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ABSTRACT
Background: Type 2 diabetes mellitus is a heterogeneous group of disorders characterized by variable degrees of insulin resistance, impaired insulin secretion, and increased hepatic glucose production. 
Methods: One thousand (1000) participants were studied, made up of five hundred (500) diabetics and five hundred (500) non-diabetics matched for age and sex, who were within the ages of 41 to 60 years. Diabetes was confirmed using both HBA1C and fasting plasma glucose values. Apo-lipoprotein B100 and serum chemerin in both groups were assayed, while anthropometric values were obtained using a standardized and calibrated weighing scale and a Tape rule. 
Results: There was no significant difference in the mean waist circumference of the diabetic population and the control at 93.59± 8.2 and 92.94± 6.6 (P=0.662), respectively. The mean hip circumference significantly varied between the diabetic population at 80.35± 10.6 and the control at 72.46±9.7 (P < 0.001), while the waist-hip ratio (WHR) was significantly different at 0.87±0.1 for the diabetic population and 0.78± 0.1 for the control population (p= < 0.001). The diabetic participants' chemerin value had significant positive correlations with waist circumference (r=0.333, p=0.018). Using a multiple logistic regression model, Chemerin with an odds ratio of 0.442 (95% C.I.; 0.138 – 0.747), apolipoprotein B with an odds ratio of 0.522 (95% C.I.; 0.135 – 0.811) were significant predictors of abnormal blood glucose.
Conclusion: The relationship between diabetes mellitus and serum chemerin, though not fully elucidated, it shows that serum chemerin level is a cause rather than a consequence of the abnormalities in glucose metabolism, which predispose affected individuals to cardiovascular risk.
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INTRODUCTION 
Type 2 Diabetes Mellitus (T2DM) is a well-established disorder of glucose metabolism, characterized by insulin resistance is thought to arise primarily from two mechanisms: altered adipokine secretion and excessive lipolysis leading to the release of free fatty acids from adipose tissue [1]. Data suggest that accumulation of fat in the abdominal area is the cause of reduced insulin sensitivity and impairment of the insulin signaling pathway [2]. Type 2 Diabetes Mellitus (DM) patients have a six‑fold increased risk for macrovascular disease compared with non-diabetic participants, making cardiovascular disease a common cause of morbidity and mortality in type 2 DM patients [3]. Adipokines act as a link between obesity, type 2DM, and cardiovascular disease: obesity leads to increased expression of proinflammatory adipokines and diminished expression of anti-inflammatory adipokines, resulting in the development of a chronic, low-grade inflammatory state. This adipokine imbalance is thought to be a key event in promoting both systemic metabolic dysfunction and cardiovascular disease [4]. Atherosclerosis is considered a central pathological mechanism in the development of macrovascular type 2DM complications. It starts very early and progresses throughout life, with firm evidence suggesting that chronic inflammation may play a vital role in its development [5].
Chemerin, one of the adipokines, has been found to enhance insulin signaling, to increase insulin-stimulated glucose transport, and to regulate insulin sensitivity in the adipose tissue. On the other hand, studies from human skeletal muscles have identified its role in inducing insulin resistance [6]. It has three types of receptors: chemokine-like receptor 1 (CMKLR1), serpentine chemokine (CC motif) receptor-like 2 (CCRL2), and G protein-coupled receptor 1 (GPR1). All these receptors bind chemerin with high affinity, but the downstream functional consequences of ligand binding are quite different [7]. Chemerin has proinflammatory and chemoattractant properties through binding to its receptors. 
Chemerin is an adipokine with multiple roles in the pathogenesis of metabolic disorders and inflammatory disease in the cardiovascular system. It regulates energy metabolism and plays a role in adaptive and innate immunity, acting as a chemoattractant for immune cells [8, 9]. Systemic chemerin levels positively correlate with obesity-related phenotypes, such as body mass index (BMI), insulin resistance, and serum triglycerides, suggesting its function in metabolic disease. In addition, it has been suggested that chemerin levels determine the severity of coronary artery disease among type 2 diabetes mellitus participants [10]. 
A number of human data indicate that systemic chemerin is elevated in obesity. There is a significant and positive correlation between chemerin level and BMI, waist-hip ratio, waist circumference, and visceral adipose tissue mass, implying that visceral fat tissue is the primary source for circulating chemerin. A further study shows that the release of chemerin from adipose tissue explants from obese individuals is higher than that in normal weight controls, and the amount of secretion is linearly correlated with BMI, waist-hip ratio, and fat cell volume. Consistent with these studies, systemic chemerin is decreased correspondingly in obese participants who underwent weight loss by diet intervention or bariatric surgery. Interestingly, weight loss by exercise decreases systemic chemerin levels in obese adults [11]. 
Patients with type 2 DM have two-to triple more danger of cardiovascular events compared to subjects without DM, and cardiovascular disease (CVD) causes about 80%-90% of the mortality in type 2 DM [12]. Hyperglycemia is a weak hazard factor for CVD. The significant advantage of reducing plasma glucose levels in type 2 DM is the reduction of long-term microvascular complications and, to a lesser degree, macrovascular complications that may occur only in young participants with short diabetes duration, no prevalent CVD, and followed-up for more than ten years [13, 14]. Mediations concentrated on reducing plasma glucose have failed to essentially diminish CV risk and mortality, especially in the secondary prevention trials [15, 16].
Cardiometabolic risk refers to a higher lifetime hazard for CVD. The specific factors that can make these risks include obesity, hyperglycemia, high blood pressure (BP), insulin resistance, and dyslipidemia. When participants are physically inactive or smokers and have at least one cardiometabolic risk factor, this markedly increases the cardiometabolic risk. Also, clustering of these risk factors can markedly increase the risk of CVD. Diseases that frequently share the above risk factors, such as type 2 DM, can also increase cardiometabolic risk [17].
Some of the cardiometabolic risk factors that contribute to the development of DM are non-modifiable, as age, sex, race/ethnicity, and family history. However, many other risk factors, as being overweight and obesity, smoking, sedentary life, dyslipidemia, high BP, insulin resistance, and inflammation, are modifiable through lifestyle changes and treatment [18].
A multifactorial intervention to improve CV risk factors decreased cardiovascular events and mortality in type 2 DM patients. For example, lowering BP and improving the lipid profile leads to a more prominent CVD risk reduction than lowering plasma glucose in diabetic participants [19]. Atherosclerosis, the underlying pathology responsible for Coronary artery disease (CAD), is an inflammatory disease. Recent observations suggest that the atherosclerotic process is characterized by low-grade inflammation, altering the endothelium of the coronary arteries with an increase in the level of markers of inflammation such as acute‑phase proteins and cytokines. Cumulative evidence indicates that inflammation, at both focal and systemic levels, plays a key role in the destabilization and rupture of atherosclerotic plaques, leading to acute cardiovascular events [20]. Abdominal obesity is associated with low-grade inflammation, as the visceral adipose tissue acts as an endocrine organ secreting bioactive substances, collectively termed adipokines [21]. Adipokines regulate adipose‑tissue function, influence glucose metabolism, and influence energy balance at the systemic level [22]. Secretion of high adipokine levels in obese participants contributes to the development of a chronic inflammation state that impairs normal adipose tissue function, and could be a predictor for cardiovascular processes associated with abnormal adipose formation. Hence, this study aims to determine the relationship between serum chemerin and cardio-predictive anthropometric risk factors of participants with Type 2 diabetes mellitus.

MATERIALS AND METHODS

Ethical Consideration 
This study adhered to the Code of Ethics of the World Medical Association (Declaration of Helsinki). All aspect of the study was reviewed by the Hospital’s Ethics Committee (HREC) of Irrua Specialist Teaching Hospital (ISTH), Irrua, according to the general principle of biomedical research, and the ethical approval was obtained (ISTH/HREC/20232403/456) before the study.  Participants’ rights to voluntarily participate or decline were fully respected. Data confidentiality was maintained. The study was carefully explained to the subject, and their informed consent was obtained in writing. Interpretation of the informed consent form to participants who do not understand English was done before being interviewed and recruited into the study. Irrua Specialist Teaching Hospital is the main tertiary health care facility that caters to Edo North and Edo Central senatorial districts of Edo State, Nigeria.

Study Design 
This was a hospital-based cross-sectional analytical study consisting of two separate groups: adults with type 2 diabetes mellitus (Study participants with elevated fasting plasma glucose and haemoglobin A1c≥6.5%) of both sexes, while the control population was made up of normoglycemic (non-diabetic) adult males and females matched for age and body weight. Subjects were recruited using a simple random sampling technique. 

Recruitment Site
Subjects were recruited from the endocrine clinic of the department of internal medicine and the general outpatient clinic of the department of family medicine of ISTH. The Endocrine clinic is held once a week, which sees about one hundred participants per session. Three consultant endocrinologists oversee the clinic, along with six (6) of their resident doctors, while the general clinics hold every working day of the week and see about 150 participants daily. They are manned by 7 consultant family physicians assisted by 8 resident doctors and 4 medical officers.

Sample size determination
The study was conducted over a six-month period, during which the calculated sample size was achieved.
The sample size was calculated from a previously derived formula [23]:

Using; (µ1) the mean value of serum chemerin among Type 2 DM participants seen in previous study [24] as 17.96 ng/ml; and (µ2) the mean value of serum chemerin among healthy individuals seen in previous study [24] = 14.90 ng/ml and Standard deviation from the mean as 5.13, sample size N obtained was 44.08 for each group, while total sample size was 88 (two groups).
Non-response rate was then calculated using the formula: Nf = N / 1- 0.01 = 88/0.9 =97.78. 

For greater precision and accuracy of study findings, a total of 1000 study participants were recruited for this study, of which 500 had type 2 diabetes and the other 500 were non diabetic participants that served as controls.

All adult participants (40years and above) diagnosed with type 2 diabetes using ADA criteria for diagnosing diabetes mellitus that gave written consent to join the study were included in this study.
Participants with chronic kidney disease, below 40years of age, or being managed for sepsis, or diagnosed with thyroid disorders, or pregnant, were excluded from this study.
A structured proforma (questionnaire) was administered to the participants for data collection, which included sociodemographic data, medical history, and past medical history. General examination, including their weight, waist-hip ratio, and blood pressure measurements, was documented before blood specimen collection. Participants noted to have any need for immediate care were referred to the managing consultant for treatment.

Laboratory Analytical Methods 
Laboratory analysis was undertaken at the Chemical Pathology department of Irrua Specialist Teaching Hospital (I.S.T.H), Irrua. The blood pressure was measured using Accosons® mercury sphygmomanometer using standard methods. Two blood pressure readings were taken at an interval of 15 minutes, and the mean of the two readings was taken as the individual’s blood pressure measurement. The height was measured using a stadiometer with the subject standing erect without shoes and with the back against the rule. Head coverings were removed, and the height of the subject was recorded in meters to two decimal points. Error in height measurement was avoided by fitting the measuring tape with a sliding headpiece at right angles to the upright, which was lowered onto the subject’s head. The body weight was measured with a standard hospital scale. The scale was placed on a firm horizontal surface, and subjects stood upright on the scale without shoes. Weight was recorded in kilograms to one decimal point. Scale adjustment error in weight measurement was avoided by adjusting the pointer to zero with a knob in the weighing scale before placing and weighing each subject.  
Waist Circumference (cm) was determined by using the seca circumference tape measure placed horizontally at the midpoint of the superior border of the iliac crest and the inferior margin of the last rib mid-axillary plane. Hip Circumference (cm) was recorded as the largest gluteal circumference with a Seca circumference tape. Circumference measurements were taken twice by a single observer, and the mean values were recorded. Body mass index (BMI) is defined as the body weight (kg) divided by the body height (m2); while the waist to hip ratio (WHR) was calculated as waist circumference (cm) divided by hip circumference (cm). According to the World Health Organization, a healthy waist-hip ratio (WHR) is 0.9 or less in men and 0.85 or less for women. 
Blood samples were collected after an overnight fast between 10-14 hours, while 1.5mls was aliquoted into a fluoride oxalate bottle for the estimation of fasting plasma glucose and glycated hemoglobin (HbA1c), samples in the plain containers were allowed to stand for an hour to give room for clotting and clot retraction.  Laboratory analysis was carried out to estimate the following analytes:  Fasting Plasma Glucose was determined using the glucose oxidase method and measured spectrophotometrically at a wavelength of 500nm as described [25]. The analysis of apolipoproteins B100 was done using an enzyme-linked immunoassay (ELISA) technique with the Tecan Infinite F50 ELISA microplate reader, a very precise method. Serum Chemerin Estimation was carried out using enzyme linked immunosorbent assay (ELISA) kit that uses the sandwich-ELISA principle, the method was as described [26]. The ELISA micro-wells were read with the Tecan Infinite F50 ELISA microplate reader.

Statistical Analysis
The data collected from the study were analysed using the Statistical Packages for Social Sciences (SPSS) version 20.0 (IBM Corp, Armonk, NY, USA). Data was expressed as mean + standard deviation (SD) for students’ t-test and odds ratio for multiple logistic regression. Frequency data were expressed as percentages. Data was considered statistically significant when p-values were < 0.05. Pearson’s coefficient of correlation was used to assess the linear correlation between serum chemerin and cardio-predictive anthropometric indices.

RESULT
The mean anthropometric risk factors distribution of both the test (diabetic) and the control (non-diabetic), groups or participants is shown in Table 1.
While there was no significant difference in the mean waist circumference of the diabetic population and the control at 93.59± 8.2 and 92.94± 6.6 (P=0.662), respectively. The mean hip circumference significantly varied between them at 80.35± 10.6 and 72.46±9.7 (P < 0.001), respectively. Expectedly, the waist-hip ratio (WHR) was significantly different among them at 0.87±0.1 for the diabetic population and 0.78±0.1 for the control population, respectively (p < 0.001).
The mean BMI in the diabetic population significantly differed from that in the control population (28.34 ± 2.3 versus 27.10 ± 1.7), respectively (p 0.003)
The Apo B100 concentrations were significantly higher in the diabetic population compared to the control at 1096.73 ± 213.3 and 881.86 ± 221.8 (p 0.021). The mean serum levels of chemerin was higher in the diabetics compared to the control (64.27 ± 15.6 ng/ml vs 49.76 ± 11.3 ng/ml) p<0.001. 
The waist-hip ratio was assessed as a cardiovascular risk factor among the diabetic and control populations. Eighty (80) participants (16%) in the diabetic population had abnormal WHR defined as values > 102cm for males and >88cm for females compared to only ten participants in the control population (p=0.014).
The chemerin value of diabetic participants had significant positive correlations with waist circumference (r=0.333, p=0.018), while there was no significant correlation between chemerin value and BMI, Hip circumference, and waist-hip ratio, as shown in Table 2.
Four hundred and eighty participants (96%) of the diabetic population had serum chemerin levels above the normal cut-off value of ≤43.7ng/ml, while three hundred and thirty (66%) of the control population had levels above the normal cut-off value of ≤43.7ng/ml (Figure 2). Every participant in the study (both diabetic and control populations) who had an abnormal WHR also had serum chemerin >43.7ng/ml.
Using a multiple logistic regression model, significant predictors of abnormal glucose levels among study participants were; Waist circumference with an odds ratio of 0.511 (95% C.I.; 0.307 – 0.805), Chemerin with an odds ratio of 0.442 (95% C.I.; 0.138 – 0.747) and apolipoprotein B with an odds ratio of 0.522 (95% C.I.; 0.135 – 0.811) (Table 4).

Table 1: Serum Chemerin and Cardio-predictive anthropometric risk factors distribution in the diabetic and Non-diabetic participants.
	
	Diabetic n=500
Mean±SD
	Non-diabetic n=500
 Mean±SD
	t-value
	p-value

	Waist circumference (cm)
	93.59±8.2
	92.94±6.6
	0.439
	  0.662

	Hip circumference (cm)
	80.35±10.6
	72.46±9.7
	3.888
	<0.001

	Wait hip ratio
	0.87±0.1
	0.78±0.1
	5.351
	<0.001

	BMI (kg/m2)
	28.34±2.3
	27.10±1.7
	3.062
	  0.003

	Systolic BP
	125.90±9.9
	121.30±7.9
	2.574
	  0.012

	Diastolic BP
	74.40±9.7
	72.50±7.8
	1.076
	  0.285

	Apolipoprotein B (ng/ml)
	1096.74±213.3
	881.86±222.8
	2.570
	  0.012

	Chemerin
	64.27±15.6
	49.76±11.3
	5.994
	<0.001





Table 2: Correlation between serum chemerin and CVD risk factors in the diabetic and control populations.

	

Variables
	Study population
	Controls

	
	(Diabetics)
r (p-value)
	(Non-diabetes)
r (p-value)

	Waist circumference (cm)
	0.333 (0.018*)
	0.243 (0.089)

	Hip circumference (cm)
	0.134 (0.353)
	0.247 (0.084)

	BMI (kg/m2)
	0.198 (0.169)
	0.146 (0.312)

	Wait hip ratio
	-0.124 (0.393)
	0.125 (0.389)


r=Pearson correlation


Table 3: Relationship between chemerin and cardio-predictive anthropometric risk factors using a Chemerin cut-off of 43.7ng/ml
	
	Diabetic
	Non-diabetic

	
	≤43.7ng/ml (n=20)
n(%)
	>43.7ng/ml
(n=480)
n(%)
	p-value
	≤43.7ng/ml (n=170)
n(%)
	>43.7ng/ml
(n=330)
n(%)
	p-value

	**Wait hip ratio
Normal 
Abnormal
	
20(4.8)
0(0.0)
	
400(95.2)
80(100.0)
	
0.529
	
160(32.7)
10(100.0)
	
330(67.3)
0(0.0)
	
0.159
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Figure 1. Median comparison of chemerin level according to cardio- anthropometric risk






Figure 2; Proportional distribution of chemerin levels above and below the cut off (43.7ng/ml)
	

Table 4. Chemerin and Cardiovascular risk factors predicting abnormal Blood glucose levels using a multiple logistic regression model 

	Factors 
	Odds ratio
(95% Confidence Interval)
	p-value

	Waist circumference (cm)
	0.511 (0.307 – 0.805)
	0.015*

	Hip circumference (cm)
	0.323 (0.211 – 1.445)
	0.089

	Wait hip ratio
	0.822 (0.415 – 1.602)
	0.113

	BMI (kg/m2)
	1.005 (0.103 – 1.129)
	0.051

	Apolipoprotein B (ng/ml)
	0.522 (0.135 – 0.811)
	0.004*

	Chemerin
	0.442 (0.138 – 0.747)
	0.005*




DISCUSSION
In this study, the diabetic participants had significantly higher mean hip circumference than the non-diabetic control (p <0.001). The mean BMI of diabetic participants was significantly higher than that of the non-diabetic participants (p=0.003). Also, the waist-hip ratio, which is an important method of assessing fat distribution around the central part of the body, was significantly higher in the diabetics than in the non-diabetics (p <0.001). The findings are also consistent with the findings by Gazawa et al. [27], who looked at the pattern of obesity among participants with type 2 diabetes mellitus in Kano, Nigeria. Mogre, [28] and his colleagues, had earlier in 2014 made similar findings in Accra, among Ghanaian participants with type 2 diabetes mellitus. 
The mean waist circumference of the diabetic participants was higher than that of the non-diabetic participants; however, the difference was not statistically significant (p=0.66). Hypertension and type 2 diabetes are documented comorbidities, and elevated systolic and diastolic blood pressures have been reported to be twice as frequent in diabetic participants as in non-diabetics [29]. In this study, the mean systolic blood pressure of the diabetic participants was significantly higher than that of the non-diabetic participants (p=0.012). However, there was no significant difference in the diastolic pressure in both groups (p>0.05). These findings are at variance with the findings by Unadike et al. [30], who had reported a prevalence of hypertension of 54.2% among diabetes mellitus participants in Benin City, Nigeria. Lifestyle modifications, use of long-acting anti-hypertensives, and improved level of glycaemic control could be reasons for this variation in the diastolic blood pressure finding.  Apo lipoprotein B100 levels in plasma are measures of the atherogenic particle concentration that is independent of the particle cholesterol levels [31].  The mean of Apo B100 lipoprotein levels of diabetic participants in this study was significantly higher than that of the non-diabetic participants (p = 0.012). This finding agrees with that by Lim et al. [32], who in 2016, reported a significantly elevated ApoB100 lipoprotein level in Korean men who had diabetes mellitus. It also agrees with the findings by Idowu et al. [33] who reported a significantly higher mean ApoB100 lipoprotein levels in drug naïve and drug compliant type 2 diabetics visiting the endocrinology, and metabolic clinics of the of the Olabisi Onabanjo University Teaching Hospital, Sagamu, and the Diabetes Clinics of the Babcock University Teaching Hospital, Ilishan-Remo, both in Ogun State, Nigeria. 
The mean serum level of the retinoic acid receptor responder protein 2, also known as chemerin, was significantly higher in the diabetic participants when compared to the non-diabetic study participants (p<0.001). This finding aligns with that by Al-Husaini et al. [34], who recorded significantly higher serum chemerin levels in type 2 diabetic participants with metabolic syndrome, whom they studied in Iran. It is also in agreement with the report by Ahmed et al. [35], who carried out their own study among Iraqis. Fauziah et al. [36] had also reported a similar finding in Indonesia. Abd El Ali et al. [37] went a step further by concluding that serum chemerin could actually serve as an acceptable predictor of gestational diabetes mellitus. However, the finding of higher chemerin levels in diabetic participants in this study is at variance with the finding by Lachine et al. [38] who reported no significant difference in serum chemerin levels between Egyptian diabetics who did not have coronary artery disease and non-diabetics. They recorded significantly higher chemerin levels in those with type 2 diabetes, who also had severe coronary artery disease, thereby suggesting that serum chemerin had a role to play in the cardiovascular pathologies associated with diabetes mellitus. 
This study observed significant correlations between chemerin and some cardiovascular risk factors. There was a significant weak positive correlation between chemerin and waist circumference (r=0.333, p=0.018) in the diabetic study participants. However, this correlation was found to be insignificant in the non-diabetic group (r=0.243, p=0.089). There was also no significant positive correlation between the body mass index and chemerin in both diabetic and non-diabetic study participants (r=0.198, p=0.169), and (r=0.146, p=0.312) respectively. This observation aligns with the work of Lachine et al. [38], who reported a significant positive correlation between serum chemerin and waist circumference (p=0.024), and no significant correlation between serum chemerin and body mass index in type 2 diabetic participants with coronary artery disease attending the catheter laboratory of Alexandria University Hospital in Egypt.
In view of the serious paucity of data on serum values of chemerin among people of Sub-Saharan African descent, especially among Nigerians, this study chose to adopt the mean chemerin value from the study of Ahmed et al. [39], which classified serum chemerin ≤43.7ng/ml as normal, while values higher than this were considered elevated. In this study, the proportion of diabetic participants with chemerin concentration > 43.7ng/ml was 96%, while only 2% had serum chemerin concentrations < 43.7ng/ml. The proportion of non-diabetic participants with chemerin concentrations > 43.7ng/ml was 66% while 34% of them had chemerin concentrations < 43.7ng/ml. The mildly increased serum chemerin levels in the non-diabetic participants may be primarily attributable to their age and BMI, as the average non-diabetic study participant was middle-aged and overweight (BMI > 24.9). 
Although multiple logistics regression model showed that serum chemerin was a significant predictor of abnormal blood glucose levels among study participants, the relationship between diabetes mellitus and serum chemerin is still not too clear, as this study and indeed other studies have not been able to completely elucidate if serum chemerin levels is a cause rather than a consequence of the abnormalities in circulating insulin levels in type 2 diabetes mellitus participants which predisposes them to cardiovascular risk.


CONCLUSION
Increase in anthropometric indices, especially the waist circumference and the waist hip ratio, in addition to Apolipoprotein B100, have been shown to significantly reflect cardiovascular risks in diabetics and indeed non-diabetics. Measuring these indices in clinics and routine diabetic screenings can improve the public health indices of DM and also help in the prevention, early detection, and management of cardiovascular conditions. 

LIMITATIONS
Cross-sectional Design: This study’s cross-sectional nature limits causal inferences.  It cannot determine whether elevated chemerin levels contribute to diabetes onset or result from the disease. 
Lack of Longitudinal Follow-up: Without follow-up, it is not possible to track changes in chemerin levels of anthropometric indices over time, nor to determine their cardiovascular events.
Uncontrolled Confounding Factors: Potential confounders such as diet, physical activity, insulin levels, or medication use (e.g., statins, antihypertensives) were not fully assessed or adjusted for.
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