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The aim of this study was to determine the correlation between glycated hemoglobin and blood sugar 
levels in diabetic subjects carried out in Abidjan. This cross-sectional study included 100 patients with 
diabetes monitored, for three months, for whom glycated blood glucose and hemoglobin were 
performed, this after informed consent of the patients. Pearson and Spearman correlation tests were 
used, at the 5% threshold. The patients with normal HbA1C and normal blood glucose accounted for 
55.34 and 32%, respectively. A sedentary lifestyle and body mass index > 25 kg/m² were associated with 
a significant increase in the risk of increased blood glucose and HbA1C. The presence of a 
complication was associated with a 3.06-fold higher risk of high glycated hemoglobin (p= 0.0073), while 
blood glucose was not significantly associated with the onset of complications. Glycated hemoglobin 
was significantly correlated with blood glucose with a correlation coefficient of 0.4412 (p 0.0001). In 
multivariate analysis, hyperglycemia was significantly associated with alcohol consumption and non-
compliance with antidiabetic treatment. Poor compliance was significantly associated with increased 
glycated hemoglobin (>7%) and tobacco consumption. The glycated hemoglobin was highly correlated 
with blood sugar, and was found to be a better predictor of diabetes complications than glycemia. 
 
Key words: Diabetes mellitus, glycated hemoglobin, blood sugar, Abidjan, Côte d’Ivoire. 

 
 
INTRODUCTION 
 
The complications of diabetes are influenced not only by 
the duration of diabetes but also by the average level of 
chronic glycemia which  is  measured  most  reliably  with 

glycated hemoglobin (HbA1C) assay (Lenters-Westra 
and Slingerland, 2008; ADA, 2009). The most common 
type   of  diabetes  is  type  2,  long-asymptomatic,  which  
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usually occurs after a long period of insulin resistance 
and metabolic disorders (Colette and Monnier, 2010).  

In 2010, in sub-Saharan Africa, more than 12 million 
people were living with diabetes and 330,000 people died 
from related complications (ADA, 2009, 2011). In 
diabetes, dietary measures, most of which are associated 
with drug treatments, are essential for a good patient 
balance (Colette and Monnier, 2010). The aim of these 
measures is to reduce insulin resistance, glycemic, lipid 
and blood pressure disturbances, and to prevent the 
disease from worsening (Verma et al., 2006; Colette and 
Monnier, 2010). The simple determination of blood 
glucose levels on a periodic basis at the time of checkups 
prior to visits to the medical practitioner cannot provide a 
correct picture of the long-term control of diabetic 
disease. To overcome this deficit, biochemical markers, 
including HbA1C, are used to help assess the glycemic 
balance of patients (Shubrook, 2010).  

The HbA1C assay is used to estimate the mean level of 
blood sugar in the two months preceding the baseline 
(Kilpatrick, 2008). The study of HbA1C and blood glucose 
was carried out in numerous studies in both Caucasian 
and Black subjects (Kilpatrick, 2008; Shubrook, 2010; 
Ercan, 2014; Zendjabil, 2015). Thus, Gillery (2013) in 
France and Selvin et al. (2010) in the United States, 
made it possible to study cardiovascular risk in diabetic 
subjects and even to propose new diagnostic methods for 
diabetes. In North Africa, Zendjabil (2015) assessed 
cardiovascular risk in diabetic patients using the HbA1C 
assay. However, very few studies on HbA1C and 
glycaemia were carried out in Côte d'Ivoire. The objective 
of this work was to study the correlation between HbA1C 
and glycemia in diabetic subjects in a private health 
facility in the municipality of Yopougon. 
 

 
MATERIALS AND METHODS  
 

This is a descriptive and analytical cross-sectional study involving 
100 patients, recruited for diabetology consultation at a private 
health facility in Yopougon (Abidjan), which lasted 3 
months. Patients with diabetes, regardless of gender, with an age 
≥18 years, who accepted the sample and gave informed consent, 
were selected for blood glucose and HbA1C. Patients with other 
associated conditions such as high blood pressure were not 
selected.  A questionnaire was used to study certain 
epidemiological and clinical parameters such as, sedentary 
behaviour, body mass index (BMI), smoking and alcohol 
consumption, regularity of treatment follow-up, type of treatment, 
the quality of adherence to treatment, and the occurrence or non-
occurrence of complications. Measurements of weight and height 
were made according to the WHO (2006) standard, in indoor 
garment, without footwear. The weight was obtained using a 
mechanical person’s scale (make “SEVERIN PW 7010-Tasteful 
Technology”), with an accuracy of 0.1 kg.  

Height was measured using a height gauge (make “SECA 206”) 
with an accuracy of 0.1 cm. Overweight and obesity were 
determined by calculating the BMI [BMI (kg/m2) = Weight/Size 2], 
which are defined respectively by BMI > 25 and 30 kg/m2. The 
samples were taken from people with diabetes on an empty 
stomach the day before. The blood was collected in two tubes:  one  

 
 
 
 
containing both an anti-glycolytic and an anticoagulant, and another 
containing ethylene diamine tetra-acetic acid (EDTA). Each tube 
contained 5 mL of blood collected. Glycated haemoglobin was 
determined by immunoturbidimetry method and blood glucose, by 
classical glucose-oxidase-peroxidase enzymatic method on a 
Cobas E 400 automaton. The reference values for HbA1C were 
6.5% and for fasting blood glucose between 0.60 and 1.10 g/L 
(ADA, 2011). The samples were taken with informed consent from 
the patients. This study was approved by the Ivoirian Ethics 
Committee for Clinical Research (Approval number: 
141/MSHP/CNER/01/2017). The analysis of the variables was done 
by the Pearson and Spearman correlation tests, with a significance 
threshold of 5%. 

 
 
RESULTS   
 
The sex ratio was 1.17 (1.17 men for a woman; that is, 54 
men for 46 women). The proportion of type 2 diabetics 
was the highest at 96% and that of type 1 diabetic was 
weak at 4%.  

Overweight patients accounted for 33% and obese 
subjects 41% of patients. The proportion of overweight 
and obese subjects was therefore 74%. Sedentary 
lifestyle was one of the most important risk factors and 
was observed in 59% of patients. Alcohol consumption 
was observed in 44% of patients and we recorded 19% of 
patients consuming tobacco. The healthy diet was part of 
the treatment of almost all patients (99% of cases). The 
treatment was regularly followed in 94% of the diabetic 
patients. 

Table 1 shows that patients had an average age of 
49.2±10.96 years with extremes of 13 and 82 years. The 
high prevalence of age was between 40 and 50 years 
(81.58%). 

Table 2 shows the distribution of blood glucose and 
HbA1C by presence of complications. Blood glucose was 
not significantly associated with the occurrence of 
complications. The presence of a complication was 
associated with a 3.06 times higher risk of high HbA1C 
(Table 2). 

The correlation curve between HbA1C and glycemia is 
as shown in Figure 1. HbA1C was significantly correlated 
with blood glucose. The correlation coefficient r was 
0.4412 and a p0.0001. 
Table 3 shows the distribution of blood glucose and 
HbA1C by BMI and lifestyle. A sedentary lifestyle and 
BMI > 25 kg/m² were associated with a significant 
increase in the risk of increased blood glucose and 
HbA1C. 

Table 4 shows the distribution of blood glucose and 
HbA1C by treatment adherence. Poor adherence to 
treatment was associated with an increased risk of high 
mean blood glucose and high HbA1C. 

Table 5 shows analysis of hyperglycemia and HbA1C 
with BMI, lifestyle, treatment and complications. 
Hyperglycemia and HbA1C were significantly associated 
with poor adherence to antidiabetic treatment. The type 
of  treatment  and  the degree of obesity did not influence  
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Table 1. Variation in glycemia and glycated hemoglobin by age group. 
 

Age (years) 
High blood sugar (>1.1 g/L)  HbA1C High (>6.5%) 

n (%) p-value OR  n (%) p-value OR 

≤30 2/4 (50) 
 

1 (Ref)  3/4 (75) 
 

1 (Ref) 

30-40 9/16 (56.25) 

0.1022 

1.30  10/16 (62.50) 

0.2043 

0.56 

40-50 31/38 (81.58) 4.43  14/38 (36.84) 0.19 

50-60 18/32 (56.25) 1.29  11/32 (34.38) 0.17 

>60  8/10 (80) 4.00  5/10 (50) 0.33 
 

HbA1C, Glycated haemoglobin; p-value (≤ 0.05) is statistically significant; n, number of patients; OR, odds ratio; Ref, 
Reference group. 

 
 
 

Table 2. Distribution of glycemia and glycated hemoglobin level according to the presence of complications. 
 

Presence of 
complications  

High blood sugar (>1.1 g/L)  HbA1C High (>7%) 

n (%) p OR  n (%) p OR 

Yes 36/52 (69.23) 
0.7836 1.13 

 29/52 (55.77) 
0.0073 3.06 

No  32/48 (66.67)  14/48 (29.17) 
 

HbA1C, Glycated haemoglobin; n, number of patients; p-value (≤ 0.05) is statistically significant; OR, odds ratio. 

 
 
 

Table 3. Glycemia and HbA1C distribution by BMI and lifestyle. 
 

Variable 
Glycemia  HbA1C 

n (%) p OR  n (%) p OR 

Sedentary lifestyle 44/59 (74.58) 0.0308 2.08  27/59 (45.76) 0.0032 1.32 

Tobacco 11/19 (57.89) 0.2941 0.58  12/19 (63.16) 0.0486 2.76 

Alcohol 33/44 (75) 0.1835 1.80  21/44 (47.73) 0.3973 1.41 

BMI > 25 kg/m² 50/74 (67.57) 0.0157 2.93  36/74 (48.65) 0.0442 2.57 
 

HbA1C, Glycated haemoglobin; n, number of patients; p-value (≤ 0.05) is statistically significant; OR, odds ratio; BMI, Body 
Mass Index. 

 
 
 

Table 4. Glycemia and glycated hemoglobin distribution by treatment adherence. 
 

Adherence 
Glycemia  HbA1C 

n (%) p OR  n (%) p OR 

Poor 39/48 (81.25) 
0.0064 3.44 

 36/48 (75) 
<0.0001 19.29 

Good  29/52 (55.77)  7/52 (13.46) 
 

HbA1C, Glycated haemoglobin; n, number of patients; p-value (≤ 0.05) is statistically significant; OR, odds ratio. 

 
 
 
changes in glycated blood glucose and hemoglobin. 
 
 
DISCUSSION 
 
Variation by age group 
 
The   present   study   is  the  first  concerning  correlation  

between HbA1C and glycemia in Abidjan. The age of 
most patients was between 40 and 50 years old, with an 
average of 49.2±10.96 years and extremes of 13 and 82 
years (Table 1), and a sex ratio of 1.17. This distribution 
was comparable to that described by Qvist et al. (2008) 
which reported the mean age for all participants was 
45.5. Mohammed et al. (2018) also showed that most 
affected age group  by  diabetes  is  between  45  and  55  
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Figure 1. Correlation curve between glycated hemoglobin and blood glucose. 
 
 
 

Table 5. Multivariate analysis of hyperglycemia and glycated hemoglobin with BMI, lifestyle, treatment and complications. 
 

Variable 
Glycemia  HbA1C 

p OR (IC 95%)  p OR (IC 95%) 

BMI 

Lean  1 (Ref)   1 (Ref) 

Normal  0.471 4.43 (0.08-252.89)  0.517 5.09 (0.04-696.91) 

Overweight 0.625 2.71 (0.05-146.56)  0.225 20.85 (0.15-2824.44) 

Obesity 1 0.558 3.31 (0.06-182.02)  0.451 6.55 (0.05-870.65) 

Obesity 2 0.311 10.64 (0.11-1029.68)  0.332 13.36 (0.07-2508.33) 

Obesity 3 0.729 2.11 (0.03-146.51)  0.760 2.22 (0.01-377.56) 

       

Sedentary lifestyle 0.698 1.28 (0.36-4.55)  0.438 1.90 (0.37-9.68) 

Tobacco 0.260 0.366 (0.063-2.11)  0.019 17.60 (1.62-191.55) 

Alcohol 0.016 5.25 (1.37-20.23)  0.163 2.99 (0.64-13.90) 

Irregularity of the follow-up 0.065 0.10 (0.01-1.15)  0.210 0.10 (0.00-3.59) 

Insulintherapy 0.323 3.43 (0.30-39.59)  0.403 0.24 (0.01-6.94) 

ADO 0.250 4.17 (0.37-47.34)  0.777 0.61 (0.02-17.92) 

Poor adherence 0.008 5.79 (1.58-21.16)  <0.001 103.02 (14.28-743.47) 
 

HbA1C, Glycated haemoglobin; n, number of patients; p-value (≤ 0.05) is statistically significant; OR, odds ratio; Ref, reference group; 
BMI, body mass index; IC, confidence interval; ADO, oral antidiabetics. 

 
 
 

years in a Tlemcen population in Algeria. The high 
proportion of subjects aged 40 to 50 justifies the 
recommendation of screening in subjects aged 45 and 
over (CDA, 2008). Our results showed that glycemia and 
HbA1C were not age-dependant. Several studies, 
including that of Verma et al. (2006) and Bouzid et al. 
(2011) previously reported in diabetic subjects that age 
was not associated with variation in HbA1C level, 
duration of diabetes, fasting blood glucose, glycated 
protein or glycated albumin. However, young age was 
cited as a factor associated with poor glycemic follow-up 
(Qvist  et   al.,  2008),  as  well  as  old  age  (Wahba  and 

Chang, 2007). According to the results of many 
longitudinal and cross-sectional studies, it has been 
demonstrated that the earliest detectable abnormality in 
non-insulin dependent diabetes mellitus (NIDDM) is 
impairment  in  the  body’s  ability  to  respond  to  insulin 
(Lenters-Westra and Slingerland, 2008).  
 
 
Occurrence of complications 
 
Glycation of proteins affords an index for glycemic 
control, and  moreover, literatures reported that increased  



 
 
 
 
glycated proteins are linked to complications like 
nephropathy, cardiovascular diseases, and retinopathy 
among others (Megerssa and Tesfaye, 2015). In our 
study, glycated hemoglobin was found to be a good test 
for predicting complications (OR=3.06; p= 0.0073) (Table 
2) and was reinforced by other work. Nakagami et al. 
(2017) have shown the risks of incident retinopathy and 
diabetic retinopathy were positively, continuously, and 
independently associated with HbA1C and fasting plasma 
glucose (FPG) levels in their cohort of Japanese 
participants without a previous history of diabetes. 
Furthermore, the adjusted hazard ratio for retinopathy 
were significantly higher in participants with an HbA1C 
level ≥6.5% or FPG level ≥7.0 mmol/L at baseline, 
relative to participants in the lowest categories of these 
variables (Nakagami et al., 2017). Also, Stratton et al. 
(2000) in the United Kingdom Prospective Diabetes 
Study Group (UKPDS) work on type 2 diabetes showed 
that the risk of myocardial infarction and microvascular 
complications decreased by 14 and 37%, respectively for 
any 1% decrease in HbA1C. Thus, the reduction of 
Hba1c, in the long term, led to a decrease in the risk of 
complications. Glycemia, on the other hand, showed no 
significant variation depending on whether or not 
complications occurred. 
 
 
HbA1C and glycemia correlation 
 
In the ADAG (HbA1C -Derived Average Glucose) study 
(Klonoff and Aimbe, 2014), conducted in type 1 and 2 
diabetics and non-diabetic volunteers, the correlation 
between HbA1c and glycemia levels was higher (R 2 = 
0.84) than the one found (R

2
 = 0.44) (Figure 1). Likewise, 

Mohammed et al. (2018) showed a moderate positive 
correlation (r = 0.68) between the values of HbA1C and 
blood glucose in diabetic patients. This could be due to 
the fact that we performed a single dose of HbA1C and 
glycemia per patient, while in the ADAG cohort study, 
glycemia was measured before and after each meal and 
at bedtime. 

This correlation seemed linear for all glycemia values. 
According to Bouzid et al. (2011) HbA1C values are 
correlated with fasting glycemia values and a 1% 
increase in HbA1c would approximate an increase of 18 
mg/dl for fasting blood glucose found from the equation of 
the regression curve. Through irreversible formation and 
accumulation in red blood cells over 120 days of life, 
HbA1C accurately reflects changes in the glycemic 
balance over the previous three months. For example, 
glycated hemoglobin is the best diagnostic and follow-up 
parameter for diabetic disease, as it provides accurate 
information on long-term changes in glycemic balance, 
while venous and capillary glycemia measure the 
glycemic balance used in the short term and in 
emergency situations (Zafar et al., 2019). Thus, the 
correlation   HbA1C/blood   glucose   level   allows  better 
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control of glycemia (Mohammed et al., 2018). 
 
 
Blood glycemia and HbA1C distribution by BMI and 
lifestyle 
 
The vast majority of patients were physically inactive and 
had a higher than normal BMI, very often obese (Table 
3). Our results showed that lack of physical activity 
increased the risk of obesity, hyperglycemia and HbA1C 
by more than 7% (Table 3). According to Rey-Lopez et al. 
(2008), a sedentary lifestyle is a factor of obesity. 
Physical inactivity and overweight may be responsible for 
significant changes in blood glucose and HbA1C. Studies 
showed that physical activity is significantly associated 
with a reduction in the risk of type 2 diabetes and that 
type 2 diabetes gradually settles in obese subjects (BMI 
30) over the years (Gill and Cooper, 2008; Rey-Lopez et 
al., 2008). 

It would be useful to advise diabetic patients to have a 
better quality of life compliance with lifestyle factors and 
diabetes self-management (Bennich et al., 2019). Thus, 
the practice of a regular physical activity, when combined 
with a hygienic-dietetic diet, would be effective in 
combating obesity, diabetes and its complications (Rey-
Lopez et al., 2008; Adam et al., 2018; Seuring et al., 
2019). 
 
 
Multivariate analysis 
 
Poor adherence to treatment was associated with an 
increased risk of high mean blood glucose and high 
HbA1C (Table 4).  

Tobacco use was an independent predictor of 
increased HbA1C. Alcohol consumption was associated 
with a significant increase in the risk of hyperglycemia 
(Table 5). The relationship between alcohol consumption 
and insulin resistance results in a U-shaped curve. 
Another hypothesis is that smoking could influence the 
formation of HbA1c indirectly, independent of its effect 
resulting in elevated HbA1c levels (Jae et al., 2015). Our 
results could be attributed to alcohol consumption, a 
lifestyle parameter as important as smoking, was 
independently and negatively correlated with HbA1c 
levels, consistent with previous reports. Previous studies 
suggested that moderate alcohol intake might have 
protective effects on glucose metabolism by lowering 
insulin resistance (Greenfield et al., 2004; Bonnet et al., 
2012). We recorded 48% of patients with poor adherence 
to treatment. The risk of hyperglycemia was 3.44 times 
higher with treatment non-compliance. Poor adherence to 
treatment was associated with a higher risk of high 
glycated hemoglobin (>7%). Poor adherence to treatment 
was also an independent predictor of hyperglycemia and 
an increase in HbA1C. The risk was even higher for 
glycated hemoglobin compared to blood  glucose (103.02  
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vs. 5.79). Our results were consistent with those of 
Kumar et al. (2010) which reported that HbA1C had 
better specificity but less sensitivity to glycemia. This 
would justify some authors advocating reducing HbA1C 
to 6.1% instead of 6.5%. We can suggest as Razi et al. 
(2018) the necessity of determining the HbA1C cutoffs for 
detecting diabetes or prediabetes in the population, 
likewise the combination of these HbA1C cutoffs with 
fasting glycemia levels are required to determine 
diabetes and prediabetes more accurately, in a 
preventive purpose. Apart from diabetes, glycated 
hemoglobin has also proven to be a real marker of 
cardiovascular risk, since it has been associated with 
determination of serum sialic acid as risk factors in 
patients with myocardial infarction, who are non-diabetic 
(Basha and Kasi, 2019). 
 
 
Conclusion 
 
Our study showed that HbA1C was highly correlated with 
glycemia.  Moreover, HbA1C was shown to be a better 
predictor of diabetes complications than glycemia. Thus, 
we recommend that the measurement of HbA1C should 
be integrated in health check of any person aged 40 or 
over, likewise organize awareness campaigns, screening 
and information of populations on metabolic diseases, 
especially diabetes. Future studies are needed with a 
larger sample of subjects to allow the use of this marker 
in the prevention of diabetes complications. 
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