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Relationships between hemoglobin A1c and spot
glucose measurements in Nigerians with type 2
diabetes mellitus
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Abstract

Background: Glycosylated hemoglobin, HbA1c is the most acceptable measure of chronic glycemia. It is not widely
available and/or affordable in Nigeria. The mean of the monthly fasting plasma glucose (MFPG) of the preceding
3 months is often used as surrogate for assessing chronic glycemia.
Objective: To determine the relationships among fasting plasma glucose (FPG), 2‑hour post‑prandial glucose (2‑hPG),
HbA1c, and MFPG.
Materials and Methods: Hospital records were used to derive the MFPGs of diabetic subjects from the mean of their
monthly FPGs of the preceding three months. Other data extracted included the patient’s age, sex, body mass index
(BMI), waist circumference (WC), and duration of diabetes mellitus (DMDU). FPG, 2‑ hPG and HbA1c were determined
during this index consultation.
Results: Ninety five persons (65 males, 30 females) with type 2 were included in the study. Their mean age and DMDU
were 54.7 ± 8.9 years and 8.1 ± 6.1 years, respectively. Their mean WC, BMI, FPG, 2‑hPG, HbA1c, and MFPG were
100.2 ± 11.0 cm, 24.2 ± 4.3 kgm/2, 7.5 ± 2.4 mmol/l, 10.4 ± 4.1 mmol/l, 8.2 ± 2.2%, and 5.9 ± 2.2 mmol/l, respectively. The
males were significantly older (57.5 ± 8.4 vs 49.3 ± 7.6, P<0.001) while the females had higher waist circumference and
BMI than their male counterparts: 104.8 ± 11.6 cm vs 92.8 ± 10.1 cm, P<0.004; and 25.8 ± 4.9 kg/m2 vs 23.3 ± 3.7 kg/m2,
P<0.005, respectively. There were no significant differences in FPG, 2‑hPG, MFPG and HbA1c levels between male and
female subjects. There were significant positive correlations between FPG and HbA1c (r=0.45, P=0.05) and between
2‑hPG and HbA1c (r=0.52, P=0.01), but there was no positive correlation between MFPG and HbA1c (r=−0.20, P=0.18).
Conclusion: There is no positive correlation between MFPG and HbA1c and thus MFPG may not be a good surrogate
for HbA1c in assessment of chronic glycemia in our patients.
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Introduction
Hemoglobin A1c is formed from irreversible glycosylation of
erythrocyte hemoglobin in proportion to circulating plasma
levels of glucose.[1,2] HbA1c level provides an index of the
average blood glucose concentration over the previous
2‑3 months.[3‑5] Presently, HbA1c is the most acceptable and
widely used measure of chronic glycemia.[2] Elevated HbA1c

levels have been associated with long‑term complications of
diabetes mellitus.[6,7] Its level is therefore used to determine
whether treatment is adequate. Many Nigerians with
diabetes mellitus do not achieve good long term glycemic
control when HbA1c is used as an index of chronic glycemia.
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Idogun and Olumese[8] reported that only 53% of 64 type 2
diabetic patients seen in a tertiary medical centre in Benin
City had good glycemic control. Adebisi et al.,[9] found only
36% of diabetic patients had HbA1c≤7.2% in Ilorin.
Unfortunately HbA1c is not widely available and/or affordable
in most hospitals in Africa,[10] Nigeria inclusive. In Nigeria,
the mean of the three most recent fasting plasma glucose
(MFPG) results documented in the patient’s last three
hospital consultations is often calculated and used as
surrogate for long term glycemia in place of HbA1c. However,
it is not known with certainty if there is a strong correlation
between the calculated mean fasting plasma glucose (MFPG)
and HbA1c in Nigerians with type 2 diabetes mellitus. This
study is to determine the relationship among HbA1c, fasting
plasma glucose, 2‑h post‑prandial plasma glucose and the
mean of the last three FPG levels of Nigerians with type 2
diabetes mellitus with a view to determining the suitability
or otherwise of using MFPG as a surrogate for HbA1c.

Materials and Methods
Hospital records of all patients with type 2 DM seen at the
diabetes clinic over a 3‑month period were retrieved for
the study. Data documented included the patient’s age,
sex, body mass index (BMI), waist circumference (WC),
and duration of diabetes mellitus. All consenting patients
with type 2 diabetes mellitus were educated about the aim
of the study and were instructed to come to the Diabetes
Clinic fasting on test days.
On arrival at the Diabetes Clinic in the morning, blood
samples were drawn for determination of FPG (after
8‑10 hour overnight fast) and HbA1c. After which subjects
drank within 5 minutes a glucose solution prepared by
dissolving 75 g anhydrous glucose in 250 ml of water.
Two hours later, blood samples were drawn to determine
the 2‑h postprandial plasma glucose (2‑hPG). The mean
fasting plasma glucose (MFPG) values was derived from the
mean of the monthly FPG of the preceding three months
documented in the patient’s hospital record.
Plasma glucose was determined by the glucose oxidase
method of Trinder.[11] HbA1c level was determined with
an automated HbA1c point‑of‑care‑testing analyser, the
Bio‑Rad in2it (Bio‑Rad Laboratories Deeside, CH5 2NU,
UK) using a drop of blood obtained by finger prick.
All the study subjects voluntarily gave informed consent.
The Hospital Ethics and Research Committee approved
the study.

Exclusion criteria
All pregnant subjects with type 2 diabetes mellitus, all type 1
DM patients, all type 2 DM subjects who were unwilling
24

to give consent for the study, those who were ill, and any
subject who could not complete every aspect of the study
were excluded.

Definition of terms
Good long term glycaemic control was defined according to the
American Diabetes Association criteria[12] as a HbA1c<7%.
Statistical analysis
Statistical analysis was carried out using the Statistical Package
for Social Sciences (SPSS) version 16. Data are expressed as
mean±SD. Significance of difference in mean values was
determined using a two‑tailed unpaired t‑test. Correlations
among FPG, 2‑hPG, MFPG, and HbA1c were estimated using
Pearson or Spearman correlation coefficients as appropriate.
Level of statistical significance was set at P<0.05.

Results
Ninety five persons (65 males, 30 females) with type 2 were
included in the study. Their mean age was 54.7 ± 8.9 years.
The mean duration of diabetes mellitus was 8.1 ± 6.1 years.
The mean of their waist circumstance, BMI, FPG, 2‑hPG,
HbA1c, and MFPG were 100.2 ± 11.0 cm, 24.2 ± 4.3 kgm−2,
7.45 ± 2.4 mmol/l, 10.4 ± 4.1 mmol/L, 8.2 ± 2.2%, and
5.9 ± 2.2 mmol/l. The characteristics of the study subjects
by gender are summarized in [Table 1]. The males were
significantly older (57.5 ± 8.4 vs 49.3 ± 7.6, P<0.001) while
the females had higher waist circumference and BMI than
their male counterparts: 104.8 ± 11.6 cm vs 92.8 ± 10.1 cm,
P<0.004; and 25.8 ± 4.9 kg/m 2 vs 23.3 ± 3.7 kg/m 2,
P<0.005, respectively. There were no significant differences
in FPG, 2‑hPG, MFPG, and HbA1c levels between male and
female subjects. Thirty‑five (37%) of them had good long‑term
glycaemic control of the diabetes mellitus (HbA1c<7%)
There were significant positive correlations between FPG
and HbA1c (r=0.45, P=0.05) and between 2hPG and HbA1c
(r=0.52, P=0.01). There was no positive correlation observed
between MFPG and HbA1c; r=−0.20, P=0.18 [Table 2].
Table 1: Characteristics of the study subjects
mean±SD
Parameter
Age (years)
BMI (kgm/2)
WC (cm)
DMDU (years)
FPG (mmol/l)
2hPG (mmol/l)
MFPG (mmol/l)
HbA1c (%)

Male

Females

P value

57.5 ± 8.4
23.3 ± 3.7
92.8 ± 10.1
8.0 ± 6.0
7.3 ± 2.4
10.59 ± 4.2
5.8 ± 2.3
8.2 ± 2.3

49.3 ± 7.6
25.8 ± 4.9
104.8 ± 11.6
8.2 ± 6.2
7.7 ± 2.6
9.93 ± 4.0
6.3 ± 1.6
8.2 ± 2.0

<0.001
0.005
0.004
0.892
0.462
0.487
0.359
0.994

BMI = Body mass index, WC = Waist circumference, DMDU = Duration
of diabetes, FPG = Fasting plasma glucose, 2hPG = Two hour
postprandial plasma glucose, MFPG = Mean fasting plasma glucose,
HbA1c = Glycosylated haemoglobin A1c
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Table 2: Correlation coefficient (r) between plasma
glucose values and glycosylated haemoglobin (HbA1c)
FPG
2hPG
MFPG
HbA1c

FPG

2hPG

MFPG

HbA1c

1
0.66**
−0.18
0.45*

0.66**
1
−0.20
0.52**

−0.18
−0.20
1
−0.20

0.45*
0.52**
−0.20
1

*Correlation is significant at the 0.05 level (2‑ tailed); **Correlation is
significant at the 0.01 level (2‑ tailed); FPG = Fasting plasma glucose;
2hPG = 2‑h postprandial plasma glucose; MFPG = Most recent fasting
plasma glucose ; HBA1C = hemoglobinA1C

Discussion
Our study showed that in Nigerians with type 2 diabetes
mellitus, there was a significant positive correlation between
fasting plasma glucose and HbA1c and an even stronger
correlation between 2‑h post‑prandial plasma glucose
and HbA1c. There was no positive correlation between
the MFPG and HbA1c. These findings have important
implications for our diabetic patients. The fasting plasma
glucose is commonly done few days before or on the day
of outpatient consultations. There are no local studies
to validate any relationship between FPG and HbA1c.
Otieno et al.,[13] reported that the morning random blood
glucose (RBS) level had a linear relationship with glycated
hemoglobin taken simultaneously when the RBS is less than
10 mmol/l. Gill et al.,[14] documented a positive correlation
between RBS and HbA1c (r=0.54). Further study is desirable
to validate this in our locale.
The mean of the monthly fasting plasma glucose (MFPG)
of the last three months was within acceptable target
glycemic levels in our study. This gives a false sense of
a good long‑term glycemic control whereas the HbA 1c
clearly showed that a majority (63%) of our patients had
poor long term glycemic control as evidenced by values of
HbA1c>7.0%. Our patients are generally not adherent to
diet and anti‑diabetic drugs. They tend to maintain better
glycemia immediately before and after the consultation. This
is, however, not substained on a long‑term basis.
The correlation between FPG and HbA1c (r=0.45) and
between 2‑h postprandial glucose and HbA1c (r=0.52)
found in this study were smaller than those of r=0.71 and
r=0.79 for FPG vs HbA1c and 2hPG vs HbA1c, respectively,
documented by Van‑‘t Riet et al.,[15] in patients with diabetes
mellitus in a Dutch population. Nathan et al.,[4] also reported
that HbA1c correlated closely with a complete measure of
average glycemia over the preceding 8‑12 weeks. Nathan
and colleagues measured mean glucose levels by continuous
glucose monitoring, which measured interstitial glucose
levels every 5 min, for 12 weeks. A strong correlation
between mean blood glucose and HbA1c in type 2 diabetes
mellitus was also documented by Makris et al.,[5] among
Greek patients with type 2 diabetes (r=0.92). In the Greek

study, mean blood glucose was calculated for each patient
from self measurements of blood glucose using a portable
glucometer, made six times a day (before eating and 2 h
after a meal), three times a week for 1 month.
There was, however, no positive correlation between
the MFPG and HbA1c in our patients compared to those
documented in Caucasians. In the Caucasian studies,
mean blood glucose were determined by continuous blood
glucose monitoring every 5 min, for 12 weeks by Nathan
et al.,[4] six times a day, three times a week in the Makris
et al.,[5] compared to the once‑a‑month FPG in our study.
The mean of the glucose level from the continuous glucose
monitoring is expectedly more likely to correlate with HbA1c.
This is due to less day‑to‑day variability of fasting plasma
glucose in diabetic patients when plasma fasting glucose is
done on a daily basis[16] rather than it being done once a
month.
In our study, 2hPG had a stronger correlation with HbA1c
than FPG as in previous studies.[17,18] In an analysis of
glucose profiles and HbA1c in the Diabetes Control and
Complication Trial, Rohlfing et al.,[17] found that among
individual time points, afternoon and evening plasma
glucose (post lunch, pre‑dinner, post‑dinner, and bedtime)
showed higher correlations with HbA1c than the morning
time points (pre‑breakfast, post‑breakfast, and pre‑lunch).
This finding is similar to that of Woerle et al.,[18] who
noted that both FPG and 2‑hPG levels increased as HbA1c
increased but that 2‑hPG level increased at a rate 4 times
greater than FPG and accounted for a greater proportion
of HbA1c.
Our patient characteristics such as age, gender and BMI
were not associated with adequate glycaemic control. This
observation was previously reported by Goudswaard et al.,[19]
and was recently reaffirmed by Rätsep et al.[20]
In conclusion, MFPG derived from the mean of the monthly
FPG done over the preceding 3 months in our patients with
type 2 diabetes mellitus did not correlate positively with
HbA1c and thus may not be a good surrogate for HbA1c as
a measure of long‑term glycemic control. FPG and 2‑hPG
both showed linear relationship with HbA1c; however, a
larger scale study is needed to determine their usefulness
as possible predictors of long term glycemic control in
resource‑constraint environment. It is thus recommended
that further studies involving patients who do their FPG
weekly at least for 12 weeks should be done to assess if that will
give a better correlation with HbA1c as continuous glucose
monitoring is not feasible in our environment.

Limitation of study
The sample size is rather small due to the high cost of HbA1c
and the difficulty in getting subjects with diabetes mellitus
to participate in research in our practice locale.

Nigerian Journal of Clinical Practice • Jan-Mar 2012 • Vol 15 • Issue 1

25

Edo and Akhuemokhan: Relationships between hemoglobin A1C and glucose levels

References
1.
2.

3.
4.
5.

6.
7.

8.
9.
10.
11.
12.
13.

Nathan DM, Singer DE, Hurxthal K, Goodson JD. The Clinical information
value of the glycosylated hemoglobin assay. N Engl J Med 1984; 310:341‑6.
Sacks DB, Bruns DE, Goldstein DE, Maclaren NK, McDonald JM, Parrott M.
Guidelines and recommendations for laboratory analysis in the diagnosis and
management of diabetes mellitus. Clin Chem 2002; 48:436‑72.
American Diabetes Association. Tests of glycemia in diabetics. Diabetes Care
2002; 25(suppl 1): S97‑9.
Nathan DM,Turgeon H, Regan S. Relationship between glycated haemoglobin
levels and mean glucose levels over time. Diabetologia 2007; 50:223‑44.
Makris K, Spanou L, Rambaouni‑Antoneli A, Koniari K, Drakopoulos I, Rizos D,
et al. Relationship between mean blood glucose and glycated haemoglobin in
Type 2 diabetic patients. Diabet Med 2008; 25:174‑8.
Coutinho M, Gerstein H, Wang Y, Yusuf S. The relationship between glucose
and incident cardiovascular events. Diabetes Care 1999; 22:233‑40.
Diabetes Control and Complication Trial Research Group. The effect of
intensive treatment of diabetes on the development and progression of long
term complications in insulin dependent diabetes mellitus. N Engl J Med 1993;
329:977‑86.
Idogun ES, Olumese FE. Prevalence of poor glycaemic control in diabetics
seen in a tertiary medical centre Niger Postgrad Med J 2007; 14:34‑6.
Adebisi SA, Oghagbon EK, Akande TM, Olarinoye JK. Glycated haemoglobin
and glycaemic control of diabetics in Ilorin. Niger J Clin Pract 2009; 12:87‑91.
Rahlenbeck SI. Monitoring diabetic control in developing countries: A review
of glycated haemoglobin and fructosamine assays Trop Doct 1998; 28:9‑15.
Trinder P. Determination of blood glucose using 4‑amino phenazone as oxygen
acceptor. J Clin Pathol 1969; 22:246.
"Executive Summary: Standards of Medical Care in Diabetes‑2009’’. Diabetes
Care 2009; 32: S6‑12.
Otieno FC, Ng’ang’a L, Kariuki M.Validity of random blood glucose as a predictor

14.

15.

16.

17.

18.

19.

20.

of the quality of glycaemic control by glycated haemoglobin in out‑patient diabetic
patients at Kenyatta National Hospital, Nairobi. East Afr Med J 2002; 79:491‑5.
Gill GV, Hardy KJ, Patrick AW, Masterson A. Random blood glucose estimation
in type 2 diabetes: Does it reflect overall glycaemic control? Diabet Med 1994;
11:705‑8.
Van ‘t Riet E,Alssema M, Rijkelijkhuizen JM, Kostense PJ, Nijpels G, Dekker JM.
Relationship between A1c and Glucose levels in the general Dutch population.
The New Hoorn Study. Diabetes Care 2010; 33:61‑6.
Ollerton RL, Playle R,Ahmed K, Dunstan FD, Luzio SD, Owens DR. Day‑to‑day
variability of fasting plasma glucose in newly diagnosed type 2 diabetic subjects.
Diabetes Care 1999; 22:394‑8.
Rohlfing CL, Wiedmeyer HM, Little RR, England JD, Tennill A, Goldstein DE.
Defining the relationship between plasma glucose and HbA1c: Analysis of
glucose profiles and HbA1c in the Diabetes Control and Complications Trial.
Diabetes Care 2002; 25:275‑8.
Woerle HJ, Pimenta WP, Meyer C, Gosmanov NR, Szoke E, Szombathy T, et al.
Diagnostic and therapeutic implications of relationships between fasting,
2‑hour postchallenge plasma glucose and hemoglobin A1c values. Arch Intern
Med 2004; 164:1627‑32.
Goudswaard AN, Stolk RP, Zuithoff P, Rutten GE. Patient characteristics do not
predict poor glycaemic control in type 2 diabetes patients treated in primary
care. Eur J Epidemiol 2004;19:541‑5.
Rätsep A, Kalda R, Lember M. Meeting targets in type 2 diabetes care
contributing to good glycaemic control.  A cross‑sectional study from a primary
care setting in Estonia. Eur J Gen Pract 2010;16:85‑91

How to cite this article: Edo AE, Akhuemokhan K. Relationships between
hemoglobin A 1c and spot glucose measurements in Nigerians with type 2
diabetes mellitus. Niger J Clin Pract 2012;15:23-6.
Source of Support: Nil, Conflict of Interest: None declared.

Author Help: Online submission of the manuscripts
Articles can be submitted online from http://www.journalonweb.com. For online submission, the articles should be prepared in two files (first
page file and article file). Images should be submitted separately.
1)
2)

3)

4)

26

First Page File:
Prepare the title page, covering letter, acknowledgement etc. using a word processor program. All information related to your identity
should be included here. Use text/rtf/doc/pdf files. Do not zip the files.
Article File:
The main text of the article, beginning with the Abstract to References (including tables) should be in this file. Do not include any information
(such as acknowledgement, your names in page headers etc.) in this file. Use text/rtf/doc/pdf files. Do not zip the files. Limit the file size
to 1024 kb. Do not incorporate images in the file. If file size is large, graphs can be submitted separately as images, without their being
incorporated in the article file. This will reduce the size of the file.
Images:
Submit good quality color images. Each image should be less than 4096 kb (4 MB) in size. The size of the image can be reduced by
decreasing the actual height and width of the images (keep up to about 6 inches and up to about 1800 x 1200 pixels). JPEG is the most
suitable file format. The image quality should be good enough to judge the scientific value of the image. For the purpose of printing, always
retain a good quality, high resolution image. This high resolution image should be sent to the editorial office at the time of sending a revised
article.
Legends:
Legends for the figures/images should be included at the end of the article file.
Nigerian Journal of Clinical Practice •Jan-Mar 2012 • Vol 15 • Issue 1

