Lifestyle Changes of Type 2 Diabetes Subjects Expressing CDKN2A in Some Tribes in Nigeria


ABSTRACT	
Background: Type 2 diabetes (T2D) is characterised by pancreatic beta-cell dysfunction and insulin resistance resulting from the interaction of genetic and environmental factors. The cyclin-dependent kinase inhibitor 2A (CDKN/2A) gene locus has been implicated in T2D susceptibility through genome-wide association studies (GWHAS). However, the molecular mechanisms underlying this association remain elusive. The CDKN2A gene locus is associated with an increased risk of developing T2D. Variants in the CDKN2A gene have been linked to impaired insulin secretion and an increased risk of T2D. 
Aim: The study aims to evaluate lifestyle changes among type 2 diabetes subjects expressing the CDKN2A gene in some tribes in Nigeria. 
Methods: This is a cross-sectional study involving 120 female and male participants from the Ijaw, Ogoni, Ikwerre, and Igbo tribes, aged 34-84, attending diabetic clinics at two tertiary hospitals. The Transcript Variants of the CDKN2A gene and biochemical: fasting blood sugar HBA1C, c-peptide, insulin, cystatin C, leptin and homa IR in type 2 markers in type 2 diabetics mellitus subjects from selected ethnic groups. Well-structured questionnaires were randomly administered to the 120 subjects. The gene transcript variants of CDKN2A present in T2DM were assessed and quantified with PCR. Biochemical prognostic markers were determined: Fasting Blood Glucose, HbA1C, Insulin, C-peptide, Leptin, Cystatin C, and HOMA-IR for T2D using immunoassays. The data were analysed using GraphPad Prism (version 8.0.2), with ANOVA, Chi-Square Tests, and Pearson’s correlation; P-values less than 0.005 were considered statistically significant. 
Results: The results revealed significant associations (p < 0.05) between all examined lifestyle factors and T2D among individuals carrying the CDKN2A gene. The study indicates that HOMA-IR levels are elevated in T2D (P=0.044) following a special diet, suggesting potential difficulties in glycaemic control despite dietary changes. Furthermore, in patients with Type 2 diabetes not on a special diet, CDKN2A CT values are significantly higher (p=0.019), possibly indicating a role for dietary interventions in gene expression. Additionally, BMI levels were higher in smokers compared to non-smokers among type 2 diabetic subjects, highlighting a potential impact of smoking on metabolic health (p=0.042). A significant association was observed between HbA1c and Leptin (p=0.003), whilst CDKN2A levels were associated with insulin and FBS (p=0.003). Other variables demonstrated that TRNA is significantly associated with C-peptide (p=0.001). Significant correlations were noted between HbA1c, FBS, insulin, and HDL-1R in CDKN2A gene carriers with T2D who engaged in regular exercise. A notable association was also identified among those not on a special diet. Regular exercise has been shown to improve glycaemic control and reduce HbA1c levels in type 2 diabetes (T2D). Based on this research, age does not appear to play a significant role in glycaemic control and insulin resistance as long as proper interventions such as appropriate medication, regular exercise, and abstinence from smoking and alcohol are employed. The study further indicates that a special diet does not influence Type 2 diabetic subjects who do not adhere to other lifestyle modifications. Additionally, it notes that exercise reduces the risk of early expression of the CDKN2A gene, which predisposes to Type 2 Diabetes, by a factor of 3 compared with non-exercisers.
Conclusion:  This knowledge can inform the development of novel biomarkers for early detection and monitoring of T2D. Furthermore, targeting specific genes and pathways involved in T2D pathogenesis may lead to more effective therapeutic strategies. 
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Introduction
Type 2 diabetes is often characterised by a combination of impaired insulin secretion from pancreatic beta cells and insulin resistance in peripheral tissues, particularly the liver and muscle, resulting from interactions among multiple environmental and genetic factors. Sanghera & Blackett (2012) defined T2DM as a disease that develops and progresses through metabolic interactions among multiple genomic variants and various environmental factors (Dayeh et al., 2013).  T2DM is a complex metabolic disease of global significance, with increasing prevalence and no clear pattern of incidence (Rodríguez-Mañas et al., 2023). Huang et al. (2018) explained that T2DM is a polygenic metabolic disorder resulting from interactions between environmental and genetic factors. Hence, the continuous increase in the prevalence of T2DM makes it a major public healthcare burden across the globe, especially among developing countries such as Nigeria.
[bookmark: _Hlk214627926]In addition, Yan et al. (2017) posited that T2DM is a complicated, chronic, polygenic congenital disorder involving intricate interactions between gene variants and environmental factors–for instance, coffee, smoking, stress, obesity, physical activity, inflammation, exercise, diet, as well as family history. Several studies have shown evidence supporting gene as well as lifestyle factors related to T2DM to have come from the prevalence of DM across diverse environmental factors and ethnicities, as well as family-based intervention studies, which have shown that related individuals’ response to interventions is more similar than that of unrelated individuals (Paul et al., 2013; Ardisson et al., 2014; Agenterie et al., 2025).
[bookmark: _Hlk214628039]Functional studies have shown that many of these loci are linked to key aspects of T2DM pathophysiology, namely insulin resistance and insulin secretion (and their underlying obesity) in peripheral tissues (Spellman, 2010). It is important to note that genetic variants, in the form of single-nucleotide polymorphisms (SNPs), have been identified at more than 80 loci that are associated with T2DM susceptibility across various populations (Imamura et al., 2016; Lu et al., 2017). Both environmental and genetic factors play essential roles in the development of T2DM (Khan et al., 2015; Shariff et al., 2018). Several genes are included in the development of T2DM. The genes involved are TCF7L2, PPARG, IRS-1, IRS-2, KCNJ11, WFS-1, HNF1A, HNF1B, HNF4A, TCF7L2, SLC30A8, CDKN2A/B, and IGF2BP2among others (Vignesh et al., 2016). 
In another study, Ajabnoor et al. (2018) reported that genetic linkage analyses and genome-wide association studies (GWAS) have identified many more T2DM susceptibility loci, with approximately 187 T2DM-linked loci confirmed to date (Voight et al., 2010; Lau et al., 2017). 
The expression of different genes and their effects may vary in tribes. There is a paucity of information on how lifestyle changes affect CDKN2A gene expression in individuals with diabetes from Nigerian tribes. This knowledge will assist in the management of patients with diabetes who possess the gene in these tribes, thereby enabling them to benefit from an effective and personalised treatment regimen.

2.0 MATERIALS AND METHOD
2.1 Research Design 
This cross-sectional study identifies transcript variants of the CDKN2A gene in subjects with Type 2 Diabetes Mellitus from selected ethnic groups in Southern Nigeria. Well-structured questionnaires were used to obtain information on smoking, alcohol, exercise, medical history and diet status. 
2.2	Sampling Method
A total of 120 subjects from Ijaw, Ogoni, Ikwerre and Igbo tribes between the ages of 34 – 84, attending diabetic clinics at Rivers State University Teaching Hospital (RSUTH), and University of Port Harcourt Teaching Hospital (UPTH). 
2.3	Eligibility, Inclusion and Exclusive Criteria 
A well-structured questionnaire was given to all participants after obtaining verbal consent to gather demographic, medical, and lifestyle data. The study included individuals with a history of diabetes, glycated haemoglobin (HbA1c) levels above 6.5%, and membership of specific tribes. Participants who did not provide their consent were excluded. Additionally, those without a confirmed history of diabetes, with fasting blood sugar below 7.0 mmol/l, HbA1c below 6.5%, or who were not from the selected tribes were also excluded. 
2.4 Sample Collection
After obtaining consent, seven millilitres of blood were drawn from each subject. Three millilitres were used for HbA1c and fasting blood glucose tests. In comparison, the remaining four millilitres were collected in an EDTA K3 tube and transported in a cold box to Safety Molecular Pathology Laboratory Services at 44 Rangers Avenue, Enugu, for DNA extraction and genotyping (Sequencing). 

2.5 Genetic analysis 
Genomic DNA extraction: Genomic DNA was extracted from the samples using the Geneaid DNA Mini Kit (Blood/Cultured Cell).
Principle:
RBC Lysis Buffer and chaotropic salt lyse cells and break down proteins, allowing DNA to attach to the glass fibre matrix in the spin column. Contaminants are washed away with an ethanol-containing buffer, and the pure genomic DNA is then eluted with a low-salt buffer such as TE or water. This process takes about 25 minutes and does not require phenol/chloroform extraction or alcohol precipitation. The resulting DNA, which is about 20-30 kb in size, can be used directly in PCR or other enzymatic reactions. 
Stage 1: Guanidinium thiocyanate or guanidinium isothiocyanate (GITC) procedure 
A 1-millilitre portion of the whole blood sample was transferred into a 15 mL tube and labelled accordingly. To each sample, 10 mL of cold 1x Red Blood Cell Lysis Buffer (RCLB) was added, and the tubes were securely closed and inverted to mix. The tubes were then placed on ice for 10 minutes. Afterwards, the tubes were carefully wiped, then centrifuged at 4000 rpm for 7 minutes. The supernatant was gently decanted into the waste container, ensuring the cell pellet was not lost. Subsequently, 10 mL of cold 1x RCLB was added again to the pellet and mixed vigorously by vortexing, as described earlier. 
Where traces of red blood cells remained, 10 mL of cold RCLB was added to the cell pellet and vortex-mixed as described above. Then, 10 mL of sterile phosphate-buffered saline (PBS) was added to the cell pellet, vortex-mixed, and centrifuged at 4000 rpm for 7 minutes. The supernatant was decanted carefully, and 5 mL of sterile PBS was added to each tube. The tubes were vortexed and then centrifuged at 4000 rpm for 5 minutes. The supernatant was then decanted into the waste container, taking care not to discard the pellet; the tubes were drained on a clean towel. During this process, the GITC buffer was prepared by adding 10 μL of beta-mercaptoethanol (BME) to 1 mL of GITC. One millilitre of activated GITC buffer containing BME was added to each cell pellet. Using a blunt-end 18G needle and a 2 mL syringe, the GITC lysate was homogenised 18 times. A sterile Pasteur pipette was then used to transfer the GITC lysate into a 2 mL cryovial, which was labelled accordingly for storage at -20°C. The lysate can also be used immediately for nucleic acid extraction. For quality control (QC) purposes, 1.0 mL of GITC buffer containing BME was transferred into a labelled cryovial and treated as a sample during nucleic acid extraction. 
Stage 2:  DNA Extraction [Geneaid Genomic DNA Mini Kit (Blood/Cultured Cell)]
Protocol for Extraction: Two hundred microlitres of GITC lysate was pipetted into a 1.5 mL tube. Two hundred and fifty microlitres of Guanidine Chloride buffer (GB buffer) was vortexed for 15 seconds, and then incubated at 60 °C for 30 minutes. It was mixed occasionally. Two hundred and fifty microlitres (250 uL) of absolute ethanol was added, and the mixture was vortexed gently for 10 seconds. The mixture was incubated at room temperature for 5 minutes. The GD column was placed in a 2 mL collection tube. The mixture was transferred into the GD column. It was centrifuged at 14000 rpm for 5 minutes. The 2 mL collection tube was discarded and then replaced with a new one. Four hundred microlitres of W1 buffer was added to the GD column, and the column was centrifuged for 1 minute. The collection tube was discarded, and the GD column was placed in a new collection tube. Six hundred (600) microlitres of wash buffer was added to the GD column, and the column was centrifuged for 1 minute. The GD column was transferred to another collection tube and centrifuged at 14000 rpm for 3 minutes to ensure it was dry. The GD column was transferred to a 1.5 mL tube. Sixty microlitres of preheated elution buffer was added to the centre of the GD column and allowed to stand for 10 minutes at room temperature. Then, the sample was centrifuged at 14000 rpm for 30 seconds to elute the purified DNA.
2.6. Genotyping of SNPs 
Genotyping of SNPs of the CDKN/2A gene was performed using the Illumina next-generation sequencing (NGS) on the NextSeq 2000 Sequencing System. The purity and concentration of isolated DNA were determined using a UV/VIS spectrophotometer (NanoDrop ND-1000). The primers for the sequence, as designed from Illumina Design Studio (Ampliseq for Illumina Gene DNA for CDKN/2A Gene with 100% coverage): The primers for the sequence, as designed from Illumina Design Studio (Ampliseq for Illumina Gene   DNA    for   CDKN/2A Gene    with   a 100% coverage): 
Manifest IAA23693_182 
Manifest Format Version 1.0 
Manifest File Version 20201117
BuildIDgrch38.p2
Source ConvertTsa Manifest Lite 1.22.0.388
2.7	Determination of Biochemical Parameters 
2.7.1	Determination of Glucose (Barham and Trinder, 1972) 
Principle: Glucose is determined after enzymatic oxidation in the presence of glucose oxidase. The hydrogen peroxide formed reacts, under the catalysis of peroxides, with phenol and 4-aminophenazone to form a red-violet quinoneimine dye as an indicator.
[bookmark: _Hlk205801473]2.7.2	Determination of HbA1c by HPLC High Performance Liquid Chromatography (Trivelli et al., 1971)
Principle: The D-10 Haemoglobin Testing System uses high-performance liquid chromatography (HPLC). A dual-piston, low-pulsation HPLC pump and a proportioning valve deliver the buffer solution to the analytical cartridge and the detector. Whole-pump samples undergo an automated two-step dilution process, then are introduced into the analytical cartridge and the detector. Whole-pump samples undergo an automated two-step dilution process and are then introduced into the analytical flow path. Between sample injections, the sample probe is rinsed with Wash/Diluent Solution to minimise sample carryover.
A programmed buffer gradient of increasing ionic strength delivers the sample to the analytical cartridge, where the haemoglobins are separated based upon their ionic interactions with the cartridge material. The separated haemoglobin then passes through the filter photometer flow gel, where changes in absorbance are measured at 415 nm. 
[bookmark: _Hlk205801528]2.7.3	Determination of C-Peptide (Engvail et al., 1971) 
Principle: C-Peptide quantitative assay is based on a solid-phase enzyme-linked immunosorbent assay. It utilises one anti-C-Peptide antibody for solid-phase (microliter-well) immobilisation and another anti-C-Peptide antibody. Anti-C-peptide antibody in the antibody enzyme (horseradish peroxidase) conjugate solution. The standards and test specimen (serum) are added to the C-Peptide antibody-coated microliter wells. Then the anti-c-peptide antibody labelled with horseradish peroxidase (conjugate) is added. If human c-peptide is present in the specimen, it will bind to the antibody on the well and to the enzyme-conjugate, resulting in the c-peptide molecules being sandwiched between the solid phase and the enzyme-linked antibodies. After 1 hour incubation at room temperature, the wells are washed to remove unbound labelled antibodies. A TMB solution is added and incubated for 20 minutes, resulting in a blue colour. The colour is changed to yellow and measured spectrophotometrically at 450mm. The concentration of c-peptide is directly proportional to the colour intensity of the test sample.
[bookmark: _Hlk205801600]2.7.4	Determination of Cystatin C (Kyhse, 1994)
Principle: Cystatin C assay is based on latex-enhanced immunoturbidimetry. Cystatin C in the sample binds to the specific anti-cystatin C antibody coated on the latex particles, causing agglutination. The degree of turbidity is directly proportional to the concentration of Cystatin C in the sample and is measured photometrically. Concentration is calculated by interpolating absorbance values on a 6-point calibration curve. 
2.7.5	Determination of Insulin (Engvail et al., 1971)
Principle: The Insulin Quantitative Test Kit is based on a solid-phase enzyme-linked immunosorbent assay. The assay system utilises one anti-insulin antibody for solid-phase (microliter wells) immobilisation and another anti-insulin antibody in the antibody-enzyme (horseradish peroxidase) conjugate solution. The standards and test specimens (serum) are added to insulin-antibody-coated microliter wells. Then the anti-insulin antibody conjugated to horseradish peroxidase (the conjugate) is added. If human insulin is present in the specimen, it will bind to the antibody on the well and to the enzyme conjugate, resulting in insulin molecules sandwiched between the solid phase and the enzyme-linked antibodies. After 1 hour incubation at room temperature, the wells are washed to remove unbound labelled antibodies. A TMB solution is added and incubated for 20 minutes, resulting in a blue colour. Colour development is stopped upon the addition of a stop solution. The colour is changed to yellow and measured spectrophotometrically at 450nm. The concentration of insulin is directly proportional to the colour intensity of the test sample.
[bookmark: _Hlk205801828][bookmark: _Hlk205098585]2.7.6 	Determination of Leptin (Belanger et al., 1973)
Principle
Leptin concentration was determined using a solid-phase enzyme-linked immunosorbent assay (ELISA), as described by Belanger et al. (1973). The assay is based on the sandwich principle, in which microwell plates are pre-coated with a monoclonal antibody specific for a unique antigenic site on leptin.
A measured aliquot of the patient’s serum, containing endogenous leptin, was incubated in the coated wells with a specific rabbit anti-leptin antibody. During incubation, a sandwich complex was formed between the immobilised monoclonal antibody and the rabbit anti-leptin antibody bound to the leptin in the sample.
After incubation, unbound materials were washed off, and an anti-rabbit peroxidase conjugate was added to detect the bound leptin. Following the addition of the substrate solution, a colour reaction developed, and the intensity of the colour formed was directly proportional to the leptin concentration in the patient sample.

2.8 Statistical Analysis
The statistical analysis of the experimental data was conducted using GraphPad Prism software (Version 8.0.2). All raw data generated from the study were entered into the software for comprehensive analysis and interpretation. Different statistical tools were applied to assess variations and relationships among parameters. These included: One-way analysis of Variance (ANOVA) to compare mean differences across multiple study groups. Student’s t-test:  to evaluate significant differences between two independent variables. Chi-square test, odds ratio, relative risk, attributable risk, and likelihood ratio. Pearson’s correlation coefficient – to assess the strength and direction of linear relationships between biochemical markers and gene transcript expressions. Where applicable, Tukey’s multiple comparison test was performed following ANOVA to identify specific group differences.
Furthermore, genomic analysis of CDKN2A transcripts and variant characterisation were carried out using the Human (Homo sapiens) GRCh37/GRCh38 Ensembl Genome Browser, in accordance with established bioinformatics protocols.
3. Results
Biochemical and Metabolic Parameters of T2DM Subjects on Special and Non-Special Diet 
The comparison of the biochemical and metabolic parameters of study subjects who were treated with a special diet and those who were not treated with the special diet. The results showed no significant differences in any of the values obtained, except for HOMA-IR, which differed significantly (p=0.044) between study subjects treated with a special diet and those not treated with a special diet. 
Table 1:  BMI, Insulin, Insulin-related and other Metabolic Parameters of T2D   Subjects.
	Parameters
	Special Diet
(n=41)
	No Special Diet
(n=79)
	T-value
	p-value
	Remark

	BMI
	24.04 ± 4.35
	24.20 ± 4.88
	0.163
	0.871
	NS

	HbA1c (%)
	7.61 ± 2.54
	7.09 ± 1.92
	1.171
	0.244
	NS

	Insulin (uIU/ml)
	62.29 ± 46.64
	51.22 ± 20.82
	1.798
	0.075
	NS

	Cystatin (mg/L)
	0.86 ± 0.423
	0.74 ± 0.45
	1.462
	0.146
	NS

	C-Peptide ng/ml
	2.38 ± 3.26
	2.87 ± 3.76
	0.705
	0.482
	NS

	Leptin (unit)
	13.04 ± 5.63
	14.26 ± 6.53
	1.018
	0.311
	NS

	FBS (mmol/L)
	6.65 ± 1.99
	6.36 ± 1.96
	0.751
	0.454
	NS

	HOMA-IR
	20.25 ± 23.80
	14.39 ± 6.92
	2.038
	0.044
	S


Keys: S = Significant, NS =Not Significant at p<0.05, BMI =Body Mass Index, HbA1c =Glycated Haemoglobin, FBS = Fasting Blood Sugar, HOMA-IR =Insulin Resistance, n = Number of subjects 

[bookmark: _Hlk205802161]3.2	Genes Parameters Comparing the Subjects on Special Diet and those not Treated on Special Diet
Table 2 compares the gene parameters of study subjects who received a special diet and those who did not. The results showed no significant differences across all values, except for CDKN2A, which showed a statistically significant difference (p=0.019) between subjects treated with a special diet and those not treated.

Table 2: Results of tRNA RFU, CDKN2A Ct value, and ABL Ct Value Parameters of T2D   Subjects on Special Diet
	Parameters
	Special Diet
(n=41)

	No Special Diet
(n=79)
	t-value
	p-value
	Remark

	tRNA RFU (ng/ml)

	17.30 ± 11.32
	18.47 ± 15.33
	0.380
	0.705
	NS

	CDKN2A Ct Value

	28.32 ± 5.72
	30.67 ± 4.86
	2.371
	0.019
	S

	ABL Ct value
	28.15 ± 3.920
	28.74 ± 3.211
	0.8980
	0.371
	NS


Keys: S = Significant, NS = Not Significant at p<0.05, CDKN2A = Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct = Cyclic Threshold,                    n = Number of Subjects.

[bookmark: _Hlk205802226]3.3	Biochemical and Metabolic Parameters of Subjects who Smoke and those who do not Smoke
Table 3 compares biochemical and metabolic parameters between study subjects who smoke and those who do not. The results showed no significant differences across all variables, except for BMI, which differed significantly (p=0.044) between study subjects who smoke and those who do not. 
[bookmark: _Hlk214444310]Table 3: Results of BMI, Insulin, Insulin-related and other Metabolic Parameters of T2D   Subjects on Smoking
	Parameters
	No Smoking
(n=115)
	Smoking
(n=5)
	T value
	P value
	Remark

	BMI
	24.46 ± 5.16
	29.32 ± 5.70
	2.052
	0.044
	S

	HbA1c (%)
	7.24 ± 2.13
	6.32 ± 0.95
	0.961
	0.3380
	NS

	Insulin (uIU/ml)
	55.52 ± 32.77
	43.13 ± 15.35
	0.838
	0.403
	NS

	Cystatin (mg/L)
	0.78 ± 0.44
	0.71 ± 0.49
	0.351
	0.726
	NS

	C-Peptide (ng/ml)
	2.76 ± 3.64
	1.07 ± 1.70
	1.037
	0.302
	NS

	Leptin (unit)
	13.85 ± 6.36
	13.76 ± 2.82
	0.029
	0.976
	NS

	FBS (mmol/L)
	6.45 ± 1.99
	6.68 ± 1.21
	0.253
	0.801
	NS

	HOMA-IR
	16.57 ± 15.44
	12.34 ± 3.08
	0.609
	0.543
	NS


Keys: S = Significant, NS =Not Significant at p<0.05, BMI = Body Mass Index, HbA1c = Glycated Haemoglobin, FBS = Fasting Blood Sugar, HOMA-IR =Insulin Resistance, n = Number of Subjects

3.4	Genes Parameters of Study Subjects that Smoke and those that do Not Smoke
Table 4 compares the T2D parameters between study subjects who smoke and those who do not. The results showed no significant differences across all parameters (p>0.05).
Table 4: 	Results of tRNA RFU, CDKN2A Ct value, and ABL Ct Value of T2D   Subjects on Smoking
	Parameters
	No Smoking 
(n=115)
	Smoking
(n=5)
	T value
	P value
	Remark

	tRNA RFU (ng/ml)
	17.47 ± 15.17
	31.70 ± 28.17
	1.973
	0.051
	NS

	CDKN2A Ct value
	29.97 ± 5.09
	27.49 ± 8.92
	1.033
	0.303
	NS

	ABL Ct value
	28.55 ± 3.46
	28.41 ± 3.90
	0.083
	0.933
	NS


Keys: S = Significant, NS = Not Significant at p<0.05, CDKN2A = Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct = Cyclic Threshold, n = Number of Subjects

3.5	Comparative Analysis of Sex and the Biochemical and Metabolic Parameters
Table 5 presents a comparative analysis of the study subjects' sex and biochemical and metabolic parameters. The results showed no significant differences across all values, indicating p> 0.05. 
[bookmark: _Hlk214444391]Table 5: 	Results of Comparative analysis of Sex on BMI, Insulin, Insulin-Related and other Metabolic Parameters   of T2D Subjects
	Parameters
	Female 
(n=60)
	Male
(n=60)
	T value
	P value
	Remark

	BMI
	24.53 ± 4.83
	24.78 ± 5.62
	0.252
	0.800
	NS

	HbA1c (%)
	7.17 ± 1.89
	7.22 ± 2.25
	0.136
	0.892
	NS

	Insulin (uIU/ml)
	51.99 ± 23.42
	57.55 ± 38.24
	0.940 
	0.348
	NS

	Cystatin (mg/L)
	0.79 ± 0.49
	0.77 ± 0.39
	0.397 
	0.692
	NS

	C-Peptide ng/ml
	2.54 ± 3.26
	2.82 ± 3.87
	0.418 
	0.677
	NS

	Leptin (unit)
	14.57 ± 7.04
	13.22 ± 5.46
	1.179
	0.240
	NS

	FBS (mmol/L)
	6.59 ± 2.03
	6.35 ± 1.92
	0.664
	0.507
	NS

	HOMA-IR
	15.46 ± 9.55
	17.18 ± 18.66
	0.616 
	0.538
	NS


Keys: S =   Significant, NS = Not Significant at p<0.05, BMI = Body Mass Index, HbA1c = Glycated Haemoglobin, FBS = Fasting Blood Sugar, HOMA-IR = Insulin Resistance, n = Number of Subjects

3.6	Comparative Analysis of Sex and the Gene Parameters
Table 6 presents a comparative analysis of the Sex of Subjects and their gene parameters. The results showed no significant differences across all values (p> 0.05). 
[bookmark: _Hlk214444435]Table 6: 	Results of Comparative Analysis of Sex on tRNA RFU, CDKN2A Ct Value, and ABL Ct Value of T2D Subjects
	Parameters
	Female 
(n=60)
	Male
(n=60)
	T value
	P value
	Remark

	tRNA RFU (ng/ml)

	18.0 ± 13.06
	18.12 ± 18.18
	0.042 
	0.966
	NS

	CDKN2A Ct value

	30.32 ± 5.64
	29.48 ± 4.94
	0.867
	0.387
	NS

	ABL Ct value
	28.33 ± 3.73
	28.72 ± 3.24
	0.622 
	0.534
	NS


Keys: S = Significant, NS = Not Significant at p<0.05, CDKN2A = Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct = Cyclic Threshold, n = Number of Subjects

3.7	Results of Biochemical and Metabolic Parameters of T2DM on Reproduction, Excretion, and those not on Exercise  
Table 7 compares biochemical and metabolic parameters between study subjects who exercise and those who do not. The results showed no significant differences across all values, indicating no statistically significant difference (p=0.05) between study subjects who exercise and those who do not. 
Table 7:	Results of BMI, Insulin, Insulin-related and other Metabolic Parameters of T2D   Subjects on Exercise
	Parameters
	Exercise 
(n=55)
	No Exercise
(n=5)
	tvalue
	pvalue
	REMARK

	BMI
	24.47 ± 5.42
	25.0 ± 4.99
	0.536 
	0.592
	NS

	HbA1c (%)
	7.06 ± 1.78
	7.43 ± 2.52
	0.951
	0.343
	NS

	Insulin (uIU/ml)
	57.32 ± 37.47
	51.13 ± 20.87
	1.016 
	0.311
	NS

	Cystatin (mg/L)
	0.76 ± 0.46
	0.81 ± 0.41
	0.656 
	0.512
	NS

	C-Peptide ng/ml
	2.69 ± 3.75
	2.70 ± 3.35
	0.009 
	0.992
	NS

	Leptin (unit)
	13.61 ± 5.77
	14.22 ± 7.02
	0.518
	0.605
	NS

	FBS (mmol/L)
	6.40 ± 1.96
	6.56 ± 1.99
	0.435
	0.664
	NS

	HOMA-IR
	17.54 ± 18.61
	14.48 ± 5.65
	1.072 
	0.285
	NS


Keys: BMI = Body Mass Index, FBS = Fasting Blood Sugar, HbA1c = Glycated Haemoglobin, HOMA-IR = Insulin Resistance, n = Number of Subjects 

[bookmark: _Hlk214441945]3.8	Gene Parameters of subjects who exercise and those who do Not Exercise
Table 8 compares the gene parameters between study subjects who exercise and those who do not. The results showed no significant differences across all values, indicating no statistically significant difference (p=0.05) between study subjects who exercise and those who do not. 
[bookmark: _Hlk214444523]Table 8: 	Results of tRNA RFU, CDKN2A Ct value of T2D   Subjects on Exercise
	Parameters
	Exercise 
(n=55)
	No Exercise
(n=5)
	T value
	P value
	Remark

	tRNA RFU (ng/ml)

	17.70 ± 14.83
	18.68 ± 17.88
	0.326
	0.744
	NS

	CDKN2A Ct value

	30.30 ± 4.82
	29.15 ± 5.92
	1.153 
	0.251
	NS

	ABL Ct value
	28.71 ± 3.42
	28.25 ± 3.56
	0.702 
	0.484
	NS


Keys: S: Significant, NS = Not Significant at p<0.05, CDKN2A = Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct = Cyclic Threshold, n = Number of Subjects 

3.9	Biochemical and Metabolic Parameters of subjects with a History of T2D and those with No History
Table 9 compares biochemical and metabolic parameters between study subjects with a history of T2D and those without. The results showed no significant differences across all values, indicating no statistically significant difference (p=0.05) between study subjects with a history of T2D and those without. 
[bookmark: _Hlk214444546]Table 9:  Results of BMI, Insulin, Insulin-related and other Metabolic 
	Parameters of T2D Subjects with and without a History of T2D in Family
	Parameters
	History
(n=55)
	No history
(n=5)
	T value
	P value
	Remark

	BMI
	24.67 ± 5.23
	24.66 ± 5.33
	0.018
	0.985
	NS

	HbA1c (%)
	7.21 ± 1.72
	7.19 ± 2.45
	0.039
	0.968
	NS

	Insulin (uIU/ml)
	53.98± 37.65
	56.17 ± 25.11
	0.369
	0.713
	NS

	Cystatin (mg/L)
	0.81 ± 0.48
	0.74 ± 0.40
	0.768
	0.443
	NS

	C-Peptide ng/ml
	2.68 ± 3.97
	2.72 ± 3.12
	0.054
	0.956
	NS

	Leptin
	13.95 ± 6.03
	13.72 ± 6.54
	0.196
	0.844
	NS

	FBS (mmol/L)
	6.41 ± 1.95
	6.52 ± 2.01
	0.295
	0.768
	NS

	HOMA-IR
	16.48 ±18.48
	16.29 ±10.27
	0.070
	0.943
	NS


Keys: BMI = Body Mass Index, FBS = Fasting Blood Sugar, HbA1c = Glycated Haemoglobin, HOMA-IR = Insulin Resistance, n = Number of Subjects.
3.10	Gene Parameters of subjects with a History of T2D and those with No History
Table 10 compares gene parameters between study subjects with a history of T2D and those without. The results showed no significant differences across all values, indicating no statistically significant difference (p=0.05) between study subjects with a history of T2D and those without. 
[bookmark: _Hlk214444611]Table 10:	 Results of tRNA RFU, CDKN2A Ct value of T2D Subjects with and without History of T2D in Family
	Parameters
	History
(n=55)
	No history
(n=5)
	T value
	P value
	Remark

	tRNA RFU (ng/ml)
	16.65 ± 14.17
	19.69 ±17.80
	1.038
	0.301
	NS

	CDKN2A Ct value
	29.33 ± 5.81
	30.49 ± 4.55
	1.208
	0.229
	NS

	ABL Ct value
	28.44 ± 3.73
	28.65 ± 3.17
	0.331
	0.741
	NS


Keys: S =Significant, NS =Not Significant at p<0.05, CDKN2A =Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct =Cyclic Threshold, n = Number of subjects.

3.11	Comparative Analysis of Age and the Biochemical and Metabolic Parameters
Table 11 presents a comparative analysis of the subjects' ages and their biochemical and metabolic parameters. The results showed no significant differences across all values (p> 0.05). 









[bookmark: _Hlk214444670]Table 11:	Results of BMI, Insulin, Insulin-related and other Metabolic Parameters of T2D Subjects Based on Age Intervals (years)
	Parameters
	34 -44
(n=7)
	45 -54
(n=13)
	55 – 64
(n=32)
	65 – 74
(n=63)
	75 -84
(n=5)
	F value
	P value
	REMARK

	BMI
	24.97±3.49
	25.01±5.17
	25.86±4.99
	24.05±5.48
	33.20±20.93
	1.759
	0.142
	NS

	HbA1c (%)
	6.75±1.81
	7.92±3.89
	6.99±1.87
	7.18±1.71
	7.10±0.70
	0.544
	0.703
	NS

	Insulin (uIU/ml)
	66.86±34.79
	53.11±26.11
	48.01±17.08
	59.36±38.98
	35.65±5.85
	1.112
	0.354
	NS

	Cystatin (mg/L)
	0.56±0.19
	0.84±0.52
	0.68±0.42
	0.85±0.44
	0.81±0.61
	1.318
	0.268
	NS

	C-Peptide ng/ml
	1.10±1.26
	2.82±2.97
	2.77±4.41
	2.90±3.39
	2.02±2.03
	0.357
	0.838
	NS

	Leptin (unit)
	15.50±5.678
	15.52±9.138
	15.21±6.98
	12.69±4.97
	12.35±2.89
	1.356
	0.254
	NS

	FBS (mmol/L)
	4.92±1.28
	6.28±2.42
	6.57±1.93
	6.57±1.96
	8.30±1.69
	1.442
	0.225
	NS

	HOMA-IR
	15.90±11.54
	13.98±6.13
	13.83±6.31
	18.65±19.66
	12.95±0.49
	0.714
	0.584
	NS


Keys: NS= Not Significant at p<0.05, BMI= Body Mass Index, FBS= Fasting Blood Sugar, HbA1c= Glycated Haemoglobin,         HOMA-IR= Insulin Resistance, n = Number of subjects



3.12	Comparative Analysis of Age and the Gene Parameters
Table 12 presents a comparative analysis of the study subjects' ages and their gene parameters. The results showed a significant difference in CDKN2A and ABL gene values (p=0.09 and p=0.033, respectively).

[bookmark: _Hlk214444720]Table 12: Results of tRNA RFU, CDKN2A Ct value of T2D Subjects based on Age Intervals (years)
	Parameters
	34 – 44 yrs
(n=7)
	45 -54 yrs
(n=13)
	55 – 64 yrs
(n=32)
	65 – 74 yrs
(n=63)
	75 -84 yrs
(n=5)
	F value
	P value
	Remark

	tRNA RFU (ng/ml)

	12.23±5.47
	18.18±13.10
	18.28±15.60
	17.61±17.13
	32.90±7.212
	0.648
	0.629
	NS

	CDKN2A Ct value

	34.88±1.52a
	30.60±4.10a
	31.33±3.62a
	28.52±5.96b
	31.37±1.78a
	3.529
	0.009
	S

	ABL Ct value
	29.51±2.47a
	29.11±2.85a
	30.03±3.41ab
	27.78±3.54ac
	29.62±2.55a
	2.720
	0.033
	S


 Keys:  Post Hoc (Tukey’s). Within the same row, values with different superscripts (a, b) and (c, d) differ significantly when various tribes were compared against each other. S = Significant, NS = Not Significant at p<0.05, CDKN2A = Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct = Cyclic Threshold, n = Number of Subjects



3.13	Comparative Analysis of the Duration of the Disease and the Biochemical and Metabolic Parameters
Table 13 presents a comparative analysis of disease duration and the subject's biochemical and metabolic parameters. The results showed no significant differences across all values (p> 0.05). 

[bookmark: _Hlk214444757]Table 13: 	Results of BMI, Insulin, Insulin-related and other Metabolic Parameters of T2D Subjects Based on Duration of the Disease
	Parameters
	0 – 10yrs
(n=71)
	11 -20yrs
(n=32)
	21 -30yrs
(n=17)
	F value
	P value
	Remark

	BMI
	24.88 ± 5.37
	24.12 ± 4.99
	24.79 ±5.475
	0.235
	0.791
	NS

	HbA1c (%)
	7.28 ± 2.34
	7.22 ± 1.67
	6.84 ±1.73
	0.295
	0.745
	NS

	Insulin (uIU/ml)
	52.44 ± 22.24
	61.05 ± 48.62
	54.34 ± 30.17
	0.785
	0.458
	NS

	Cystatin (mg/L)
	0.74 ± 0.42
	0.80 ± 0.48
	0.89 ± 0.45
	0.896
	0.411
	NS

	C-Peptide ng/ml
	2.69 ± 1.30
	3.14 ± 2.746
	1.92 ± 1.81
	0.637
	0.530
	NS

	Leptin
	14.31 ± 6.56
	13.81 ± 6.80
	11.96 ± 2.78
	0.965
	0.383
	NS

	FBS (mmol/L)
	6.62 ± 2.11
	6.33 ± 1.59
	6.06 ± 2.02
	0.639
	0.529
	NS

	HOMA-IR
	15.40 ± 8.98
	18.71 ± 23.65
	16.19 ± 15.99
	0.525
	0.592
	NS



Key: S=Significant, NS: Not Significant At p<0.05, S =Significant, NS: Not Significant At p<0.05, BMI = Body Mass Index, FBS = Fasting Blood Sugar, HbA1c: Glycated Haemoglobin, HOMA-IR = Insulin Resistance, n = Number of Subjects

3.14	Comparative Analysis of the Duration of the Disease and the Gene Parameters
Table 14 presents a comparative analysis of disease duration and subject gene parameters. The results showed no significant differences across all gene values (p> 0.05). 
[bookmark: _Hlk214444810]Table 14: 	Results of tRNA RFU, CDKN2A Ct value of T2D Subjects based on Duration of the Disease 
	Parameters
	0 – 10
(n=71)
	11 -20
(n=32)
	21 -30
(n=17)
	F value
	P value
	remark

	tRNA RFU (ng/ml)

	18.69 ± 16.84
	16.58 ± 14.40
	18.28 ± 15.81
	0.191
	0.826
	NS

	CDKN2A Ct value

	30.02 ± 5.70
	29.45 ± 4.788
	30.02 ± 4.39
	0.136
	0.872
	NS

	ABL Ct value
	28.93 ± 3.42
	27.68 ± 3.57
	28.52 ± 3.37
	1.455
	0.237
	NS


Keys: S=Significant, NS=Not Significant At p<0.05, S = Significant, NS:  Not Significant at p<0.05, CDKN2A = Cyclin-Dependent Kinase Inhibitor 2A gene, ABL =Tyrosine-protein Kinase gene 1, Ct =Cyclic Threshold, n = Number of Subject



3.15	Comparative Analysis of Ethnicity and the Biochemical and Metabolic Parameters
Table 15 presents a comparative analysis of the study subjects' ethnicity and biochemical and metabolic parameters. The results showed no significant differences across all variables, except for Fasting Blood Sugar (FBS), which was statistically significant (p < 0.039).

[bookmark: _Hlk214444844]Table 15: 	Results of BMI, Insulin, Insulin-related and other Metabolic Parameters of T2D Subjects 
	Parameters
	Ijaw
(n=31)
	Ikwerre
(n=19)
	Ogoni
(n=25)
	Igbo
(n=39)
	F value
	P value
	Remark

	BMI
	25.95 ± 4.99
	24.57 ±4.28
	23.17± 4.80
	25.58 ±5.84
	1.614
	0.190
	NS

	HbA1c (%)
	7.81 ± 2.56
	7.28 ±1.15
	7.16 ± 2.66
	6.70 ± 1.64
	1.588
	0.196
	NS

	Insulin (uIU/ml)
	56.41 ± 24.02
	64.36 ± 61.79
	51.01 ± 23.91
	55.0 ± 23.09
	0.609
	0.610
	NS

	Cystatin (mg/L)
	0.83 ± 0.4731
	0.79 ± 0.43
	0.75 ± 0.43
	0.72 ± 0.43
	0.403
	0.751
	NS

	C-Peptide ng/ml
	3.21 ± 4.77
	1.96 ± 2.20
	1.89 ± 2.03
	3.26 ± 3.93
	1.182
	0.320
	NS

	Leptin
	14.94 ±7.28
	12.65 ± 6.60
	13.73 ± 5.24
	13.77 ± 5.92
	0.541
	0.655
	NS

	FBS (mmol/L)
	6.34 ± 1.88a
	7.48 ± 2.15b
	6.39 ± 2.39a
	5.96 ± 1.26a
	2.865
	0.039
	S

	HOMA-IR
	16.81 ± 12.66
	23.89 ± 31.42
	14.05 ±7.25
	14.35 ± 5.96
	1.994
	0.119
	NS



Post Hoc (Tukey’s):

Within the same row, values with different superscripts (a, b) differ significantly when various tribes were compared against each other. S:  Significant, NS:  Not Significant at p<0.05. 
Key: BMI =  Body Mass Index, FBS = Fasting Blood Sugar, HbA1c =Glycated Haemoglobin, HOMA-IR =Insulin Resistance

3.16	Comparative Analysis of Ethnicity and the Gene Parameters
Table 16 presents a comparative analysis of the study subjects' ethnicity and gene parameters. The results showed no significant differences across all gene values (p> 0.05).
[bookmark: _Hlk214444888] Table 16: Results of tRNA RFU, CDKN2A Ct value of T2D Subjects 
	Parameters
	Ijaw
(n=31)
	Ikwerre
(n=19)
	Ogoni
(n=31)
	Igbo
(n=39)
	F value
	P value
	Remark

	tRNA RFU (ng/ml)
	17.09 ± 15.49
	22.88 ± 21.71
	15.25 ± 7.32
	19.24 ± 17.86
	0.895
	0.446
	NS

	CDKN2A Ct value
	29.33 ± 5.79
	30.38 ± 6.01
	30.75 ± 4.90
	29.64 ± 5.121
	0.396
	0.756
	NS

	ABL Ct value
	27.46 ± 3.96
	28.14 ± 3.33
	29.50 ± 3.01
	28.85 ± 3.56
	1.760
	0.159
	NS



Keys: S =Significant, NS =Not Significant at p<0.05, CDKN2A =Cyclin-Dependent Kinase Inhibitor 2A gene, ABL = Tyrosine-protein Kinase gene 1, Ct =Cyclic Threshold, n = Number of Subject


4.0 Discussion

The study investigated how smoking affects biochemical, metabolic, and gene functions in diabetics. Results showed that diabetic smokers had a higher BMI than diabetic non-smokers. This is surprising because previous research has generally shown that smoking is associated with weight loss. Additionally, these findings conflict with the WHO MONICA surveys, which found that BMI was lower in active smokers compared to past and never smokers in 20 populations for men and 30 for women out of 50 studied. This study also conflicts with the Sixth National Health and Nutrition Examination Survey (NHANES VI), 1990-1995, which reports that smokers weigh less than non-smokers and that body leanness increases with smoking duration. 
On the other hand, a smoking lifestyle was not reported to have any impact on the studied molecular markers. While there are reports that smoking causes oxidative stress and inhalation of toxic air, which can cause genetic alteration, most of these effects occur over a chronic period of time (Wang et al., 2023). Since this was not a longitudinal study, there may be a duration-based limitation to really come to grips with the impact of smoking on the molecular markers.
This study found no differences in biochemical and metabolic parameters between males and females. This implies that there is no gender discrimination in the biochemical and metabolic parameters studied. This agrees with the study by Long et al. (2020), who reported that BMI is not gender-dependent. Smith and Kang (2016) present contradictory evidence suggesting sex-specific variations in adipose tissue distribution that may influence BMI differently. In Insulin and HOMA-IR there were some supporting studies from a meta-analysis done by Long et al.(2020) presenting no sex-specific insulin disparities and then some opposing evidence by Petersen et al.(2005) proposing sex-related variations in insulin sensitivity also in HbA1c some findings by Selvin et al.(2010) were consistent with the present data showing no significant sex differences, while some controversial studies by some research made by Peters et al, 2014 suggests sex-specific glycemic control variations, mixed evidence in some studies by Maffei et al 1995 report conflicting findings regarding sex-related leptin differences, other parameters like cystatin and C-Peptide had supporting study by Long et al. concurring with the result indicating no substantial variations in their levels.
Studies by Long et al. (2020) are consistent with the above results, showing no significant differences in tRNA RFU between sexes in T2DM. Conversely, Smith and Kang (2016) presented evidence suggesting sex-specific variations in tRNA expression levels. Regarding the CDKN2A Ct value, Petersen et al. (2005) supported the absence of sex-specific differences in CDKN2A expression among T2DM patients, whereas Selvin et al. (2010) argued for sex-related variations in its regulation. The final parameter examined was the ABL Ct value. Peters et al. (2014) reported conflicting results regarding sex-specific ABL expression in T2DM. Although the study did not find significant sex-related differences in these genetic markers, the field continues to evolve and requires further research with larger sample sizes.
In this study, exercise did not impact biochemical, metabolic, or molecular parameters in individuals with diabetes. This may be due to the smaller sample size of non-exercisers compared with the exercise group; a limited sample size can reduce the ability to detect significant differences, even when they are present. Research by Esteghamati et al. (2008) demonstrates that exercise benefits patients with T2DM, enhancing glycaemic control, body composition, cardiorespiratory fitness, physical functioning, and quality of life. Consequently, lifestyle modification, including exercise, is now a key strategy for diabetes prevention. In contrast to the current findings, Kemps et al. (2019) provided recommendations for exercise training specifically for patients with T2DM and cardiovascular disease.
Interestingly, Tables 9 and 10 show that none of the parameters differed significantly between T2D patients with a family history and those without, suggesting that any observed differences may be due to chance. This is notable because family history is typically considered a key risk factor for type 2 diabetes (T2D). Additionally, the smaller sample size in the group without a family history compared with the group with one could have reduced statistical power, potentially masking real differences. These results are consistent with prior research that also found no significant associations between a family history of T2D and metabolic parameters. For example, Bennet et al. (2018) found that family history did not significantly predict insulin sensitivity in older adults. Likewise, Lyssenko et al. (2009) reported no notable differences in insulin secretion between those with and without a family history of type 2 diabetes (T2D). However, other research shows conflicting results. Meigs et al. (1998) found that family history was significantly associated with an increased risk of T2D and impaired glucose tolerance in a large cohort of middle-aged individuals. Additionally, a meta-analysis by Kwak et al. (2013) confirmed a significant connection between family history of T2D and increased disease risk.
Based on the molecular results, these findings are consistent with some previous studies that have also failed to find significant associations between family history of T2D and genetic parameters. For example, a study by Kong et al. (2016) found no significant differences in CDKN2A expression levels between individuals with and without a family history of T2D. However, other studies have reported conflicting results. For instance, a study by Florez et al. (2008) demonstrated a significant association between family history of T2D and genetic variants in the CDKN2A gene. Similarly, a meta-analysis by Almgren et al. (2011) showed that family history was significantly associated with an increased risk of T2D and with genetic variants across multiple genes.
While this study's findings suggest that metabolic parameters do not differ significantly across age groups in patients with T2D, previous studies have reported conflicting results regarding the relationship between age and metabolic parameters in this population. A study by Shamshirgaran et al. (2017) found that older age was associated with higher HbA1c levels in patients with T2D, suggesting poorer glycemic control with advancing age. In contrast, a study by Rodriguez et al. (2022) reported no significant association between age and insulin resistance among patients with T2D.
According to Table 12, the CDKN2A Ct and ABL Ct values differed significantly across age groups. Specifically, the CDKN2A Ct value decreased significantly with increasing age, while the ABL Ct value exhibited a more complex pattern of change across age groups. This could be attributed to various factors, such as age-related changes in gene expression. CDKN2A, also known as p16, is a tumour suppressor gene involved in cell cycle regulation and cellular senescence. Previous studies have reported age-related changes in CDKN2A expression levels, with increased expression observed in older individuals. For example, a study by Fan et al. (2011) demonstrated that CDKN2A expression increased with age in human fibroblasts. The significant decrease in CDKN2A Ct value with increasing age observed in this study is consistent with these findings. It suggests that older patients with T2D may have higher CDKN2A expression levels, potentially reflecting increased cellular senescence. Age-related changes in cellular senescence, characterised by irreversible cell cycle arrest, are a hallmark of ageing and have been implicated in the pathogenesis of age-related diseases, including T2D. The CDKN2A gene plays a crucial role in regulating cellular senescence, and its age-related increase in expression may contribute to the development and progression of type 2 diabetes (T2D) in older individuals. Several studies have demonstrated a link between cellular senescence and T2D. For instance, a study by Tchkonia et al. (2010) showed that senescent cells accumulate in adipose tissue with age and contribute to insulin resistance and metabolic dysfunction. ABL gene expression and ageing, the ABL gene encodes a tyrosine-protein kinase involved in various cellular processes, including cell proliferation and differentiation. While the specific role of ABL in ageing and T2D is less well defined than that of CDKN2A, some studies have reported age-related changes in ABL expression levels. 
This study found no link between T2D duration and metabolic or biochemical parameters in patients. Those with longer disease duration may have received various treatments over time, complicating the ability to isolate the effect of disease duration alone. Although the results suggest that T2D duration may not be a key predictor of metabolic parameters, it is important to compare these findings with prior research. Previous studies have produced mixed results on the relationship between disease duration and metabolic factors. For instance, Rodriguez et al. (2019) reported that longer duration of T2D correlated with higher HbA1c levels and greater insulin resistance, indicating worsening glycemic control and metabolic health as the disease progresses. In contrast, a study by Khan et al. (2007) reported no significant association between disease duration and metabolic parameters, consistent with this study's findings.
Similarly, the study reports that none of the genetic parameters differed significantly across T2D durations. It is possible that the genetic parameters examined in this study remained relatively stable throughout T2D progression. While disease duration may influence metabolic parameters, genetic factors may exhibit less variability. Previous studies have reported conflicting findings regarding the relationship between disease duration and genetic parameters in patients with T2D. A study by Kong et al. (2016) found that longer disease duration was associated with increased CDKN2A expression, a gene involved in cell cycle regulation, in T2D patients. In contrast, a study by Florez (2008) reported no significant association between disease duration and genetic variants in the CDKN2A gene.
This study also examined the role of ethnicity in changes in biochemical and metabolic parameters among diabetic subjects. Of all the parameters, only FBS showed significant variation in levels across the selected ethnic groups. FBS reflects glucose levels after an overnight fast and is a crucial marker. Lower FBS in the Igbo group suggests better glycemic control in that ethnic group; higher FBS in the Ikwerre group raises concerns about poor disease management among the Ikwerre people, whereas the Ogoni and Ijaw fall between. If dietary patterns are observed across these groups, Igbo meals may include more whole grains and fibre, which may help regulate blood glucose. In contrast, the Ikwerre diet may be high in processed carbohydrates, thereby affecting FBS levels. Understanding ethnic-specific patterns informs targeted interventions, thereby improving T2DM outcomes within the intervention plan. These findings are supported by a 2021 study in which Nyebuchi and her colleagues reported ethnic-based differences in glycemic index (Nyebuchi et al., 2021).
On the other hand, none of the molecular parameters was reported to vary across ethnic groups, implying that ethnicity may not affect the genetic framework of tRNA RFU, CDKN2A Ct values, and ABL Ct values. This finding contrasts with previous studies by Scott et al.  (2007), The Diabetes Genetics Initiative of Broad Institute of Harvard and MIT, Lund University, and Novartis Institutes of BioMedical Research et al. (2007), and the Wellcome Trust Case Control Consortium (2007). These ethnic variations reported by other authors were attributed to several factors, including genetic diversity; different ethnic groups exhibit genetic heterogeneity; and some genetic markers may be relevant in one ethnic group but not in another due to a unique genetic background. Large sample sizes may be required to detect meaningful differences across ethnic groups. If the sample size within a particular ethnic group is small, it may result in an underpowered analysis, making it difficult to detect significant ethnic differences.
Several studies have examined the relationship between HbA1C and Leptin levels in patients with T2DM, supporting the observed correlation in the present study. For instance, a study by Katsikis et al. (2011) investigated the association between markers of glycemic control and adipokine levels, including Leptin, in individuals with T2DM following dietary interventions and found a significant positive relationship. T2DM subjects on a special diet, this study reported a positive correlation between HbA1C and Leptin levels, indicating that higher HbA1C levels were associated with elevated Leptin concentrations. This may be because leptin is typically elevated in DM. However, this was inconsistent with the findings of Khan et al. (2007), who reported a weaker correlation between HbA1C and Leptin levels in individuals with T2DM following a specific dietary regimen. The authors suggested that other factors, such as insulin resistance and adipose tissue distribution, may influence the relationship between glycemic control and Leptin secretion in patients with T2DM. 
Several studies have corroborated the correlation between HOMA-IR and FBS observed in this study. For instance, a study by Muscelli et al. (2020) investigated the relationship between insulin resistance and glycemic control in patients with T2DM following dietary interventions. The study reported a positive correlation between HOMA-IR and FBS, indicating that higher insulin resistance was associated with higher fasting blood glucose. 
C Peptide and tRNA RFU, this finding suggests a potential relationship between C peptide levels, indicative of insulin secretion, and tRNA RFU, which may reflect cellular metabolic activity. While it is true that rRNA RFU is associated with Type 2 DM (Caputa et al., 2016), this may reflect the theoretical basis for the reported correlation; however, there is limited evidence of any relationship between C-peptide and rRNA RFU. Further research is needed to elucidate the underlying mechanisms of this association.
Studying how exercise affects glycemic markers in individuals with CDKN2A gene-predisposed T2DM reveals a complex interaction among physical activity, glucose metabolism, and insulin sensitivity. Regular exercise improves glycemic control and lowers HbA1C levels in patients with type 2 diabetes. In subjects with this genetic predisposition who exercise regularly, a significant correlation between HbA1C and FBS was observed. This suggests that fluctuations in glucose levels during exercise do not alter the relationship between HbA1C and FBS; therefore, a reduction in FBS is accompanied by a decrease in HbA1C.   
The significant association between FBS and HOMA-IR highlights the close relationship between fasting blood sugar levels and insulin resistance. Regular exercise helps to mitigate insulin resistance by promoting glucose uptake and utilisation by peripheral tissues. The observed association suggests that reductions in fasting blood glucose levels with exercise are accompanied by improved insulin sensitivity, as indicated by lower HOMA-IR values. This association underscores the importance of lifestyle interventions, such as exercise, in managing insulin resistance and preventing complications of T2DM. 
In the same vein, among non-exercisers, there was a strong association between insulin resistance and insulin secretion, with higher insulin secretion associated with greater insulin resistance. Similarly, increased insulin resistance is associated with higher FBS. These relationships have been long established because they share a similar theoretical explanation. In that case, a high insulin level indicates a high blood glucose level, which can be explained by insulin resistance. Cavallo et al. (2022) corroborated these findings, demonstrating a link between insulin resistance and hyperglycemia in sedentary individuals with T2DM. Tudor-Locke (2000) supports the concept that sedentary behaviour contributes to insulin resistance and hyperglycemia in patients with T2DM, emphasising the importance of physical activity in disease management.
C- peptide is a marker of endogenous insulin production, and its association with tRNA, a component involved in protein translation, may indicate the role of protein synthesis in modulating insulin secretion. While the exact mechanisms underlying this association remain to be elucidated, studies by Campbell and Newgard (2021) suggest that alterations in protein synthesis pathways may affect pancreatic beta-cell function and insulin secretion capacity. 
Subjects with the CDKN2A gene predisposed to T2D who regularly consume alcohol were assessed to understand the relationship dynamics between the markers within the context of their consumption lifestyle. The T2DM alcohol drinkers showed a significant positive correlation between tRNA and HOMA-IR, indicating a potential connection between protein synthesis and insulin resistance in T2DM patients who regularly consume alcohol. 
Also, the positive association between FBS and HOMA-IR suggests a strong connection between fasting blood sugar levels and insulin resistance in T2DM patients on regular alcohol consumption. Alcohol intake has been associated with alterations in glucose metabolism and insulin sensitivity, leading to dysregulated blood sugar levels and insulin resistance. The observed association underscores the importance of monitoring both fasting blood sugar levels and insulin resistance in individuals with T2DM who consume alcohol regularly. These findings are consistent with previous research by Steiner et al (2015) demonstrating the impact of alcohol consumption on glycemic control and insulin sensitivity in diabetic populations.
The associations observed in type 2 diabetes mellitus (T2DM) subjects who do not regularly consume alcohol highlight the interconnections between various metabolic parameters and their impact on glycemic control and insulin resistance. The positive association between HbA1C and FBS indicates that higher fasting blood sugar levels are associated with better long-term glycemic control, as reflected by HbA1C. These findings are consistent with previous research by Jeffcoate (2004), which demonstrates the close relationship between fasting blood sugar levels and glycated haemoglobin in diabetic populations.
Elevated fasting blood sugar levels are associated with increased insulin secretion, likely as a compensatory response to impaired glucose uptake and utilisation. Additionally, the significant association between insulin and HOMA-IR underscores the role of insulin resistance in T2DM patients who do not regularly consume alcohol. These findings align with previous studies by Bajaj and Defronzo (2003), which demonstrate the relationship among insulin resistance, hyperinsulinemia, and dysregulated glucose metabolism in individuals with diabetes. FBS with HOMA-IR supports the notion of insulin resistance and impaired glucose metabolism in T2DM patients who abstain from regular alcohol consumption. Elevated fasting blood sugar levels indicate impaired glucose tolerance, which is often accompanied by insulin resistance. The observed association underscores the importance of assessing both fasting blood sugar levels and insulin resistance in evaluating metabolic health and glycemic control in this population. These findings are consistent with the existing literature by Boden et al. (2005), which demonstrates the close relationship between fasting blood glucose levels and insulin resistance in patients with T2DM.
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