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ABSTRACT 
 

Background: Measurement of glycated haemoglobin is accepted as the gold standard for the 
diagnosis and management of diabetes mellitus; but it is rarely used in this environment, a 
resource-poor setting, largely due to the high cost of the assay. There is need to determine its 
reference intervals in Port-Harcourt and encourage the use of this assay. 
Aim:This study was designed to determine the reference interval of glycated haemoglobin of 
apparently healthy subjects between the ages of 20-80 years in Port Harcourt, Rivers State, 
Nigeria. 
Methods: A total of 172 subjects who met the inclusion criteria were recruited for the study. A 
cross sectional sampling method was used to recruit subject. Subjects’ past medical 
history, demographic and anthropometric information were obtained with the help of a 
questionnaire. Blood was collected from subjects into an EDTA bottle and analysed for glycated 
haemoglobin using the boronate affinity chromatographic method. 
Results: Results were analyzed using Statistical Package for Social Sciences version 20.0 (SPSS 
20.0) and the reference interval was determined by the nonparametric method due to the skewness 
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of the data. The mean age of subjects was 35.4 years and the minimum and maximum glycated 
haemoglobin value obtained were 3.5% and 6.0% after eliminating outliers. This gave a mean 
glycated haemoglobin value of 4.84% and a reference interval of 4.0-5.9%. 
Conclusion: The reference interval so determined (4.0-5.9%) is different from that generated by 
the manufacturer of the diagnostic kit(4.0-6.5%). The introduction of this new local reference 
interval will enhance patient management in our local hospitals. 
 

 

Keywords: Glycated hemoglobin; diabetes mellitus; boronate affinity chromatographic method; obesity. 
 

1. INTRODUCTION 
 
With the increase in the incidence of obesity and 
metabolic syndrome worldwide,[1] there is 
associated increase in type-2 diabetes [2].

 
 Port 

Harcourt, which is the capital city of Rivers state 
in Nigeria has one of the highest prevalence of 
obesity and type-2 diabetes in Nigeria.[2]  With 
diabetes on the increase and with studies 
showing that a persistently high glycated 
hemoglobin value positively correlates with the 
development of diabetes complications,[3] the 
need for tighter control to prevent diabetic 
complications has made glycated hemoglobin 
estimation a reliable means of making diagnosis, 
monitoring patients and preventing 
complications. Plasma concentration of glycated 
haemoglobin is not affected by the day to                  
day variation of plasma glucose or by the quality 
of patient preparation prior to sample 
collection[4]. This means that this test can be 
conducted anytime of the day without prior 
instruction and this has placed it at an advantage 
over fasting plasma glucose, but  not necessarily 
replacing fasting plasma glucose for day to                  
day monitoring of patient’s blood glucose.                
To this effect, a local population based reference 
interval is necessary and important.  This study 
was therefore designed to determine the 
reference interval of glycated hemoglobin in 
apparently healthy subjects in Port Harcourt, 
Rivers state, Nigeria and to evaluate the 
association of gender, hemoglobin concentration 
and BMI with glycated haemoglobin values in our 
population. 
 

2. METHODS 
 

The University of Port Harcourt Teaching 
Hospital, (UPTH) is a tertiary hospital in Rivers 
State. It has evolved since its inception in 1980 
from a 60 bedded hospital to one                      
with over 800 beds and is presently the apex 
health institution in Rivers State.   
 
A cross sectional survey method was used to 
select apparently healthy subjects from the 

population. Sample size was determined using 
Reed hypothesis, which suggests a minimum              
of 120 reference subjects to be used for 90% 
confidence limits and 150 for 95% confidence 
limits [5]. The study population consists of                  
apparently healthy individuals between the ages 
of 20 and 80 years living in Port Harcourt, who 
were not known diabetic or had history of 
hemoglobinopathy.  Questionnaire was used to 
exclude hemoglobinopathies, diabetes mellitus 
and any other chronic illness. Physical 
examination and packed cell volume was used to 
exclude subjects with anaemia. 

 
2.1 Measurement of Height 
 
Height of subjects was measured using a height 
meter.  The subject stands with feet together, 
without shoes or headgear. Back and heels 
against a vertically ruled bar to which a                 
movable horizontal bar was applied to the vertex 
of the subject’s head and measurement taken in 
meters (M2) [6]. 
  
2.2 Measurement of Weight 
 
Weight was measured using a weighing 
scale.  Subjects were requested to                 
wear light cloths and then stand erect on the 
scale. The weight was measured in kilograms 
(kg). The BMI was then calculated by dividing 
weight (kg) by the height in meters, squared6 
(m2). 

 
2.3 Blood Collection and Processing 
 
Subjects were made to sit comfortably and a 
tourniquet was tied at any point of the upper arm 
to make the veins prominent. A vacutainer was 
used to collect two milliliters (2 ml) of  blood into 
an ethylenediamine tetra acetic acid [EDTA] 
bottle. These bottles were gently rolled over to 
allow the anticoagulant in the bottles mix with the 
blood. The blood samples were analyzed in 
batches later same day for glycated haemoglobin 
and PCV. 
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2.4 Laboratory Analysis  
 
2.4.1 PCV and haemoglobin estimation 
 
The mixed whole blood in EDTA bottle was 
aspirated into a capillary tube till the tube was 
about two third filled. One end of the capillary 
was sealed with plasticine and placed in the 
haematocrit centrifuge with the sealed end 
toward the centrifuge periphery.  The packed        
cell volume (PCV) was determined by 
centrifuging blood in the capillary tube (also 
known as a micro haematocrit tube) at 
10,000 rpm for five minutes. The haematocrit 
reader was used to calculate the PCV. The 
average of the duplicate readings in percentage 
was taken as the PCV value for each subject. 
The PCV value was divided by 3 to give a rough 
estimate of haemoglobin concentration in g/dl.     
[7]. 

  
2.4.2 Glycated hemoglobin 
 
The sample in the EDTA bottle was analyzed 
same day using the chromatographic technique 
by Bio system for the glycated haemoglobin 
analysis [8].

 

 
2.4.3 Principle 
 
After preparing the haemolysate, where the labile 
fraction is eliminated, hemoglobins are retained 
by a cationic exchange resin. Glycated 
Hemoglobin (HbA1c) is specifically eluted after 
washing away the hemoglobin A1a+b fraction. 
(HbA1c) is quantified by direct photometric 
reading at 415nm. The estimation of the relative 
concentration of HbA1c is made by the measure 
of total hemoglobin concentration by direct 
photometric reading at 415 nm. 
  
Calculations 
 

Absorbance of HbA1C   X  100 = %HbA1c 
Absorbance of HbTOTAL        

   

2.5 Quality Assurance 
 

 All guidelines for specimen collection, 
processing, storage and handling was strictly 
adhered to. Laboratory analysis of samples                 
was carried out with inclusion of quality control 
(QC) samples in which within run and between                 
run quality control samples were assayed. 
Instrument efficiency was checked through 
regular calibration and recalibration. 

3. RESULTS 
 
The data generated was analyzed using 
Statistical Package for Social Sciences              
versions 20.0 (SPSS 20.0) Data was ranked and               
mean, median and mode were calculated and 
outliers were removed using the                              
Dixon outliers’ statistic [9].

   
The non-parametric 

method was used to determine the                 
reference interval due to the skewed nature of 
the data where the 2.5

th
 and the 97.5

th
  percentile 

of the ranked data represented lower and upper 
reference limits [10]. Multiple regression analysis 
was used to determine the association of PCV, 
age  and BMI with glycated haemoglobin values 
of the reference population and the level of 
significance was set at p-value ˂ 0.05 
 
A total of 172 subjects recruited for this study 
were made up of 99(51.7%) female and 
83(48.3%) male subjects. A total of 99 subjects 
had a BMI above 25 kg/m

2
 while 73                 

subjects subjects had BMI below BMI ≤ 25 
kg/m2. 
 
The mean age for the study population was 35.4 
years and the mean glycated hemoglobin                 
was 4.84%. The data, when divided into male 
and female groups had a mean of 4.63% for the 
female and 4.61% for the male group. The 
reference subjects had minimum and maximum 
glycated heamoglobin values of 3.5% and 6.0% 
respectively (Table 1) and a reference interval 
of  4.0%- 5.9% (Table 1). 

 
Table 1. Results of HbA1c 

 
   Total subjects(n=172) 
Mean age 
Male 
Female 

35.35 
83 
89 

HbA1C (%) 
Min value 
Max value 
Total  population 
(SEM) 
Males (SEM) 
Females (SEM) 
Ref interval HbA1c 

 3.5 
6.0 
4.84 (0.04) 
  
4.83 (0.05) 
4.85 (0.05) 
4.0-5.9  

  

4. DISCUSSION 
 

The advantages of glycated haemoglobin over 
fasting plasma glucose have made it an 
important index in the screening, diagnosis and 
management of diabetes.  
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Table 2. Test of association between HbA1c and other factors using multiple linear regression 
analysis in the total population 

 

 Model Unstandardized coefficients Standardized coefficients Students’ t-test Sig. 
Beta Std. error Beta 

(Constant) 2.740 .225   12.18 0.001 
Ages .012 .002 .324 5.69 0.001 

 PCV .014 .005 .120 2.57  0.01 
BMI .012 .005 .128 2.38 0.02 
Alcohol .042 .033 .063 1.27 0.20 

a. Dependent variable: hba1c 
 

More so, studies have shown that diabetics with 
glycated haemoglobin value around the upper 
reference limit are more likely to develop diabetic 
complications than those with lower values [11]. 
To this effect, a population based reference 
value of glycated haemoglobin is very necessary 
as the upper limit of normal varies from one 
population to another. The reference interval of 
glycated haemoglobin of a local population will 
greatly influence the management of diabetic 
subjects, bearing in mind the association of 
glycated haemoglobin value and diabetic 
complications.   
 

The changes in lifestyle and eating habits, apart 
from genetic, age and race factors has been 
shown to affect blood glucose value and so by 
extension affect the level of glycation of red 
blood cells.[12] Though the reference interval of 
fasting plasma glucose in this region was 
determined in a study done in 2008, [13] no 
literature has been cited on the reference interval 
of glycated heamoglobin in this area. 
 

From this study the mean glycated heamoglobin 
value was 4.84% and the reference interval of 
glycated heamoglobin was found to be 4.0 – 
5.9%. This is lower than the reference interval 
given by the diagnostic kit manufacturers, which 
was given as 4.0 – 6.5% [14] and also different 
from those obtained in other sub Saharan African 
studies[15,16,17]. The glycated heamoglobin 
value determined in a study in Kumasi Ghana 
using the chromatographic method was 3.7 – 
7.0% [15]. This interval was found to be 
statistically and clinically significant when 
compared to the reference interval of this study 
even though both cities are located in the sub- 
Saharan Africa region. This difference may be 
due to the type of diet and the level of diabetes 
awareness which may have led to lifestyle 
modifications [18] A study done in Pakistan 
showed a reference interval of 4.6 – 6.6% [19]. 
This was also found to be both statistically 
different and clinically significant from the 
reference interval determined in this study and in 

other studies. The variation of the reference 
intervals shown above is quite remarkable and 
only re-emphasizes the fact that even when 
using the same method, every laboratory should 
determine the reference interval of its 
population [15,20] for better management of 
patients. The use of reference interval given by 
diagnostic kits manufacturers for our population 
would therefore make for poor screening, 
diagnosis, monitoring and treatment of diabetic 
patients. 
 

In this study, it was also noted that the mean 
glycated heamoglobin value for females was 
slightly higher than that of males but the 
difference was not statistically significant. This 
finding is in agreement with other 
studies, [21,22] though some had contrary 
findings [23]. It also may explain why the 
prevalence of diabetes among African Americans 
is higher in female than in males [24]. The 
positive association of glycated heamoglobin with 
PCV and age in this study, as in other studies, 
affirms that glycated hemoglobin value may not 
be too reliable in anemic subjects and in those 
with heamoglobinopathies. Anemia has been 
shown to be an independent determinant of 
glycated haemoglobin value [21]. The positive 
association of glycated haemoglobin with age 
may call for a possible age related partitioning of 
the reference interval of glycated haemoglobin.  
 

5. CONCLUSION 
 
The reference interval for this study is 
significantly different from that provided by the kit 
of manufacturer and those from other regions of 
the world. The introduction of this local reference 
interval will improve the management of diabetic 
patient in our region. 
 

CONSENT AND ETHICAL APPROVAL  
 
Ethical approval was obtained from the Ethical 
committee of the University of Port Harcourt 
Teaching hospital and all subjects gave informed 



 
 
 
 

Igila and Aaron; AJMAH, 16(4): 1-6, 2019; Article no.AJMAH.51683 
 
 

 
5 
 

written consent. A total of 172 apparently healthy 
reference subjects who met the inclusion criteria 
and signed the consent form were recruited for 
the study. 

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
REFERENCES 
 
1. Zhang P, Zhang X, Brown J, Visitisen D, 

Sicree R, Shaw J, Nicholas G. Global 
healthcare expenditure on diabetes for 
2010 and 2030. Diabetes Res Clin Pract. 
2010;87:293–301. 

2. Nyenwe EA, Odia OJ, Ihekwaba AE, Ojule 
A, Babatunde S. Type 2 diabetes in adult 
Nigerians: A study of its prevalence         
and risk factors in Port Harcourt, 
Nigeria. Diabetes Res Clin Pract. 62:177-
185. 

3. Brownlee M, Hirsch IB. Glycaemic 
variability: a haemoglobin A1c – independent 
rick factor diabetic complications. JAMA. 
2006;295:1707-1708. 

4. Nathan DM, Turgeon H, Regan S. 
Relationship between glycated 
haemoglobin levels and mean glucose 
levels over time. Diabetologia. 2007;50: 
2239-2244. 

5. Solberg HE. A guide to 
IFCC   recommendations on reference 
values. J Int Fed Clin Chem. 1993;5:162-
165. 

6. Keys A, Fidanza F, Karvonen MJ, Kimura 
N, Taylor H. Indices of relative weight and 
obesity. Int J Epidemiol. 2014;43(3):655-
665. 

7. Connor GO, Molloy AM, Daly L, Scott 
JM. Deriving a useful packed cell volume 
estimate from haemoglobin analysis. J Clin 
Pathol. 1994;47:78–79. 

8. Lakshmy R, Gupta R. Measurement of 
glycated hemoglobin A1c from dried blood 
by turbidimetric immunoassay. Journal of 
Diabetes Science and Technology. 2009; 
3(5):1203-1206. 

9. Horn PS, Feng L, Li Y, Pesce AJ. Effect of 
outliers and non healthy individuals on 
reference interval estimation. Clin Chem. 
2001;47:2137-2145. 

10. Solberg HE. A guide to 
IFCC   recommendations on reference 

values. J Int Fed Clin Chem. 1993;5:162-
165. 

11. International Organization for 
Standardization (ISO). Medical 
laboratories – particular requirements for 
quality and competence. Geneva: ISO. 
2012;15189: 36-37. 

12. Kuhl J Hilding A, Östenson CG, Grill V, 
Efendic S, Båvenholm P. Characterization 
of subjects with early abnormalities of 
glucose tolerance in the Stockholm 
Diabetes Prevention Programme: The 
impact of sex and type 2 diabetes 
heredity. Diabetologia. 2005;48(1):35-40. 

13. Ejilemele AA, Ojule AC, Orluwene CG. 
Plasma glucose in a reference population 
in Port Harcourt, Nigeria. PMJ. 2008;2 
(3):228-232. 

14. Larsen ML, Horder M, Mogensen EF. 
Effect of long term monitoring of glycated 
haemoglobin levels in insulin dependent 
diabetes mellitus. N Engl J Med. 1990; 
323:1021-1025. 

15. Arthur FKN, Yeboah FA, Nsiah K, 
Nkrumah PKN, Afreh KA, Agyenim-
Boateng K. Fasting blood glucose 
and  glycosylated  haemoglobin levels in 
randomly selected Ghanaian diabetic 
patients – the clinical implications. J Sci 
Technol. 2005;25(2):13-17. 

16. Naby B, Alioune C, Joelle Sobngwi-T, Eric 
VB, Alain T, Leopold F, Liman S, Ngamani 
S,Ngapout S, Kengne AP, Sobngwi E. 
Improving access to HbA1c in sub-
Saharan Africa (IA3) cohort: Cohort profile. 
Pan Afr Med J. 2017;27:275. 

17. Mbanya JCN, Motala AA,  Sobngwi E, 
Assah FK, Enoru ST. Diabetes in         
Sub-Saharan Africa. The Lancet. 2010; 
375(9733):2254–2266. 

18. Sánchez-González CM, Castillo-Mora 
A, Alvarado-Maldonado IN, Carlos  Ortega 
G, Martínez-CN, Arce-Sánchez L, Valencia 
MR, Hernandez AM, Gutierrez GE, 
Salvador Espino YS, Lopez YR, Sanchez 
RH, Munoz ER. Reference intervals for 
hemoglobin A1c (HbA1c) in healthy 
Mexican pregnant women: A cross-
sectional study. BMC Pregnancy 
Childbirth. 2018;18(1):424. 

19. Ali SK, Khan DA, Khan FA. Determination 
of glycosylated haemoglobin reference 
range in adult population attending a 
military care set up in Rawalpindi. 
PAFMJ. 2011;61(4):542-545. 



 
 
 
 

Igila and Aaron; AJMAH, 16(4): 1-6, 2019; Article no.AJMAH.51683 
 
 

 
6 
 

20. Salwa HN, Emad AR. Determining the 
reference range Values of glycosylated 
hemoglobin (HbA1c) by immunoturbid 
assay in Iraqi population. Natl J Chem. 
2011;41:127-134. 

21. Jonsson PM, Sterky G, Gafvels C, Ostman 
J. Gender equity in health care:               
The case of Swedish diabetes care. Health 
Care Women Int. 2000;21(5):413-431. 

22. Paul U, Dubuc B, Keyes Scott. Sex 
differences in glycated hemoglobin in 
diabetic and non-diabetic C57BL/6 
mice. Diabetes Res and Clin Pract. 1993; 
21:95-101. 

23. Park S, Barrett-Connor E, Wingard DL, 
Shan J, Edelstein S. Glycated 
haemoglobin is a better predictor of 
cardiovascular disease than fasting or post 
challenge plasma glucose in                       
women without diabetes. The Rancho 
Bernardo Study. Diabetes Care. 
1996;19:450–456. 

24. William HH, Robert MC. Racial and             
ethnic differences in the relationship 
between HbA1c and blood glucose: 
Implications for the Diagnosis of 
Diabetes. J Clin Endocrinol Metab. 2012; 
97(4):1067–1072. 

_________________________________________________________________________________ 
© 2019 Igila and Aaron; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/51683 


