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A B S T R A C T  

Objective: This study is focused on the impact of BMI on Glycosylated 
hemoglobin (HbA1c) and the inflammatory biomarkers that are ESR, monocyte 
to lymphocyte ratio (MLR), platelet count, total leukocyte count and ferritin 
levels in diabetic men and women. 
Methodology: This cross sectional study design was used to collect 160 samples 
(80 males and 80 females) between ages 25 and 75 years from Pakistan Railway 
hospital Rawalpindi from January 2024 to April 2024. Patients were assigned to 
3 groups depending upon their BMI (Group I= up to 24.9 kg/m2, Group II=25-
29.9 kg/m2 and Group III= ≥30kg/m2). Biochemical analysis involved measuring 
HbA1c, ESR, complete blood counts, including the differential cell count for 
estimating MLR and serum ferritin levels. Data was analyzed using SPSS 21. 
Results: The mean BMI value of men was 26.84 ± 4.02, and women was 
28.31±6.25 (p=0.001). The number of participants with normal BMI were 64 
(40.0%), 77 (48.1%) were overweight and 19 (11.9%) were obese. A correlation 
of BMI with HbA1c ((r=0.213, p=0.007) and ESR(r=0.252, p=0.001) was positive 
while with monocyte to lymphocyte ratio (r=-0.162, p=0.44) was negative and a 
lack of correlation with total leukocyte count (r=-0.025, p=0.756) as well as with 
platelet count (r=0.144, p=0.069). Also a gender based significant correlation 
(p=0.001) was observed between BMI and ferritin levels. 
Conclusion: This study concludes a significant correlation between BMI, HbA1C 
and inflammatory biomarkers (ESR, ferritin) with a distinct pattern of 
differences between the two genders showing higher HBA1 c levels in all BMI 
categories among women, which calls for gender specific treatment strategies. 
Key words: Diabetes Mellitus, Body mass index, inflammation, ESR, monocyte to 
lymphocyte ratio (MLR), platelet count, leukocyte count, ferritin. 
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Introduction  

Diabetes mellitus is a chronic metabolic disorder 

characterized by hyperglycemia due to defects in insulin 

secretion, insulin action, or both. 1 According to the 

International Diabetes Federation (IDF), diabetes 

represents a significant global health challenge, with 

increasing prevalence and associated complications 

leading to substantial morbidity and mortality.2 The 

global prevalence of diabetes has been steadily increasing 

Original Article 

mailto:Mian.muhsaeed@gmail.com


Evaluating the Impact of BMI on HbA1c and Inflammatory Markers in Diabetic Men and Women 

 Ann Pak Inst Med Sci  Vol. 20 No. SUPPL-1 (2024): July-Sept  615 

over the past few decades. As of 2023, approximately 

537 million adults aged 20-79 years are living with 

diabetes, a number projected to rise to 643 million by 

2030 and 783 million by 2045. 2  

The major risk factors for diabetes include age, family 

history, race/ethnicity and physical inactivity and obesity. 
1 Body Mass Index (BMI kg/m2) is a critical modifiable 

risk factor that has been extensively used to indicate 

adiposity, categorizing individuals as normal (18.5-24.9), 

underweight (below 18.5), overweight (25.0- 29.9) and 

obese (30.0 and above). 3 There have been several studies 

indicating a strong association between BMI and 

diabetes, making BMI one of the most reliable predictors 

of type 2 diabetes. 4   

Glycosylated (HbA1c) is the most accurate and reliable 

criterion for the diagnosis of Diabetes. 5 Patients are 

considered as diabetic with HbA1c levels ≥ 6.5% , while 

HbA1c ranges 5.7% - 6.4% indicates prediabetics. 6 

Insulin sensitivity and body fat distribution are influenced 

by sex hormones i.e. estrogen and testosterone. 7 These 

hormonal differences between genders may affect the 

HbA1c levels and inflammatory responses. 8  

Chronic low-grade inflammation is a hallmark of 

diabetes, contributing to insulin resistance and β-cell 

dysfunction. Inflammatory biomarkers not only indicate 

systemic inflammation but also play a role in the 

pathogenesis of diabetic complications, including 

cardiovascular disease and nephropathy. 9 Many studies 

have shown that the CBC and ratio derived from the cells 

such as Monocyte to lymphocyte ratio, Platelet count, 

total leukocyte count have been associated with many 

diseases. 10 These studies lack the information regarding 

the impact of BMI on these inflammatory markers.  

The present study aims to focus on the impact of BMI on 

HbA1c levels and on inflammatory markers that are ESR, 

monocyte to lymphocyte ratio, platelet count, total 

leukocyte count and ferritin levels in diabetic men and 

women. By understanding the effect of BMI on HbA1c 

and inflammation in both men and women, personalized 

treatment strategies can be developed. Interventions 

might need to be deployed differently for men and 

women targeting HbA1c control and inflammation 

reduction. 

Methodology 

It was a cross-sectional study conducted at Pakistan 

Railway Hospital, Rawalpindi after getting approval from 

institutional Ethical Review Committee. The study 

extended from January 2024 to April 2024 using non-

probability convenient sampling. A total of 160 diabetic 

patients (80 males, 80 females), age between 25 to 75 

years, were enrolled in the study. Known patients of 

hemoglobinopathies, endocrine disorders, renal and 

hepatic disorders and pregnant women were excluded 

from this study  

Complete history of study participants was documented 

through a structured questionnaire. All the participants 

underwent measurement of blood pressure, weight and 

height. The height and body weight were measured with 

the subjects standing in light clothes without shoes. Body 

mass index (BMI) was calculated as weight (kg)/square 

of height (m2). Patients were divided into three groups 

according to their BMI. Group-I included patients with 

BMI up to 24.9 kg/m2. Group-II included patients with 

BMI of 25-29.9 kg/m2. Obesity was defined as having a 

BMI≥30kg/m2 , these patients were placed in group-III. 

For biochemical analysis, whole blood samples were 

drawn in plastic vacutainers using EDTA for measuring 

HbA1c (%) by chemiluminescent microparticle 

immunoassay (CMIA) on Architect from ABBOTT 

Diagnostic, Complete blood counts by Midray BC 3000 

Plus fully automated Haematology Analyser and ESR 

(mm/hour) by Wintrobe Method. MLR was calculated as 

the ratio of monocytes to lymphocytes from the 

differential white blood cells count. For estimation of 

serum ferritin, the blood sample was allowed to stand at 

room temperature for two hours and then centrifuged for 

10 minutes at 2200 RPM for serum separation. Separated 

serum was transferred to small sterile tubes and stored at 

- 20 0C prior to biochemical estimation of ferritin levels 

(ng/ml) by chemiluminescent microparticle immunoassay 

(CMIA) on Architect from ABBOTT Diagnostic. 

SPSS 21 software was used for data analysis. For each 

variable, data was represented as range (sample minimum 

and maximum) and mean ± SD.  Patients were divided 

into three groups (I,II,II) on the basis of BMI. Clinical 

and biochemical parameters were compare among the 

three BMI categories using one-way ANOVA. P values 

below 0.05 were considered statistically significant. The 

study population was further stratified according to 

gender, and mean ± SD was computed against each BMI 

category of males and female separately. Pearson 

correlation analysis was performed to find correlation 

between BMI and the independent variables in diabetic 

males and females 
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Results  

A total of 160 participants (80 males and 80 females) 

were enrolled. The average age of participants was 50.01 

± 11.97 (females 48.95±17.73 and males 51.07±12.18). 

Demographic characteristics and biochemical parameters 

of participants are shown in Table I. The mean BMI in 

the whole population was 25.19 ± 3.97 (Min: 16.30, Max: 

33.00), mean HbA1c was 7.45 ± 1.70 (Min: 4.50, 

Max:12.00), and mean duration of diabetes was 7.82 ± 

8.10 (Min: 1.00, Max:35.00). Serum ferritin for men was 

140.22 ± 77.06 and 99.05±43.50 for women (p=0.001). 

The mean BMI value of men was 26.84 ± 4.02, and 

women was 28.31±6.25 (p=0.001). The number of 

participants with normal BMI were 64 (40.0%), 77 

(48.1%) were overweight and 19 (11.9%) were obese.  

Table I: Demographic characteristics and means of 

biochemical parameters of participants. (n=160) 

Parameters  Minimum - 

Maximum 

Mean ± SD 

Age (years) 25.00 - 75.00 50.01 ± 11.97 

Height (meters)  1.24 - 1.88 1.60 ± .14 

Weight (kg) 18.40 - 99.0 69.18 ± 15.37 

BMI (kg/m2) 16.30 - 33.00 25.19 ± 3.97 

Duration of diabetes 

(years) 

1.00 - 35.00 7.82 ± 8.10 

HbA1c (%) 4.50 - 12.00 7.45 ± 1.70 

Ferritin (ng/mL)  28.00 - 310.00 119.63 ± 65.70 

Hb (g/dL) 7.00 - 18.20 12.91 ± 2.76 

ESR (mm/hr) 3.00 - 30.00 10.67 ± 6.01 

TLC (10*3/microL) 4.00 - 14.00 9.03 ± 1.93 

Platelet 

(10*3/microL) 

146.00 – 463.00 256.06 ± 67.14 

Monocyte/Lymphocy

te ratio 

0.50 - 16.30 3.10 ± 2.93 

In Table II, patients were studied according to their BMI 

and divided into 3 groups: Normal category patients with 

mean BMI 21.82 ± 2.10, overweight patients with mean 

BMI 24.82 ± 7.91 and obese patients with means BMI 

30.93 ± 1.02. Demographic and biochemical parameters 

were studied in both males and females (Table III). 

According to the results of ANOVA test, a significant 

difference was observed between different groups of BMI 

with respect to mean weight, BMI, HBA1c, serum 

ferritin, Hb levels (p<0.001). 

Correlations were made between the variables studied 

(Table IV), identifying a statistically significant positive 

relationship between BMI and weight (males: r = 0.33, p 

= 0.002; females: r = 0.89, p <0.001), serum ferritin 

(males: r = 0.164, p = 0.066; females: r = 0.34, p = 0.002) 

and HbA1c (males: 0.38, p < 0.001: females: r = 0.47, p 

<0.001). In addition, ESR showed significant positive 

correlation with BMI among females only (r = 0.33, p = 

0.002). There was no significant relationship between 

platelets count and BMI in males and females (r = 0.06, p 

= 0.19 and r = 0.22, p = 0.07 respectively). Similarly, no 

correlation was observed between BMI and age of the 

patient along with total duration of diabetes and mean 

monocyte-to-lymphocyte ratio. A positive correlation 

between BMI and weight and negative correlation 

between BMI and monocyte-to-lymphocyte ratio, is 

shown on the scatterplot distribution (Figures 1 and 2) 

Discussion 

This study gives an analysis of the relationship between 

body mass index (BMI), glycated haemoglobin 

(HbA1c) levels and other inflammatory indicators in 

male and female diabetic patients. For diagnosis and 

management purpose of diabetes HbA1c marker is 

significant indicator of long-term hyperglycemia 

expressing blood glucose levels over past three 

months.11  

Our study showed, positive correlation between BMI and 

HbA1c i.e (r=0.213, p=0.007), suggesting that high BMI 

is linked with raised HbA1c levels. The study by Kristina  

Table II: Demographic characteristics and biochemical parameters of patients according to BMI. 

Parameters Normal (n=64) Overweight (n=77) Obese(n=19) p value 

 Mean ± SD Mean ± SD Mean ± SD 

Age (years) 50.03 ± 14.25 50.92 ± 9.61 46.26 ± 12.07 0.317 

Height (meters)  1.58 ± .14 1.62 ± 0.14 1.58 ± 0.14 0.243 

Weight (kg) 61.09 ± 5.99 70.73 ± 17.05 90.15 ± 5.25 <0.001* 

BMI (kg/m2) 21.82 ± 2.10 24.82 ± 7.91 30.93 ± 1.02 <0.001* 

Duration of diabetes (years) 8.68 ± 9.82 7.15 ± 5.98 7.63 ± 9.32 0.535 

HbA1c (%) 6.67 ± 1.34 7.75 ± 1.69 8.87 ± 1.52 <0.001* 

Ferritin (ng/mL) 102.28 ± 46.61 119.58 ± 64.98 178.26 ± 89.47 <0.001* 

Hb (g/dL) 12.11 ± 2.66 13.87 ± 2.61 11.78 ± 2.51 <0.001* 

ESR (mm/hr) 9.56 ± 5.63 11.19 ± 6.25 12.31 ± 5.94 0.124 

TLC (10*3/microL) 8.73 ± 2.06 9.26 ± 1.73 9.11 ± 2.20 0.275 

Platelet (10*3/microL) 243.07 ± 62.88 259.81 ± 67.03 284.57 ± 74.13 0.047* 

Monocyte/Lymphocyte ratio 3.63 ± 2.51 2.85 ± 3.27 2.30 ± 2.55 0.132 
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 Figure 1. Correlation between BMI and weight. 

S et al in which eight years cohort was taken and the 

findings are in line with our study.12  The findings similar 

to our study was also highlighted that higher BMI 

elevates the risk of insulin resistance, raising blood 

glucose levels and in turn elevated HbA1c levels. 13,4 

According to our study, both gender revealed a 

significant rise in HbA1c levels with rising BMI. 

However, pronounced increase in HbA1c as BMI 

 
Figure 2. Correlation between BMI and monocyte-to-

lymphocyte ratio. 

increased from normal to obese categories in women was 

more noticeable (Normal: 21.28 ± 2.24, Overweight: 

26.39 ± 2.90, Obese: 30.92 ± 0.95, p<0.001), compared 

to men (Normal: 22.54 ± 1.65, Overweight: 23.81 ± 9.76, 

Obese: 30.95 ± 1.25, p=0.002). Demonstrated results 

proposed that women may be more vulnerable to adverse 

effects of obesity. In systemic review by Tiziana 

Ciarambino men tend to accumulate more visceral fat, 

while women typically have a higher proportion of 

Table III: Basic characteristics and biochemical parameters of patients according to gender. 

 Males (n=80) Females (n=80) 

Normal Overweight Obese Normal Overweight Obese 

N 27 47 06 37 30 13 

Age (years) 52.55 ± 14.89 50.70 ± 10.34 47.33 ± 13.30 48.18 ± 13.68 51.26 ± 8.49 45.76 ± 12.0 

Height (meters)  1.53 ± 0.16 1.61 ± 0.16 1.45 ± 0.11 1.62 ± 0.11 1.63 ± 0.12 1.64 ± 0.12 

Weight (kg) 62 ± 5.03 67.95 ± 21.06 88.83 ± 7.96 60.43 ± 6.59 75.10 ± 5.09 90.76 ± 3.7 

BMI (kg/m2) 22.55 ± 1.65 23.81 ± 9.76 30.95 ± 1.25 21.28 ± 2.24 26.39 ± 2.90 30.92 ± 0.95 

Duration of diabetes 

(years) 

9.40 ± 10.12 6.85 ± 5.98 6.00 ± 3.89 8.16 ± 9.69 7.63 ± 6.03 8.38 ±11.0 

HbA1c (%) 6.54 ± 0.98 7.60 ± 1.69 8.68 ± 2.12 6.7 ± 1.57 7.99 ± 1.70 8.96 ± 1.26 

Ferritin (ng/mL) 119.63 ± 57.12 136.60 ± 71.38 261.16 ± 100.1 89.62 ± 32.49 92.93 ± 42.16 140 ± 53.02 

Hb (g/dL) 12.63 ± 2.76 14.47 ± 2.61 12.31 ± 3.37 11.72 ± 2.55 12.92 ± 2.37 11.53 ± 2.13 

ESR (mm/hr) 10.07 ± 6.38 11.97 ± 6.23 11.83 ± 5.70 9.18 ± 5.07 9.96 ± 6.18 12.53 ± 6.26 

TLC (10*3/microL) 8.75 ± 1.47 9.29 ± 1.79 9.11 ± 1.47 8.72 ± 2.43 9.21 ± 1.66 9.10 ± 2.52 

Platelet (10*3/microL) 236.33 ±53.88 259.48 ± 73.00 281.50 ± 109.51 248 ± 69.01 260 ± 57.64 286 ±56.92 

Monocyte/Lymphocyte 

ratio 

3.89 ±2.63 2.85 ± 3.05 2.11 ±2.64 3.44 ± 2.44 2.86 ± 3.65 2.39 ±2.61 

Table IV: Ccorrelation between BMI and the independent variables in diabetic males and females. 

Variables  Total  Males  Females 

r p r p r p 

Age (years) -0.14 0.86 -0.11 0.33 -0.02 0.86 

Height (meters)  -0.03 0.68 0.05 0.61 0.06 0.55 

Weight (kg) 0.85 <0.001* 0.33 0.002* 0.89 <0.001* 

Duration of diabetes (years) -0.002 0.98 -0.16 0.14 -0.002 0.98 

HbA1c (%) 0.21 0.007* 0.38 <0.001* 0.47 <0.001* 

Ferritin (ng/mL)  0.17 0.03* 0.35 0.001* 0.34 0.002* 

Hb (g/dL) -0.03 0.66 0.15 0.17 0.52 0.64 

ESR (mm/hr) 0.25 0.001* 0.12 0.26 0.33 0.002* 

TLC (10*3/microL) -0.02 0.75 0.122 0.28 0.85 0.45 

Platelet (10*3/microL) 0.14 0.06 0.19 0.09 0.22 0.07 

Monocyte/Lymphocyte ratio -0.16 0.44 -0.19 0.08 -0.13 0.23 
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subcutaneous fat. Insulin resistant is common in men due 

to increased visceral fat. But following menopause 

women prevalence of insulin resistance equals men. 

These findings are in contrast to our study which reveals 

distribution of body fat and insulin sensitivity are affected 

by Sex hormones such as estrogen and testosterone 

contributing to gender variations hence affecting 

management of diabetes. 14 

The findings in our study indicating significant positive 

correlation between BMI and ESR (r=0.252, p=0.001) 

revealing that higher the BMI the increased levels of ESR 

are expected suggesting greater inflammatory activity as 

ESR is chronic inflammation indicator.  These findings 

are in consistent with the study with the understanding 

that increased adiposity induces chronic low-grade 

inflammation. Adipose tissue produces pro-inflammatory 

cytokines like TNF-α, IL-6, and CRP, contributing to 

elevated ESR levels. 15 

Negative correlation between BMI and the monocyte to 

lymphocyte ratio (r=-0.162, p=0.44) was found in our 

study suggesting that higher BMI can affect the balance 

of white blood cells, which signals towards a shift in the 

immune response. A lower monocyte to lymphocyte ratio 

with high BMI represents reflect a chronic inflammatory 

state. The work of Karakaya et al and Figueroa et al were 

objectively comparable to our study but yielded 

contrasting results. They demonstrated Monocyte to 

lymphocyte ratio was much higher in obese patients with 

insulin resistance. 16,17 

The general marker of inflammation is Total leukocyte 

count and our study showed lack of a noticeable 

correlation between BMI and total leukocyte count (r=-

0.025, p=0.756) suggesting that BMI can affect 

inflammatory markers like ESR and the monocyte to 

lymphocyte ratio, but it may not affect overall leukocyte 

count. The results of our study are contradictory to study 

which emphasizes the correlation between total leukocyte 

count and BMI in the setting of diabetes. 18 

Obesity-induced inflammation can lead to platelet 

activation, contributing to the development of 

atherosclerosis and other cardiovascular diseases. While 

our study did not find a statistically significant correlation 

between BMI and platelet count (r=0.144, p=0.069). 

Recent study have shown that platelet count and obesity 

has complex relationship. Barrachina et al reveals 

hyperactivity in platelets from obese patients causing 

atherothrombosis risk increase. 19 Few mentioned studies 

indicate that diabetic patients show increased platelet 

number and activation causing aggregation of platelets 

and clot formation. In patients with diabetes, 

hyperglycemia and insulin resistance increase platelet 

number and activation, causing heightened platelet 

aggregation and the formation of resistant clots and these 

findings are not consistent with our study. 20,21,22  

Significant correlation was shown in our study  between 

serum ferritin levels and BMI,  discerning between 

genders. In the results of our study,  serum ferritin for 

obese men was 261.16 ± 100.1 ng/mL and for obese 

women was 140.53 ± 53.02 ng/mL, with a significant 

difference (p=0.001).  It also revealed that as BMI raised 

the level of serum ferritin also raised suggesting positive 

link between storage of iron and adiposity. Through an 

extensive literature review numerous studies have shown 

findings similar to our study showing positive 

relationship of ferritin with increased BMI and poor 

glycemic control. A study by Lianlong Yu et al analyzed 

8163 participants and demonstrated similar findings to 

our study. 23 Similarly, Akhtar et al stated that for 

functioning of beta cells for insulin secretion iron is 

needed, but increasing iron and ferritin (storage form of 

iron ) levels causes oxidative damage hence, dysfunction 

of  beta cells of pancreas, thus consequent 

hyperglycemia. 24  

Glycemic control and the emergence of complications are 

significantly influenced by the duration of diabetes. Our 

study showed no noteworthy correlation between BMI 

and the duration of diabetes (r=0.002, p=0.98). Similar 

results were demonstrated by a cross sectional study 

conducted on 409 diabetic individuals and suggested that 

BMI correlation with the duration of the diabetes is not 

well established. 25 

Conclusion  

This study demonstrated significant correlations between 

BMI and HbA1c, as well as inflammatory markers (ESR, 

ferritin) indicating that higher BMI is associated with 

elevated HbA1c levels. Gender differences were also 

seen with distinct patterns with women showing higher 

HbA1c levels across all BMI categories and men 

revealing a stronger correlation between BMI and 

inflammatory markers, emphasizing the need for gender-

specific treatment strategies. 

LIMITATIONS: This study has certain limitations, the small 
sample size and cross sectional study limits the generalization 
of the results to larger population, so multicentric studies on 
large cohort should be done. Longitudinal studies should be 
planned to establish long-term impact of BMI on HbA1c and 
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inflammatory markers. Research on the function of adipokines, 
cytokines, and other inflammatory mediators is necessary to 
understand how obesity affects glycemic control in diabetes 
patients and causes systemic inflammation.  

References  

1. Ismail L, Materwala H, Al Kaabi J. Association of risk factors 
with type 2 diabetes: A systematic review. Comput Struct 
Biotechnol J. 2021 Jan 1;19:1759-85.  
https://doi.org/10.1016/j.csbj.2021.03.003  

2. Magliano DJ, Boyko EJ, IDF Diabetes Atlas 10th edition 
scientific committee. IDF DIABETES ATLAS. 10th ed. Brussels: 
International Diabetes Federation; 2021. PMID: 35914061.  

3. Mohajan D, Mohajan HK. Body mass index (BMI) is a popular 
anthropometric tool to measure obesity among adults. J 
Innov Med Res. 2023 May 5;2(4):25-33.  
https://doi.org/10.56397/JIMR/2023.04.06  

4. Joshi RD, Dhakal CK. Predicting type 2 diabetes using logistic 
regression and machine learning approaches. Int J Environ 
Res Public Health. 2021 Jul 9;18(14):7346.  
https://doi.org/10.3390/ijerph18147346  

5. Bergman M, Abdul-Ghani M, Neves JS, Monteiro MP, Medina 
JL, Dorcely B, Buysschaert M. Pitfalls of HbA1c in the 
diagnosis of diabetes. J Clin Endocrinol Metab. 2020 
Aug;105(8):2803-11.  
https://doi.org/10.1210/clinem/dgaa372  

6. Serdar MA, Serteser M, Ucal Y, Karpuzoglu HF, Aksungar FB, 
Coskun A, Kilercik M, Ünsal İ, Özpınar A. An assessment of 
HbA1c in diabetes mellitus and pre-diabetes diagnosis: a 
multi-centered data mining study. Appl Biochem Biotechnol. 
2020 Jan;190(1):44-56.  

7. https://doi.org/10.1007/s12010-019-03080-4  
Gado M, Tsaousidou E, Bornstein SR, Perakakis N. Sex-based 
differences in insulin resistance. J Endocrinol. 2024 Apr 
1;261(1).  
https://doi.org/10.1530/JOE-23-0245  

8. Singh P, Covassin N, Marlatt K, Gadde KM, Heymsfield SB. 
Obesity, body composition, and sex hormones: implications 
for cardiovascular risk. Compr Physiol. 2021 Dec 
12;12(1):2949.  
https://doi.org/10.1002/cphy.c210014  

9. DeFronzo RA, Ferrannini E, Zimmet P, Alberti G, editors. 
International textbook of diabetes mellitus. 4th ed. Hoboken 
(NJ): John Wiley & Sons; 2015 Mar 11.  
https://doi.org/10.1002/9781118387658  

10. Amalia M, Saputri FC, Sauriasari R, Widyantoro B. Complete 
blood count, lipid profiles, and inflammatory markers 
associated with atherosclerotic cardiovascular disease in 
patients with diabetes. F1000Res. 2023 Nov 14;12:1470.  
https://doi.org/10.12688/f1000research.131867.1  

11. Ashiqur Rahman M, Islam S, Al-Amin Hossen M, Mia M, 
Ferdous K. A review: Assessment of HbA1c as a diagnostic 
tool in diabetes mellitus. Mol Mech Res. 2023 Dec 13;1(1).  
https://doi.org/10.59429/mmr.v1i1.136  

12. Boye KS, Lage MJ, Shinde S, Thieu V, Bae JP. Trends in HbA1c 
and body mass index among individuals with type 2 diabetes: 
evidence from a US database 2012-2019. Diabetes Ther. 2021 
Jul;12(7):2077-87.  
https://doi.org/10.1007/s13300-021-01084-0  

13. Tong Y, Xu S, Huang L, Chen C. Obesity and insulin resistance: 
Pathophysiology and treatment. Drug Discov Today. 2022 
Mar 1;27(3):822-30.  
https://doi.org/10.1016/j.drudis.2021.11.001  

14. Ciarambino T, Crispino P, Guarisco G, Giordano M. Gender 
differences in insulin resistance: new knowledge and 
perspectives. Curr Issues Mol Biol. 2023 Sep 27;45(10):7845-
61.  
https://doi.org/10.3390/cimb45100496  

15. Khanna D, Khanna S, Khanna P, Kahar P, Patel BM. Obesity: a 
chronic low-grade inflammation and its markers. Cureus. 
2022 Feb 28;14(2).  
https://doi.org/10.7759/cureus.22711  

16. Karakaya S, Altay M, Efe FK, Karadağ İ, Ünsal O, Bulur O, Eser 
M, Ertuğrul DT. The neutrophil-lymphocyte ratio and its 
relationship with insulin resistance in obesity. Turk J Med Sci. 
2019;49(1):245-8.  
https://doi.org/10.3906/sag-1804-68  

17. Figueroa-Vega N, Marín-Aragón CI, López-Aguilar I, Ibarra-
Reynoso L, Pérez-Luque E, Malacara JM. Analysis of the 
percentages of monocyte subsets and ILC2s, their 
relationships with metabolic variables and response to 
hypocaloric restriction in obesity. PLoS One. 2020 Feb 
19;15(2):e0228637.  
https://doi.org/10.1371/journal.pone.0228637  

18. Furmanova OV, Zak KP, Popova VV, Tronko MD. Blood 
leukocyte composition and neutrophil to lymphocyte ratio in 
patients with newly diagnosed Type 2 diabetes mellitus 
depending on the degree of overweight/obesity. Int J 
Endocrinol. 2020;16(7):526-33.  

19. Barrachina MN, Sueiro AM, Izquierdo I, Hermida-Nogueira L, 
Guitián E, Casanueva FF, Farndale RW, Moroi M, Jung SM, 
Pardo M, García Á. GPVI surface expression and signalling 
pathway activation are increased in platelets from obese 
patients: elucidating potential anti-atherothrombotic targets 
in obesity. Atherosclerosis. 2019 Feb 1;281:62-70.  
https://doi.org/10.1016/j.atherosclerosis.2018.12.023  

20. Gauer JS, Ajjan RA, Ariëns RA. Platelet-neutrophil interaction 
and thromboinflammation in diabetes: considerations for 
novel therapeutic approaches. J Am Heart Assoc. 2022 Oct 
18;11(20):e027071.  
https://doi.org/10.1161/JAHA.122.027071  

21. Qian Y, Zeng Y, Lin Q, Huang H, Zhang W, Yu H, Deng B. 
Association of platelet count and plateletcrit with nerve 
conduction function and peripheral neuropathy in patients 
with type 2 diabetes mellitus. J Diabetes Investig. 2021 
Oct;12(10):1835-44.  
https://doi.org/10.1111/jdi.13535  

22. Ashfaq M, Jaffer S, Mohammed AM, Sumayya S, Nayak SS. 
Antiplatelet and antithrombotic therapy in diabetic patients 
recent updates. IJAR. 2021;7(3):76-9.  

23. Yu L, Yan J, Zhang Q, Lin H, Zhu L, Liu Q, Zhao C. Association 
between serum ferritin and blood lipids: influence of diabetes 
and hs-CRP levels. J Diabetes Res. 2020 Mar 24;2020.  
https://doi.org/10.1155/2020/4138696 

24. Akhter, K. R.  Naznin, L. ., Giti, S. ., Khan, A. A. ., & Islam, M. R.  
Study of Serum Ferritin and Glycemic Status in Type II 
Diabetic Patients. Journal of Armed Forces Medical College, 
Bangladesh,.2023;18(2), 07–10. 
https://doi.org/10.3329/jafmc.v18i2.63986 

25. Ozawa H, Fukui K, Komukai S, Hosokawa Y, Fujita Y, Kimura T, 
Tokunaga A, et al. Clinical significance of the maximum body 
mass index before onset of type 2 diabetes for predicting 
beta-cell function. Journal of the Endocrine Society. 2020 
Apr;4(4):bvz023.  

https://doi.org/10.3329/jafmc.v18i2.63986

