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Assessing Non-Alcoholic Fatty Liver Disease and Associated Liver Enzyme Levels in Persons with Type II Diabetes Mellitus



ABSTRACT
Background: This study aims to assess the prevalence of  Non-Alcoholic Fatty Liver Disease (NAFLD) among individuals with diabetes and identify the associated factors that contribute to its development. By investigating this relationship, we hope to gain valuable insights into the shared underlying mechanisms of these conditions and inform the development of more targeted preventive and therapeutic strategies.
Method: The study was carried out at the University of Port Harcourt Teaching Hospital (UPTH), Rivers State, Nigeria. The study included 300 participants aged 18 and above, consisting of 150 diabetic patients and 150 age- and sex-matched controls. Participants underwent clinical, biochemical, and anthropometric assessments. Blood samples were collected to analyze liver enzymes, glucose, and lipid profiles according to standard laboratory procedures. Additionally, all subjects received abdominal ultrasound examinations to detect hepatic steatosis, indicative of NAFLD.
Results: The study found that 25% of the total participants had NAFLD. Among the diabetic patients, the prevalence of NAFLD was significantly higher at 32.7% compared to 17.3% in the control group. On average, individuals with NAFLD exhibited significantly higher ALT levels (33.4 ± 10.7) compared to those without the disease (18.1 ± 6.9), with a highly statistically significant p-value of 0.0001.  Similarly, AST levels mirrored this pattern, showing a marked elevation in the NAFLD group (32.0 ± 11.5) compared to the control group (14.6 ± 6.8), again with a statistically significant p-value of 0.0001.  Regression analyses showed that individuals with elevated ALT levels were over 10 times more likely to have NAFLD compared to those with normal ALT (OR: 10.4, 95% CI: 1.3 – 18.7). Similarly, elevated AST levels were associated with an over 7-fold increased risk of NAFLD (OR: 7.5, 95% CI: 4.5 – 8.2).
Conclusion: Elevated liver enzymes in NAFLD patients suggest ongoing liver inflammation and potential progression towards more severe liver conditions. . Combining lifestyle interventions with targeted pharmacological treatments provides the most effective approach for mitigating NAFLD progression. Tailoring these strategies to individual patient profiles, alongside regular monitoring, ensures optimized outcomes and prevention of severe complications
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1.0	INTRODUCTION
Liver disease is an important cause of mortality in type 2 DM and diabetes has been reported as a common cause of liver disease across the globe.[1] The spectrum of liver disease in DM ranges from abnormal liver enzymes, NAFLD, cirrhosis, and hepatocellular carcinoma, while acute liver failure can also manifest in patients with type 2 DM.[1]  
Non-alcoholic fatty liver disease (NAFLD) is a chronic liver condition that encompasses a wide spectrum of liver diseases ranging from fatty liver alone (steatosis) to fatty liver with inflammation (steatohepatitis)[2] and is characterized by insulin resistance and hepatic fat accumulation, in the absence of other known causes of hepatic fat accumulation which include but not limited to alcohol, viral hepatitis, medications, toxins, autoimmune liver disease.[3]  
NAFLD represents a significant and growing public health concern worldwide, particularly among individuals with diabetes.[4–6] Characterized by excessive fat accumulation in the liver without significant alcohol consumption, NAFLD encompasses a spectrum of liver conditions, from simple steatosis to non-alcoholic steatohepatitis (NASH), which can progress to cirrhosis and hepatocellular carcinoma.[6–8] The prevalence of NAFLD is notably higher in persons with diabetes, implicating a complex interplay of metabolic, genetic, and environmental factors that exacerbate the risk and severity of liver disease in persons with diabetes.[9, 10] 
NAFLD and diabetes are two increasingly prevalent chronic conditions with a well-established bidirectional relationship.[11, 12] Research shows that dietary habits such as excessive sugar intake, high consumption of cholesterol rich foods have been debated to also increase the risk for NAFLD.[13, 14] Individuals with diabetes have a significantly higher risk of developing NAFLD, and conversely, NAFLD is thought to contribute to the development and progression of diabetes.[15, 16] This association highlights the critical need for a deeper understanding of NAFLD in diabetic populations. By investigating this relationship, we hope to gain valuable insights into the shared underlying mechanisms of these conditions and inform the development of more targeted preventive and therapeutic strategies. This paper aims to assess the prevalence of NAFLD in persons with diabetes and identify associated factors that may influence its development and progression. 
2.0	METHODS
2.1	Study Population
The study was carried out at the University of Port Harcourt Teaching Hospital (UPTH), Rivers State, Nigeria. The study included 300 participants aged 18 and above, consisting of 150 diabetic patients and 150 age- and sex-matched controls. Diabetic patients were screened to exclude those positive for hepatitis B surface antigen, hepatitis C virus antibody, and those with a significant history of alcohol consumption. Additionally, individuals with known liver disease, active infections, or any other chronic illnesses unrelated to diabetes were excluded to minimize confounding factors. The control group was similarly matched in demographics to ensure comparability and was composed of individuals with no history of diabetes or other chronic medical conditions, negative screening for hepatitis B and C, and no significant alcohol history. Pregnant women and individuals on medications known to affect liver function or glucose metabolism were excluded from both groups.

2.2	Sample Collection and Assessment
Participants underwent clinical, biochemical, and anthropometric assessments. Blood samples were collected to analyze liver enzymes (Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), Alkaline Phosphatase (ALP) and Gamma-Glutamyl Transferase (GGT)). glucose, and lipid profiles according to standard laboratory procedures.[17] Normal range references values for the liver enzymes assessed include: 7–56 U/L for ALT,  10–40 U/L for AST, 44–147 U/L for ALP and 9–48 U/L for GST.[18] Additionally, all subjects received abdominal ultrasound examinations to detect hepatic steatosis, indicative of NAFLD.
2.3	Data Collection
Data were gathered through structured questionnaires and medical examinations. The questionnaire covered socio-demographic information, medical history, and lifestyle factors. Physical examinations recorded anthropometric measurements, while laboratory tests provided biochemical data.
2.4	Data Analysis
The collected data were analyzed using statistical software. Descriptive statistics summarized the socio-demographic and clinical characteristics of participants. Comparative analyses were performed to examine differences between diabetic patients with and without NAFLD, and bivariate logistic regression was done to assess the likelihood of NAFLD with liver enzyme categories within the diabetic cohort. All analyses were done with the Statistical Package for Social Sciences (v26) IBM, USA at a 95% confidence interval and a p-value less than 0.05 was considered statistically significant.

3.0	RESULTS
Table 1 shows the demographic distribution of the study participants. The table presents demographic characteristics of two groups, each consisting of 150 individuals: cases (diabetic patients) and controls. In terms of age distribution, both groups have 19 individuals (12.7%) in the 30-39 years age group. In the 40-49 years age group, there are 37 cases (24.7%) and 40 controls (26.7%). The 50-59 years age group has the largest representation with 55 cases (36.7%) and 57 controls (38.0%). In the 60-69 years age group, there are 35 cases (23.3%) and 31 controls (20.7%), while the 70-79 years age group is the smallest with 4 cases (2.7%) and 3 controls (2.0%). Regarding sex distribution, there are 29 males (19.3%) and 121 females (80.7%) among the cases, compared to 36 males (24.0%) and 114 females (76.0%) in the control group. Educational attainment shows that 21 cases (14.0%) and 11 controls (7.3%) have primary education. Secondary education is reported by 41 cases (27.3%) and 44 controls (29.3%), while tertiary education is the highest among both groups, with 88 cases (58.7%) and 95 controls (63.3%). In terms of marital status, the majority of individuals in both groups are married, with 124 cases (82.7%) and 117 controls (78.0%). There are 7 single cases (4.7%) compared to 31 single controls (20.7%), and 19 widowed cases (12.7%) compared to only 2 widowed controls (1.3%). This table effectively compares the demographic variables between diabetic patients and the control group, highlighting similarities and differences across various categories.

Table 1: Sociodemographic distribution of Subjects
	Variable
	Groups

	
	Cases
n = 150 (%)
	Control
n = 150(%)

	Age group
	30 - 39 years
	19 (12.7)
	19 (12.7)

	
	40 - 49 years
	37 (24.7)
	40 (26.7)

	
	50 - 59 years
	55 (36.7)
	57 (38.0)

	
	60 - 69 years
	35 (23.3)
	31 (20.7)

	
	70 - 79 years
	4 (2.7)
	3 (2.0)

	Sex
	Male
	29 (19.3)
	36 (24.0)

	
	Female
	121 (80.7)
	114 (76.0)

	Education
	Primary
	21 (14.0)
	11 (7.3)

	
	Secondary
	41 (27.3)
	44 (29.3)

	
	Tertiary
	88 (58.7)
	95 (63.3)

	Marital status
	Married
	124 (82.7)
	117 (78.0)

	
	Single
	7 (4.7)
	31 (20.7)

	
	Widowed
	19 (12.7)
	2 (1.3)


The results showed that 32.7% of persons with type II DM had NAFLD (Figure 1).













The results presented in Table 2 showed that 49 out of 150 cases (32.7%) tested positive for NAFLD, whereas only 26 out of 150 controls (17.3%) were positive. This difference is statistically significant, as evidenced by a Chi-square value of 9.40 with a p-value of 0.002, indicating a strong association between diabetes and NAFLD. The odds ratio (OR) is 2.3, with a 95% confidence interval (C.I) ranging from 1.3 to 3.9, suggesting that diabetic patients are more than twice as likely to have NAFLD compared to the control group.

Table 2: Association of NAFLD and Type II DM 
	NAFLD
	Case
n, (%)
	Control
n, (%)
	Chi-square (p-value)
	OR (95% C.I)

	Positive
	49 (32.7)
	26 (17.3)
	9.40 (0.002)*
	2.3 (1.3 – 3.9)

	Negative
	101 (67.3)
	124 (82.7)
	
	

	Total
	150 (100.0)
	150 (100.0)
	


*Distribution is statistically significant (p < 0.05)
The study's results (Table 3) demonstrate significant differences in liver enzyme levels between individuals with non-alcoholic fatty liver disease (NAFLD) and those without. For alanine transaminase (ALT), the mean level in NAFLD-positive individuals was 33.4 ± 10.7, significantly higher than the 18.1 ± 6.9 observed in NAFLD-negative individuals, with a p-value of 0.0001. Similarly, aspartate transaminase (AST) levels were elevated in NAFLD-positive individuals (32.0 ± 11.5) compared to those without NAFLD (14.6 ± 6.8), also with a p-value of 0.0001. However, there were no significant differences in alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT) levels between the two groups. The mean ALP levels were 30.1 ± 13.8 in NAFLD-positive individuals and 29.8 ± 14.3 in NAFLD-negative individuals, with a p-value of 0.9032. GGT levels were 24.1 ± 9.1 in the NAFLD-positive group and 23.2 ± 10.2 in the NAFLD-negative group, with a p-value of 0.6007. 
Table 3: Differences in liver enzyme levels
	Liver Enzymes
	NAFLD Positive
mean ±SD
	NAFLD Negative 
mean ±SD
	T-test 
(p-value)

	 ALT
	33.4 ±10.7
	18.1 ±6.9
	0.0001*

	 AST
	32.0 ±11.5
	14.6 ±6.8
	0.0001*

	 ALP
	30.1 ±13.8
	29.8 ±14.3
	0.9032

	 GGT
	24.1 ±9.1
	23.2 ±10.2
	0.6007


NAFLD=Non-Alcoholic Fatty Liver Disease, AST=Aspartate Transaminase, ALT=Alanine Transaminase, ALP=Alkaline Phosphatase, GGT=Gamma Glutamyl Transferase
The analysis in Table 4 investigated the association between various liver enzymes and Non-alcoholic Fatty Liver Disease (NAFLD). While no significant differences were found for alkaline phosphatase (ALP) or gamma-glutamyl transferase (GGT), both alanine aminotransferase (ALT) and aspartate aminotransferase (AST) showed strong associations. Individuals with elevated ALT levels were over 10 times more likely to have NAFLD compared to those with normal ALT (OR: 10.4, 95% CI: 1.3 – 18.7). Similarly, elevated AST levels were associated with an over 7-fold increased risk of NAFLD (OR: 7.5, 95% CI: 4.5 – 8.2). 
Table 4: Distribution of liver enzyme levels by NAFLD in Persons with DM
	  Variables
	NAFLD Positive
n = 49, (%)
	NAFLD Negative
n = 101, (%)
	Chi-square 
(p-value)
	OR (95% C.I)

	ALP
Elevated
Normal
	
11 (22.4)
	
24 (23.8)
	
0.03 (0.858)
	0.9 (0.4 – 2.1)

	
	38 (77.6)
	77 (76.2)
	
	

	GGT
Elevated
Normal
	
9 (18.4)
	
16 (15.8)
	
0.15 (0.697)
	1.1 (0.4 – 2.9)

	
	40 (81.6)
	85 (84.2)
	
	

	ALT
Elevated
Normal
	
25 (51.0)
24 (49.0)
	
1 (1.0)
100 (99.0)
	
57.63 (0.0001)*
	10.4 (1.3 – 18.7)

	AST
Elevated
Normal

	
21 (42.9)
28 (57.1)
	
1 (1.0)
100 (99.0)
	
46.20 (0.0001)*
	7.5 (4.5 – 8.2)


*Distribution is statistically significant (p < 0.05)
NAFLD=Non-Alcoholic Fatty Liver Disease, AST=Aspartate Transaminase, ALT=Alanine Transaminase, ALP=Alkaline Phosphatase, GGT=Gamma Glutamyl Transferase

4.0	DISCUSSION
Building on prior research, this study reinforces the concerning link between type II diabetes mellitus (T2DM) and non-alcoholic fatty liver disease (NAFLD).  Similar to findings reported in the study by Marjot et al.,[19], a statistically significant association was observed, with 32.7% of individuals with T2DM testing positive for NAFLD compared to only 17.3% in the control group.  This aligns with the growing body of evidence suggesting diabetic patients are more than twice as likely to develop NAFLD, as evidenced by the odds ratio of 2.3 (95% CI: 1.3-3.9).[20, 21]  
Promoting healthy lifestyles across the population, with a focus on weight management, balanced diets, and regular exercise, can play a crucial role in mitigating the risk of both T2DM and NAFLD, as emphasized in Ballestri et al.,[21].  Continuing from the previous analysis of the association between NAFLD and diabetes, this study sheds light on the role of specific liver enzymes in identifying the disease. Insulin resistance, a hallmark of type 2 diabetes and metabolic syndrome, reduces insulin's ability to suppress lipolysis in adipose tissue, leading to increased free fatty acid (FFA) release into the circulation.[22, 23] These FFAs are taken up by the liver and re-esterified into triglycerides, promoting hepatic fat accumulation.[22]
Research has also shown the dyslipidaemia, characterized by elevated triglycerides, low HDL cholesterol, and increased small dense LDL particles, contributes to liver fat deposition. High plasma triglyceride levels and increased very-low-density lipoprotein (VLDL) production from the liver result in an imbalance between lipid influx and efflux. This leads to triglyceride accumulation within hepatocytes. Moreover, reduced clearance of lipoproteins due to insulin resistance exacerbates hepatic steatosis.[13, 24, 25]
The findings of the current reveal a clear distinction in the levels of ALT and AST between individuals with and without NAFLD.  These findings strongly suggest that ALT and AST serve as more reliable markers for detecting NAFLD compared to ALP and GGT. The considerably elevated levels of ALT and AST in individuals with NAFLD point towards the presence of liver inflammation or damage, potentially caused by excess fat accumulation in the liver.[26, 27]  In contrast, ALP and GGT levels appear to be less indicative of NAFLD on their own. Similar study carried out in the South-West of the country also reported that more diabetic participants with NAFLD had elevated  AST of 7.1%, and ALT of  10.7% compared with their non-NAFLD counterpart (4.3% and 9.3% respectively).[28]  
This current study found no significant relationship between ALP and GGT, and NAFLD, thus corroborating the earlier mentioned Nigerian study. Mandal et al[29] carried out a similar study in Europe on 210 diabetic patients in which ALT was found to be the commonest abnormal liver enzyme and was elevated in 40.4% of the study population. This was similar to the findings of the current study which also found ALT to be the most common enzyme to be elevated and was found in about half of the diabetic subjects with NAFLD compared with only 1 individual in the non-NAFLD diabetic group. López-Amador et al also reported that the most frequent alteration was ALT level elevation (72.5% of type 2 DM patients with NAFLD) with a higher level relative to AST level (25% patients type 2 DM patients with NAFLD).[30]
This distinction in the diagnostic utility of different liver enzymes holds significant implications for clinical practice.  By focusing on ALT and AST levels, healthcare professionals can gain valuable insights into potential NAFLD and implement earlier interventions to prevent disease progression. The high prevalence of NAFLD among diabetic patients highlights the interrelation between diabetes and liver health. The study's findings align with global trends indicating a strong association between metabolic syndrome components and NAFLD. 
CONCLUSION
This study confirms a substantial burden of NAFLD among diabetic patients in Southern Nigeria. Given the association between NAFLD and metabolic syndrome components, routine screening for liver abnormalities in diabetic patients is recommended. Early detection through liver enzyme tests and ultrasound examinations can facilitate timely interventions, potentially mitigating the progression of liver disease. Combining lifestyle interventions with targeted pharmacological treatments provides the most effective approach for mitigating NAFLD progression. Tailoring these strategies to individual patient profiles, alongside regular monitoring, ensures optimized outcomes and prevention of severe complications.
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Figure 1: Proportion of NAFLD among Type II DM patients
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