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Abstract

We have investigated the relationship between fetal hemoglobin
(HbF) levels and metabolic control in subjects with insulin-dependent
(N = 79) and non-insulin-dependent diabetes mellitus (N = 242). HbF
and hemoglobin A1c (HbA1c) levels were increased in subjects with
type 1 and type 2 diabetes as compared to levels in nondiabetic
individuals (P<0.0001), and were significantly higher in type 1 than in
type 2 diabetes subjects. Lower levels of HbA1c and HbF were
observed in type 2 diabetes subjects treated by diet, intermediate levels
in those treated with oral hypoglycemic agents, and higher levels in
those treated with insulin. HbF and HbA1c levels were correlated in
type 1 diabetes (R2 = 0.57, P<0.0001) and type 2 diabetes (R2 = 0.58,
P<0.0001) subjects. Following intense treatment, twelve diabetic
patients showed significant improvement both in HbA1c and HbF
values. We conclude that increased HbF levels reflect poor metabolic
control in subjects with diabetes mellitus.
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Introduction

Several hemoglobin subfractions are
formed by glycation of hemoglobin A (HbA),
including HbA1a, HbA1b, the labile inter-
mediate form (Hb-L-A1c) and glycated he-
moglobin A1c (HbA1c). HbA1c is formed in
erythrocytes by a post-translational non-en-
zymatic two-step reaction. Glucose is first
linked to the N-terminal valine residue of the
beta chain of HbA forming Hb-L-A1c, which
subsequently undergoes an Amadori rear-
rangement to yield the stable form. HbA1c
levels reflect the average blood glucose con-

centration in the preceding 2 to 3 months
(1,2), and the measurement of HbA1c has
become an important reference value in moni-
toring the treatment of diabetes (3,4).

Fetal hemoglobin (HbF) is produced in a
subpopulation of erythrocytes termed �F-
cells� and is the predominant hemoglobin in
fetal life and early infancy. During the first
year of life, HbF is gradually replaced by
hemoglobin A, and only small amounts of
HbF (<1.0%) can be found in adult life (5).
HbF levels were shown to be increased in
some subjects with type 1 diabetes (6-8), but
data on HbF levels in type 1 diabetes are
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scarce. Moreover, no data are available for
subjects with type 2 diabetes, and the corre-
lation of HbF levels with the quality of meta-
bolic control in diabetic subjects remains
unclear. In the present study, we have inves-
tigated the relation between HbF and meta-
bolic control in subjects with type 1 and type
2 diabetes.

Material and Methods

Subjects

HbA1c and HbF levels were measured in
79 subjects with type 1 diabetes and 242
subjects with type 2 diabetes. All subjects
were outpatients in the diabetes clinics of the
Santa Casa or the Felício Rocho Hospitals in
the city of Belo Horizonte, Brazil. Diabetes
mellitus was defined according to World
Health Organization criteria (9). Ascertain-
ment of type 1 diabetes was based on a
diagnosis of diabetes before the age of 30
years, the presence of ketoacidosis or weight
loss at diagnosis, insulin-dependence there-
after, and body mass index (BMI) <25.0 kg/
m2. Ascertainment of type 2 diabetes was
based on the diagnosis of diabetes after the
age of 40 years, with no signs of ketoacido-
sis. Insulin-treated type 2 diabetes subjects
with a BMI <28.0 kg/m2 and subjects with

diabetes diagnosed between 30 and 40 years
were excluded to avoid misdiagnosis of type
1 diabetes. Individuals younger than 10 years
and those presenting nephropathy were
also excluded from the study. Two groups
of healthy subjects matched by age with
the type 1 and type 2 diabetes patients were
used as controls. Demographic and clinical
data of patients and controls are shown in
Table 1. The protocol was approved by
the Santa Casa Ethics Committee. Subjects
gave informed consent to participate in the
study.

HbA1c and HbF were also measured in
12 diabetic subjects (3 type 1 and 9 type 2
diabetes) before and after 6 to 16 weeks
(average 12 weeks) of intensive treatment, to
test the effects of a better metabolic control
on HbF levels. Frequent blood glucose test-
ing and insulin dose adjustments were sched-
uled for the type 1 diabetes patients, while
10 units/day of insulin were added to the
treatment of type 2 diabetes patients.

HbA1c and HbF assay

HbA1c and HbF were measured in whole
blood plus EDTA with a high-performance
liquid chromatography (HPLC) ion-exchange
analyzer (Glycated Hemoglobin Analyser,
Merck Hitachi L-9100, Tokyo, Japan). This

Table 1 - Demographic and biological profile of patients and controls.

Data are reported as means ± SD. OHA, Oral hypoglycemic agents. aP<0.05 compared to control group 1;
bP<0.05 compared to control group 2 (ANOVA); cP<0.05 compared to type 2 diabetes subjects (ANOVA
followed by the Tukey-Kramer HSD test).

Type 1 Control Type 2 Control P
diabetes group 1 diabetes group 2

Subjects (N) 78 129 242 81
Sex (M/F) 34/44 42/87 107/135 21/60 -

Age (years) 25 ± 12 25 ± 7 60 ± 12 58 ± 9 -

Age at diagnosis (years) 12 ± 7 - 51 ± 11 - -

Treatment: diet/OHA/insulin (%) 0/0/100 - 27/48/25 - -

Fasting glucose (mM) 10.1 ± 4.9a 4.6 ± 0.4 10.0 ± 3.6b 5.0 ± 0.6 <0.0001

HbA1c (%) 7.9 ± 2.1ac 3.5 ± 0.4 7.1 ± 2.0b 3.8 ± 0.4 <0.0001

HbF (%) 0.99 ± 0.48ac 0.51 ± 0.34 0.82 ± 0.35b 0.42 ± 0.16 <0.0001
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is a fully automated analyzer consisting of an
auto-sampler that withdraws the sample from
the rack for dilution and hemolysis. The
hemolysate is then pumped into an analytic
separating column (CCMpack HB-S) warmed
to 40oC by a column oven for high-speed
analysis. The fractions (A1a, A1b, F, L-A1c,
A1c and A0 hemoglobin) eluted from the
column are detected with a dual wavelength
photometer and processed by a built-in mi-
crocomputer to identify and calculate the
area of the peaks. The intra-assay and inter-
assay coefficients of variation (CV) for HbF
were 7.9 and 7.7%, respectively. The intra-
assay CV for HbA1c was less than 2.0%, and
the interassay CV was 3.8 or 5.6% for nor-
mal reference values or high values of HbA1c,
respectively.

HbF levels were also measured in 17
subjects (8 type 2 diabetes and 9 control
individuals) by the alkali denaturation method
(10), which is considered to be the most
sensitive method to detect low HbF levels.
We found a strong correlation between the
results obtained by HPLC and those ob-

tained by the alkali denaturation method (R2

= 0.90; P<0.0001).

Statistics

Data are reported as means ± SD. Differ-
ences between groups were assessed by the
paired Student t-test and by analysis of vari-
ance (ANOVA) followed by the Tukey-
Kramer HSD (honestly significant differ-
ence) post-test for multiple comparisons (11).
Linear regression analyses were performed
to determine the associations of clinical and
biological parameters. Data were analyzed
with the SPSS for Windows 7.0 software
(SPSS Inc., Chicago, IL).

Results

HbA1c levels were increased in subjects
with type 1 and type 2 diabetes as compared
to subjects from control groups 1 and 2
(Table 1, Figure 1), and were significantly
higher in type 1 than in type 2 diabetes
subjects. HbF levels were increased in both
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Figure 1 - HbA1c (A) and HbF (B) levels in IDDM (type 1 diabetes) and NIDDM (type 2 diabetes) subjects and in their respective control groups. Solid
lines denote means.
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groups of diabetic patients as compared to
the respective controls. HbF levels were also
significantly higher in type 1 than in type 2
diabetes subjects. No sex-related differences
were observed in HbF or HbA1c levels in
any of the four groups (data not shown).

HbA1c levels in type 2 diabetes subjects
treated with diet, oral hypoglycemic agents
(OHA) and insulin were 5.8 ± 1.7, 7.2 ± 1.9
and 8.2 ± 1.9% (P<0.0001; all Tukey-Kramer
HSD comparisons between pairs P<0.05),
respectively. HbF levels in these groups were
0.62 ± 0.24, 0.83 ± 0.33 and 1.0 ± 0.37%
(P<0.0001; all Tukey-Kramer HSD compari-
sons between pairs P<0.05), respectively.

HbF values were correlated to HbA1c
values in type 1 (R2 = 0.57, P<0.0001) and
type 2 diabetes (R2 = 0.58, P<0.0001) sub-
jects but not in control subjects (Figure 2).
HbA1c values were correlated with fasting
plasma glucose values in diabetic subjects
(pooled data R2 = 0.29, P<0.0001) and mildly
correlated in control subjects (pooled data
R2 = 0.04, P<0.009). HbF values were mildly

correlated with fasting plasma glucose val-
ues only in diabetic subjects (pooled data R2

= 0.09, P<0.0001). HbA1c and HbF values
were correlated with the duration of diabetes
in type 2 diabetes but not in type 1 diabetes
subjects (data not shown).

Figure 3 shows HbA1c and HbF values
in the 12 diabetic subjects who received
intensive treatment. Basal and post-treatment
HbA1c levels were 7.9 ± 1.6 and 5.9 ± 1.2%
(P<0.0001), respectively. Concomitant basal
and post-treatment HbF levels were 0.83 ±
0.22 and 0.58 ± 0.16% (P<0.0001), respec-
tively. Average improvement with treatment
was 24.7% for HbA1c values and 29.7% for
HbF values (Figure 3). Improvements in these
parameters were highly correlated (R2 = 0.76;
P<0.0001).

Discussion

We have observed increased levels of
HbF in subjects with type 1 and type 2
diabetes. HbF levels were positively corre-

Figure 2 - Correlations between
HbA1c and HbF levels in (A) type
1 diabetes subjects (R2 = 0.57,
P<0.0001), (B) type 2 diabetes
subjects (R2 = 0.58, P<0.0001),
(C) control group 1 (R2 = 0.007,
P = 0.36), and (D) control group
2 (R2 = 0.012, P = 0.33).
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lated with HbA1c levels in diabetic but not
in nondiabetic individuals. Subjects with type
1 diabetes had higher levels of both HbA1c
and HbF than the subjects with type 2 diabe-
tes. Furthermore, we have observed lower
levels of both HbA1c and HbF in type 2
diabetes subjects who were treated with diet
only, intermediate levels in those treated
with OHA, and higher levels in the subjects
treated with insulin. It is noteworthy that in
type 1 diabetes subjects the prevalence of
high HbF levels (see below) starts to in-
crease gradually at an HbA1c level of 7.7%
and at an HbA1c level of 9.9%, all diabetic
patients presented high HbF levels (data not
shown). In type 2 diabetes subjects, the preva-
lence of high HbF levels starts to increase at
HbA1c levels of 7.0% and at an HbA1c level
of 10.2% all patients presented high HbF
levels. Since it is well established that HbA1c
levels reflect the quality of metabolic control
in diabetic subjects, all these data suggest
that high HbF levels might be associated
with poor metabolic control. Moreover, we
have observed that a decrease in HbA1c
levels, and thus a better metabolic control,
induced by intensive treatment in type 1 and
type 2 diabetes subjects is associated with a
decrease in HbF levels.

An increased prevalence of high HbF
levels ranging from 13 to 38% of cases has
been reported in type 1 diabetes subjects (6-
8). Our data are in agreement with these
reports. We have observed that 32% of the
type 1 diabetes subjects of our cohort pre-
sented HbF levels higher than 1.0% (Figure
1), which is the level corresponding to the
90th percentile of HbF distribution in the
control groups. Furthermore, 23% of the
type 2 diabetes subjects in our cohort pre-
sented HbF levels higher than 1.0%. To our
knowledge, this is the first demonstration of
increased HbF levels in type 2 diabetes pa-
tients. Note that 99% of the subjects with
type 1 diabetes (all but one) and 97% of the
subjects with type 2 diabetes (all but seven)
presented HbA1c levels higher than 4.1%

(Figure 1), which is the level corresponding
to the 90th percentile of HbA1c distribution
in the control groups. These data suggest
that, although HbF and HbA1c are well cor-
related in diabetic subjects, HbA1c is more
accurate as a marker of diabetes.

The mechanisms leading to high HbF
levels in diabetes are unknown. It has been
suggested that high HbF levels could be
related to a direct effect of insulin therapy
(7,12). However, our data do not agree with
this hypothesis. Indeed, we have observed

Figure 3 - HbA1c (A) and HbF (B)
levels before and after intensive
treatment. (C) Correlation be-
tween the percentage of im-
provement in HbA1c and HbF
levels (R2 = 0.76, P<0.0001).
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that type 2 diabetes subjects with poorly
controlled diabetes (high HbA1c levels)
treated with diet or OHA also present high
HbF levels which are positively correlated
with HbA1c levels (data not shown). It is
possible that HbF synthesis might be in-
creased by stimuli resulting from poor meta-
bolic control. Many studies have demon-
strated that the expression of the g-globin
gene can be pharmacologically induced by
short-chain fatty acids, especially those with
2 to 5 carbons like acetate and butyric acid
(13-15). It has been speculated that products
of ketoacidosis present in poorly controlled
type 1 diabetes subjects could induce g-globin
gene expression, thus increasing HbF levels.
Although type 2 diabetes patients are keto-
sis-resistant (16), several reports have shown
that type 2 diabetes patients with poor meta-
bolic control present increased circulating
levels of short-chain fatty acids (17-21).
Clearly, these mechanisms must be further
investigated.

The observation of increased HbF levels
in diabetes has practical consequences for
the assessment of HbA1c in diabetic pa-

tients. Since HbF migrates closer to HbA1c
in many electrophoresis and ion-exchange
chromatography systems (22,23), falsely in-
creased levels of HbA1c may be detected if
the technique does not separate the two he-
moglobin fractions (24). In this study 34
diabetic patients presented high HbF levels
(>1.0%) with normal L-A1c (>1.0%), which
implies that there was no contamination be-
tween these Hb fractions in the chromato-
graphic analysis (data not shown).

In conclusion, we observed high HbF
levels in type 1 and type 2 diabetes subjects.
HbF levels were highly correlated with
HbA1c levels in diabetic but not in non-
diabetic individuals. Increased HbF levels in
diabetic subjects seem to reflect poor meta-
bolic control. However, the mechanisms re-
sulting in high HbF levels in diabetes melli-
tus remain poorly understood.
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