus no). Subsequently, the interaction between Hb and sex was tested
in the model in which sex was included in the independent variables, and
the data from both men and women were analyzed. Because hematolog-
ical parameters had high co-linearity with Hb, only Hb was used to test sex
interaction in the multivariable model.

Finally, the adjusted HbA1c value was calculated for varying Hb level
using the equation delivered from the results of the multivariable regres-
sion analysis described above, assuming that the individuals were 60
years old and had BMI of 25 kg/m?, FPG of 6.1 mmol/L (impaired fasting
glucose: IFG), and smoking and alcohol habits. These values were chosen
as an example of individual with abnormal glucose metabolism detected
though screening for diabetes in Japan.

Data were analyzed with the SPSS statistical package for Windows ver-
sion 21.0 (SPSS, Chicago, IL, USA). P-values were based on two-sided tests
and the cut-off point for statistical significance was P < 0.05.

Ethical Considerations

This analysis was approved by the Institutional Review Board of Josai Hos-
pital and Tokyo Women'’s Medical University and the written informed con-
sent was obtained from the participants.

Results

Characteristics of Participants Analyzed for the Study

Table 1 shows the characteristics of the participants analyzed in the study.
Men had significantly worse cardiovascular risk profiles than women. The
hematological parameters: RBC, Hb, Ht, MCV, MCH, and MCHC were
higher in men than in women (Table 1).

Effect of Hematologic Parameters on HbA1c
The univariate linear regression analysis showed that age, BMI, FPG, RBC
counts, and Ht had positive associations with HbA1c, while Hb and smok-
ing and alcohol habits had negative associations with HbA1c in each sex
(Table 2). As for MCV, MCH, and MCHC, all had negative associations with
HbA1c in each sex (Table 2).

The multivariate linear regression analysis showed that the negative
association between Hb and HbA1c remained after adjusting for age, BMI,
FPG, and smoking and alcohol habits in each sex (Model 1 in Table 3).
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Table 1. Clinical Characteristics of Study Subjects

Variable Men Women P-value
Number 16706 15899
Age (years) 44.1+9.9 44.7+9.9 <0.001
Body mass index (kglmz) 23.6+3.1 21.7435 <0.001
Fasting plasma glucose (mmol/L) 5.22+0.51 4,90+0.45 <0.001
HbA1c (%) 5.3+0.3 5.2+0.4 <0.001
HbA1c (mmol/mol) 34+3 33+4 <0.001
Systolic blood pressure (mmHg) 121+16 115+16 <0.001
Diastolic blood pressure (mmHg) 75+10 72411 <0.001
LDL-cholesterol (mmol/L) 3.19:0.80 3.00£0.80 <0.001
HDL-cholesterol (mmol/L) 1.51+0.38 1.76£0.37 <0.001
Triglyceride (mmol/L) 1.50£1.17 0.87+0.50 <0.001
Red blood cell (x10* /p L) 489+34 442431 <0.001
Hemoglobin (mg/dL) 15.540.8 13.3+0.9 <0.001
Hematocrit (%) 47.3+2.6 421426 <0.001
MCV (fL) 97+5 955 <0.001
MCH (pg) 3242 30+2 <0.001
MCHC (%) 33+1 3241 <0.001
Current smoker (%) 44.6 9.6 <0.001
Alcohol habits (%) 209 9.8 <0.001

Data are shown by mean£SD unless stated otherwise. MCV, mean corpuscular volume; MCH, mean cor-
puscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration.

Table 2. Univariate Linear Regression Analysis to Examine the Effects of Each

Variable on HbA1c (%) in Each Sex

W beta Standard Error  P-value |
Men
Age (10 years) 0.117 0.003 <0.001
Body mass index (1 kg/m2) 0.028 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.246 0.003 <0.001
Hemoglobin (1 mg/dL) -0.022 0.003 <0.001
Hematocrit (1%) 0.003 0.001 0.004
Red blood cell (x10*/uL) 0.001 0.000 <0.001
MCV (fL) -0.005 0.001 <0.001
MCH (pg) -0.037 0.002 <0.001
MCHC (%) -0.053 0.003 <0.001
Current smoker (yes) -0.020 0.008 0.015
Alcohol habits (yes) -0.036 0.006 <0.001
Women
Age (10 years) 0.164 0.003 <0.001
Body mass index (1 kg/m?) 0.029 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.264 0.004 <0.001
Hemoglobin (1 mg/dL) -0.006 0.003 <0.001
Hematocrit (1%) 0.009 0.001 <0.001
Red blood cell (x10%/uL) 0.002 0.000 <0.001
MCV (fL) -0.011 0.001 <0.001
MCH (pg) -0.035 0.001 <0.001
MCHC (%) -0.065 0.003 <0.001
Current smoker (yes) -0.061 0.006 <0.001
Alcohol habits (yes) -0.095 0.006 <0.001
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Table 3. Multivariable Linear Regression Analysis to Examine the Effects of Various
Variables on HbA1c (%)

Model  Independent Variable beta Standard Error  P-value

1 Men
Intercept 3.341 0.051
Age (10 years) 0.074 0.003 <0.001
Body mass index (1 kg/m?) 0.023 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.268 0.005 <0.001
Hemoglobin (1 mg/dL) -0.033 0.003 <0.001
Current smoker (yes) 0.042 0.009 <0.001
Alcohol habits (yes) -0.018 0.007 0.006
Women
Intercept 4,035 0.030 <0.001
Age (10 years) 0.085 0.002 <0.001
Body mass index (1 kg/m?) 0.009 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.192 0.004 <0.001
Hemaglobin (1 mg/dL) -0.017 0.002 <0.001
Current smoker (yes) -0.012 0.005 0.100
Alcohol habits (yes) -0.113 0.005 =0.001
2 Men
Intercept 2.899 0.051
Age (10 years) 0.078 0.003 <0.001
Body mass index (1 kg/m?) 0.021 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.268 0.005 <0.001
Hematocrit (1%) 0.007 0.001 0.454
Current smoker (yes) 0.038 0.009 <0.001
Alcohol habits (yes) -0.016 0.007 <0.001
Women
Intercept 3.816 0.031
Age (10 years) 0.083 0.002 <0.001
Body mass index (1 kg/m?) 0.009 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.190 0.004 <0.001
Hematocrit (1%) 0.0001 0.001 0.543
Current smoker (yes) -0.018 0.005 <0.001
Alcohol habits (yes) -0.115 0.005 <0.001
3 Men
Intercept 2.360 0.045
Age (10 years) 0.089 0.003 <0.001
Body mass index (1 kg/m?) 0.018 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.270 0.005 <0.001
Red blood cell (x10%/uL) 0.001 0.001 <0.001
Current smoker (yes) 0.041 0.009 <0.001
Alcohol habits (yes) -0.012 0.007 0.079
Women
Intercept 3.381 0.028
Age (10 years) 0.083 0.002 <0.001
Body mass index (1 kg/m?) 0.007 0.001 <0.001
Fasting plasma glucose (1 mmol/L) 0.186 0.004 <0.001
Red blood cell (x10%/uL) 0.001 0.001 <0.001
Current smoker (yes) -0.018 0.005 <0.001
Alcohol habits (yes) -0.105 0.005 =0.001

Similarly, the negative association between MCV, MCH, and MCHC and
HbA1c remained in the multivariate models adjusted for age, BMI, FPG,
and smoking and alcohol habits in each sex (Model 4, 5 and 6 in Table 3).
As for RBC, the positive association with HbA1c remained (Model 3 in Table
3) (Table 3).

Figure 1 illustrates adjusted HbA1c according to Hb in men or women
aged 60 years old and with BMI 25 kg/m?, IFG (FPG 6.1 mmol/L), and smok-
ing and alcohol habits. The following equations (Model 1) were adopted to
calculate adjusted HbA1c:
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Men
Intercept
Age (10 years)
Body mass index (1 kg/m?)
Fasting plasma glucose (1 mmol/L)
MCV (1 fL)
Current smoker (yes)
Alcohol habits (yes)
Women
Intercept
Age (10 years)
Body mass index (1 kg/m?)
Fasting plasma glucose (1 mmol/L)
MCV (1 fL)
Current smoker (yes)
Alcohol habits (yes)
Men
Intercept
Age (10 years)
Body mass index (1 kg/m?)
Fasting plasma glucose (1 mmol/L)
MCH (1 pg)
Current smoker (yes)
Alcohol habits (yes)
Women
Intercept
Age (10 years)
Body mass index (1 kg/m?)
Fasting plasma glucose (1 mmol/L)
MCH (1 pg)
Current smoker (yes)
Alcohol habits (yes)
Men
Intercept
Age (10 years)
Body mass index (1 kg/m?)
Fasting plasma glucose (1 mmol/L)
MCHC (1 %)
Current smoker (yes)
Alcohol habits (yes)
Women
Intercept
Age (10 years)
Body mass index (1 kg/m?)
Fasting plasma glucose (1 mmol/L)
MCHC (1%)
Current smoker (yes)
Alcohol habits (yes)

For males

For females

4.030
0.095
0.018
0.270
-0.012
0.054
-0.015

4.729
0.092
0.007
0.188
-0.010
-0.001
-0.093

4.637
0.098
0.018
0.273
-0.055
0.060
-0.013

4,924
0.091
0.006
0.189
-0.037
0.005
-0.083

4.522
0.072
0.022
0.270
-0.049
0.035
-0.014

4.863
0.081
0.008
0.192
-0.033
-0.015
-0.110

0.056
0.003
0.001
0.005
0.001
0.009
0.007

0.037
0.002
0.001
0.004
0.001
0.005
0.005

0.055
0.003
0.001
0.005
0.002
0.009
0.006

0.034
0.002
0.001
0.004
0.001
0.005
0.004

0.086
0.003
0.001
0.005
0.002
0.009
0.007

0.056
0.002
0.001
0.004
0.002
0.005
0.005

Table 3. Continued

<0.001
<0.001
<0.001
<0.001
<0.001
0.023

<0.001
<0.001
<0.001
<0.001
0.853
0.006

<0.001
<0.001
<0.001
<0.001
<0.001
0.047

<0.001
<0.001
<0.001
<0.001
0.240
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.028

<0.001
<0.001
<0.001
<0.001
0.001

<0.001

HbA1c (%) =0.074 x 6 + 0.023 x 25 + 0.268 x 6.1 - 0.033 x Hb + 0.042 -
0.018 + 3.341

HbA1c (%) = 0.085 x 6 + 0.009 x 25+ 0.192 x 6.1 - 0.017 x Hb - 0.012 -
0.113+4.035
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Figure 1. Relationship between hemoglobin and adjusted HbA1c in men and women
aged 60 years, with body mass index 25 kg/m?, fasting plasma glucose 6.1 mmol/L,
and smoking and alcohol habits. P for sex interaction < 0.05. The following equation
was adopted to calculate HbA1c (%). For men, HbA1c (%) = 0.074 x 6 + 0.023 x 25 +
0.268 x 6.1- 0.033 x Hb + 0.042 - 0.018 + 3.341; for women, HbA1c (%) = 0.085 x6 +
0.009 x25 +0.192 x6.1-0.017xHb - 0.012 - 0.113 + 4.035.

The adjusted HbA1c decreased with increasing Hb. In this assumption,
the adjusted HbA1c differed by 0.07% for men and 0.13% for women in
the normal range of Hb for each sex (men: 13.5-17.4 g/dL, women: 11.5-
15.4 g/dL) and the sex difference of adjusted HbA1c ranged from 0.01 to

0.05% (from 0.2 to 0.4 mmol/mol) in the normal range of Hb for both sexes:

Hb 13.5-15.4 g/dL (Figure 1). Figure 1 suggests that the slopes for men and
women are different. A multivariable linear regression analysis to examine
the interaction between sex and Hb in the effects on HbA1c indicated that
the interaction was significant (P < 0.05). In this analysis, age, BMI, FPG,
alcohol and smoking habits, and Hb multiply sex (sex was coded as men =
0 and women = 1) were included as independent variables, in addition to
sex and Hb.

Discussion

HbA1c is a tool for the identification of subjects with diabetes [1-3]. Our
study showed that HbA c levels decreased with increasing Hb levels at any
given FPG level independent of age, BMI, and smoking and alcohol habits
among non-diabetic men and women without anemia, liver or renal dys-
function, etc. Furthermore, sex had an independent association with
HbA1c as well as an interaction effect on the association between Hb and
HbA1c.

In our study, HbA1c values adjusted for age, BMI, FPG, and smoking
and alcohol habits decreased with increasing Hb in both sexes, and dif-
fered even within the normal range of Hb for each sex. This finding may
simply reflect the fact that HbA1c is a ratio of glycated Hb to total Hb. In
conditions where erythrocyte turnover increases — an increase in RBC
counts or a decrease of RBC survival — leads to the reduction of ‘old’ Hb
and an increase in ‘new’ Hb [7]. It has been reported that new Hb is less
likely to be glycated than old Hb, resulting in lower HbA1c levels [8-10]. A
study in twins has shown that 69% of inter-individual variance of HbA1c
variance adjusting for age and BMlI is attributed to genetic factors, and the
remaining 31% is a result of environmental influences [11]. One-third of
the inherited variance of HbA1c is associated with the glycation gap [11],
the difference between the HbA1c predicted by the glycation of serum
proteins and actual HbA1c. This difference is reported to be associated
partly with the difference in the RBC trans-membrane gradient, suggesting
variations in the degree of glucose entry into the RBC, and 2, 3-diphospho-
glycerate and pH levels in the RBC. There may be unidentified genetic loci
influencing HbA1c levels via glycemic and non-glycemic pathways in Japa-

Diabetes and Endocrinology. 2017;1(1):3

nese individuals, as demonstrated in a recent genome-wide association
study in European populations that identified 10 genetic loci reproducibly
associated with HbA1c [12].

Koga et al. had reported that RBC counts had a positive association
with HbA1c, whereas Hb, MCH and MCV had negative associations with
HbA1c in pre-menopausal Japanese women without diabetes or anemia
[13]. The same approach had not been performed due to incomplete in-
formation about menopause in our data; however, the similar trends to
Koga's findings were shown for RBC, Hb, MCV, and MCH in our univariate
model. The inverse effect of RBC count and Hb on HbA1c values could be
explained by the mechanisms described above: increased erythrocyte
turnover which increases RBC counts or decreases RBC survival, leading
to decrease of old Hb [7], and resulting in lower HbA1c levels [8-10].

Since MCH and MCHC are indicators of mean Hb amounts and con-
centrations in RBC, the negative associations between these indicators
and HbA1c might reflect stronger effects of Hb than RBC (or Ht) on HbA1c.
The MCV, an indicator of mean RBC volume, was correlated with MCH and
influenced by iron contents, abrupt bleeding, etc. The reason for the neg-
ative association between MCV and HbA1c in our study was not known,
but it might reflect the effect of Hb on HbA1c. Further studies will be
needed.

In the current study, sex had an independent association with HbAc
levels as well as an interaction effect on the association between Hb and
HbA1c. The reason for this difference between sexes is not understood.
Sex is an important association factor of HbA1c [4], and the sex hormone
estrogen might have affected the rate of glycation. A previous Japanese
data has not revealed any significant relation between erythrocyte indices
and HbA1c in post-menopausal women [13]. However, there is no infor-
mation about what extent the lifespan of erythrocytes differs between
pre- and post-menopausal women with the same Hb or MCH levels. It is
anticipated that HbA1c levels in women before menopause are frequently
modified by fluctuations in Hb levels induced by menstruation, although
it is not known to what extent these unstable Hb levels influence HbA1c
levels.

As shown in Figure 1, HbA1c value in individuals with IFG (FPG 6.1
mmol/L) who have the same age, BMI and social habits are ranging from
5.5% (36.6 mmol/mol) to 5.65% (38.2 mmol/mol). According to the guide-
line by JDS, HbA1c 5.6% is the threshold for a 75 g oral glucose tolerance
test (OGTT) to screen diabetes or impaired glucose tolerance [3]. Thus, not
to miss the individuals needing further testing of an OGTT, we should be
cautious in interpreting HbA1c.

Potential limitations to this study should be noted. First, our study was
based on health check-up examination data at a single point in time, and
the estimated HbA1c was made by adjustment for classical risk factors for
HbA1c. Moreover, the study analyzed data from single center, so general-
izing these findings should be done with caution. However, a similar trend
has been reported in a study of non-anemic and non-diabetic Koreans [14]
as well as non-anemic and non-diabetic Japanese pre-menopausal women
[13], although the statistical method used for the analysis was not the
same. Second, we did not have the data on a 75 g OGTT for the diagnosis
of diabetes. FPG does not always reflect mean glucose levels, and the con-
tribution of FPG to HbA1c is smaller than postprandial glucose in low
ranges of HbA1c [15]. However, FPG had a strongly positive linear associ-
ation with HbA1c. Third, it is not known to what extent the measurement
method of HbA1c influenced the relationship between Hb and HbA1c, and
should be examined further in the future. Of note, the Korean study [14]
used the same measurement method and the same kit as our study.
Fourth, it has been reported that HbA1c levels are decreased in people
taking high doses of Vitamin C, D, and E [4], and we could not identify or
exclude such individuals from the data analysis in our study. Fifth, red cell
distribution width (RDW) may also have influenced on HbA1c, although
the screening program has not included RDW measurements. Seventh, it
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is well-known that thyroid dysfunction relates to iron deficiency anemia,
increases red cell turn over, and probably modifies HbA1c values. How-
ever, information of thyroid disease was not available due to lack of item
in the questionnaires. Nevertheless, we excluded participants with anemia
to minimize this limitation. Eighth, doses and duration of smoking and al-
cohol may affect HbA1c values. However, we could not examine it due to
limited information of these variables. Finally, information about meno-
pause in women in the study was not available, which might also have
affected the sex differences in the relation between Hb and HbA1c ob-
served in the study. Nevertheless, our study included a large sample size
and excluded, as far as was possible, individuals who had conditions that
could potentially affect HbA1c.

Conclusion

In conclusion, HbA1c levels decreased with increasing Hb levels, independ-
ent of age, sex, BMI, FPG, and smoking and alcohol habits in Japanese men
and women without diabetes or anemia. There was an interaction be-
tween sex and hemoglobin in the effects on HbA1c. The interpretation of
HbA1c values should be cautious in the screening of glucose intolerance.

Article Information

Conflict of Interest Disclosures: None

Funding: This study was supported by grants to T.N. from the Japan Dia-
betes Society, Japanese Ministry of Health, Labour, and Welfare, the Ja-
pan Medical Women'’s Association, the Tokyo Women'’s Medical University
Association, the Yayoi Yoshioka Research Fund, and the Yazuya Food and
Health Research Foundation.

Keywords

Hemoglobin; HbA1c; sex; plasma glucose.

References

1. American Diabetes Association. Diagnosis and classification of diabe-
tes mellitus. Diabetes Care 2010;33:562-69.

2. Geneva: World Health Organization. Use of glycated haemoglobin
(HbA1c) in the diagnosis of diabetes mellitus. Abbreviated Report of a
WHO Consultation2011.

3. The Committee of the Japan Diabetes Society on the Diagnostic Cri

Diabetes and Endocrinology. 2017;1(1):3

10.

12.

13.

14.

15.

teria of Diabetes Mellitus. Report of the Committee on the classifica-
tion and diagnostic criteria of diabetes mellitus. Journal of Diabetes
Investigation 2010;1:212-228.

Higgins T. HbA1c-an analyte of increasing importance. Clinical Bio-
chemistry 2012;45:1038-1045.

Pan WH, Habicht JP. The non-iron-deficiency-related difference in he-
moglobin concentration distribution between blacks and whites and
between men and women. American Journal of Epidemiology
1991;134:1410-1416.

Kashiwagi A, Kasuga M, Araki E, et al. Committee on the Standardiza-
tion of Diabetes Mellitus-Related Laboratory Testing of Japan Diabetes
Society (JDS). International clinical harmonization of glycated hemo-
globin in Japan: from Japan Diabetes Society to National Glycohemo-
globin Standardization Program values. Journal of Diabetes Investiga-
tion2012;3:8-10.

Herman WH, Ma Y, Uwaifo G, et al. Differences in A1c by race and eth-
nicity among patients with impaired glucose tolerance in the Diabetes
Prevention Program. Diabetes Care 2007;30:2453-2457.
Fitzgibbons JF, Koler D, Jones RT. Red cell age-related changes of he-
moglobins Ala+b and A1c in normal and diabetic subjects. Journal of
Clinical Investigation 1976,52:820-824.

Krzisnik C, Luksc-Bajalo J. Glycosylated hemoglobin in fractions of
erythrocytes of different ages. Journal of Endocrinological Investiga-
tion 1993;16:495-498.

Eldrwidy MM, Stallings M, Abraham EC. Changes in glycosylated he-
moglobins with red cell aging in normal and diabetic subjects and in
new born infants of normal and diabetic mothers. The Journal of La-
boratory and Clinical Medicine 1983;102: 628-636.

. Snider H, Sawtell PA, Ross L, Walker J, Spector TD, Leslie RD. HbA1c

levels are genetically determined even in type 1 diabetes: evidence
from healthy and diabetic twins. Diabetes 2001;50:2858-2863.
Soranzo N, Sanna S, Wheeler E, et al. Common variants at 10 genomic
loci influence hemoglobin Alc levels via glycemic and nonglycmic
pathways. Diabetes 2010;50:3229-3239.

Koga M, Morita S, Saito H, Mukai M, Kasayama S. Association of eryth-
rocytes indices with glycated haemoglobin in pre-menopausal women.
Diabetic Medicine 2007;24:843-847.

Bae JC, Suh S, Jin SM, et al. HbA1c values are affected by hemoglobin
level and gender in non-anemic Koreans. Journal of Diabetes Investi-
gation2013;5:60-65.

Monnier L, Lapinski H, Colette C. Contributions of fasting and post-
prandial plasma glucose increments to the overall diurnal hyperglyce-
mia of type 2 diabetic patients. Diabetes Care 2003;26: 881-885.

50f5



