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 The study aimed to investigate the relationship between iron metabolism 

indicators such as ferritin and transferrin levels and glycosylated hemoglobin. 

Another goal of the current study is to draw the attention of the scientific and 

medical community to a very important issue regarding diagnostic and follow-

up the diabetic patients which is the effect of iron status on HbA1c level. A 

cross-sectional study was conducted on (n=300) participants. The participant 

was assigned into three groups: the diabetes group (n=101), the prediabetes 

group (n=100), and the control group (n=99). A structured questionnaire with 

sociodemographic data and biochemical tests was applied. The results of the 

study found that there were significant differences in age among groups 

(p=0.05), with the diabetic group being younger than other groups. There is a 

direct positive relationship between HbA1c levels and ferritin (β=2%, 

p=0.001) and fasting blood sugar (β=1.8%, p=0.001). The findings also show 

an inverse relationship between glycosylated hemoglobin and transferrin 

(β=0.1%, p=0.001), as well as mean corpuscular volume (MCV) (β=1.8%, 

p=0.001). The study finding confirms a positive correlation between HbA1c 

with ferritin levels and a negative association with transferrin. Iron status in 

diabetes patients' treatment plans should considered while the interpretation 

of the HbA1c concentrations. In addition, diabetes patients' treatment plans 

should take ferritin level adjustment into account. 
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1. INTRODUCTION 

Diabetes mellitus is a major public health concern all over the world. In 2021, approximately 537 

million people have diabetes worldwide, with 90% having type 2 diabetes [1]. Jordan has a diabetes prevalence 

rate of about 14.8%, placing it tenth in the Arab world for both type 1 and type 2 diabetes [2]. Diabetes is a 

leading factor in developing micronutrient deficiency, one of the most common micronutrient deficits is iron 

deficiency anemia (IDA) [3]. 

The relationship between diabetes and IDA is complicated and still not fully understood. Diabetes 

causes gastrointestinal bleeding, and reduced iron absorption [4]. However, glycosylated hemoglobin (HbA1c) 

is an indicator of blood sugar control in the past three months and it is affected by anemia [5]. Chronic IDA, 

on the other hand, causes prolonged erythrocyte survival, persistent hypoxia, and insufficient hemoglobin (Hb) 

production, which will affect nonenzymatic glycosylation and the rise of HbA1c [6]. A prospective randomized 

control study has shown that IDA significantly increases HbA1c concentration and treatment of that IDA with 

iron will significantly decrease it [7]. Moreover, a study conducted by Altuntaş et al. [8] found that IDA was 

associated with lower HbA1c concentration. A systematic meta-analysis of six studies found that HbA1c did 
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not accurately reflect the blood sugar control of a diabetic person [9]. In addition, HbA1c concentration was 

positively significant with Hemoglobin (Hb), ferritin, and red blood cell (RBC) count, and HbA1c 

concentration was inversely associated with the Hb concentration [10]. On the other hand, the study of  

Soliman et al. [11], showed a positive correlation between HbA1c with HB and ferritin in non-diabetes women. 

IDA can impair blood glucose homeostasis, which negatively affects blood glucose control, and 

predisposes to diabetes complications [6]. There is a relationship between hyperglycemia and proinflammatory 

cytokine. Proinflammatory cytokine is associated with the development of insulin resistance and diabetes 

complications such as renal impairment [1], [12]. Proinflammatory markers, especially IL-6, decrease 

erythropoietin production from renal interstitial cells, which, reduces erythrocyte production causing a 

reduction in Hb levels [13]. Moreover, inflammatory conditions associated with kidney disease interfere with 

iron absorption and lead to anemia [14]. 

The study explores the relationship between IDA and HbA1c levels, highlighting the potential for 

overestimation or underestimation of glycemic control, leading to misdiagnosis and inappropriate diabetes 

management. The study highlights the negative impact of IDA on glycemic control, suggesting alternative 

monitoring strategies like continuous glucose monitoring and optimizing metabolic control through iron 

repletion. Therefore, the purpose of this study was to investigate the relationship between iron metabolism 

indicators such as ferritin and transferrin levels and HbA1c concentration among diabetes persons. 

 

 

2. METHOD 

2.1.  Study design and sampling 

An observational study was conducted in 2018 that included (n=300) participants from multicenter 

internal medicine outpatient clinics in Ajloun Governorate in northern Jordan. Participants aged 18-70 years 

were diagnosed with prediabetes or diabetes type I or II, and are willing to participate are included in the study. 

The participants who had previously been diagnosed with chronic kidney illness, liver disease, hemolytic 

anemia, heart failure, an active infection, or chronic inflammation, individuals below 18 years old, and pregnant 

or lactating women were excluded from the study. This study was conducted according to the guidelines laid 

down in the Declaration of Helsinki. The consent form was filled out by the participants before their enrollment 

in the study . Ethical approval was not obtained because participation in the study was entirely voluntary, 

participants' anonymity was ensured, and the data collected were non-sensitive in nature. Three groups of 

participants were formed: the diabetes group (n=101), the prediabetes group (n=100), and the control group 

(n=99). Participants were interviewed by a trained nurse to collect sociodemographic data such as age, gender, 

smoking status, and prior and current health issues. 

 

2.2.  Sample size 

 The sample size for the study was determined using the Raosoft online sample size calculator. The 

calculation was based on a margin of error set at 5%, a confidence level of 95%, and an assumed response 

distribution of 50%. An additional 10% was added to the calculated value to account for potential non-

responses or incomplete data, resulting in a final required sample size of 300 participants. 

 

2.3.    Anthropometrics measurement 

2.3.1. Weight, height, and BMI 

All participants underwent physical examinations to determine their height (m), and weight kilogram 

(kg) by calibrated digital scale (Tcs-200lp). The participant's weight was measured with light clothes and bare 

feet by using a portable digital floor scale (300 kg digital floor bench scale electronic platform postal shipping). 

The mean of three measurements was taken to the nearest 0.1 kg.  

The participant’s height was measured by standing up barefoot and looking straight ahead while 

measuring the height. The mean of three measurements was taken in centimeters (cm) to the nearest 0.1 cm. 

Body mass index (BMI) was calculated by dividing weight in kg, by height square in meters (kg/m2). The BMI 

was calculated according to World Health Organization (WHO) criteria [15], normal weight (18.5-25.9), 

overweight (25-29.9), obese class I (30-34.9), obsess class II (35-39.9), and morbid obesity (>40). 

 

2.3.2. Waist hip ratio 

 Waist circumference (WC), and hip circumference (HC) were measured by a flexible ruler sewing 

non-elastic tape to the nearest 0.1 cm. The hip was measured over light clothes with the arm relaxed and at the 

maximum circumference over the buttocks. The waist circumference was measured at the midpoint of the last 

palpable rib and the top of the hip bone. The mean of three measurements was taken to the nearest 0.1 cm. 
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2.4.  Biochemical analysis 

After overnight fasting, a qualified laboratory technician at outpatient clinics in Ajlun took a blood 

sample from the participants. A commercial enzymatic biochemical test was used to measure the biochemical 

tests. The following are some of the instruments and devices used in conducting the laboratory testing CBC 

autoanalyzer Mandary BC-2800, Sysmex XS 1000i CBC autoanalyzer, URIT 3300CBC Autoanalyzer, and Ves-

Matic Automated ESR Analyzer. The laboratory tests include Hb, mean corpuscular volume (MCV), serum 

ferritin, fasting blood glucose (FBS), hemoglobin A1c (HbA1c), Triglyceride (TG); high-density lipoprotein 

(HDL); low-density lipoprotein (LDL); glomerular filtration rate (GFR); Alanine aminotransferase (ALT); 

aspartate aminotransferase (AST) and c-reactive protein (C-RP) were measured for all participants. 

 

2.5.  Statistical analysis 

The statistical analysis was carried out using the Statistical Package for Social Science (SPSS) 

program version 22.0 (SPSS Inc., Chicago, Illinois, USA). Data for continuous variables is displayed as a 

percentage and mean. The paired sample t-test was used to compare the treatment groups. A one-way ANOVA 

was used to compare the level of significance between treatment groups. The Pearson correlation coefficient 

method was used to determine the magnitude and direction of the relationship between dependent and 

independent variables. The multiple linear regression model was used to determine the relationship between 

variables. In all analyses, a p<0.05 was considered statistically significant. 

 

 

3. RESULTS AND DISCUSSION 

Table 1 displays the baseline characteristics of the study participants. Data analysis was conducted 

with 300 participants who met the inclusion criteria. There was no significant difference (p>0.05) between 

groups for sex, smoking, BMI, and WHR. Furthermore, there was a significant age difference between groups 

(p=0.05); the diabetic group appears to be younger than the other groups. There were significant differences in 

hip and waist circumference means between groups. Table 2 displays the biochemical markers of study 

participants. The results show that the control group had a higher mean value of MCV, and a lower level of 

TG, HDL, and C-RP (p=0.05). Those with diabetes, on the other hand, had significantly (p≤0.05) higher plasma 

levels of ferritin, HbA1c, and FBS. 
 

 

Table 1. Baseline characteristics of the participants 
Parameter Diabetes 

group 

(n=101) 

Pre-diabetes group 

(n=100) 

Control group 

(n=99) 

p Parameter Diabetes 

group 

(n=101) 

Pre-diabetes 

group 

(n=100) 

Control group 

(n=99) 

p 

Women, n (%) 54 (36.2%) 55 (36.9%) 40 (26.8%) 0.07 Height (m) 167±9 168±9 170±10 0.20 

Men, n (%) 47 (31.1%) 45 (29.8%) 59 (39.1%)  Weight (kg) 83±13 78±13 79±16 0.06 

Age 
(mean±SD) 

58±16 54±16.2 52±14.8 0.02* BMI (kg/m2) 29.57±6 28.01±5.6 27.8±7.2 0.09 

Smoking     0.70 WC (cm) 66.1±7.4 64.5±7.2 70.6±11 0.001 

Yes 25 (29.45) 31(36.5%) 29 (34.1%) 0.20 HC (cm) 69.9±11 65.4±13 69.9±11 0.04 
No 73 (34.1%) 69 (32.2%) 72 (33.6%) 0.06 WHR 1.01±1.4 1.01±0.13 1.03±0.17 0.4 

Note: Data are expressed as mean ± SD, p-value <0.05 represents the difference between the three groups 
 
 

Table 2. Biochemical markers of the study population 
Biomarker Diabetes group 

(n=101) 

Pre-diabetes group (n=100) Control group 

(n=99) 

p-value 

Hemoglobin mmol/L 8.3±1.2 8.2±1.2 8.1±1.3 0.500 
MCV  80.3±13 80.7±8 84.1±6.7 0.010 

FBS mmol/L  16.4±122 8.0±51.2 5.4±20.5 0.001 

HbA1c 10.1 ±1.8 6.6±0.8 5.04 ±0.5 0.001 
TG mmol/L 6.5±3.4 6.6±3.4 5.1±2.7 0.001 

HDL mmol/L 3.0±0.5 2.8±0.4 2.8±0.4 0.010 

Cholesterol mmol/L 8±6 8±2.6 7.5±1.7 0.600 
LDL mmol/L 5.9±1.1 6.1±1.0 5.9±1.0 0.300 

Ferritin mmol/L 10.4±5.4 7.7±3.7 8.7±3.6 0.001 

Transferrin mmol/L 12.9±3.8 13.9±4.0 11.4±2.4 0.002 
GFR ml/min/1.73m2 107.9±47.3 119.9±55.2 99.1±24.7 0.005 

Creatinine mmol/L 0.1±0.1 0.04±0.04 0.06±0.03 0.004 

ALT U/L 32±20.7 29.5±17.7 30.5±18.5 0.600 
AST U/L  25.5±11 24.8±11.2 26.1±11.4 0.700 

CRP mg/l 7.3±1.8 7.8±1.8 6±2.2 0.001 

Note: Data are expressed as mean ± SD, p-value <0.05 represents the difference between the three groups 
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The most common type of anemia in the world is caused by an iron deficiency. HbA1c can be used 

to assess a person's glycemic status for a long period. It is frequently used for diabetic patients and those with 

impaired glucose tolerance. The correlation between HbA1c and (ferritin, MCV, transferrin, and FBS) is 

presented in Table 3. Pearson correlation coefficient measures the strength and direction of the linear 

relationship between HbA1c and each independent variable (ferritin, MCV, transferrin, and FBS). The results 

revealed a significant (p-value<0.05) positive correlation between HbA1c and (ferritin, MCV, and transferrin) 

levels. The Pearson correlation coefficient between HbA1c and ferritin is (0.33, P=0.001), MCV is (0.37, 

p=0.001), transferrin is (0.33, p=0.001), and FBS is 0.40 (p=0.001). The model was tested for normality using 

the Shapiro-Wilk Test. However, a multiple linear regression model was used to understand the effect of each 

independent variable on HbA1c concentration. The value of the (F) test was (73) and the R2 value was 76%, 

which means that approximately 76% of the change in HbA1c can be attributed to the independent variables 

being studied (ferritin, MCV, transferrin, and FBS). Furthermore, there is a direct positive relationship between 

HbA1c levels and ferritin (β=2%, p=0.001) and FBS (β=1.8%, p=0.001). The findings also show an inverse 

relationship between HbA1c and transferrin (β=0.1%, p=0.001), as well as MCV (β=1.8%, p=0.001). The 

linear form of the regression model was adopted, which is in the following standard form: 

 

Yi= 6.1 + 2 X1 + -1.8 X2 + 0.1 X3 +1.8 X4 + ei 

 

Where Yi = HbA1c level, X1= ferritin, X2= MCV, X3= transferrin, X4 = FBS. 

 

 
Table 3. Correlation between ferritin, MCV, transferrin, FBS, and HbA1c concentration 

Parameter HbA1c concentration 
Β Pearson correlation R square F p-value 

Constant 6.1  0.76 73 0.00 

Ferritin 2 0.33   0.03 
MCV -1.8 0.37 0.001 

Transferrin -0.1 0.33 0.01 

FBS 1.8 0.40 0.001 

Note: Mean corpuscular volume (MCV); Haemoglobin A1c (HbA1c); Fasting blood sugar (FBS).  
p-value<0.01 was considered statistically significant 

 

 

Numerous studies have been conducted to examine the relationships between serum ferritin levels and 

HbA1c levels [16]. Moreover, the results of our study concluded that participants with higher FBS, and ferritin 

are associated with higher HbA1c concentrations. The result confirms that abnormal iron metabolism plays a 

role in the pathogenesis of insulin resistance and the development of diabetes type II [17], [18]. Investigated 

the impact of IDA on HbA1c levels among controlled diabetics during the last three months. The results showed 

that the mean HbA1c was significantly higher among controlled diabetics with IDA than those without IDA. 

Moreover, HbA1c does not reflect blood glucose control over the past three months in diabetic persons [19]. 

A recent study was conducted on diabetes women with IDA and they found that the absolute HbA1c level was 

significantly lower in the mild and moderate-severe anemia groups than the non-anemic group, and was 

positively associated with Hb, ferritin, and RBC count [10]. In addition, potential misclassification of diabetes 

using HbA1c in diabetes persons with IDA may result in misdiagnosis [7]. However, HbA1c decreases 

significantly after treatment of HbA1c [20]. The mean HbA1C of IDA patients were statistically significantly 

higher than the non-anemic group [21]. Moreover, it was hypothesized that excessive iron load can damage the 

pancreatic β cells, which promotes the development of insulin resistance [22]. The hemoglobin molecule's 

quaternary structure changes in IDA and increases the glycosylation of globin in the presence of low iron 

levels. Furthermore, hemoglobin glycosylation is connected to microvascular problems in diabetic persons 

with IDA, which leads to diabetes complications [9].  

It was proposed that the concentration of HbA1c in red blood cells tends to rise with cell aging and 

that the synthesis of glycated hemoglobin is irreversible. HbA1c levels are normal when blood glucose and red 

blood cell life span are both within normal ranges, but they decrease after iron therapy because red blood cell 

life span is reduced. However, in the case of chronic IDA, red blood cell synthesis will decrease, resulting in 

extended red blood cell survival in circulation. Eventually, this will result in higher HbA1c readings [23]. A 

similar finding was seen in a study conducted by Zhuang et al. [24], they found that IDA was correlated with 

increased HbA1c concentrations. Also, they noticed a statistically significant decrease in HbA1c with iron 

replacement therapy. These results could be explained by the fact that iron treatment led to normalized RBC 

survival which was prolonged with a decrease in malondialdehyde levels.  

The findings of our study revealed that there is a direct positive relationship between HbA1c levels 

and ferritin. The findings also show an inverse relationship between HbA1c and transferrin. The fact that serum 
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ferritin is regarded as an acute-phase response measure. It rises when the body is subject to conditions like 

inflammation, which can impair insulin release and interfere with normal glucose metabolism. This could 

therefore result in a rise in HbA1c values [25]. Several studies have found results close to ours and found 

elevated serum ferritin levels in people with type 2 diabetes. They discovered that elevated serum ferritin levels 

in Western and Asian populations were linked to a higher risk of developing diabetes [19], [26]–[29]. 

Furthermore, Serum ferritin was shown to be considerably greater in diabetic patients than in controls and to 

rise significantly with increasing diabetes duration [30]. Also, Rajagopal et al. [31] supported our findings that 

patients with poorly managed diabetes had elevated serum ferritin levels. Moreover, in the study of the 

correlation of the HbA1c with IDA in 50 non-diabetic female patients in Mangaluru, India in 2022, the 

participants had decreased levels of Hb, MCV, and mean corpuscular hemoglobin concentration (MCHC). The 

results showed that there was a significant decrease in the mean value of HbA1c in those with severe anemia 

compared to those with moderate anemia. Therefore, it was concluded that there was a positive correlation 

between HbA1c with ferritin and hemoglobin and that it should be a consideration of iron status in the 

interpretation of the HbA1c concentrations in diabetes mellitus [6], [10]. The results showed that the absolute 

HbA1c level was significantly lower in the mild and moderate-severe anemia groups than in the non-anemic 

group and it was positively associated with Hb, ferritin, and RBC count [32]. 

 

 

4. CONCLUSION 

HbA1c increases significantly as the severity of anemia worsens. Therefore, IDA must be corrected 

before any diagnostic or therapeutic decision is made based solely on the HbA1c level. The importance of this 

study lies in determining appropriate methods to adjust HbA1c in the setting of anemia that could improve 

diabetes monitoring and prevent complications. Furthermore, by demonstrating the mechanisms by which iron 

deficiency disrupts glucose homeostasis, it may help to manifest opportunities to optimize metabolic control 

through iron repletion. 

The study's main strength is that the participants are adults of varying ages who are comparing two 

diabetes groups with non-diabetes groups. The study also takes into account the other relevant variables that 

may affect the study's results. The study's limitation is that we rely on a single biochemical analysis 

measurement. Furthermore, the findings of the study demonstrated that ferritin levels should be considered 

during therapy in diabetic patients who also have anemia to reduce HbA1c levels. Furthermore, because this is 

an observational study, no causality can be determined. To determine the relationship between HbA1c, ferritin, 

transferrin, and MCV, prospective and clinical studies are required.  
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