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ABSTRACT 
 

Aims: To estimate the fetal haemoglobin (HbF) in diabetes mellitus patients and its correlation to 
haemoglobin A1c levels as it is one of the effective diagnostic tools used in monitoring of diabetic 
patients.  
Study Design: Analytical, laboratory, hospital-based, cross-sectional study.  
Place and Duration of Study: The study was carried out during the period March-June 2013. In 
Dreby Diabetic Centre, Khartoum, Khartoum State. 
Methodology: A total of 150 samples were obtained; 50 insulin dependent diabetic patients, 50 
non-insulin-treated diabetic patients and 50 control subjects with the same age and sex distribution. 
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Hb A1c was estimated by ion exchange method and HbF was estimated by alkaline denaturation 
methods. 
Results: Results showed significant increase in HbF and HbA1c in insulin-dependent diabetes 
(IDDM) in comparison to normal control (p<0.05). Strong positive correlation between the Hb F 
level and duration of treatment per year, (R 0.961) and weak negative correlation between Hb F 
level and Hb Alc in IDDM (R -0.436). Strong negative correlation between Hb F level and Hb Alc 
according to duration of insulin treatment in IDDM, (R-0.964, R2 0.929, p<0.05). There was weak 
negative correlation between Hb F level and Hb Alc according to age in IDDM, (R 0.580, R2 0.337, 
p<0.05). 
Conclusion: It is noted in this study, the high level of HbF accompanied by a decreases in Hb A1c 
level, thus HbF must be considered when A1C measured by ion exchange method and when 
comparing it with other measures of glycaemic control. 
 

 
Keywords: Fetal hemoglobin; HbA1c; diabetes mellitus; type 1 diabetes; type 2 diabetes; (HPLC). 
 

ABBREVIATIONS 
 
DCCT :  Diabetes Control and Complications Trial 
Hb F :  Fetal haemoglobin 
HbA1c :  Hemoglobin A1c 
HPLC :  High-Performance Liquid Chromatography 
IDDM :  Insulin-Dependent Diabetes Mellitus 
NIDDM :  Non-Insulin-Dependent Diabetes Mellitus 
UKPDS :  United Kingdom Prospective Diabetes Study 

 
1. INTRODUCTION  
 
Diabetes, the most common non-communicable 
disease in Sudan, is having an increasing impact 
on rates of morbidity and mortality in Sudan [1-4]. 
The spread of sedentary lifestyles and adoption 
of western dietary habits – high in refined 
carbohydrates and fat – are driving an increase 
in the number of people with obesity-related type 
2 diabetes. Knowledge of the diabetes epidemic 
in Sudan is limited. The most recent data come 
from a small-scale study that was carried out in 
1996, the results of the study indicated a 
prevalence of 3.4% [4]. The major complications 
of diabetes occur as result of hyperglycemia 
which is the major source of morbidity and 
mortality in both type 1 (IDDM) and type 2 
diabetes (NIDDM). The harmful of hyperglycemia 
divided into macrovascular complications 
(coronary artery disease, peripheral arterial 
disease and stroke) and microvascular 
complications (diabetic nephropathy, neuropathy 
and retinopathy) [5]. Diabetes Control and 
Complications Trial (DCCT) [6] and the United 
Kingdom Prospective Diabetes Study (UKPDS) 
[7] demonstrated conclusively that risks for 
complications are related directly to glycemic 
control, as measured by HbA1c. 
 
In longer hyperglycaemia, more glucose 
molecules attach to the N-terminus of valine 
residue of the β-globin chain haemoglobin in red 

blood cells, thus the more glucose binds to red 
blood cell the higher is the glycosylated 
haemoglobin. Glycation can also occurs on the 
lysine residue either on the α or β chains [8,9]. 
Once a haemoglobin molecule is glycated, it 
remains that way and glycosylated haemoglobin 
will accumulate within the red cell, therefore, 
HbA1c level reflects the average level of glucose 
concentration in the preceding 2 to 3 months, the 
average erythrocyte lifespan [10,11]. Regular 
measurements of haemoglobinA1c lead to 
changes in diabetes treatment and improvement 
of metabolic control, indicated by a lowering of 
haemoglobin A1c values [12]. 
 
The accuracy of HbA1c methods can be affected 
adversely by the presence of haemoglobin 
variants [13-16]. In addition,elevated levels of 
foetal haemoglobin (HbF) may interfere with 
HbA1c measuremen [17-21]. Fetal haemoglobin 
(HbF, α2γ2) is the main type of haemoglobin of 
the fetus and newborn. Normally in the second 
trimester, γ chain production (and Hb F levels) 
decrease and β chain production increases, 
resulting in increasing levels of hemoglobin A 
(Hb A), the major normal adult hemoglobin 
(α2β2). Normal adults have less than 1% of HbF 
[22]. Elevated HbF levels can occur in patients 
as a result of pathologic conditions e.g. 
(Leukemia, anaemia, and Thalassaemia) or a 
hereditary persistence of fetal haemoglobin [22]. 
HbF it glycated at lysine residues of γ-chain 
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because it has no β chain. Glycation of HbF is 
approximately one-third that of HbA [23,24]. 
 
Some published studies reported elevated foetal 
haemoglobin (HbF) levels in insulin-dependent 
diabetes mellitus (IDDM) [25-28]. Thus, 
physicians must be aware that of existence of 
these conditions and it is potential interference 
when interpreting HbA1c. 
 
In the present study, we describe the behaviour 
of fetal haemoglobin in diabetes mellitus patients 
and its Correlation to haemoglobin A1c levels as 
it one of the effective diagnostic tools used in 
monitoring of diabetic patients. 
 
2. MATERIALS AND METHODS  
 
2.1 Data Collection 
 
 Data was collected using designed interview 
based questionnaire to obtain general 
information about patient (Age and gender), 
clinical information.  
 
2.2 Study Population 
 
 The study was carried out among patients 
diagnosed with Type 1 (Insulin-dependent 
diabetes mellitus) diabetic patients who have 
been under insulin treatment for more than 15 
years and Type 2 (Non-insulin-dependent 
diabetes mellitus). 
 
2.3 Inclusion Criteria 
    
Diabetic patient male and female (40 years old or 
more, whose HbA1c values differed significantly 
from the expected results) were included. 3 had 
a value higher than expected and 47 had HbA1c 
values lower than expected 
 
2.4 Exclusion Criteria 
 
Adult diabetic patients already diagnosed with 
(Haemoglobinopathy, Renal failure, Leukaemia, 
anaemia, Thalassaemia and Hereditary 
persistence of foetal haemoglobin, etc) were 
excluded.  
 

2.5 Blood Sample Collection and Analysis 
 
Under a septic condition 2.5 milliliters venous 
blood was collected in Ethylenediaminetetra 
acetic acid (EDTA). Haemolysate prepared 
immediately and tests done within 4 Hours. 
HbA1c measured with a high-performance liquid 

chromatography (HPLC) ion-exchange analyzer 
[29]. Kit manufactured by BioSystems code 
1104. [30] Hb F was estimated by: Modified 
BETKE method [31].  
 

3. RESULTS  
 
Table 1 shows mean ± St. Dev. of HbA1C%, in 
IDDM group was found to be 7.2±1.2% St. Dev. 
and in the control group 5.5±0.7%; this difference 
was found to be statistically significant (P= 0.02).  
In NIDDM, The mean ± St. Dev. of HbA1C% was 
found to be 8.1±0.4% St. Dev. and in control 
group 5.5±0.7, this difference is statistically 
significant (P= 0.02).The mean HbF levels, in 
IDDM group was found to be 2.38% ±2.1 St. 
Dev., in control subjects it was found to be 0.6% 
±0.3; these differences were found to be 
statistically significant (P = 0.000). In the NIDDM 
group the mean of HbF was found to be 
0.7±0.4% and in the normal control subjects it 
was 0.6±0.3% and these differences were found 
to be statistically  insignificant at (P = 0.33). 
 
Table 2  shows the mean of HbA1c in IDDM 
male subjects was found to be 7.1%, while it was 
found to be 7.2% in female subjects and this 
difference was found to be statistically 
insignificant(P=0.85). In the male subjects with 
NIDDM, the mean of HbA1c level was found to 
be 8.1±0.4 St. Dev. and in female subjects it was 
found to be 8.1±0.4 a difference found to be 
statistically insignificant (P=0.91). For HbF%, In 
IDDM male subjects, the mean of HbF was found 
to be 2.8%±2.3 St. Dev. and in female subjects it 
was 2.7±2.4. The difference between the two 
groups was found to be statistically insignificant 
(P=0.83). In the NIDDM male subjects, the mean 
of HbF was found to be 0.7±0.3 St. Dev., in 
female subjects it was 0.8±0.2. The difference 
between the two groups was found to be 
statistically insignificant (P=0.70).  
 
Table 3 shows mean of HbA1c% in IDDM 
patients, In group had HbA1c % higher than 
expected (age 40-44 years)  mean was found to 
be 7.9%, in the group  had HbA1c % lower than 
expected (45-49 years) it was found to be 7.3% 
and in age group 50-54 years it was found to be 
5.8%; this difference was found to be statistically 
significant (P= 0.02).For HbF%, In group had 
HbA1c % higher than expected(age 40-44 years)  
mean was found to be 0.8%, in the group  had 
HbA1c % lower than expected (45-49 years) it 
was found to be 2% and in age group 50-54 
years it was found to be 4.2%; this difference 
was found to be statistically significant (P= 
0.002). 
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Regarding the duration of insulin treatment in 
years, the mean of HbA1c% in case group 
(IDDM) in the group subjected to insulin 
treatment of 15-23 years was found to be 7.9%, 
in the age group of 24-32 years it was 6.1% and 
in the age group 33-42 years was 4.7%; these 
differences were found to be statistically 
significant (P=0.04). For HbF%, in the group 
subjected to insulin treatment for a duration of 
15-23 years was found to be 0.8%, in the group 
subjected to treatment for a duration of 24-32 
years it was found to be 3.8% and in group 
subjected to insulin treatment for a duration of 
33-42 years it was found to be 7.1%. The 
differences between these groups were found to 
be statistically significant (P=0.02). In NIDDM the 
mean of HbA1c% in the age group subjected to 
treatment of 1-4 years was found to be 8.2%, in 
the group of 5-9 years it was 8.1% and in the 
group 10-14 years was 8.0%; these differences 
were found to be statistically insignificant 
(P=0.92). For HbF%, in the age group subjected 
to treatment of 1-4 years was found to be 0.5%, 
in the group of 5-9 years it was 0.6% and in the 

group 10-14 years was 0.4%; these differences 
were found to be statistically insignificant 
(P=0.73) Table 4. 
 
Analysis of correlations indicates that there is                
a statistically significant negative correlation 
between HbF level and HbA1c in IDDM, where R 
= – 0.964, R2 = 0.929 (p-value = 0.000). On the 
other hand there was a positive correlation 
between the HbF level and duration of treatment 
per year, where R = 0.961, R2 = 0.923 (P = 
0.000) Table 5. 
 
4. DISCUSSION 
 
Hemoglobin A1c (HbA1c) is used routinely in the 
management of diabetes, as it is related directly 
to risks for diabetic complications. The accuracy 
of some HbA1c methods can be affected 
adversely by the presence of hemoglobin 
variants or elevated levels of (HbF). It is 
important to consider hemoglobinopathy in 
patients when the HbA1c value does not 
correlate with clinical expectations. 

 
Table 1. Mean and standard deviation of haemoglobin A1c % and HbF % among the study 

groups 
 

Parameter (unit) Study group P-value 
IDDM 
n=50(A) 

NIDDM 
n=50(B) 

Control group 
n=50(C) 

HbA1c %  7.2±1.2 8.1±0.4 5.5±0.7 A vs. C ;P=0.025; B vs. C ;P=0.022 
HbF % 2.38±2.1 0.7±0.4 0.6% ± 0.3 A vs. C ;P=0.000; B vs. C ;P=0.330 

 
 

Table 2. Mean and standard deviation of HbA1c% and HbF %  in IDDM and NIDDM subjects 
further classified by gender 

 

Parameter (unit) Study groups         P-value 
     IDDM n=50     NIDDM  n=50 
Male  Female Male  Female IDDM NIDDM 

HbA1c %  7.1±1.2 7.3±1.1 8.1±0.4 8.1±0.4 0.859 0.914  
HbF % 2.8±2.3 2.7±2.4 0.7±0.3 0.8±0.2 0.832 0.707 

 
 

Table 3. Mean of HbA1c% and HbF% in IDDM groups further classified according to   
unexpected HbA1c results 

 
Parameter  
(unit) 

IDDM group P-value 
Patient had HbA1c % higher 

than  expected 
Patient had HbA1c % lower than 

expected 
Age (40-44) 

n=3 
 Age (45-49)  

n=40 
Age (50-54) 

n=40 
HbA1C% 
Hb F% 

7.9±0.6 
0.8±0.1 

7.3±1 
2±0.9 

5.8±1.5 
4.2±2 

0.025 
0.002 
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Table 4. Mean of HbA1c% and HbF % according to the duration of testament in IDDM and 
NIDDM group 

 

Parameter  
(unit) 

Duration of treatment  (in years) P-value 
Duration of insulin treatment 

(in years) IDDM 
Duration of treatment   

(in years) NIDDM 
(15-21) y (22-32)y (33-42)y (1-4)y (5-9)y (10-14)y IDDM NIDDM 

HbA1c %  7.9±0.5 6.1±1 4.7±0.4 8.2±0.3 8.1±0.4 8±0.5  0.040 0.921 
HbF % 0.8±0.2 3.8±0.7 7.1±0.4 0.5±0.3 0.6±0.3 0.4±0 .2 0.025 0.732 

 
Table 5. Correlation of HbF% level with HbA1c % and the duration of insulin treatment  in 

years  and in IDDM group 
 

Parameter Study group (n=50) P-value 
HbF% 

Correlations (R) Regression (R2) 
HbA1c % 
Duration of insulin treatment  

– 0.964  
0.961 

0.929 
0.923 

0.000 
0.000 

 
In this study, we observed a direct correlation 
between HbF, age and duration of insulin 
treatment in IDDM. No significant differences 
were seen when result of Hb A1C and Hb F 
values were correlated to gender in IDDM 
patients. In NIDDM, HbF concentrations do not 
appear dependent on sex, or degree of glycemic 
control. 
 
We observed significantly increased of HbF in 
subjects with IDDM than do NIDDM and control 
subjects. An increased of HbF levels been 
reported in IDDM subjects in many studies [25-
28]. Increased proportions of HbF have been 
described in autoimmune diseases such as 
pernicious anemia and thyrotoxicosis. Because 
IDDM has an autoimmune component [32,33], 
increases in HbF concentrations may it is 
possibly be present. 
 
There was a statistically significant negative 
correlation between HbF level and HbA1c in 
IDDM. We have observed lower levels of HbA1c 
in diabetic patients presented with high levels of 
HbF. The 47 patients with lower HbA1c results 
than expected had high levels of HbF. The 3 
patients with higher HbA1c results than expected 
had normal levels of HbF. Elevated levels of HbF 
are reported to interfere with the HbA1c 
measurements by falsely decreasing the HbA1c 
results [34,35]. The result may be falsely low 
because HbA1c (%) is expressed as HbA1c/total 
Hb  or due to a lower glycated rate for HbF              
than HbA. Therefore, it is essential to eliminate 
HbF to reduce the possibility of any potential 
interference of HbA1c measurement. One way to 
eliminate the effect of HbF is to determine the 
HbA1c level corrected by HbF (HbF corrected 

HbA1c) by the formula: HbA1c/(total Hb-HbF), 
resulting in the correction of an apparently low 
HbA level. 
 
Our study  also intended to find a possible 
relationship between HbF level and the duration 
of insulin treatment (in years) in IDDM patients, 
we  observed significant increase of HbF levels 
in the patient groups that had been under insulin-
treatment for 24-32 and 33-42 years in compare 
to the group under treatment for 15-23 years. We 
found a positive correlation between the HbF 
level and duration of treatment per year. The 
mechanisms leading to high HbF levels in 
diabetes under insulin-treatment are unknown. It 
has been suggested that a reactivation of the γ -
globin gene can be induced by insulin, thus 
increasing HbF levels in insulin-treated patients 
seems more possible [25,27,28]. 
 
5. CONCLUSION 
 
This study demonstrates the presence of 
elevated HbF in IDDM patients compared to non-
diabetic individuals. HbF was increased in IDDM 
accordance to the length of insulin treatment and 
age. Artificial decreasing in HbA1c placed 
patients at higher risk for complications of 
diabetes. Considering the tendency toward lower 
result values in Hb A1c level with elevation of the 
HbF, Thus HbF should be considered in the 
interpretation of Hb A1c results measured by iron 
exchange methods. 
 

6. RECOMMENDATIONS  
 

1. Laboratories should be aware of the 
limitations of their HbA1c method with 
respect to interference with elevated HbF. 
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2. IDDM patients who are older than 42 years 
and on insulin therapy for more than 24 
years whose HbA1c values differed 
significantly from the expected results are 
recommended to be subjected for HbF 
screening before measuring HbA1c level. 
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