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Neck circumference and its relationship with insulin resistance and cardiometabolic factors amongst Nigerian patients with Type 2 Diabetes Mellitus

ABSTRACT
Background and aim: Neck circumference (NC) has been associated with cardiovascular risk factors. Type 2 diabetes mellitus (T2DM) is a chronic disorder that is driven by insulin resistance. This study aimed to evaluate the relationship between NC and insulin resistance with cardiometabolic factors among persons with T2DM.
Methods: The study was a comparative cross-sectional study, which included 120 patients with T2DM and 60 healthy controls. Neck circumference of subjects with T2DM and controls was measured. Insulin resistance was determined using the homeostasis model assessment of insulin resistance (HOMA-IR). Data obtained was analyzed with Statistical Package for Social Sciences (SPSS), version 22.
[bookmark: _GoBack]Results: There was no statistical difference in the mean neck circumference of the subjects with T2DM and controls (34.30 ± 3.09 cm vs 34.81 ± 2.61 cm; P>0.05). Neck circumference of male subjects with T2DM was higher than their female counterparts and this was statistically significant (37.46±2.97 cm vs 33.05±2.09 cm; P=0.01). Significant correlation was observed between NC and HOMA-IR among controls (rho = 0.34; P = 0.01) but not among patients with T2DM (rho = 0.13; P=0.16). There was significant positive correlation between NC and body mass index (rho = 0.30; P = 0.001), waist circumference (rho = 0.48; P<0.001) and waist-hip ratio (rho = 0.26; p = 0.004) amongst patients with T2DM.
Conclusion
Neck circumference was not associated with insulin resistance among subjects with T2DM in this population but maintained positive correlation with some cardiometabolic factors.
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1. INTRODUCTION
[bookmark: _Hlk214393589][bookmark: _Hlk214397873][bookmark: _Hlk214398533]Different anthropometric measures have been employed in medical practice over the years and in recent times, measurement of upper body subcutaneous fat such as neck circumference (NC) has found a place in the sphere of medical evaluation (Vazquez et al., 2007).  The rising prevalence of diabetes mellitus is a concern that continues to stimulate continued research into this chronic, heterogenous disease and currently, more than half a billion people live with diabetes worldwide (International Diabetes Federation. IDF Diabetes Atlas, 2025). Most adults with diabetes have type 2 diabetes and one of the major underlying mechanisms for this type of diabetes is insulin resistance (International Diabetes Federation. IDF Diabetes Atlas, 2025; DeFronzo, 2009). Insulin resistance is a situation where the body is unable to respond to the action of insulin and this has been associated with traditional risk factors for cardiovascular disease such as obesity, physical inactivity, which are manifested in high body mass index (BMI), waist circumference (WC) and waist-hip ratio (WHR) (International Diabetes Federation. IDF Diabetes Atlas, 2025; Preis et al., 2010). More recently, there have been some insights into possible relationship between NC and insulin resistance and other cardiometabolic risk factors, with some of the findings being inconsistent (Stabe et al., 2013; Ataie-Jafari et al., 2018; Marcadenti et al., 2017). Unlike traditional anthropometric measures which make use of scales and may need calibration, NC could be measured easily with little fluctuations. A meta-analysis has suggested greater NC is associated with an increased risk of T2DM and gestational diabetes mellitus (Li et al., 2023). Studies have shown the association between NC, central obesity and components of metabolic syndrome (Stabe et al., 2013; Li et al., 2023). However, evidence for such association is scarce in sub-Saharan Africa. Understanding the different factors linked to insulin resistance could help develop preventive strategies for T2DM. This study determined to evaluate the relationship between neck circumference and insulin resistance and cardiometabolic risk factors amongst patients with T2DM attending a tertiary health facility in Nigeria.



2. MATERIALS AND METHODS
2.1 Study Design and Population
The study was a comparative cross-sectional study among 120 persons with T2DM attending the Diabetes clinic of a tertiary health facility in Nigeria and 60 apparently healthy control subjects, giving a total sample size of 180 which was utilized in this study based on a previous work by Haffner et al (Haffner et al., 1999). Approval for the study was obtained from the ethics committee. 
Patients with T2DM, aged 30-65 years and on oral glucose lowering agents and consented to participate in the study were recruited for the study.
Apparently healthy members of staff and relatives of patients in the hospital served as controls. These were individuals greater than or equal to 30 years of age who did not have a history of diabetes mellitus, had a normal fasting plasma glucose (FPG <110mg/dl) and gave consent to participate in the study.
Pregnant women, patients with thyroid disease, goiter or previous neck surgery were excluded from the study.
2.2 Data Collection
Socio-demographic characteristics of the participants were obtained with the use of a pretested structured questionnaire. The following anthropometric measures were obtained following standard techniques and analyzed: neck circumference (cm), weight (kg), height (m) and waist circumference (cm).             
Neck circumference was measured with the tape measure, which was held perpendicular to the long axis of the neck with the superior border of the tape measure placed just below the laryngeal prominence (Kumar et al., 2014; Ben-Noun & Laor, 2006).   Normal value: in males < 37cms and in females < 34 cms (Kumar et al., 2014).
Fasting plasma glucose was analyzed by glucose oxidase method. Fasting plasma insulin levels were determined using the Calbiotech Human Insulin ELISA kit. Insulin resistance was determined using the Homeostatic Model Assessment-Insulin Resistance (HOMA-IR) model, as derived from the formula (Matthews et al., 1985;  Wallace et al., 2004):

      HOMA-IR = fasting glucose (mmol/L) X fasting insulin (mU/L)    
		                             22.5                             
The study was carried out over 6 months. Informed consent was obtained from each study participant. 

2.3 Data Analysis
Statistical analysis was done using Statistical Package for Social Sciences version 22. Categorical variables such as sociodemographic characteristics, lifestyle variables and medical history were presented using frequency tables, and histograms while quantitative variables were presented as means ± standard deviation and median (interquartile range) where appropriate. The comparison of means between patients with T2DM and control subjects was done using the student t-test. Chi-square, Fisher’s exact test and spearman’s correlation analysis were utilized as applicable. P value <0.05 was considered statistically significant. 

3. RESULTS
Subjects with T2DM comprised of 86 females, while 34 were males, with 52.5% of T2DM subjects in the 51-60 year age group (Table 1). 
The mean ± SD NC among subjects with T2DM was 34.30 ± 3.09 and this was found to be slightly lower than the value obtained for controls (34.81 ± 2.61) but not statistically significant, P>0.05 (Table 2). However, median HOMA-IR of the T2DM subjects was significantly higher than that of controls [2.26 (2.57) vs 1.59 (1.53), P=0.002] as depicted in Table 2.
Table 3 shows that male participants with T2DM had higher NC compared to their female counterparts and this was statistically significant (P=0.01). A similar pattern was observed among the controls but without statistical significance.
Table 4 shows the relationship between NC and HOMA-IR among subjects with T2DM and controls. A moderate significant correlation was observed between NC and HOMA-IR among controls (rho = 0.34; P = 0.01) but not among participants with T2DM (rho = 0.13; P=0.16).
Table 5 shows the relationship between NC and other cardiometabolic factors, including body mass index (BMI), waist circumference, waist-hip ratio, blood pressure, and lipid profiles among patients with T2DM. A moderate significant relationship existed between NC and BMI (rho = 0.30; P = 0.001), waist circumference (rho = 0.48; P<0.001) and WHR (rho = 0.26; P = 0.004). The scatter plots shown in Figures 1 and 2 depict the significant positive correlation of neck circumference with BMI and waist circumference among subjects with T2DM respectively. 
Table 1: Socio-demographic characteristics of study subjects and controls
	Sociodemographic Characteristics
	Cases; N=120
f (%)
	Controls; N=60
f (%)
	X2
	P-value

	Age (Years)
≤40
41-50
51-60
>60
Mean ± SD

	
5 (4.2)
22 (18.3)
63 (52.5)
30 (25.0)
[bookmark: _Hlk63714120]55.22 ± 6.94

	
3 (5.0)
12 (20.0)
31 (51.7)
14 (23.3)
[bookmark: _Hlk63714260]54.22 ± 8.03 

	
0.17
	
0.98



0.39


	Sex
Female
Male
	
86 (71.7)
34 (28.3)
	
43 (71.7)
17 (28.3)

	
0.00
	
1.00

	Educational Status
Tertiary
Secondary
Primary
No Education
	
54 (45.0)
39 (32.5)
15 (12.5)
12 (10.0)
	
52 (86.7)
8 (13.3)
0 (0.0)
0 (0.0)

	
33.20#
	
<0.001**

	Alcohol Use
Does not drink alcohol
Drank but stopped at least 1 year ago
Still drinking alcohol                                                    

	
101 (84.2)
     9 (7.5)
   10 (8.3)         

	
         49 (81.7)
           0 (0.0) 
          11 (18.3)              
	
0.65#
	
 0.13

	Smoking History
Non-smoker
Ex-smoker
Current smoker
	
119 (99.2)
1 (0.8)
0 (0.0)
	
58 (96.7)
2 (3.3)
0 (0.0)





	
1.53#
	
0.26


** P-value <0.001, * P-value < 0.05    #Fisher Exact    X2   Pearson Chi Square
SD: Standard deviation

Table 2: Neck circumference and HOMA-IR between T2DM and controls
	Variables 


	     T2DM; N=120
    (mean ± SD)
	Controls; N=60
  (mean ± SD)
	t-test
	P-value

	 
NC
	
       34.30 ± 3.09

	
    34.81 ± 2.61

	
-1.11
	
0.09

	HOMA-IR; median (IQR)
	2.26 (2.57)
	1.59 (1.53)
	1.40
	0.002*


* P-value < 0.05    
NC= Neck circumference
HOMA-IR: Homeostatic model assessment-insulin resistance


Table 3: Relationship between T2DM status and Neck circumference stratified by sex
	Parameter
	T2DM
	Controls

	
	Male
	Female

	P-value
	Male
	Female

	P-value

	NC; mean ± SD
	37.46±2.97
	33.05±2.09
	0.01*
	37.21±2.46
	33.87±2.01
	0.24


* P-value < 0.05    
NC: neck circumference








Table 4: Relationship between neck circumference and HOMA-IR among T2DM and controls
	Cardio-metabolic parameters
	T2DM
	Control

NC

	
	NC
	

	
	rho
	P-value

	rho
	P-value



	HOMA-IR
	0.13
	0.16
	0.34
	0.01*



* P-value < 0.05    
HOMA-IR: Homeostatic model assessment-insulin resistance

Table 5: Relationship between neck circumference and Cardio-metabolic factors among patients with type 2 diabetes mellitus
	Cardio-metabolic parameters
	NC

	
	rho
	P-value


	BMI (kg/m2)
	0.30
	0.001*

	Waist Circumference (cm)
	0.48
	<0.001*

	WHR
	0.26
	0.004*

	Systolic Blood Pressure (mmHg) 
	-0.003
	0.97

	Diastolic Blood Pressure (mmHg)
	0.15
	0.10

	HDL-C (mg/dl)
	-0.05
	0.59

	LDL-C (mg/dl)
	-0.15
	0.10

	Triglyceride (mg/dl)
	0.38
	0.68

	Total Cholesterol (mg/dl)
	-0.15
	0.10


* P-value < 0.05    
BMI: Body Mass Index
WHR: Waist-hip-ratio
HDL-C= High density Lipoprotein Cholesterol
LDL-C= Low density Lipoprotein Cholesterol

Figure 1: Linear relationship between Neck circumference and Body mass index (BMI)




Figure 2: Linear relationship between Neck circumference and Waist circumference (WC)





4. DISCUSSION
[bookmark: _Hlk214399964]In this study, there was no significant difference between the mean NC of patients with T2DM and the control participants, similar to the findings by Aguh et al in Nigeria (Aguh et al., 2021). Among subjects with T2DM, the male participants had higher NC than the female participants, which is also in agreement with the study done by Dada et al in Lagos, Nigeria; Ala et al in Lagos, Nigeria, Cho et al in Korea and Lucas et al in Brazil (Dada et al., 2023; Ala et al., 2025; Cho et al., 2015; Lucas et al., 2016). This could be related to the degree of obesity (Cho et al., 2015; Lucas et al., 2016).
[bookmark: _Hlk214400025][bookmark: _Hlk214400632][bookmark: _Hlk214400512][bookmark: _Hlk214400175][bookmark: _Hlk214400307]Homeostatic model assessment-insulin resistance (HOMA-IR) has been identified as a tool of measuring insulin resistance. The current study showed a correlation between NC and HOMA-IR among the control participants but unexpectedly, this was not detected among patients with T2DM. Stabe et al in Brazil, Cho et al in Korea and  Scovronec et al in  Canada in their studies showed correlation of NC with HOMA-IR amongst patients without diabetes, similar to the current study (Stabe et al., 2013; Cho et al., 2015; Scovronec et al., 2022). Furthermore, Saneei et al in a systematic review and meta-analysis revealed a significant correlation between NC and HOMA-IR (Saneei et al., 2019). Contrary to the findings in this study, Gowda et al in India found a significant correlation between NC and HOMA-IR amongst patients with T2DM, though their study had a larger sample size, higher mean NC than present study, with higher proportion of male participants than females contrary to the present study (Gowda et al., 2024).
[bookmark: _Hlk214400796]In addition, this study revealed a significant positive correlation between neck circumference and cardiometabolic factors such as body mass index (BMI), waist circumference (WC), waist-hip-ratio (WHR) among patients with T2DM. Similar findings were reported by Gowda et al in India (Gowda et al., 2024). Dada et al in Nigeria also discovered significant positive correlation between NC and BMI, waist circumference and hip circumference (Dada et al., 2023). This substantiates the possible link between NC and risk factors for obesity and consequent disorders (Cho et  al., 2015; Scovronec et al., 2022; Saneei et al., 2019; Gowda et al., 2024). It has been postulated that persons with larger neck circumference could experience sleep-disordered breathing, in form of sleep apnea, which is strongly associated with obesity and has been associated with diabetes, insulin resistance, hypertension, high total cholesterol, and low HDL cholesterol (Stabe et al., 2013; Reichmuth et al., 2005). Alteration in peripheral blood flow leading to endothelial dysfunction, increased sympathetic activity, potential for raised inflammatory markers and cytokines causing oxidative stress have been suggested as contributing to metabolic risk factors and development of T2DM in the setting of larger neck circumference (Cho et  al., 2015; Donath & Shoelson, 2011). The association between NC and some cardiometabolic factors as seen in this study gives an insight into another area that could be further explored as regards different factors that could have an impact on the risk of type 2 diabetes, especially considering the relationship between NC and other risk factors linked to obesity. 

5. CONCLUSION
This study has attempted to examine the relationship between neck circumference and insulin resistance with other cardiometabolic risk factors at a tertiary facility in South-Western Nigeria. The findings further strengthen the possibility of using neck circumference, which is an easy and convenient measurement as a supplementary or surrogate marker of central obesity. It is possible that other mechanisms may play a role in determining existence of a link between NC and insulin resistance in the setting T2DM and this could be explored via further research. 
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