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Abstract 

Background: Studies have shown an increase in the prevalence of diabetes mellitus in children and a significant difference 

in the age- specific means of fasting plasma glucose and this has made it necessary to determine the local reference 

intervals of fasting plasma glucose and glycated haemoglobin in children in Port Harcourt and compare this with the 

reference interval of adults. 

Method: 160 apparently healthy children between the ages of 7-10 years were recruited for this study. 2ml of blood was 

collected into fluoride oxalate bottles and EDTA bottles. These were later analyzed for glucose and glycated haemoglobin 

using the glucose oxidase method and Boronate chromatographic method, respectively.  

Results: Reference interval of fasting plasma glucose was 3.1-5.7mmol/L and that of glycated haemoglobin was 4.0-5.1%, 

while those of adults for this same locality was 3.4-5.8mmol/l for FPG and 4.0-5.9% for glycated haemoglobin. 

Conclusion: From the reference intervals of glycated haemoglobin and fasting plasma glucose so determined in this study, 

it may be unnecessary to have age specific reference intervals for fasting plasma glucose while that of glycated 

haemoglobin may need to be reviewed. 
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1. Background 

The incidence of diabetes mellitus is on the rise 

globally [1] and Port Harcourt has one of the highest rates 

in Nigeria [2]. In the University of Port Harcourt Teaching 

Hospital, the number of children attending the diabetes and 

metabolic clinics is on the increase [3].  

This therefore has created the need to improve the 

management of diabetes mellitus even in children. As part 

of this strategy, a local population- based reference interval 

for children may be necessary. The reference interval 

presently in use for fasting plasma glucose and glycated 

haemoglobin in children is the same as that used for adults. 

Some studies have shown age- related differences in the 

means of fasting plasma glucose [4].  

This study was therefore designed to evaluate the 

reference interval of glycated haemoglobin and fasting 

plasma glucose in apparently healthy children in our locality 

and compare the values with those of adults for this 

population and those of other population.  

 

2. Methods  

This study was carried out in Port Harcourt, the 

capital city of Rivers state in Southern region of Nigeria. 

Ethical approval of the Ethics Committee of the University 

of Port Harcourt Teaching Hospital was sought and 

obtained before the commencement of the study. A cross 

sectional study design was used to select subjects between 
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the ages of 10 to 17 years because it was a lot easier to 

collect blood from this category of children. Subjects who 

were willing to participate, comply with instructions of 

study and sign the consent form were selected. Based on 

Reed’s hypothesis [5],
 
160 secondary school subjects were 

selected for this study after getting authorization from the 

Principals of selected schools and consent from parents. 

Pre-test counseling was done for all participants with 

emphasis on the benefits of the study to the participants and 

the community. Relevant information was obtained from 

subjects with the help of a self administered questionnaire.  

Height of subjects was measured using a height 

meter with the subject standing with feet together without 

shoes or headgear. The back and heels were applied 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 [6]. Weight was measured using a weighing 

scale. (Harson) Subjects were requested to wear light 

clothes and then stand erect on the scale. The weight was 

measured in kilograms. The BMI was calculated by 

dividing weight (kg) by the height in meters
 
squared [6]

.
  

Subjects were told to eat their last meal of the day 

before 10 pm the previous night. Venous blood sample 

(2ml) each was taken between 7am and 10 am the next day 

into fluoride oxalate bottles and EDTA bottles for each 

subject. These were gently rocked to allow the 

anticoagulant in the bottle mix with the blood sample and 

kept in a rack at room temperature. Later, samples in 

fluoride oxalate were centrifuged at 3000 RPM for 5 

minutes to separate plasma from blood cells. The plasma 

was transferred into a plain sample bottle and batch 

analyzed for fasting plasma glucose in duplicates same day 

using the glucose oxidase method by Randox laboratory.  

2.1 Glycated haemoglobin 

Samples in the EDTA bottles were also analysed 

same day using the Boronate chromatographic technique by 

Glover laboratory for glycated haemoglobin.  

2.2 Quality Assurance  

All standard guidelines for sample collection, 

processing, storage and handling were strictly adhered to. 

Instruments efficiency was checked through regular 

calibrations and re-calibrations. 

3. Results  

A total of 160 subjects (71 females and 89 males) 

were recruited into this study. The data generated was 

analyzed using Statistical Package for Social Sciences 

version 20.0 (SPSS 20.0). The nonparametric method for 

the determination of reference interval was used since the 

data was skewed. The Data was ranked and mean calculated 

and outliers were eliminated using the Dixon outlier statistic 

[7]. The 2.5
th
 and 97.5

th
 percentile was also determined and 

used as the lower and upper reference limits respectively 

[8]. Multiple regression analysis was used to determine the 

association of age and FPG with glycated haemoglobin and 

the level of significance was set at a p-value ˂ 0.05. The 

results are as shown in table 1, 2 and 3. The mean age of the 

study population was 15.58 years, while the mean glycated 

haemoglobin and fasting plasma glucose were 4.38% and 

4.16 mmol/l, respectively.  

The minimum and maximum values of fasting 

plasma glucose were 3.0 mmol/l and 6.0 mmol/l and for 

glycated haemoglobin, they were 4.0 and 5.5% respectively. 

Reference intervals of fasting plasma glucose and glycated 

haemoglobin were 3.1-5.7mmol/l and 4.0- 5.1%, 

respectively. 

 

Table 1: Demographic and blood glucose parameters of 

study subjects 
 FPG HbA1c 

Number of study 

subjects (n) 
160) 160 

Female 71(44.4%) 71(44.4%) 

Male 89(55.6%) 89(55.6%) 

Mean age(yrs)of study 

subjects 
15.6 15.6 

Mean(study subjects) 4.16mmol/l(0.052) 4.38%(0.026) 

Mean value for males 4.23(0.07) 4.40(0.04) 

Mean value for females 4.06(0.07) 4.35(0.03) 

Lowest value 3.0mmol/l 3.6% 

Highest value 6.0mmol/l 5.5% 

Skewness 0.314 0.324 

Ref interval mmol/l % 

Study population 3.1- 5.7 4.0- 5.1 

RI (male) 3.0-5.5 4.0-5.3 

RI (female) 3.1-5.7 4.0-5.2 

 

Table 2: Comparison of Mean (SD) of FPG and HbA1c between Males and Females
 

Parameters n = 160 F/male mean Male mean t-test p-value 

Fasting Plasma Glucose (mmol/L)  4.06 (0.07) 4.23 (0.07) 1.63 0.11 

HbA1C  4.35 (0.03) 4.40 (0.04) 1.02 0.31 
 

Table 3: Test of association between HbA1c and other factors using multiple linear regressions 

Unstd beta  Std error Std beta t-test  p-value 

PCV 0.017 0.007 0.196 2.44 0.02 

FPG 0.094 0.039 0.187 2.41 0.02 

BMI 0.003 0.007 0.029 0.36 0.72 
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4. Discussion 

The increase in prevalence of diabetes mellitus 

among children, the positive association of age and fasting 

plasma glucose in previous studies [3] and the need to 

improve diabetes management as a whole, and especially in 

children, made it necessary to determine reference intervals 

of both fasting plasma glucose and glycated haemoglobin in 

children and compare same with that of adults in our 

locality.  

The mean value of fasting plasma glucose and 

glycated haemoglobin in this study was found to be lower 

than that for adults in a previous study [9, 10] and this could 

be due to many factors such as lower cortisol value in 

children [10], increased physical activity in children [11] 

and since people tend to gain weight as they age, more 

adults are likely to be obese than children who are believed 

to be more active. Obesity has been shown to positively 

influence plasma glucose concentration [12]. 

 The reference interval of fasting plasma glucose 

for children so determined in this study was found not to be 

statistically significant from a previous study for adults 

determined for this same population which was 3.1 – 

5.7mmol/L [13]. That for glycated haemoglobin (4.0-5.1%) 

was statistically significantly different from that of adults 

for this region, which was 4.0-5.9% but clinically; the 

introduction of either one may have little or no effect in the 

management of diabetic patients regardless of age. 

The data, when divided into male and female 

groups and the mean values of the male and female groups 

for both glycated haemoglobin and fasting plasma glucose 

were compared and found not to be statistically significantly 

different (Table 2). This finding was reflected when the 

reference interval for fasting plasma glucose for the male 

and female groups were determined, which was 3.0-

5.5mmol/l for males and 3.1-5.7mmol/l for females, while 

that for glycated haemoglobin for male and female groups 

were 4.0-5.3% and 4.0-5.2% respectively. The reference 

interval for males and females were about the same in this 

study as in other Studies [13, 14]. From the findings in this 

study, it may be unnecessary to have an age or gender 

specific reference intervals for both fasting plasma glucose 

and glycated haemoglobin. Though the difference in the age 

related means may be significant as seen in some studies, 

[9, 15]  

It was also noticed in this study that when the data 

was segregated into male and female groups, the mean 

values of the male group for both glycated haemoglobin and 

fasting plasma glucose were slightly higher than the female 

value (Table 1). This was again in agreement with an earlier 

study carried in an adults’ population in Port Harcourt [12] 

and other studies [13, 14].  

The non parametric method was used to calculate 

the reference intervals and this gave a reference interval of 

fasting plasma glucose as 3.1 – 5.7mmo/L and that of 

glycated haemoglobin as 4.0-5.1% (Table 1). 

Same cannot be said when the means of male and 

female groups were compared in this study as they were 

found not to be statistically significant (Table 2). It is 

worthy to note that when the study population was divided 

into the male and female subgroups, the numbers for the 

male and female groups fell short of Reed’s hypothesis for 

determining reference populations. This may have 

statistically affected our findings on determination of 

reference intervals of the sub groups. (Table 1) This is in 

keeping with other studies which also showed no gender 

effect in determining reference interval of fasting plasma 

glucose. Glycated haemoglobin was shown to have a 

positive association with fasting plasma glucose and 

subjects packed cell volume (PCV). This was expected as 

glycated haemoglobin is a reflection of subject’s plasma 

glucose concentration over a period of about three months 

[16]. Glycation of haemoglobin is a non enzymatic reaction 

which occurs between glucose and amino terminal valine 

(N- terminal end) of the beta chain of haemoglobin. 

Therefore, the glycated haemoglobin value is usually 

affected by subjects’ haemoglobin concentration [17].  

 

5. Conclusion 

The concentration of certain factors that help 

regulate blood glucose values like cortisol and progesterone 

are found to be higher in adults Studies have shown that 

BMI and age have a positive association with blood glucose 

concentration. Many factors such as obesity, physical 

activities, time of last meal, individual metabolic rate and so 

on determine plasma glucose value. Many studies have 

shown significant difference in age related means of fasting 

glucose level. 

The reference interval of fasting plasma glucose 

and glycated haemoglobin for children in this study was 

found to be about the same with that of adults and similar to 

results from other studies of adults elsewhere. It would 

therefore be unnecessary to have age or gender specific 

reference intervals of fasting plasma glucose and glycated 

haemoglobin in our study area, as the differences were not 

clinically and statistically significant.  
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