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Abstract
BACKGROUND
The prevalence of metabolic-associated fatty liver disease (MAFLD) is a growing public health issue in people living with human immunodeficiency virus (PLWH). However, the pathophysiology of MAFLD is still unknown, and the role of genetic variables is only now becoming evident.

AIM
To evaluate the associations of gene-polymorphism-related MAFLD in PLWH. 

METHODS
The study employed transient elastography with a controlled attenuation parameter ≥ 248 dB/m to identify MAFLD in patients from a Super Tertiary Hospital in central Thailand. Candidate single-nucleotide polymorphisms (SNPs) were genotyped using TaqMan® MGB probe 5' nuclease assays for seven MAFLD-related genes. Statistical analyses included SNP frequency analysis, Fisher's Exact and Chi-square tests, odds ratio calculations, and multivariable logistic regression. 

RESULTS
The G-allele carriers of PNPLA3 (rs738409) exhibited a two-fold rise in MAFLD, increasing by 2.5 times in MAFLD with human immunodeficiency virus infection. The clinical features and genetic patterns imply that LEP rs7799039 A-allele carriers had a nine times (P = 0.001) more significant chance of developing aberrant triglyceride among PLWH. 

CONCLUSION
The current study shows an association between PNPLA3 rs738409 and LEP rs7799039 with MAFLD in PLWH.
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Core Tip: The prevalence of metabolic-associated fatty liver disease (MAFLD) in people living with human immunodeficiency virus (PLWH) is increasing, becoming a public health concern. The current evidence suggests that aspartate transaminase, fasting plasma glucose, triglyceride, total cholesterol, low-density lipoprotein, and the genetic factors PNPLA3 rs738409 and LEP rs7799039 indicate genetic susceptibility for PLWH, leading to improvements in MAFLD. 

INTRODUCTION
Metabolic-associated fatty liver disease (MAFLD) related to systemic insulin resistance is defined as an accumulation of fat in the hepatocytes of more than 5%, consisting of steatosis, non-alcoholic steatohepatitis, fibrosis, and cirrhosis[1,2]. Nowadays, the pathogenesis of MAFLD remains unclear. Furthermore, the prevalence of MAFLD in people living with human immunodeficiency virus (PLWH) was reported to be 40%-55%, based on different MAFLD phenotype-proven techniques in multiple ethnicities[3,4]. Additionally, liver disease is the second leading cause of death in PLWH[5]. Since 2005, several studies have suggested that MAFLD is common in human immunodeficiency virus (HIV) patients, and its prevalence appears to be increasing. Therefore, HIV infection remains a contributing factor of MAFLD that directly activates insulin resistance in adipose tissue and generates mitochondrial toxicity and reactive oxygen species in hepatocytes, which worsens the MAFLD prognosis[6].
Genetic differences in the risk of MAFLD or NASH progression in the general population are well described[7]. One of the strongest and most consistent associations with the presence and progression of MAFLD in certain populations is associated with the single-nucleotide polymorphism (SNP) on the PNPLA3 rs738409[8-12]. However, only limited studies exist regarding the role of rs738409 SNP on the PNPLA3 gene among people living with HIV. A previous report analyzed the association between PNPLA3 rs738409 polymorphism and the severity of liver disease, insulin resistance, and obesity in patients co-infected with HIV/hepatitis C virus, which was not associated with the duration of the HIV infection or antiretroviral therapy (ART), specific antiretroviral drugs, a history of opportunistic infection, the patient’s immune status, or the duration of the aminotransferase elevation[13,14]. Additionally, other studies indicate that genes involved in the lipid metabolism pathway, such as APOC3, APOB, APOA5, and LIPC, are associated with MAFLD[15-22]. Moreover, GHRL and LEP also exhibit an association with MAFLD pathogenesis[23-25]. In a previous study, it was shown that the APOC3 rs2854116 is associated with elevated serum levels of triglycerides, while this genotype did not affect the incidence of lipoatrophy after adjusting for gender and stavudine (d4T)-containing regimens in Thai people living with HIV[26]. Importantly, GHRL gene polymorphism was significantly correlated with insulin resistance, which is a hallmark of MAFLD and increased type 2 diabetes mellitus risk, particularly among Chinese people and in other populations[27-29]. However, the genome-wide associations replicated in people living with HIV and MAFLD remain inconclusive. A previous study showed both positive and negative associations between candidate SNP and MAFLD, making it difficult to determine the significance of these findings[7,30]. Hence, our study aimed to evaluate the association between several genes related to MAFLD in Thai people living with HIV. 

MATERIALS AND METHODS
Study subjects
We enrolled patients from a Super Tertiary Hospital in central Thailand and classified them into 4 groups: 83 PLWH and MAFLD (Group 1); 94 people living with HIV and without MAFLD (Group 2); 145 with NAFLD without HIV infection (Group 3), and 93 Chinese Dai genotyping data from the 1000 Genome Project phase (http://www.1000genomes.org) used to represent the Thai ethnicity (Group 4). The presence of MAFLD was confirmed via transient elastography with a controlled attenuated parameter ≥ 248 dB/m, as prescribed by our colleague in a previous study[31]. The Infectious Disease Clinic enrolled PLWH who were on ART with full viral suppression and had no history of alcohol consumption in the trial. The key inclusion criteria were as follows: PLWH receiving ART with an undetectable HIV viral load for at least 6 months. Patients co-infected with hepatitis B or C virus, other known liver disorders such as cirrhosis or hepatocellular carcinoma, and critical liver disease were all excluded. The study protocol is shown in Figure 1.

Genotyping analysis
The genotyping of seven genes related to MAFLD was performed using an allele-specific TaqMan® MGB probe 5’ nuclease assay with a real-time polymerase chain reaction (PCR) ViiA7™ system (Applied Biosystems, Life Technologies). The allele-specific TaqMan® MGB probe 5’ nuclease chain reaction assay was performed with primers of PNPLA3 (rs738409); APOC3 (rs2854116); APOA5 (rs662799); APOB (rs10495712); LIPC (rs1800588); LEP (rs7799039); and GHRL (rs27647). Each 6 μL of the PCR mixture contained 2 μL of genomic DNA in a concentration of 5 ng/μL, 2.5 μL of the TaqMan® Genotyping Master mix, 0.25 μL of allele-specific TaqMan® MGB probe and a sequence-specific primer kit, and 1.25 μL of DNase-free water. The thermal cycler program started with 10 min at 95°C, followed by 50 cycles of 15 s at 92°C and 90 s at 60°C. The allelic discrimination plot was analyzed using ViiA7™ software (Applied Biosystems, Life Technologies). Allele 1 was labeled with VIC® dye fluorescence, and allele 2 was labeled with FAM® dye fluorescence.

Statistical analysis
The frequencies of all SNPs were checked for Hardy-Weinberg equilibrium using the R statistic, version 3.6.1, from the R Foundation for Statistical Computing. Fisher’s Exact and Chi-square tests were used to determine the statistical difference between the minor alleles between MAFLD patients and control patients using SPSS version 22.0 for Windows, SPSS Inc., Chicago, IL, United States. The association of the candidate genes’ polymorphisms with MAFLD was assessed by calculating the odds ratios and the corresponding 95% confidence intervals. Backward stepwise multivariable logistic regression analysis was used to assess whether one or more genetic factors predicted MAFLD. A P value of less than 0.05 was considered significant.

RESULTS
Characteristics of people living with HIV and with MAFLD (Group 1) and of non-MAFLD patients (Group 2) and MAFLD patients (Group 3)
When comparing the people living with HIV and with and without MAFLD, we enrolled a higher proportion of males with a higher BMI. The levels of fasting glucose, HbA1C, triglyceride, aspartate transaminase (AST), alanine transaminase (ALT), and gamma-glutamyl transferase were significantly higher in the MAFLD group compared to the non-MAFLD group in the metabolic profiles and liver function tests. When comparing the HIV treatment regimens, the proportion of non-nucleoside reverse transcriptase inhibitor, nucleoside reverse transcriptase inhibitor (NRTI), protease inhibitor (PI)-based, or alternative regimens did not differ between the two groups (P = 0.573), but comorbidities of dyslipidemia, hypertension, and diabetes mellitus were higher in people living with HIV and MAFLD (P = 0.002; P = 0.001 and P = 0.005, respectively) (Table 1).

Distribution of SNPs in people living with HIV and MAFLD (Group 1) or without MAFLD (Group 2), with MAFLD (Group 3), and Chinese Dai (Group 4)
 All the SNP genotyping experiments were successful. Throughout the entire study, the genotype frequencies of each SNP did not deviate from Hardy-Weinberg equilibrium (P > 0.05). Table 2 shows the genotype distribution and minor allele frequency of the investigated SNPs in people living with HIV with or without MAFLD, MAFLD patients, and Chinese Dai. All potential SNP genotype distributions (PNPLA3 rs738409, APOC3 rs2854116, APOA5 rs662799, APOB rs10495712, LIPC rs1800588, LEP rs7799039, and GHRL rs27647) in people living with HIV with MAFLD were similar to those seen in patients living with HIV without MAFLD. In comparison to Chinese Dai, patients with MAFLD had a higher frequency of the PNPLA3 G-allele (P = 0.035). The frequencies of the other SNPs were not significant in persons living with HIV and those with or without MAFLD.

Association between PNPLA3 and other candidate SNPs with MAFLD
the data given in Tables 3 and 4 show the well-established PNPLA3 rs738409 gene, which is found on chromosome 22 and has a function related to lipid droplet formation in the hepatocytes; the G-carrier patients had an approximately two-fold higher risk of developing MAFLD when compared to MAFLD with Chinese Dai (P = 0.012).Importantly, people living with HIV and MAFLD exhibited a 2.5-fold increased risk (P = 0.002) when compared to Chinese Dai (Group 4). In addition, GHRL (Ghrelin) rs27647 is a promising susceptibility gene for insulin regulation; the C-allele carrier has exhibited a protective effect in MAFLD in people living with HIV. The odds of having MAFLD is 53% lower if the people living with HIV are C-carriers of GHRL rs27647 than if they are not C-carriers (P = 0.047). However, there was no statistically significant association with GHRL in the other groups. Furthermore, APOC3rs2854116 C-allele carriers were also statistically significant in the MAFLD group, exhibiting a six-fold higher risk in the dominant model with Chinese Dai as the comparison (P < 0.001).

Association between candidate SNPs and the lipid profile, liver function, and glucose metabolisms
We performed a subgroup analysis of people living with HIV in terms of their metabolic profiles and compared the genotypes of candidate genes. As shown in Table 5, the mean or median values of the lipid profile [triglyceride, total cholesterol, LDL]; liver function (AST, ALT); and glucose metabolisms (HbA1C and fasting plasma glucose) were higher in the people living with HIV and MAFLD than in the control group (people living with HIV and non-MAFLD). The association between the genotypes of the APOA5 rs662799 SNP and serum lipid parameters in the control group is presented in Table 5 and Supplementary Table 1. Serum total cholesterol levels in control patients differed between the AA and AG/GG genotypes (P < 0.05). The APOA5 rs662799 G allele carriers had a lower proportion of total cholesterol levels in the normal range (< 200 mg/dL) than the A allele non-carriers and indicated the protective effect of APOA5 rs662799 in an abnormal range of total cholesterol (> 200 mg/dL); these results showed statistical significance (P = 0.045). Furthermore, LEP rs7799039 AG and AA carriers exhibited a significant nine-fold higher risk in an abnormal range of triglyceride (> 150 mg/dL) when compared with non-carriers (P = 0.001). Unfortunately, none of the individual SNPs were associated with LDL. Moreover, in men, APOC3 rs2854116 TT alleles also showed a protective effect on the high-density lipoprotein (HDL) profile (Table 5 and Supplementary Table 1). Furthermore, AST is known to be a reliable surrogate marker for outcome measures in MAFLD. Table 6 shows that PNPLA3 rs738409 G-carrier patients have an approximately 2.5 times higher chance of AST abnormality (> 34 U/L) when compared with non-carriers (statisticallysignificant at P = 0.010).

Association between the genetic profile, clinical factors, and MAFLD
A stepwise multiple logistic regression was performed to investigate the relationship between the genetics profiles, clinical factors, and MAFLD. Sixteen variables, including gender, AST, ALT, total cholesterol, triglycerides, HDL, LDL, fasting plasma glucose, HbA1C, and the genetic profiles of PNPLA3 rs738409, APOC3 rs2854116, APOA5 rs662799, APOB rs10495712, LIPC rs1800588, LEP rs7799039, and GHRL rs27647 were entered into the original equation. The results showed that seven variables, namely, AST, total cholesterol triglycerides, LDL, fasting plasma glucose, APOB rs10495712, and APOA5 rs662799, were significantly associated with MAFLD (Table 7).

DISCUSSION
Risk factors for MAFLD in people living with HIV (PLWH) include the normal factors seen in the general population, such as components of metabolic syndrome (obesity, diabetes, hypertension, dyslipidemia, a sedentary lifestyle, and excessive dietary intake)[1]. Hepatic steatosis and mitochondrial oxidative stress are pivotal to MAFLD pathogenesis. In PLWH with MAFLD, HIV-specific factors such as lipodystrophy, ART, and HIV infection itself are strongly linked to the development of MAFLD[31,32]. However, our study did not find NRTI-based and PI-based regimens to be predictive factors for MAFLD.
The strongest and most consistent associations with the presence and progression of MAFLD in the studied populations are related to the SNP on the PNPLA3 rs738409, which was discovered by the first GWAS in 2003[8]. Our study demonstrated the significance of PNPLA3 rs738409 in MAFLD when compared to the general population, indicating the impact of genetic factors. Moreover, we evaluated the effect of both HIV infection and genetic factors by conducting a comparison between people living with HIV and Chinese Dai, finding that it increased the chance of the development of MAFLD between 2 and 2.5 times when compared to the genetic factor alone. Moreover, our results agree with previous studies that demonstrated the significant association with PNPLA3 rs738409 and biopsy-proven fibrosis or steatosis among HIV/hepatitis C virus or HBV co-infected patients, HIV-mono infection, and the group with no viral infection[33-35].
Insulin resistance has been characterized as the crucial pathophysiological factor in MAFLD. The advanced reports found that insulin resistance is associated with the reduction of circulating ghrelin level[21,36,37]. Interestingly, our study has shown that the G/A genotype and G/G genotype of GHRL rs27647 were associated with a 53% decreased risk of MAFLD in people living with HIV when compared with non-MAFLD patients. Moreover, a previous study observed higher levels of ghrelin in patients with hypertriglyceridemia, as well as a positive correlation between ghrelin and triglyceride levels in patients with hypertriglyceridemia[38,39]. Unfortunately, our study failed to detect the association between SNP and triglyceride levels in people living with HIV. 
The APOC3 gene plays a crucial role in the circulation and clearance of very-low-density lipoprotein, HDL, and chylomicron remnants[40,41]. The polymorphism in the promotor region of the APOC3 rs2854116 (-455T>C) gene has been extensively studied and has been found to be related with insulin resistance at the transcriptional level. Consequently, the overexpression of APOC3, which functions to inhibit lipoprotein lipase and the cellular uptake of triglyceride-rich lipoprotein particles, may result in hypertriglyceridemia, as has been confirmed by in vivo and clinical studies[23,24,42-44]. In this study, we showed that APOC3 rs2854116 C-allele carrier patients have a six-fold higher risk of developing MAFLD in a dominant model. Our findings are also consistent with previous reports that the APOC3rs2854116 genetic variant leads to increased plasma concentrations of apolipoprotein C3, resulting in hepatic insulin resistance and MAFLD in multiethnic populations[23,45,46].
Our results show a similar trend to those of a previous report, which demonstrated a positive correlation between AST levels and the accumulation of intrahepatic triglyceride[47]. Interestingly, our results indicate a robust association in LEP rs7799039 with the lipid profile, especially with triglyceride levels. According to a subgroup analysis of patients infected with HIV, a patient who is a carrier of the A-allele (AG and AA) has a nine-times-higher risk of exhibiting abnormal triglyceride levels (> 150 mg/dL). Further information suggests that LEP rs7799039, located on chromosome 7, encodes 167 amino acid peptide variants with a molecular weight of 16 ku, which may subsequently affect the biological functions of LEP[48]. In recent years, LEP has been found to regulate the energy balance in coordination with the regulation of the glucose and lipid metabolisms. Thus, it plays a vital role in the development of MAFLD. This finding aligns with that of previous reports that evaluated the association between LEP rs7799039 and diabetes mellitus, metabolic syndrome, MAFLD, and cardiovascular disease[49,50]. Our findings should be interpreted while bearing in mind several potential limitations. First, the small sample size of each group may have limited the study’s ability to detect a significant relationship. Second, the patients included in this study were exclusively Thai, so our findings may not apply to patients of other ethnic origins. Further, long-term studies are still needed to confirm these findings in other ethnicities. Although the results of the available research are satisfactory, they have not been proven in randomized control trials. Further studies of genetic predispositions for MAFLD with the absence or presence with MAFLD will certainly provide a better understanding of the molecular mechanisms of MAFLD.

CONCLUSION
The prevalence of MAFLD in people living with HIV is increasing, representing a public health concern. The existing evidence suggests that AST, fasting plasma glucose, triglyceride, total cholesterol, LDL, and the genetic factors PNPLA3 rs738409 and LEP rs7799039 indicate genetic susceptibility for PLWH, leading to improvements in the treatment of MAFLD. 

ARTICLE HIGHLIGHTS
Research background
Metabolic-associated fatty liver disease (MAFLD), which is characterized by hepatocyte fat accumulation, poses substantial health risks; it affects a significant number of people globally, especially those living with obesity, diabetes, dyslipidemia, hypertension, and metabolic syndrome. Despite its prevalence, the precise mechanisms underlying MAFLD, which involve factors including viral hepatitis, human immunodeficiency virus (HIV), antiretroviral treatment, and genetics, remain unclear.

Research motivation
MAFLD is prevalent among individuals with HIV, with rates ranging from 40% to 55%; it is influenced by both antiretroviral medications and specific genetic variants. Notably, the PNPLA3 rs738409 variant, a genetic factor, plays a significant role in the development of MAFLD.

Research objectives
The present investigation sought to assess the correlation between gene polymorphisms and MAFLD in individuals living with HIV.

Research methods
We employed transient elastography and set a threshold for the controlled attenuated parameter at ≥ 248 dB/m for the identification of MAFLD. All participants underwent genotyping for candidate single-nucleotide polymorphisms.

Research results
Individuals carrying the G-allele of PNPLA3 (rs738409) demonstrated a two-fold increased risk of developing MAFLD; this risk rose to 2.5 times in cases of MAFLD with HIV infection. The clinical characteristics and genetic profiles suggested that carriers of the A-allele of LEP rs7799039 had a nine-fold higher likelihood of developing abnormal triglyceride levels among individuals living with HIV.

Research conclusions
The present research reveals a connection between PNPLA3 rs738409 and LEP rs7799039 and MAFLD in individuals with HIV.

Research perspectives
Genetic factors play a crucial role in the pathophysiology of MAFLD. In upcoming research, targeting the PNPLA3 gene in clinical trials may emerge as a promising direction for precision medicine in the treatment of MAFLD.
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Figure 1 Protocol flowchart. MAFLD: Metabolic-associated fatty liver disease; PLWH: People living with HIV; SNV: Single nucleotide variant.


Table 1 Baseline characteristics of metabolic-associated fatty liver disease patients and controls
	Characteristics
	PLWH and MAFLD (n = 83)
	PLWH and non-MAFLD (n = 94)
	P value
	MAFLD (n = 145)
	P value
	Chinese Dai (n = 93)
	P value

	Age (yr)
	51.99 ± 7.65
	49.55 ± 8.27
	0.044a
	65.00
	< 0.001b
	N/A
	N/A

	Gender
	
	
	
	
	
	
	

	Male
	54 (65.10)
	48 (51.10%)
	0.060
	68 (46.90%)
	0.008b
	44 (47.30%)
	0.950

	Female
	48 (34.90%)
	46 (48.90%)
	
	77 (53.10%)
	
	49 (52.70%)
	

	BMI (kg/m2)
	25.42
	21.79
	< 0.001a
	27.67
	< 0.001b
	N/A
	-

	CD4 (cells/mm3)
	619.00
	570.50
	0.033a
	N/A
	-
	N/A
	-

	%CD 4
	26.10 ± 0.83
	25.76 ± 0.81
	0.853
	N/A
	-
	N/A
	-

	Hb (g/dL)
	14.36  1.62
	13.84  1.90
	0.015a
	N/A
	
	N/A
	

	Platelets (-/mm3)
	259063  77332
	261694  66966
	0.744
	N/A
	
	N/A
	

	AP (U/L)
	85.00
	86.00
	0.821
	72.00
	0.001b
	N/A
	-

	AST (U/L)
	33.00
	28.00
	< 0.001a
	38.00
	0.015b
	N/A
	-

	ALT (U/L)
	38.00
	25.00
	< 0.001a
	50.00
	0.004b
	N/A
	-

	GGT (U/L)
	47.00
	35.50
	< 0.001a
	51.50
	0.853
	N/A
	-

	Total protein (g/L)
	79.60 ± 0.56
	78.28 ± 0.47
	0.071
	75.96 ± 0.42
	< 0.001b
	N/A
	-

	Albumin (g/L)
	40.80
	38.35
	< 0.001a
	40.65
	0.255
	N/A
	-

	Total bilirubin (mg/dL)
	0.60
	0.50
	0.759
	0.70
	0.10
	N/A
	-

	Direct bilirubin (mg/dL)
	0.20
	0.20
	0.862
	0.30
	0.007b
	N/A
	-

	HbA1C (mmol/L)
	5.68
	5.38
	< 0.001a
	6.36
	< 0.001b
	N/A
	-

	Fasting plasma Glucose (mg/dL)
	98
	93
	0.026
	108
	< 0.001b
	N/A
	-

	Triglyceride (mg/dL)
	169
	109
	< 0.001a
	123
	< 0.0001b
	N/A
	-

	Total Cholesterol (mg/dL)
	206.78 ± 5.57
	199.10 ± 3.57
	0.212
	183
	0.428
	N/A
	-

	HDL (mg/dL)
	44
	49
	0.004a
	49
	0.10
	N/A
	-

	LDL (mg/dL)
	130.67 ± 4.27
	122.46 ± 2.98
	0.086
	114.94 ± 2.83
	0.001b
	N/A
	-

	Drug-regimen, n (%)
	
	
	
	
	
	
	

	NRTI+NNRTI
	62 (74.7)
	71 (75.5)
	0.573
	N/A
	-
	N/A
	-

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NRTI+PI
	19 (22.9)
	18 (19.1)
	
	N/A
	-
	N/A
	-

	Alternative 
	2 (2.4)
	5 (5.3)
	
	N/A
	-
	N/A
	-

	Co-morbidities
	
	
	
	
	
	
	

	Dyslipidemia
	30 (36.1)
	15 (16.0)
	0.002a
	82 (56.9)
	0.002b
	N/A
	-

	Hypertension
	21 (25.3)
	6 (6.4)
	0.001a
	64 (44.1)
	0.003b
	N/A
	-

	Diabetes mellitus
	16 (19.3)
	5 (5.3)
	0.005a
	63 (43.4)
	< 0.001b
	N/A
	-


aP value < 0.05 compared between people living with human immunodeficiency virus (PLWH) and metabolic-associated fatty liver disease (MAFLD) vs PLWH and non-MAFLD.
bP value < 0.05 compared between PLWH and MAFLD vs MAFLD. 
Data represent as mode, mean ± standard deviation or n (%), differences between groups were tested by Chi-square test or one-way ANOVA as appropriate. AP: Alkaline phosphatase; AST: Aspartate aminotransaminase; ALT: Alanine aminotransaminase; ALP: Alkaline phosphatase; Hb: Henoglobin; TB: Total bilirubin; MAFLD: Metabolic-associated fatty liver disease; N/A: Not available; PLWH: People living with human immunodeficiency virus; GGT: Gamma-glutamyl transferase; HbA1C: Hemoglobin A1C; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; NRTI: Nucleoside reverse transcriptase inhibitor; NNRTI: Non-nucleoside reverse transcriptase inhibitor; PI: Protease inhibitor.

Table 2 Genotype distributions and Minor allele frequency of candidates single-nucleotide polymorphisms
	Polymorphism
	PLWH and MAFLD (n = 83)
	PLWH and non-MAFLD (n = 94)
	P value
	MAFLD (n = 145)
	Chinese Dai (n = 94)
	P value

	PNPLA3 rs738409
	

	MAF = G
	57 (34.33)
	56 (29.78)
	0.413
	92 (31.73)
	43 (23.12)
	0.035a

	APOC3 rs2854116
	
	
	
	
	
	

	MAF=T
	81 (47.09)
	87(46.28)
	0.691
	128 (44.14)
	88 (47.31)
	< 0.001b

	LEP rs7799039
	

	MAF=G
	57 (33.14)
	57 (30.32)
	0.738
	85 (29.31)
	48 (25.81)
	0.674

	GHRL rs27647

	MAF = C
	13 (7.56)
	25 (13.30)
	0.055
	28 (9.66)
	18 (9.68)
	0.702

	LIPC rs1800588

	MAF = T
	70 (42.17)
	70 (37.33)
	0.421
	101 (34.83)
	67 (36.02)
	0.872

	APOB rs10495712
	

	MAF = A
	15 (8.06)
	14 (7.45)
	0.853
	22 (7.59)
	8 (4.30)
	0.339

	APOA5 rs662799
	

	MAF = G
	41 (22.04)
	51 (27.13)
	0.766
	75 (25.86)
	52 (27.96)
	0.834


aP value < 0.05 compared between people living with human immunodeficiency virus (PLWH) and metabolic-associated fatty liver disease (MAFLD) vs PLWH and non-MAFLD.
bP value < 0.05 compared between PLWH and MAFLD vs MAFLD MAF minor allele frequency, Chinese Dai was represented as general population. Data represented as n (%), PLWH and MAFLD vs other groups, differences between groups were tested by Chi-square test. MAFLD: Metabolic-associated fatty liver disease; PLWH: People living with human immunodeficiency virus; MAF: Metabolic-associated fatty.


Table 3 Genotype and allele frequencies of the single-nucleotide polymorphisms in the people living with human immunodeficiency virus and metabolic-associated fatty liver disease compared with people living with human immunodeficiency virus and non-metabolic-associated fatty liver disease group
	Gene
	SNP
	B allele
	Dominant model
	Recessive model

	
	
	
	PLWH and MAFLD vs PLWH and non-MAFLD
	PLWH and MAFLD vs Chinese Dai
	PLWH and MAFLD vs PLWH and non-MAFLD
	PLWH and MAFLD vs Chinese Dai

	
	
	
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	PNPLA3
	rs738409
	G
	1.476 (0.809-2.694)
	0.204
	2.539 (1.382-4.665)
	0.002b
	0.94 (0.276-3.202)
	0.921
	0.929 (0.273-3.166)
	0.907

	APOC3
	rs2854116
	C
	1.117 (0.543-2.297)
	0.764
	1.203 (0.588-2.462)
	0.613
	0.798 (0.411-1.550)
	0.506
	0.828 (0.425-1.614)
	0.579

	LEP
	rs7799039
	G
	0.704 (0.287-1.727)
	0.422
	0.408 (0.146-1.142)
	0.080
	0.886 (0.491-1.601)
	0.689
	0.730 (0.403-1.322)
	0.298

	GHRL
	rs27647
	G
	0.466 (0.217-1.001)
	0.047a
	0.704 (0.317-1.566)
	0.388
	2.146 (1.832-2.514)
	0.469
	2.134 (1.823-2.499)
	0.472

	LIPC
	rs1800588
	T
	1.506 (0.806-2.815)
	0.198
	1.676 (0.898-3.128)
	0.104
	1.053 0.452-2.456)
	0.905
	1.040 (0.446-2.427)
	0.928

	APOB
	rs10495712
	A
	1.264 (0.557-2.871)
	0.575
	2.156 (0.855-5.436)
	0.098
	1.134 (0.070-18.422)
	1.000
	2.134 (1.823-2.499)
	0.472

	APOA5
	rs662799
	G
	0.914 (0.505-1.654)
	0.766
	0.960 (0.330-2.790)
	0.940
	0.629 (0.177-2.231)
	0.470
	0.734 (0.200-2.697)
	0.751


Data expressed as OR odds ratio, CI confidence interval.
aP value < 0.05 compared between people living with human immunodeficiency virus (PLWH) and metabolic-associated fatty liver disease (MAFLD) vs PLWH and non-MAFLD.
bP value < 0.05 compared between PLWH and MAFLD vs Chinese Dai was represented as general population, B-allele expressed risk allele. MAFLD: Metabolic-associated fatty liver disease; PLWH: People living with human immunodeficiency virus; SNP: Single-nucleotide polymorphism.






Table 4 Genotype and allele frequencies of the single-nucleotide polymorphisms in the metabolic-associated fatty liver disease compared with Chinese Dai
	Gene
	SNP
	B allele
	Dominate model
	Recessive model

	
	
	
	OR (95%CI)
	P value
	OR (95%CI)
	P value

	PNPLA3
	rs738409
	G
	1.970 (1.160-3.345)
	0.012a
	1.074 (0.377-3.061)
	0.894

	APOC3
	rs2854116
	C
	6.109 (2.490-14.986)
	< 0.001a
	0.485 (0.259-0.907)
	0.022b

	LEP
	rs7799039
	G
	0.840 (0.300-2.355)
	0.740
	0.790 (0.469-1.332)
	0.376

	GHRL
	rs27647
	G
	0.953 (0.491-1.850)
	0.888
	1.646 (1.486-1.823)
	1.000

	LIPC
	rs1800588
	T
	0.889 (0.525-1.504)
	0.661
	1.042 (0.494-2.199)
	0.914

	APOB
	rs10495712
	A
	1.799 (0.762-4.251)
	0.176
	1.642 (1.486-1.823)
	1.000

	APOA5
	rs662799
	G
	0.854 (0.507-1.438)
	0.552
	0.960 (0.330-2.790)
	0.940


aP value < 0.05 compared between metabolic-associated fatty liver disease (MAFLD) vs Chinese Dai in dominant model.
bP value < 0.05 compared between MAFLD vs Chinese Dai in recessive model, B-allele expressed risk allele. Data expressed as n (%). MAFLD: Metabolic-associated fatty liver disease; PLWH: People living with human immunodeficiency virus; SNP: Single-nucleotide polymorphism; OR: Odds ratio.





Table 5 Association between genetic polymorphism and Lipid profile
	Genetic polymorphisms
	Lipid parameters

	
	Triglyceride (mg/dL), ( n = 177)
	Total cholesterol (mg/dL), (n = 177)
	LDL-cholesterol (mg/dL), (n = 177)
	HDL-cholesterol (mg/dL), (n = 66)
	HDL-cholesterol (mg/dL), (n = 111)

	
	< 150
	≥ 150
	< 200
	≥ 200
	< 130
	≥ 130
	Men ≥ 40 mg/dL, women ≥ 50 mg/dL 
	Men < 40 mg/dL, women < 50 mg/dL 

	PNPLA3 rs738409 CC vs CG+GG
	
	

	OR (95%CI)
	0.699 (0.383-1.277)
	1.053 (0.580-1.912)
	1.088 (0.597-1.981)
	0.9967 (0.538 -1.846)

	P value
	0.243
	0.865
	0.784
	0.992

	APOC3 rs2854116 TT vs CT+CC
	

	OR (95%CI)
	0.796 (0.387-1.635)
	1.611 (0.780-3.328)
	1.173 (0.568-2.423)
	0.4696 (0.253-0.873)

	P value
	0.534
	0.195
	0.666
	0.017a

	APOA5 rs662799 AA vs AG+GG
	
	

	OR (95%CI)
	1.021 (0.562-1.855)
	0.543 (0.299-0.989)
	0.595 (0.326-1.084)
	0.739 (0.374-1.461)

	P value
	0.946
	0.045a
	0.089
	0.385

	APOB rs10495712 (GG vs AG+AA)
	
	

	OR (95%CI)
	0.749 (0.322-1.743)
	0.719 (0.315-1.639)
	0.807 (0.351-1.855)
	0.816 (0.343-1.938)

	P value
	0.501
	0.431
	0.613
	0.645

	LIPC rs1800588 CC vs CT+TT
	
	

	OR (95%CI)
	0.870 (0.467-1.621)
	0.732 (0.393-1.363)
	0.607 (0.326-1.132)
	0.911 (0.482-1.722)

	P value
	0.661
	0.325
	0.115
	0.774

	LEP rs7799039 GG vs AG+AA
	
	

	OR (95%CI)
	9.316 (2.064-40.428)
	1.623 (0.655-4.017)
	1.518 (0.602-3.825)
	1.317 (0.507-3.419)

	P value
	0.001a
	0.292
	0.374
	0.572

	GHRL rs27647 (AA vs AG+GG)
	
	

	OR (95%CI)
	0.570 (0.265-1.224)
	0.997 (0.483-2.058)
	0.905 (0.436-1.878)
	0.889 (0.417-1.895)

	P value
	0.147
	0.993
	0.788
	0.761


aP < 0.05 compare between normal level vs abnormal level. OR: Odds ratio; HDL: High-density lipoprotein; LDL: Low-density lipoprotein.






Table 6 Association between genetic polymorphism and metabolic traits
	Genetic polymorphisms
	Metabolic traits

	
	FPG (mg/dL), n = 175
	HbA1C (mmol/L), n = 159
	AST (U/L), n = 175
	ALT (U/L), n = 177

	
	< 100
	≥ 100
	< 6.5
	≥ 6.5
	<34
	≥ 34
	< 40
	≥ 40

	PNPLA3 rs738409 (CC vs CG+GG)

	OR (95%CI)
	0.354 (0.063-1.984)
	1.055 (0.437-2.543)
	2.568 (1.243-5.305)
	1.679 (0.713-3.953)

	P value
	0.219
	0.906
	0.010a
	0.232

	APOC3 rs2854116 (TT vs CT+CC)

	OR (95%CI)
	0.956 (0.923-0.991)
	1.553 (0.495-4.897)
	0.735 (0.335-1.614)
	0.630 (0.253-1.570)

	P value
	0.342
	0.448
	0.442
	0.318

	APOA5 rs662799 (AA + AG+GG)

	OR (95%CI)
	1.167 (0.229-5.946)
	1.213 (0.509-2.893)
	0.823 (0.421-1.611)
	0.730 (0.320-1.664)

	P value
	1.000
	0.663
	0.570
	0.453

	APOB rs10495712 (GG vs AG+AA)

	OR (95%CI)
	1.100 (0.123-9.802)
	1.150 (0.356-3.720)
	2.063 (0.879-4.840)
	1.255 (0.431-3.651)

	P value
	0.923
	0.815
	0.092
	0.774

	LIPC rs1800588 (CC vs CT+TT)

	OR (95%CI)
	0.947 (0.907-0.989)
	1.709 (0.636-4.592)
	1.476 (0.719-3.027)
	2.208 (0.844-5.776)

	P value
	0.093
	0.284
	0.287
	0.100

	LEP rs7799039 (GG vs AG+AA)

	OR (95%CI)
	0.268 (0.046-1.561)
	1.008 (0.272-3.746)
	1.329 (0.462-3.827)
	2.016 (0.444-9.155)

	P value
	0.166
	1.000
	0.579
	0.535

	GHRL rs27647 (AA vs AG+GG)

	OR (95%CI)
	1.045 (1.009-1.083)
	0.700 (0.222-2.206)
	0.676 (0.285-1.605)
	0.795 (0.280-2.256)

	P value
	0.345
	0.541
	0.373
	0.666


aP value < 0.05. AST: Aspartate aminotransaminase; ALT Alanine aminotransaminase; OR: Odds ratio; FPG: Fasting plasma glucose; HbA1C: Hemoglobin A1C.



Table 7 Logistic regression analysis of factors associated with metabolic-associated fatty liver disease (people living with human immunodeficiency virus and metabolic-associated fatty liver disease vs people living with human immunodeficiency virus and non-metabolic-associated fatty liver disease)
	[bookmark: RANGE!H195]Factor
	Exp(B)
	95%CI
	P value

	AST
	4.615
	1.081-19.709
	0.039a

	Fasting Plasma glucose
	21.5
	5.327-86.767
	< 0.001a

	Triglyceride
	6.747
	1.747-26.047
	0.006a

	Total cholesterol
	0.125
	0.019-0.819
	0.030a

	LDL
	12.97
	1.983-84.827
	0.007a

	APOB rs10495712
	4.195
	1.304-18.532
	0.019a

	APOA5 rs662799
	0.012
	0.002-0.770
	< 0.001a

	LEP rs7799039
	0.321
	0.070-1.469
	0.143a


aP value < 0.2. AST: Aspartate aminotransaminase; FPG: Fasting plasma glucose; LDL: Low-density lipoprotein.
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