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Abstract 

 

Aim: This work has been carried out to evaluate the levels of iron and lactoferrin (LF) as 

biochemical markers in Iraqi patients with type 2 diabetic peripheral neuropathy (DPN). 

Methods: Eighty-one Iraqi people (aged range 40-65 years) were included in the study: 28 

healthy control subjects (G1 group),26 Type 2 diabetes without any complication (G2 group), 

27diabetic peripheral neuropathy (DPN, G3 group). Diagnosis was based upon clinical 

examination as well as dermo copy. Serum Lactoferrin, iron levels, TIBC, and transferrin were 

determined for each participant. Results: The results of lactoferrin showed highly significant 

increases (p= 0.000) in G2 as compared to G1 (0.62±0.15ng/ml vs. 0.36±0.53 ng/ml), while G3 

showed a highly significant increase (p=0.000) as compared to G1 (0.77±0.79 ng/ml vs. 

0.36±0.53 ng/ml), also G3 showed a highly significant increase (p=0.000) as compared to G2 

(0.77±0.79 ng/ml vs. 0.62±0.15 ng/ml). Serum Fe showed that there were no significant 

differences (p=0.336) between G1 and G2 (88.53±7.42 μg/dl vs. 98.32±10.39 μg/dl), but G3 

showed a highly significant increase (p=0.000) as compared to G1 (118.64±43.90 μg/dl vs. 

88.53±7.42 μg/dl), and a significant increased (p=0.017) as compared to G2 (118.64±43.90 μg/dl 

vs. 98.32±10.39 μg/dl). The results of TIBC showed that G2 showed highly significant increase 

(p=0.000) as compared to G1 (400.48±49.13 μg/dl vs. 308.79 ± 36.05μg/dl) also G3 showed 

highly significant increase (p=0.005) as compared to G1 (342.89±28.88 μg/dl vs. 308.79 ± 36.05 

μg/dl), while G2 (p=0.000) showed a highly significant increase as compared to G3 

(400.48±49.13μg/dl vs. 342.89±28.88μg/dl).The Transferrin level showed that G2 has a high 

significant increase (p=0.000) as compared to G1 (291.07±47.39 μg/dl vs. 216.10 ± 25.26 μg/dl), 

also G3 showed a significant increase (p=0.013) as compared to G1 (242.23±22.14 μg/dl vs. 

216.10 ± 25.26 μg/dl) while G2 showed a highly significant increase (p= 0.000) as compared to 

G3 (291.07±47.39 μg/dl vs. 242.23±22.14 μg/dl). 

Conclusion: Lactoferrin, iron and transferrin showed highly elevated levels in patients with 

diabetic peripheral neuropathy. They can be used to diagnosis of DPN and suggest the best 

protocol to treat those patients. 
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Introduction 

 

Diabetes is one of the top ten leading causes of death in the world as a consequence of the 

chronic hyperglycemia of diabetes that is associated with long-term microvascular complications 

affecting the eyes, kidneys and nerves, as well as an increased risk for cardiovascular disease 

(CVD) [1]. Type 2 diabetes mellitus (T2DM) is the most communal type of diabetes, which has 

been increasing very fast lately in some countries of the world, expected that people effected 

with to double in the next decade due to increase in ageing population [2]. The development of 

type 2diabetes is strongly associated with genetic factors related to impaired insulin secretion 

and insulin resistance as well as environmental factors such as obesity, lack of exercise, 

overeating and stress, insufficient energy consumption, alcohol drinking, smoking, as well as 

aging and certain drugs [3]. 

Diabetic neuropathy (DN) is one of the most important microvascular complication of diabetes 

can be defined as a neurological damage in patients with diabetes mellitus; it affects 30% - 50% 

of diabetic patients. It is the most common complication of diabetes that leads to the greatest 

disability and mortality [4].DN can affect the peripheral, autonomic, and central nervous 

systems, exhibiting, therefore, several clinical symptoms [5]. The method that used to diagnose 

the peripheral neuropathy disease is the questionnaire that were used to assess the presence of 

neuropathy which include asking several questions and answering them with yes or no: pain, 

burning, or aching legs or feet, unsteadiness on walking, numbness of the legs or feet and 

prickling sensations in the legs or feet [6]. The management of patients with type 2 diabetes is 

depending on the major control of glucose. Studies have showed that reducing hyperglycemia 

decreases the progression of microvascular complications [7]. Analysis of HbA1c in blood 

provides evidence about an individual’s average blood glucose levels during the previous 

periods. Nowadays HbA1c become as a standard of care (SOC) for testing and monitoring 

diabetes, specifically type two diabetes [8]. 

Lactoferrin (Lf) is an iron-binding glycoprotein in human and bovine milk which is presented in 

high concentrations, as well as in lower amounts in exocrine secretions and cells [9]. Lf is a 

glycosylated protein with a molecular mass of approximately 80 kDa includes single peptides of 

700 amino acids with high homology among species that is considered a multifunctional 

glycoprotein[10]. Lactoferrin have a non-specific protection against infections and also have 

anti-inflammatory, antimicrobial and anticancer activities [11]. Lf have three isoforms: Iron 

binding isoform mentioned as LF-α, the other two isoforms LF- β and LF-g do not bind iron and 

have ribonuclease activity [12]. When lactoferrin is rich with iron it referred as Hololactoferrin, 

while it called apo lactoferrin when it irons free [13]. The levels of Lf are raised in the body 

during an infection or an inflammatory condition that makes Lf as biomarker for this reason [14]. 

There are several attempts to isolate Lf from different sources since it found to have a therapeutic 

potential against infection and extreme inflammation[15, 16]. A twofold significant elevate of Lf 

content was evident in the diabetic pediatrics compared to their control counterparts [17]. Iron, 

one of the essential trace mineral elements, is involved in regulating the differentiation and 
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growth of living cells. The total amount of iron is about 60% in an adult but once its increase 

above the normal may cause severe damage to the pancreatic cells through excessive oxidative 

stress [18]. Iron is intracellular and deposed within ferritin in healthy individuals. It found as a 

co-factor of cytochromes, iron sulpher proteins, and as haem complexed to hemoglobin within 

erythrocytes. Circulating iron is rapidly bound by transferrin [19, 20]When hemoglobin or haem 

and erythrocytes lyse is released into the circulation, their hemoglobin is captured by haptoglobin 

and haem by hemopexin[21]. The serum ferroxidase circulating ceruloplasmin is important, as 

LF can bind to ceruloplasmin, so the direct transfer of ferric iron between the two proteins is 

possible [22]the importance of the direct transfer of ferric iron to lactoferrin can prevents both 

the formation of potentially toxic hydroxyl radicals [23]. 

 

Materials and Methods 

Study Design and Population 

This study was carried out in National Diabetes Center/ Al-Mustansiriya University under the 

supervision of Dr. Firas younus Muhsin during the period from December 2019 to march 2020. 

Individuals enrolled in the present study were divided into healthy, patients with type two 

diabetes mellitus without complication and type two diabetes mellitus with peripheral 

neuropathy complication (DPN). 

The study included 81 Iraqi people (40-65 years old), 28 were healthy control (G1 group), 26 

with type two diabetes mellitus (G2) (the duration of diabetic 2-8 years) treated with oral 

hypoglycemic drugs for example: Metformin, Sulfonylureas, Daonil glibenclamide and 27 with 

diabetic peripheral neuropathy (G3) (with a duration 2-10 years) treated also with oral 

hypoglycemic drugs(with same drugs above) besides drugs patients that take for neuropathic 

pain for example: Carbamazepine (Tegretol) and Lyrica (pregabalin).All groups included in this 

study were matched in age, BMI and gender. Full clinical investigation was carried out by 

consultant physicians in the hospitals. A questionnaire list was filled for each subject.The 

diagnosis of T2DM was done on the basis of the American diabetes association (ADA) [24] 

Exclusion Criteria for Cases and Control 

 

Some clinical conditions were excluded in our study, e.g. type one diabetic patients, patients with 

cardiovascular disease, and other known diseases which are associated with glucose metabolism 

disordered. As well as, type two diabetic patients who are taking insulin as a hypoglycemic 

therapy, retinopathy and nephropathy patients and those having liver diseases. 

Blood Samples Collection 

 

Five ml of blood was obtained by venipuncture from each individual, using a 5 ml disposable 

syringe between 08.00 and 11.00 a.m. after (10-12) hours of fasting. The blood sample was 

divided into two portions;  2 and 3 ml. The first portion was dispensed in tube containing 

ethylene diamine tetra acetic acid (EDTA) which used for the estimation of HbA1C. While the 
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second portion was dispensed in a gel tube and left to clot at room temperature. The gel tube was 

centrifuged at (3000 r.p.m) for 10 minutes to collect serum which is used for estimation of FBG, 

Lactoferrin, iron, and TIBC. The serum was divided into portions (200μl) in Eppendorff tubes, 

and stored in the freezer (-20⁰C) until use. 

Laboratory Tests 

 

Lactoferrin measured by using enzyme linked immunosorbent assay (ELISA) using the 

commercially available ELISA kit (Mybiosource, U.S.A). All procedures were carried out 

according to the manufacturer’s instructions, fasting blood sugar (FBS) (HUMAN, Germany), 

HbA1c (HUMAN, Germany), iron (HUMAN, Germany), TIBC (HUMAN, Germany).UIBC was 

calculated from this equation: UIBC = [TIBC- Serum Iron Concentration].Transferrin was 

calculated from this equation: [Transferrin (mg/dl) = 0.7 × TIBC (μg/dl)],while saturation 

transferrin was calculated from this equation: Saturation of [Transferrin (%) = Serum iron / 

Serum TIBC *100] 

Statistical Analysis 

 

Data was statistically analyzed by SPSS software version 22. The variables were reported as 

means ± standard deviation. The groups were compared by using one-way ANOVA and post hoc 

Tukey test, with a P value of <0.05 indicating the statistically significant difference. 

Results 

 

In our study, 81 Iraqi people (aged range 40-65) were divided into three groups: healthy control 

group (n=28, G1), Type two diabetes mellitus (T2DM) group (n=26, G2), and Diabetic 

peripheral neuropathy (DPN) group (n=27, G3). The results of our study showed in Table (1) 

revealed that fasting blood glucose (FBG) showed a high significant increase in G2 (p=0.000) as 

compared to G1 (154.38±50.61mg/dl vs. 86.61±5.12mg/dl), also G3 showed a highly significant 

increase (p=0.000) as compared to G1 (220.88±91.58mg/dl vs. 86.61±5.12mg/dl),while G2 

(p=0.000) showed a highly significant decrease as compared to G3(154.38±50.61mg/dl vs. 

220.88±91.58mg/dl ).For HbA1c the results showed that G2 has a high significant increase 

(p=0.000) as compared to G1 (8.09±1.29 % vs. 4.82±0.56 %), also G3 showed a highly 

significant increase (p=0.000) as compared to G1 (8.72±1.86 % vs. 4.82±0.56 %) while there 

was no significant different (p=0.210) between G2 and G3 (8.09±1.29 % vs. 8.72±1.86 %). The 

results of lactoferrin showed highly significant increases (p= 0.000) in G2 as compared to G1 

(0.62±0.15ng/ml vs. 0.36±0.53 ng/ml), also G3 showed a highly significant increase (p=0.000) 

as compared to G1 (0.77±0.79 ng/ml vs. 0.36±0.53 ng/ml), and to G2 (p=0.000) (0.77±0.79 

ng/ml vs. 0.62±0.15 ng/ml). Serum iron (Fe) showed that there was no significant differences 

(p=0.336) between G1 and G2 (88.53±7.42 μg/dl vs. 98.32±10.39 μg/dl), but G3 showed a 

highly significant increase (p=0.000) as compared to G1 (118.64±43.90 μg/dl vs. 88.53±7.42 

μg/dl), and significant increase (p=0.017) as compared to G2 (118.64±43.90 μg/dl vs. 

98.32±10.39 μg/dl). The results of TIBC showed that G2 
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showed highly significant increase (p=0.000) as compared to G1 ( 400.48±49.13 μg/dl vs. 308.79 

± 36.05μg/dl) also G3 showed highly significant increase (p=0.005) as compared to G1 

(342.89±28.88 μg/dl vs. 308.79 ± 36.05μg/dl) , while G2 (p=0.000)showed a highly significant 

increase as compared to G3 (400.48±49.13μg/dl vs. 342.89±28.88μg/dl).The results of UIBC 

showed that G2 (p=0.000) showed a highly significant increase as compared to G1 ( 

304.24±53.09 vs. 220.21±36.32) ,while there was no significant differences (p=0.936) between 

G1 and G3(220.21±36.32 vs. 224.69±52.71) ,but there was a high significant increase in G2 

(p=0.000) as compared to G3(304.24±53.09 vs. 224.69±52.71). The level of Transferrin results 

showed that G2 has a high significant increase (p=0.000) as compared to G1 (291.07±47.39 

μg/dl vs. 216.10 ± 25.26 μg/dl), also G3 showed a significant increase (p=0.013) as compared 

to G1 (242.23±22.14 μg/dl vs. 

216.10 ± 25.26 μg/dl) while G2 showed a highly significant increase (p=0.000) as compared to 

G3 (291.07±47.39 vs. 242.23±22.14 μg/dl). The result of saturation transferrin showed that there 

was no significant difference(p=0.317)between G1 and G2 (86.94±11.92% vs. 

74.80±12.63%),also between G1and G3 (p=0.052) (86.94±11.92 % vs. 106.49±50.08%),while 

G2showed a highly significant decrease (p=0.001) as compared to G3(74.80±12.63% vs. 

106.49±50.08). 

Table 1: The characteristics of participants of lactoferrin, FBG, HbA1c, Fe, TIBC, UIBC, 

transferrin and saturation transferrin among different groups (n=81). 

 

 
 

Variables 

G1 

(Mean±SD) 

Control 

N=28 

G2 

(Mean±SD) 

T2DM 

N=26 

G2 

(Mean±SD) 

DPN 

N=27 

 
 

p-value 

FBG(mg/dl) 86.61±5.12 154.38±50.61 220.88±91.58 G1*G2 0.000** 

G1*G3 0.000** 

G2*G3 0.000** 

 

HbA1c (%) 

 

4.82±0.56 

 

8.09±1.29 

 

8.72±1.86 

G1*G2 0.000** 

G1*G3 0.000** 

G2*G3 0.210 

 

Lactoferrin(ng/ml) 

 

0.36±0.53 

 

0.62±0.15 

 

0.77±0.79 

G1*G2 0.000** 

G1*G3 0.000** 

G2*G3 0.000** 

 

Fe(µg/dl) 

 

88.53±7.42 

 

98.32±10.39 

 

118.64±43.90 

G1*G2 0.336 

G1*G3 0.000** 

G2*G3 0.017* 

 

TIBC(µg/dl) 

 

308.79 ± 36.05 

 

400.48±49.13 

 

342.89±28.88 

G1*G2 0.000** 

G1*G3 0.005** 

G2*G3 0.000** 

 

UIBC 

 

220.21±36.32 

 

304.24±53.09 

 

224.69±52.71 

G1*G2 0.000** 

G1*G3 0.936 

G2*G3 0.000** 

    G1*G2 0.000** 
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Transferrin(µg/dl) 216.10 ± 25.26 291.07±47.39 242.23±22.14 G1*G3 0.013* 

G2*G3 0.000** 

Saturation 

transferrin (%) 

 

86.94±11.92 

 

74.80±12.63 

 

106.49±50.08 

G1*G2 0.317 

G1*G3 0.052 

G2*G3 0.001** 

 

 

G1: Control group, G2: T2DM group, G3: DPN group. Significant: *P < 0.05; highly significant: **P < 0.001; 

no significant: P > 0.05. 

The correlations of serum lactoferrin with other biochemical parameters in Type 2 diabetes 

mellitus (G2) and diabetic peripheral neuropathy (G3) were summarized in Table (2). The results 

showed that lactoferrin was correlated positively with HbA1c in G3(r=0.769, p=0.020) and 

negatively with Fe in G3 (r= -0.399, p= 0.039), while there was no correlation relationship 

between lactoferrin and other parameters in G2 and G3 respectively. 

Table 2: Pearson correlation of lactoferrin in type 2 diabetes mellitus (G2) and in diabetic 

peripheral neuropathy (G3) 

 

 

 

 

parameters 

Lactoferrin(ng/ml) 

G2 G3 

r p r p 

FBS (mg/dl) -0.199 0.329 0.024 0.904 

HbA1c (%) -0.061 0.769 0.445 0.020* 

Fe(μg/dl) 0.004 0.984 -0.399 0.039* 

TIBC(μg/dl) -0.040 0.848 -0.098 0.628 

UIBC -0.053 0.798 -0.248 0.213 

Transferrin(μg/dl) 0.166 0.417 0.131 0.516 

Sat. transferrin (%) -0.033 0.872 -0.090 0.655 

R, Pearson coefficient 

*Statistically significant at p ⩽ 0.05 

 

Discussion 

 

The present study may consider a link between the effect of serum iron and serum lactoferrin 

concentration in patients with diabetes mellitus. We found in our study an inverse relation 
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between iron and lactoferrin concentration in DPN patients, where elevation of serum iron in 

type 2 diabetes causing vascular dysfunction as a result of decreasing insulin level and elevation 

of ROS. At the same time serum lactoferrin concentrations start to rise as immune response to 

counteract the inflammation that result from elevation of iron and ROS. High blood glucose level 

is referred to hyperglycemia; it develops when there is too much sugar in the blood and it is 

happening when the body has too little insulin or when the body cannot use insulin properly [25]. 

The highly significant increase in FBG in G2 and G3 groups as compared to G1 group were in 

agreement with the results found by previous researchers[26, 27]. Glycated hemoglobin (HbA1c) 

is a form of hemoglobin primarily used to identify the average plasma glucose concentration 

over prolonged periods of time. The HbA1c level is proportional to average blood glucose 

concentration over the previous four weeks to three months. Higher levels of HbA1c are found in 

people with diabetes mellitus those they persistently with elevated blood sugar [28]. The results 

of HbA1c in our study was in agreement with that obtained by Dimitrios et al [29], Terekeci et al 

[30] and Daousi et al [31] who revealed that HbA1c levels showed a statistically significant 

increase in both T2DM and DPN patients in comparison to healthy controls. Lactoferrin 

increases during infection and inflammation processes, which leads to neutrophil degranulation 

and the activation of microglial cells [10]. 

The results of lactoferrin obtained from our study revealed that the concentration of Lf was two- 

fold increase in G3 (DPN) group than G2 and G1 groups. Our study was in agreement with El- 

Desouky et al [32] who showed that the level of LF in T2DM patients was higher as compared to 

control subjects. Also Waleed et al [17] reported that Lf increased during young obese patients 

with type2 diabetes, while Moreno-Navarrete et al [33]showed decreased circulating lactoferrin 

in association with insulin resistance and type 2diabetes. Inga et al [34] revealed that there was 

no significant difference between Lf levels in patients with T2DM and control subjects. 

Some evidence suggests that there is a strong link between elevated body iron levels and risk of 

T2DM and that’s why excessive levels of iron can causes pathology that have association with 

hypertension, dyslipidemia, metabolic syndrome, and increased risk of cardiovascular disease 

[35].The macrovascular and microvascular complications(like neuropathy , nephropathy and 

retinopathy) are produced by reactive oxygen species leads to oxidative damage which is 

generated by free radicals like free iron, various studies proved that iron overload or reactive free 

iron was responsible for diabetes [36]. Serum Fe in our results showed an agreement with 

Sayantaann and Roopa [37], Gajendra et al [38], Mandal [39], Gunjan et al [40], Renuka and 

Vasantha [41].who revealed that serum iron levels showed a statistically significant increase in 

T2DM and DPN patients in comparison to healthy controls. The results of Transferrin were in 

agreement with the results of study by Anand and Sharmila [36] who revealed that levels of 

serum transferrin showed a statistically significant increase in T2DM. In contrast to our results, 

Sayantaann and Roopa [37] concluded that serum transferrin was slightly lower in the T2DM 

patients as compared to controls. Also Ramazan and Ebubekir [42] showed that level of serum 

transferrin was lower in T2DM and DPN patients as compared to controls and that was in 

contrast with our findings. 

The total iron-binding capacity (TIBC) is the measurement of the maximum concentration of 
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iron that can be bind. The TIBC test serves as a good indirect measurement of transferrin. The 

increasing of TIBC is often occurs in iron deficiency and decreased in malnutrition, 

malignancies, acute inflammation as well as chronic inflammatory disorders. [43]. Our TIBC 

results showed a disagreement with a studies by Sayantaann and Roopa [37] , Gunjan et al 

[40]who revealed that serum TIBC was decreased in T2DM Patients as compared to healthy 

control subjects and that a contrast to our study. The level of UIBC results was in agreement with 

Viswan and Amar [44] who revealed that UIBC levels in T2DM group were higher as compared 

to the healthy control subjects. 

Transferrin saturation is the ratio of serum iron and TIBC. This parameter provides an estimate 

of how much serum iron is actually bound to transferrin and is expressed as a percentage. It can 

also be directly estimated from the TIBC value for convenience but this procedure overestimates 

the transferrin concentration by approximately 16%–20% because it assumes that all plasma iron 

is bound to transferrin as opposed to other serum proteins [43]. Our result was in agreement with 

Ibrahim et al [45] who showed that there was no significant difference between saturation 

transferrin level in T2DM patients and control subjects. In contrast with Sayantaann and Roopa 

[37] and Gunjan et al [40] who revealed that serum saturation transferrin was higher in T2DM as 

compared to healthy control subjects. 

Conclusion 

 

Both lactoferrin and iron are considered as good biomarkers for diagnosis of diabetic peripheral 

neuropathy and for detection of the best and most effective method for the treatment. 

References 

 

[1] R. Goldenberg and Z. Punthakee, "Definition, classification and diagnosis of diabetes, prediabetes 

and metabolic syndrome," Canadian journal of diabetes, vol. 37, pp. S8-S11, 2013. 

[2] A. B. Olokoba, O. A. Obateru, and L. B. Olokoba, "Type 2 diabetes mellitus: a review of current 

trends," Oman medical journal, vol. 27, no. 4, p. 269, 2012. 

[3] K. Kohei, "Pathophysiology of type 2 diabetes and its treatment policy," JMAJ, vol. 53, no. 1, pp. 

41-46, 2010. 

[4] M. M. Sirdah, "Protective and therapeutic effectiveness of taurine in diabetes mellitus: a rationale 

for antioxidant supplementation," Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 

vol. 9, no. 1, pp. 55-64, 2015. 

[5] L. K. M. Bruschi et al., "Diabetes mellitus and diabetic peripheral neuropathy," Open journal of 

endocrine and metabolic diseases, vol. 7, no. 1, pp. 12-21, 2017. 

[6] L. Dias, O. Nienov, C. Goelzer Neto, and H. Schmid, "Unsteady walking as a symptom in type 2 

diabetes mellitus: independent association with depression and sedentary lifestyle and no 

association with diabetic neuropathy," Brazilian Journal of Medical and Biological Research, vol. 

51, no. 5, 2018. 

[7] S. E. Inzucchi et al., "Management of hyperglycemia in type 2 diabetes, 2015: a patient- centered 

approach: update to a position statement of the American Diabetes Association and the European 



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 2, 2021, Pages. 359 - 369 

Received 20 January 2021; Accepted 08 February 2021. 

  

 

367 http://annalsofrscb.ro 

Association for the Study of Diabetes," Diabetes care, vol. 38, no. 1, pp. 140-149, 2015. 

[8] S. I. Sherwani, H. A. Khan, A. Ekhzaimy, A. Masood, and M. K. Sakharkar, "Significance of 

HbA1c test in diagnosis and prognosis of diabetic patients," Biomarker insights, vol. 11, p. BMI. 

S38440, 2016. 

[9] M. Jamka, P. Krzyżanowska-Jankowska, E. Mądry, A. Lisowska, P. Bogdański, and J. Walkowiak, 

"No Difference in Lactoferrin Levels between Metabolically Healthy and Unhealthy Obese 

Women," Nutrients, vol. 11, no. 9, p. 1976, 2019. 

[10] T. Siqueiros-Cendón, S. Arévalo-Gallegos, B. F. Iglesias-Figueroa, I. A. García- Montoya, J. 

Salazar-Martínez, and Q. Rascón-Cruz, "Immunomodulatory effects of lactoferrin," Acta 

Pharmacologica Sinica, vol. 35, no. 5, pp. 557-566, 2014. 

[11] F. Giansanti, G. Panella, A. Arienzo, L. Leboffe, and G. Antonini, "Nutraceutical peptides from 

lactoferrin," J. Adv. Dairy Res, vol. 6, no. 2, 2018. 

[12] S. Karav, J. B. German, C. Rouquié, A. Le Parc, and D. Barile, "Studying lactoferrin N- 

glycosylation," International journal of molecular sciences, vol. 18, no. 4, p. 870, 2017. 

[13] G. B. Jameson, B. F. Anderson, G. E. Norris, D. H. Thomas, and E. N. Baker, "Structure of human 

apolactoferrin at 2.0 A resolution. Refinement and analysis of ligand-induced conformational 

change. addendum," (in eng), Acta Crystallogr D Biol Crystallogr, vol. 55, no. 5, p. 1108, May 

1999, doi: 10.1107/s0907444999094317. 

[14] R. P. Agrawal, R. Dogra, N. Mohta, R. Tiwari, S. Singhal, and S. Sultania, "Beneficial effect of 

camel milk in diabetic nephropathy," Acta Biomed, vol. 80, no. 2, pp. 131-4, 2009. 

[15] M. Yamaguchi, M. Matsuura, K. Kobayashi, H. Sasaki, T. Yajima, and T. Kuwata, "Lactoferrin 

protects against development of hepatitis caused by sensitization of Kupffer cells by 

lipopolysaccharide," Clinical and diagnostic laboratory immunology, vol. 8, no. 6, pp. 1234-1239, 

2001. 

[16] L. Håversen, B. G. Ohlsson, M. Hahn-Zoric, L. Å. Hanson, and I. Mattsby-Baltzer, "Lactoferrin 

down-regulates the LPS-induced cytokine production in monocytic cells via NF-κB," Cellular 

immunology, vol. 220, no. 2, pp. 83-95, 2002. 

[17] W. A. Mohamed and M. F. Schaalan, "Antidiabetic efficacy of lactoferrin in type 2 diabetic 

pediatrics; controlling impact on PPAR-γ, SIRT-1, and TLR4 downstream signaling pathway," 

Diabetology & metabolic syndrome, vol. 10, no. 1, pp. 1-12, 2018. 

[18] J. Liu, Q. Li, Y. Yang, and L. Ma, "Iron metabolism and type 2 diabetes mellitus: A meta‐analysis 

and systematic review," Journal of diabetes investigation, vol. 11, no. 4, pp. 946-955, 2020. 

[19] D. B. Kell, "Iron behaving badly: inappropriate iron chelation as a major contributor to the 

aetiology of vascular and other progressive inflammatory and degenerative diseases," (in eng), 

BMC Med Genomics, vol. 2, p. 2, Jan 8 2009, doi: 10.1186/1755-8794-2-2. 

[20] D. B. Kell and E. Pretorius, "Serum ferritin is an important inflammatory disease marker, as it is 

mainly a leakage product from damaged cells," Metallomics, vol. 6, no. 4, pp. 748- 773, 2014. 

[21] E. P. Skaar, "The battle for iron between bacterial pathogens and their vertebrate hosts," 

PLoS Pathog, vol. 6, no. 8, p. e1000949, 2010. 

[22] K. N. White et al., "The transfer of iron between ceruloplasmin and transferrins," (in eng), Biochim 

Biophys Acta, vol. 1820, no. 3, pp. 411-6, Mar 2012, doi: 10.1016/j.bbagen.2011.10.006. 



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 2, 2021, Pages. 359 - 369 

Received 20 January 2021; Accepted 08 February 2021. 

  

 

368 http://annalsofrscb.ro 

[23] D. B. Kell and E. Pretorius, "No effects without causes: the Iron Dysregulation and Dormant 

Microbes hypothesis for chronic, inflammatory diseases," Biological Reviews, vol. 93, no. 3, pp. 

1518-1557, 2018. 

[24] "2. Classification and Diagnosis of Diabetes," (in eng), Diabetes Care, vol. 40, no. Suppl 1, pp. 

S11-s24, Jan 2017, doi: 10.2337/dc17-S005. 

[25] L. Szablewski, "Glucose homeostasis–mechanism and defects," Diabetes-Damages and 

Treatments, vol. 2, 2011. 

[26] M. K. Sabahelkhier, M. A. Awadllah, A. S. M. Idrees, and A. A.-G. A. Rahheem, "A study of lipid 

profile Levels of Type II Diabetes Mellitus," Nova Journal of Medical and Biological Sciences, 

vol. 5, no. 2, pp. 1-9, 2016. 

[27] S. B. Biradar, A. S. Desai, S. V. Kashinakunti, M. Rangappa, G. S. Kallaganada, and B. 

Devaranavadagi, "Correlation between glycemic control markers and lipid profile in type 2 diabetes 

mellitus and impaired glucose tolerance," Int J Adv Med, vol. 23, no. 5, p. 4, 2018. 

[28] C. M. Sultanpur, K. Deepa, and S. V. Kumar, "Comprehensive review on HbA1c in diagnosis of 

diabetes mellitus," International Journal of Pharmaceutical Sciences Review and Research, vol. 3, 

no. 2, pp. 119-122, 2010. 

[29] D. Baltzis et al., "Diabetic peripheral neuropathy as a predictor of asymptomatic myocardial 

ischemia in type 2 diabetes mellitus: a cross-sectional study," Advances in therapy, vol. 33, no. 10, 

pp. 1840-1847, 2016. 

[30] H. Terekeci et al., "Plasma osteoprotegerin concentrations in type 2 diabetic patients and its 

association with neuropathy," Experimental and clinical endocrinology & diabetes, vol. 117, no. 

03, pp. 119-123, 2009. 

[31] C. Daousi, I. Casson, G. Gill, I. MacFarlane, J. Wilding, and J. Pinkney, "Prevalence of obesity in 

type 2 diabetes in secondary care: association with cardiovascular risk factors," Postgraduate 

medical journal, vol. 82, no. 966, pp. 280-284, 2006. 

[32] M. El-Desouky, S. Osman, N. Shams Eldin, and I. Emaraa, "Arginase enzyme activity and 

lactoferrin protein concentration in Egyptian diabetic patients," Int J Adv Res, vol. 5, no. 1, pp. 

1518-1523, 2017. 

[33] J. Moreno-Navarrete, F. Ortega, J. Bassols, W. Ricart, and J. Fernández-Real, "Decreased 

circulating lactoferrin in insulin resistance and altered glucose tolerance as a possible marker of 

neutrophil dysfunction in type 2 diabetes," The Journal of Clinical Endocrinology & Metabolism, 

vol. 94, no. 10, pp. 4036-4044, 2009. 



Annals of R.S.C.B., ISSN: 1583-6258, Vol. 25, Issue 2, 2021, Pages. 359 - 369 

Received 20 January 2021; Accepted 08 February 2021. 

  

 

359 http://annalsofrscb.ro 

[34] I. T. Vengen, A. C. Dale, R. Wiseth, K. Midthjell, and V. Videm, "Lactoferrin is a novel predictor 

of fatal ischemic heart disease in diabetes mellitus type 2: long-term follow-up of the HUNT 1 

study," Atherosclerosis, vol. 212, no. 2, pp. 614-620, 2010. 

[35] S. K. Kunutsor, T. A. Apekey, J. Walley, and K. Kain, "Ferritin levels and risk of type 2 diabetes 

mellitus: an updated systematic review and meta‐analysis of prospective evidence," 

Diabetes/metabolism research and reviews, vol. 29, no. 4, pp. 308-318, 2013. 

[36] S. D. Dr. Anand, "Comparative assessment of iron profile in diabetes and control patients," 

International Journal of Medical and Health Research, vol. 5, no. 1, pp. 277- 280, 2018. 

[37] S. Saha and R. Murgod, "Evaluation of Iron Profile in Type II Diabetes Mellitus Cases," 

International Journal of Biotechnology and Biochemistry, vol. 15, no. 1, pp. 27-37, 2019. 

[38] G. S. Dhakad, A. K. Sharma, G. Kanwar, A. K. Singh, and S. Sharma, "Evaluation of iron profile 

in type 2 diabetes mellitus patients of tertiary care center of central India," International Journal of 

Clinical Biochemistry and Research, vol. 6, no. 1, pp. 15-19, 2019. 

[39] Š. Mandal, "Serum Iron Concentration and Lipid Profile inType 2 Diabetes Patients," Bulletin of 

the Chemists and Technologists of Bosnia and Herzegovina, vol. 54, pp. 7-12, 2019, doi: 

10.35666/ghtbh.2020.54.02. 

[40] G. Misra, S. K. Bhatter, A. Kumar, V. Gupta, and M. Y. Khan, "Iron profile and glycaemic control 

in patients with type 2 diabetes mellitus," Medical Sciences, vol. 4, no. 4, p. 22, 2016. 

[41] P. Renuka and M. Vasantha, "Study of the serum levels of iron, ferritin and magnesium in 

diabetic complications," Int. J. Pharm. Clin. Res, vol. 8, pp. 254-259, 2016. 

[42] R. Memişoǧulları and E. Bakan, "Levels of ceruloplasmin, transferrin, and lipid peroxidation in the 

serum of patients with Type 2 diabetes mellitus," Journal of Diabetes and its Complications, vol. 

18, no. 4, pp. 193-197, 2004. 

[43] S. Kundrapu and J. Noguez, "Laboratory Assessment of Anemia," (in eng), Adv Clin Chem, vol. 83, 

pp. 197-225, 2018, doi: 10.1016/bs.acc.2017.10.006. 

[44] A. N. K. Viswan Santhosh, "Iron and ferritin levels showed positive correlation with glycosylated 

hemoglobin in type 2 diabetic patients," IOSR Journal of Biotechnology and Biochemistry, vol. 4, 

no. 6, pp. 53-57, 2018. 

[45] I. El Ebrashy, O. Shaker, S. Abdelgalil, and E. Yousief, "Investigation of association of biomarkers 

of iron metabolism and insulin resistance in Egyptian patients with impaired glucose metabolism 

and type 2 diabetes," The Egyptian Journal of Internal Medicine, vol. 31, no. 4, pp. 874-874, 

2019. 


