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INTRODUCTION 
Hemoglobin A1c(HbA1c), a glycated form of hemoglobin (Hb) 
produced by non-enzymatic catalysis of the globin chain in mature Hb 
(1). The reaction between Hb and glucose is slow and irreversible (2). 
HbA1c is the main glycated Hb found in HbA1 fractions and is present 
for the entire 120-day lifecycle of red blood cells (RBCs) (3). The 
percentage value of HbA1c is directly proportional to the blood 
glucose concentration level. A rise in glucose levels will also imply an 
increase in HbA1c levels (2). Other than hyperglycemia, several 
clinical disorders can interfere with HbA1c readings (4). 
                    
Irrespective of the testing method used, a low level of HbA1c can be 
found when the lifespan of RBCs is reduced (2). Anemia is a 
widespread disease around the world, and a higher prevalence is 
observed among pregnant women which are estimated to be around 
38% of the population, compared to 29% of non-pregnant women (5). 
                  
In cases of blood loss, hemolysis, hemoglobinopathies, red cell 
diseases, and myelodysplastic disease, anemia increases RBC 
turnover lowering HbA1c readings. Again, a reduction in the RBC 
count is accompanied by an increase in the rate of glycation of Hb and a 
high value of HbA1c (6).
                  
Fundamentally, RBC survival and exposure to blood glucose are 
determinants of glycated hemoglobin synthesis. Based on this, HbA1c 
cannot be considered an adequate metric for the diagnosis of diabetes 
in those who have anemia, hemoglobinopathy, or are at risk of having 
altered red cell survival (7). Furthermore, the age of red blood cells is 
directly related to mean corpuscular hemoglobin concentration 
(MCHC) and is negatively correlated with mean corpuscular volume 
(MCV) and hemoglobin content (mean corpuscular hemoglobin; 
MCH), owing to signicant water loss compared to hemoglobin during 
their existence. MCV is a measure of the volume of RBCs, whereas 
MCH is the quantity of hemoglobin content in RBCs (8).

Another crucial indicator is the red cell distribution width (RDW), 
which assesses the heterogeneity of the volume of RBCs (change in 
cell size) and aids in the differentiation of anemia types (9).

Current studies established strong links between an increased RDW 
and many medical conditions (10). A high RDW (11) has also been 
linked to atrial brillation, heart failure, and a poor prognosis in people 
suffering from heart failure or coronary heart disease (12). A 

connection was afrmed between HbA1c and RDW in a study with 
healthy non-diabetic National Health and Nutritional Examination 
Survey (NHANES) subjects. Furthermore, they hypothesized chronic 
hyperglycemia results in a raised RDW level and cardiovascular 
illness (13).
                 
Research also revealed hyperglycemia alters RBC count. When 
compared to normal glucose homeostasis, it is seen to increase in pre-
diabetes cases and decrease in cases of developed diabetes mellitus 
(14). The effects are prolonged to encompass Hb glycation, lower RBC 
deformability (15), and decreased life expectancy (16).
                
Iron is crucial for the body's metabolic processes. It is physiologically 
important in the tricarboxylic acid cycle and its deciency is the most 
common cause of anemia worldwide, but its usefulness in diagnosis 
and therapy is limited because it is a known source of potential 
intervention (17).
                  
According to the World Health Organization (WHO), the global 
prevalence of anemia is estimated to be roughly 1.62 billion people 
(18), with students accounting for 25.4% and preschool-age children 
accounting for 47.7%. Iron deciency anemia accounts for 75% of all 
instances of anemia (19), affecting around 30% of the world's 
population (20). The prevalence of iron deciency anemia in 
underdeveloped countries ranges from 16.5% to 62.6% (21). Several 
reports stated the total prevalence of iron deciency anemia in Saudi 
Arabia ranges from 30 to 56% (22). A prevalence of 40.5% was found 
in a cross-sectional survey of schoolgirls in Riyadh, Saudi Arabia (23).
                   
A study from Taibah University in Almadinah Almunawwarah, Saudi 
Arabia, found that the prevalence of overall mild, moderate, and severe 
anemia was 45%, 49%, and 6%, respectively, in female university 
students (24). A recent study on both female and male students at Jazan 
University's Faculty of Applied Medical Sciences revealed that iron 
deciency anemia is remarkably common among female students, 
while one-third of male students are projected to be carriers of alpha or 
beta-thalassemia (25).

Many linked studies focused on the impact of iron deciency on 
HbA1c in the diagnosis of diabetes and prediabetes. Even if a person 
doesn't have anemia, these studies found that a lack of iron causes 
HbA1c levels to rise without a corresponding rise in glucose indices.
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ABSTRACT
Objectives:  Methods: To investigate the relationship between HbA1C and red cell indices in non-diabetics.  This is a cross-sectional descriptive 
study conducted at Abu Arish General Hospital and College of Applied Medical Sciences, Jazan University, Jazan, Saudi Arabia. 5ml of 
anticoagulated venous blood samples from non-diabetic subjects were collected and analyzed to estimate the CBC, RBC indices, and HbA1c by 
Abbott and Sysmix Coulters. SPSS was used to perform statistical analysis on the data, and linear regression was used to determine the correlation. 
The t-test and P value were calculated to determine the signicance of the results.  HbA1c and RBC indices were found to have a Results:
signicant relationship  There is a relationship between HbA1c levels and RBC indices. The modulation of HbA1c levels in our . Conclusion:
bodies affects RBC indices. In diabetic cases, it is prudent to consider changes in RBC indices when interpreting HbA1c concentrations. So, when 
diagnosing diabetes, it is also advisable to consider HbA1c, anemia, hemoglobinopathy, and people who are at risk of having their red cells live less 
than normal.
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A reduced MCV in anemic patients implies that the anemia is mostly 
caused by an iron shortage. However, the anemic individuals in our 
study included a mix of those with iron-deciency anemia with or 
without therapy and those with other kinds of anemia.

Previous research concentrated on specic types of anemia, such as 
dietary deciencies or menstruation.

So, the present study was conducted to detect the relation between 
HbA1c and red cell indices in non-diabetes individuals. Hence, when 
interpreting HbA1c concentrations in diabetes mellitus, anemia should 
be considered.

MATERIALS AND METHODS
Study Settings:
This was conducted at Jazan University and Abu Arish General 
Hospital. 

Study Design:
This is a cross-sectional and descriptive study.

Study Participants:
Fifty non-diabetics from Abu Arish general hospital and the students at 
the College of Applied Medical Sciences, Jazan University were 
included in this study.

Inclusion Criteria:
Nondiabetics, normal or anemic people.

Exclusion Criteria:
Diabetic cases. 

Study Period:
October 2018 to March 2019

Data Collection Technique:
Before the collection of samples, the participants were asked to read, 
understand, and sign consent forms.

Venous blood (5 mL) was collected and immediately analyzed by 
Ruby's automatic blood cell counter. RBC indices and glycosylated 
hemoglobin (HbA1c) were calculated by enzymatic digestion (Abbott 
Chemistry) using a colorimetric reaction at Abu Arish general hospital.

Statistical Analysis:
SPSS was used to evaluate the results, and linear regression was 
utilized to correlate them. The T-test and P value were used to 
determine the signicance of the results.

RESULTS:
45% of the individuals were anemic, whereas 55% were normal Figure 
1. Among the anemic cases, 37% were microcytic anemic (low MCV) 
cases and 63 were normocytic (normal MCV) Figure 2. According to 
hemoglobin concentration, 24% of the cases had hypochromic anemia 
(low MCH), whereas the remaining 76% had normochromic anemia 
(normal MCH) Figure 3. 

To compare MCHC with HbA1c, a two-sample t-test was used. MCHC 
(M = 32.27, SD = 0.851) and HbA1c (M = 5.47, SD = 0.622) were 
signicantly different; t (22) = 98.69, p = 0.00001, Table 1.

Similarly, a two-sample t-test was used to compare MCH and HbA1c. 
MCH (M = 24.77, SD = 2.144) and HbA1c (M = 5.47, SD = 0.622) 
showed a signicant difference; t (43) = 24.6, p = 0.00001, Table 2.

Again, for MCV and HbA1c, a two-sample t-test was used. MCV (M = 
76.5, SD = 9.053) and HbA1c (M = 5.47, SD = 0.622) were 
signicantly different; t (37) = 24.6, p = 0.00001, Table 3.

A two-sample t-test showed Hb g/dl (M = 4.9, SD 0.786) and HbA1c 
(M = 5.47, SD = 0.622) showed a signicant difference; t (13) = 4.01, p 
= 0.00001, Table 4.

Furthermore, a two-sample t-test also revealed RBC x 1012/L (M = 12, 
SD = 1.762) and HbA1c (M = 5.47, SD = 0.622) were signicantly 
different; t (33) = 61.07, p 0.00006, Table 5.

Table 1. Descriptive statistics of HbA1c and MCHC

Table 2. Descriptive statistics of HbA1c and MCH

Table 3. Descriptive statistics of HbA1c and MCV

Table 4. Descriptive statistics of HbA1c and Hb

Table 5. Descriptive statistics of HbA1c and RBC

Fig. 1 - Percentage of Anemia

Fig. 2 - Types of Anemia according to RBC size (MCV)

Fig. 3 - Types of Anemia according to Hb content (MCH)

DISCUSSION: 
In this study, 45% of the individuals were anemic, whereas 55% were 
normal. There were 37% microcytic anemic (low MCV) cases and 63 
normocytic (normal MCV) cases among the anemic patients. 
According to hemoglobin concentration, 24% of the cases had 
hypochromic anemia (low MCH), whereas the remaining 76% had 
normochromic anemia (normal MCH). This suggests that the types of 
anemia seen in Jazan include iron deciency anemia with low MCV, 
sickle cell anemia with normal MCV, or thalassemia (low MCV).
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Parameter (normal range) Mean SD
MCH (27 – 32 pg) 24.77 2.144
HbA1c   5.47 0.622
T-test 24.6
P value 0.00001

Parameter (normal range) Mean SD
MCHC (32% – 36%) 32.27 0.851
HbA1c (4% – 6% ) 5.47 0.622
T-test 98.69
P value 0.00001

Parameter (normal range) Mean SD
MCV (80 – 100 ) 76.5 9.053
HbA1c   5.47 0.622
T-test 61.07
P value 0.00001

Parameter (normal range) Mean SD
Hb g/dl (12 – 16F, 13 – 17M) 12 1.762
HbA1c   5.47 0.622
T-test 24.6
P value 0.00001

Parameter (normal range) Mean SD
RBC x 1012/L (3.8 – 4.8 F, 4.5 – 5.5 M) 4.9 0.786
HbA1c   5.47 0.622
T-test 4.01
P value 0.00006
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Regardless of the type of anemia, the t-test and p-value showed that the 
RBC count, Hb values, and RBC indices all changed signicantly with 
HbA1c.
               
The level is increased or decreased with a change in the MCV, MCH, or 
MHCH. Patients with low red blood cell indices had higher HbA1c 
levels. This demonstrates the unreliability of HbA1C in the diagnosis 
or follow-up of diabetes and the need to diagnose and treat anemia in 
diabetic patients.
                
In a previous study, Segade et al. (2016) found that the hematological 
parameters MCH and MCV had the most impact on HbA1c values 
regardless of the glycemic environment (26).
               
According to Takeuchi and Kawakami, the inuence of anemia on 
HbA1c concentration varies depending on the cause; iron deciency 
anemia may modestly raise HbA1c, whereas other forms of anemia or 
the recovery phase after iron deciency anemia are related to a 
decrease in HbA1c (27).
                 
The suggested mechanism could be related to iron's critical role in the 
tricarboxylic acid (TCA) cycle. Elevated iron levels limit glucose 
metabolism, increasing blood glucose levels (28) 

Hence, the current study establishes a relationship between RBC 
indices and HbA1c levels.

CONCLUSIONS
This study aims to detect the effect on HbA1c levels due to changes in 
RBC indices.
               
We may conclude that changes in RBC indices have an impact on 
HbA1c levels. So, when interpreting HbA1c concentrations in 
diabetes mellitus, anemia should be deemed. It is advisable not to use 
HbA1c alone to diagnose diabetes without considering anemia, 
hemoglobinopathies, and people who are at risk.
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