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ASSOCIATION OF BODY MASS INDEX WITH INTERVERTEBRAL DISC DEGENERATION AND DISC HERNIATION IN SOUTH-EAST NIGERIA: AN MRI-BASED STUDY


ABSTRACT
Background: Intervertebral disc degeneration (IVDD) and disc herniation are major contributors to low back pain, a leading cause of disability worldwide. The role of body mass index (BMI) as a modifiable risk factor has been widely studied; however, there is limited MRI-based evidence from sub-Saharan Africa, particularly in Nigeria.
Aim: This study aimed to evaluate the association between BMI and intervertebral disc degeneration as well as disc herniation using magnetic resonance imaging (MRI) in a South-East Nigerian population.
Materials and Methods: This prospective cross-sectional study included 160 adult patients who underwent lumbosacral spine MRI over a defined study period.  BMI was categorized with World Health Organization criteria. MRI images were reviewed to assess disc degeneration using the Pfirrmann grading system and to identify the presence of disc herniation. Statistical analyses, including Chi-square tests were performed to determine associations between BMI categories and imaging findings, with significance set at p < 0.05.
Results: The age of participants ranged from 26 to 85 years, with a mean age of 57.6 ± 13.3 years with a slight male predominance. Disc degeneration was identified in 86.3% of participants, while disc herniation was observed in 66.9% of participants. L4–L5 and L5–S1 levels were the most frequently affected. A statistically significant association was found between increasing BMI and the severity of disc degeneration (χ² = 15.149, p = 0.002). BMI did not show a statistically significant association with disc herniation (χ² = 3.800, p = 0.284) 
Conclusion: There is statistically significant association between elevated BMI with increased severity of intervertebral disc degeneration, while though disc herniation was significantly more common in elevated BMI, there is no statistically significant association. These findings underscore the importance of weight management as one of the preventive strategies in reducing spinal degenerative disease burden in South-East Nigeria.
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 INTRODUCTION
Intervertebral disc degeneration (IVDD) and herniation with the associated low back pain are major increasing global health challenge1.  The pathophysiology of IVDD and disc herniation are multifactorial characterized by progressive biochemical and structural changes, which leads to reduced proteoglycan content, decreased hydration, annular fissures, loss of disc height and disc herniation (which occurs when nucleus polposus material protrudes through the annular defects compressing the neural structures)2,3,4.  
There are many triggers for development of lumbar disc degenerative disease which include advancing age, socioeconomic status, torsional stress, smoking, obesity, heavy lifting, trauma, immobilization, psychosocial factors, gender, height, hereditary, genetic factors, occupations like machine drivers, carpenters and office workers.5,6.
Overweight and Obesity, according to World Health Organization (WHO) are defined as abnormal or excessive fat accumulation that presents a risk to health. A body mass index (BMI) less than 18.5 is underweight, 18.5-24.9 is normal range, and 25-29.9 is considered overweight and greater than or equal to 30 is obesity according to WHO classification of weight status.7
A number of studies have found a consistent association between obesity and low back pain.8 Obesity increases intervertebral disc degeneration and disc herniation through mechanical stress, chronic low-grade inflammation and increased production of pro-inflammatory cytokines and reactive oxygen species which accelerate IVD cell senescence and apoptosis 9,10. 
MRI is currently the imaging modality of choice in imaging the spine. It has the advantage of not using ionizing radiation, has good multiplanar imaging capability, excellent spinal soft-tissue contrast, and precise localization of intervertebral discs changes.  It is therefore regarded as the most useful method for the detection of spinal infections, spinal metastases, nerve root disorders and disc abnormalities.11 ,12
Despite global evidence, there is limited MRI-based data from Nigeria.




AIM OF THE STUDY: This study aimed to evaluate the association between BMI and intervertebral disc degeneration as well as disc herniation using magnetic resonance imaging (MRI) in a South-East Nigerian population.
     

     RESEARCH HYPOTHESIS Null hypothesis (Ho) 
There is no significant association between different subgroups of BMI and disc degenerative changes noted on magnetic resonance imaging of patients with low back pain. 
Alternate hypothesis (Ho) 1. There is a significant association between different subgroups of BMI and disc degenerative changes noted on magnetic resonance imaging of patients with low back pain.

MATERIALS AND METHOD
STUDY DESIGN 
This is a prospective analytical hospital based cross-sectional study describing the association of different BMI subgroups with disc degeneration and disc herniationin adult patients in Nnewi. 
STUDY POPULATION 
The subjects consist of one hundred and sixty adult subjects with low back pain referred from different clinics to do lumbosacral MRI.  Prior to recruitment, the procedure and the importance of the study were explained adequately to the subjects, and they were allowed to decide whether to participate or not. The subjects that accepted and also met the inclusion criteria were recruited consecutively. 
SAMPLE SIZE DETERMINATION
 Sample size was calculated using the Fishers formula for analytical cross-sectional studies.

 Inclusion criteria 
1.All patients aged 18years and above who had persisting low back pain and present for lumbosacral MRI study during the period of study.
2.Diagnostic-quality MRI scans 

Exclusion criteria 
1.History of spinal surgery, Spinal trauma and Congenital spinal anomalies.
2.Patients with metallic implants. 
3.Patients who had claustrophobia.

A stadiometer and a weighing scale were used to determine the height and 
weight of each patient respectively before the MRI scan was done.
 
BMI was calculated as weight (kg) divided by height squared (m²) and categorized as:
Underweight (<18.5 kg/m²)
Normal (18.5–24.9 kg/m²)
Overweight (25–29.9 kg/m²)
Obese (≥30 kg/m²)

The MRI machine used is the GE 1.5T SIGNA CREATOR. Model no-M70012SJ Revision 3. In all cases, the protocol used was; 4-mm sagittal T2W and T1W FSE (fast spin echo), sagittal FSE STIR (Short Tau Inversion Recovery), axial T2W and T1W FSE, coronal T2W FSE, 3D MYELO sagittal and coronal. The spinal array coils were used to image each case. 


Disc degeneration was graded using the Pfirrmann classification system13
-Grade 1-Disc is homogenous with hyperintense signal and normal disc height.
 Grade 2-disc is inhomogeneous but keeping the hyperintense signal. Nucleus pulposus and annulus fibrosus are clearly differentiated, and a gray horizontal band could be present. Disc height is normal.
 Grade3-disc is inhomogeneous with intermittent signal intensity. Distinction between nucleus pulposus and annulus fibrosus is unclear. Disc height is normal or slightly decreased. 
Grade 4-disc is inhomogeneous with hypointense signal intensity. There is no more distinction between the nucleus pulposus and annulus fibrosus. Disc height is slightly or moderately decreased.
 Grade 5- disc is inhomogeneous with hypointense signal intensity. There is no more difference between the nucleus pulposus and annulus fibrosus. The disc space is collapsed.
Disc herniation defined as focal or diffuse displacement of disc material beyond the intervertebral disc space could be disc bulge, protrusion, extrusion and sequestration which were assessed with sagittal T1w and correlated with axial T2w.
DATA ANALYSIS:
Data obtained from the study was recorded and entered into a Microsoft Excel spreadsheet. Data analysis was done using SPSS Version 25.0 (IBM Corp. Released 2017, IBM SPSS Statistics for Windows and Armonk, NY: IBM Corp. 
Socio-demographic characteristics like gender and age were presented in frequency tables. Anthropometric variables like weight, height and BMI measurements were represented as mean ± SD.
 The pattern and proportion of lumbar spinal degenerative changes on MRI were presented in frequency tables. 
Chi-square analysis was used to test association between BMI and specific MRI findings due to lumbar spine degeneration in adult patients with low back pain. In all the tests, where applicable, P-value<0.05.
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RESULTS & DISCUSSION
A total of 160 adult patients presenting with symptoms of low back pain were evaluated to determine the relationship between body mass index (BMI), intervertebral disc degeneration, and disc herniation using MRI.
Socio-demographic Characteristics
The mean age was 57.6 ± 13.3 years (range: 26–85 years). Males constituted 54.3% of participants while 73 (45.6%) were females. The mean weight was 81.0 ± 15.7 kg.(Table 1).
Distribution of Disc Herniation Across Lumbar Levels
Disc herniation was least frequent at the upper lumbar levels, with increase in prevalence at lower lumbar levels.
Disc herniation generally is most prevalent at L4/L5 (60%). At L1/L2, the prevalence is 8.3%  while at L2/L3, L3/L4 and L5/SI the recorded prevalence is 20%,42,5% and 38.3% respectively.
At the most affected anatomical region L4/L5, disc bulge was the most prevalent 43.1%, followed by disc protrusion 16.9%. Disc extrusion occurred only at L1/L2(0.6%) with no record of disc sequestration at any lumbar level (Table 2).
Distribution of Disc Degeneration (Pfirrmann Grading)
Disc degeneration increased progressively from the upper to lower lumbar spine.
Pfirrmann grade 1 discs degeneration was most prevalent at L1/L2 (60.6%) but decreased caudally to (23.1%) at L4/L5. Conversely, Grade 3 degeneration increased from (16.3%) at L1/L2 to (46.2%) at L4/L5.
Advanced degeneration (Grade 4) was less common, observed in 
(3.8%) at L3/L4, (6.9%) at L4/L5, and (4.4%) at L5/S1. No cases of Grade 5 degeneration were recorded (Table 2)
Distribution of Body Mass Index (BMI)
The majority of participants were either overweight or obese. Out of the 160 patients, (38.1%) were overweight and (31.9%) were obese, together accounting for approximately 70% of the study population. (Table 3).
Association Between BMI and Disc Herniation
There was no statistically significant association between BMI and disc herniation (χ² = 3.800, p = 0.284).
However, disc herniation was more frequently observed among overweight (39.3%), and obese individuals (33.6%), compared to participants with normal BMI (26.2%) and underweight individuals (0.9%) (Table 4).
Although not statistically significant, this trend suggests a possible association between increased body weight and disc herniation.
Association Between BMI and Disc Degeneration
A statistically significant association was observed between BMI and disc degeneration (χ² = 15.149, p = 0.002).
The highest prevalence of abnormal Pfirrmann grades in this study was found among overweight (39.1%) and obese individuals (34.1%), while normal-weight participants had a lower prevalence (26.1%). Underweight individuals had the lowest prevalence (0.7%) Table 5
In summary, disc herniation increased toward lower lumbar levels, particularly at L4/L5.
Disc degeneration severity also increased caudally, with higher Pfirrmann grades at lower levels.
Overweight and obesity were mostly affected.
BMI showed no significant association with disc herniation, but a significant association with disc degeneration.





















Table 1: Descriptive analysis of socio demographic variables
	Variables 
	Participants(n=160) 
	Percentage (%) 

	Age (years) 

	26-35 
	15 
	9.38 

	36-45 
	19 
	11.88 

	46-55 
	34 
	21.25 

	56-65 
	42 
	26.25 

	66-75 
	44 
	27.50 

	76-85 
	6 
	3.75 

	Mean ± SD 
	57.613.3 
	26 – 85 

	Gender 

	Female 
	73 
	45.63 

	Male ±
	87 
	54.38 


Weight (kg)                                      81.0±15.7                                      47-129.6


	Table 2: Descriptive analysis of lumbar spine degenerative changes on MRI, among adult patients with low back pain 

		         

	Disc Herniation L1/L2            L2/L3                L3/L4               L4/L5              L5/S1

	Bulge 
	10 (6.3) 
	28 (17.5) 
	56 (35.0) 
	69 (43.1) 
	50 (31.3) 

	Protrusion 
	2 (1.2) 
	4 (2.5) 
	12 (7.5) 
	27 (16.9) 
	12 (7.5) 

	Extrusion 
	1 (0.6) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 

	Sequestration 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 

	Disc degeneration (Pfirmann grading) 

	Grade 1 
	97 (60.6) 
	75 (46.9) 
	48 (30.0) 
	37 (23.1) 
	55 (34.4) 

	Grade 2 
	37 (23.1) 
	41 (25.6) 
	44 (27.5) 
	38 (23.8) 
	40 (25.0) 

	Grade 3 
	26 (16.3) 
	43 (26.9) 
	62 (38.7) 
	74 (46.2) 
	55 (34.4) 

	Grade 4 
	0 (0.0) 
	1 (0.6) 
	6 (3.8) 
	11 (6.9) 
	7 (4.4) 

	Grade 5 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 
	0 (0.0) 








             











  Table 3: BMI of adult patients with low back pain.

	Variables 
	Participants (n=160) 
	Percentage (%) 

	BMI 

	Underweight 
	4 
	2.50 

	Normal weight 
	44 
	27.50 

	Overweight 
	61 
	38.13 

	Obesity 
	51 
	31.88 

	Total 
	160 
	100.0%







           Table 4             Relationship between BMI and Disc Herniation
	variables
	Disc herniation  
Negative(n=53)   positive(n=107)     
	X2Value
	P=Value

	BMI
Underweight
Normal weight
Overweight
 Obesity
	                                                            
3(5.7)                       1(0.9)
16(30.2)                    28(26.2)
19(35.8)                    42(39.3)
15(28.3)                    36(33.6)
	


     3.800
	


   0.284










	Variables
	Disc degeneration (pfirrmann grading)
	X2 Value
	p-value

	BMI

Underweight
Normal weight
Overweight
Obesity
	Abnormal (n=138)
	Normal (n=22)
	


15.149
	


0.002*

	
	                                     1(0.7) 
36(26.1)  
54(39.1)  
47(34.1)                                              
	                                  3(13.6)
8(36.4)
7(31.8)
4(18.2)
	
	





Table 5 Relationship between BMI and Disc degeneration

















Low back pain remains one of the most prevalent musculoskeletal disorders globally, with significant socioeconomic and health implications14. The present study investigated the association between body mass index (BMI) and lumbar disc degeneration and disc herniation as seen on magnetic resonance imaging (MRI) among adults in Nnewi. The study documented that higher BMI category was significantly associated with disc degeneration. This corroborates with global evidence that Obesity has implication to musculoskeletal health. Excess body weight increases axial loading on the spine, promotes low grade inflammation which leads to increased risk of intervertebral disc degeneration15,16.  
BMI and Disc Degeneration
Disc degeneration was the most prevalent abnormality observed in this study, particularly at the lower lumbar levels (L4/L5 and L5/S1) which corroborates with the study of Anyanwu et al, that L4/L5 level (91.4%) was the most common anatomic site affected followed by L5/S1 level (74.1%)16. This is also similar to that reported by Irurhue et al in their study in Lagos South West, Nigeria.17 It also agrees with the higher rate at L4/L5 level followed by L5/S1 reported by Orege et al18 though the percentage of affectation in these studies are higher than that reported in the present study, this may be due to difference in study population. However, this differed from the findings of L5/S1 (52.6%) as the most common anatomic level of disc degeneration followed by L4/L5 (39.5%) reported by Asghar et al.19  
 Elevated BMI increases compressive forces on intervertebral discs, accelerating dehydration, proteoglycan loss.2,20 and also, causes inflammation through secretion of pro-inflammatory cytokines such as TNF-α and IL-6 by adipose tissue, which promote matrix degradation and accelerate disc aging 10,21. This dual mechanism (mechanical overload and inflammatory mediation) explains the   significant association between BMI and disc degeneration observed in this study. Recent MRI-based studies align with this, showing that overweight and obese individuals have significantly higher Pfirrmann grades compared to those with normal BMI 22,23, 24.
However other studies documented that there was no significant statistical relation between disc degeneration and BMI and as well as in IVDD related disability, postulating that other factors such as age and body composition plays a role in causing disc degeneration in addition to BMI.25,26
BMI and Disc Herniation
Although disc herniation was more frequently observed among overweight and obese individuals, there was no statistical significance. This finding further supports the multifactorial pathogenesis of degenerative disease of the spine 27,28. Disc herniation was also more prevalent at lower lumbar vertebrate especially L4/L5 as documented in other studies.16,17
The majority of participants in this study were aged 66–75 years, reflecting the influence of age on spinal degeneration. Age is one of the most significant intrinsic factors contributing to IVD degeneration. Age related changes such as alteration in the intervertebral disc cellular composition and ECM as well as disc dehydration all contribute to degenerative changes2,29. Male predominance was observed, consistent with previous Nigerian studies,30,31,32 although global data often report higher prevalence of degenerative changes in females.14 This discrepancy may reflect sociocultural and occupational differences in the studied population.
Similar studies in South-East Nigeria have reported high prevalence of disc degeneration and herniation among patients with LBP, with overweight and obesity being common risk factors 33,34. However, this study adds to the literature by specifically correlating BMI subgroups with distinct MRI findings, thereby providing more insights into the role of obesity in spinal degeneration.

Clinical and Public Health Implications
The findings of this study emphasize the importance of weight management in preventing and mitigating lumbar spine degeneration. Given the rising prevalence of obesity in Nigeria and sub-Saharan Africa, promoting lifestyle modification, dietary counselling, and physical activity are essential. MRI remains the gold standard for detecting degenerative changes, but its high cost and limited availability in resource-poor settings necessitate judicious use. Identifying overweight and obese patients as high-risk groups may help prioritize MRI evaluation where resources are constrained.

Conclusion
This study demonstrates that elevated BMI is significantly associated with disc degeneration among adults with low back pain in Nnewi. While BMI alone does not predict all degenerative changes, it remains a useful adjunct in identifying patients at risk of severe lumbar pathology. Preventive strategies focusing on weight control are of importance in reducing the burden of spinal disorders in Nigeria and beyond.

Limitations
The cross-sectional design limits causal inference, and the sample size, though adequate, may not capture all variations across BMI subgroups. Additionally other cofounding factors like age, occupational and lifestyle factors were not extensively analysed, which could affect the observed associations. Future multicentre longitudinal studies incorporating genetic, occupational, and lifestyle variables are recommended.
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