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Abstract
Objective  Non-high-density lipoprotein cholesterol, an aggregate marker of atherogenic lipoproteins, has been 
implicated in metabolic dysfunction and may predict non-alcoholic fatty liver disease risk. Our study investigated the 
association between non-high-density lipoprotein cholesterol and non-alcoholic fatty liver disease among people 
living with Human Immunodeficiency Virus on dolutegravir-based antiretroviral therapy in southwestern Uganda. 
We conducted a secondary analysis of data obtained from a cross-sectional study of 377 adults who had been on 
dolutegravir-based antiretroviral therapy for ≥ 12 months at Ruhoko Health Centre IV, southwestern Uganda.

Results  Of the 377 participants, 42(11.1%; 95CI: 8.3–14.8) had non-alcoholic fatty liver disease. We observed a 
significant association between high non-high-density lipoprotein cholesterol and non-alcoholic fatty liver disease; 
second tertile (aOR = 3.08, 95% CI: 1.06–8.99, p = 0.039) and third tertile (aOR = 4.46, 95% CI: 1.25–15.88, p = 0.021). At 
an optimal cut-off of ≥ 113.4 with a sensitivity of 69% and specificity of 48%, non-high-density lipoprotein cholesterol 
had a significant discriminative ability; AUC = 0.654(95%CI:0.561–0.747) to distinguish participants with from those 
without non-alcoholic fatty liver disease. Therefore, High non-high-density lipoprotein cholesterol is a potential 
predictor for non-alcoholic fatty liver disease.

Keywords  Non-alcoholic fatty liver disease, Atherogenic lipid, Fatty liver index
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Introduction
Non-alcoholic fatty liver disease (NAFLD), also termed 
metabolic dysfunction-associated steatotic liver disease 
(MASLD), is defined by the accumulation of ≥ 5% hepatic 
fat in the absence of significant alcohol intake or other 
identifiable causes of liver disease [1]. NAFLD is now the 
most common chronic liver disease worldwide, affecting 
25–30% of the global population, and is a leading cause 
of cirrhosis and hepatocellular carcinoma [2]. Among 
people living with human immunodeficiency virus(HIV), 
the prevalence of NAFLD appears even higher; a recent 
meta-analysis estimated it at 33–43%, exceeding that of 
the general population [3].

Integrase inhibitor–based antiretroviral therapy (ART), 
particularly dolutegravir (DTG), which is currently the 
preferred first-line regimen, has been associated with 
weight gain, metabolic abnormalities, and increased 
hepatic steatosis [4–8], potentially heightening NAFLD 
risk in people living with HIV (PLWH). Epidemiological 
data indicate that NAFLD prevalence is rising in sub-
Saharan Africa, with an estimated regional prevalence 
of 29.21% [9]. In Uganda, community-based data report 
MASLD in 14% of women and 8% of men, with slightly 
higher prevalence among individuals with HIV [10]. This 
growing burden highlights NAFLD as an emerging chal-
lenge within metabolic and chronic disease management 
in the region.

If left untreated, NAFLD may progress to non-alcoholic 
steatohepatitis (NASH), advanced fibrosis, cirrhosis, and 
hepatocellular carcinoma [2]. NAFLD is also an indepen-
dent risk factor for cardiovascular disease, the leading 
cause of death among affected individuals [11]. In PLWH, 
where liver disease and cardiovascular events already 
constitute major non-AIDS causes of mortality [12], 
unrecognized NAFLD may substantially worsen clinical 
outcomes.

Despite the recognized risk of NAFLD in PLWH, the 
contribution of specific atherogenic lipids remains poorly 
defined. Non-high-density lipoprotein cholesterol (non-
HDL-C), encompassing low density lipoprotein-choles-
terol (LDL-C), very low-density lipoprotein-cholesterol 
(VLDL-C), and intermediate density lipoprotein-cho-
lesterol (IDL-C), is a potent marker of atherogenic cho-
lesterol and cardiovascular risk. Evidence also indicates 
that elevated non-HDL/HDL-C ratios predict incident 
NAFLD [13–15]. However, data linking these lipid mark-
ers to NAFLD in ART-treated HIV populations are 

limited. To the best of our knowledge, no study in south-
western Uganda has specifically examined atherogenic 
lipid markers in relation to NAFLD among PLWH receiv-
ing DTG-based ART. Given DTG’s metabolic effects [4] 
and its widespread use, this study aimed to evaluate the 
association between non-HDL-C, related lipid ratios, and 
NAFLD among PLWH on DTG-based ART in south-
western Uganda.

Materials and methods
Study design and population
We conducted a secondary data analysis using a dataset 
generated from a cross-sectional study that investigated 
the association between low aspartate aminotransferase 
(AST)/alanine aminotransferase (ALT) ratio and meta-
bolic syndrome(MetS) among 377 PLWH on DTG-based 
ART in southwestern Uganda [16].

Sample size determination
For this secondary analysis, the sample size was esti-
mated based on a reported prevalence of liver fibrosis of 
15% among adults living with HIV attending rural care 
clinics in Uganda [17]. Using the Kish–Leslie formula 
(1965), with a 5% margin of error and a 95% confidence 
interval, the minimum required sample size was calcu-
lated as:

n = 1.962 *0.15(1-0.15.15)/0.05*0.05 = 196.
The primary study enrolled 377 participants, which 

exceeded the minimum required sample size. Therefore, 
the available sample was considered adequate for the sec-
ondary data analysis.

Data collection
The secondary study was conducted between 10 May 
2025 and 10 July 2025. In the primary study, patients 
aged ≥ 18 years who had been on DTG-based ART for 
≥ 12 months and had given informed consent were 
enrolled systematically. Individuals with missing records, 
pregnancy, interrupted treatment, acute illness including 
hepatitis, or using diabetes therapy, lipid-lowering drugs, 
corticosteroids, or oral contraceptives were excluded.

In this secondary analysis, the primary outcome of 
interest was NAFLD. NAFLD was assessed using the fatty 
liver index (FLI) [18] validated algorithm based on body 
mass index (BMI), waist circumference, serum triglycer-
ides, and gamma-glutamyl transferase (γ-GTP). The FLI 
was calculated as follows:

	
FLI = 100 X e(0.953 × loge(triglycerides) + 0.139 × (BMI) + 0.718 × loge(γ −GTP) + 0.053 × (waist circumference) − 15.745)

1 + e(0.953 × loge(triglycerides) + 0.139 × (BMI) + 0.718 × loge(γ −GTP) + 0.053 × (waist circumference) − 15.745))



Page 3 of 10Bagenda et al. BMC Research Notes          (2026) 19:142 

Variable Total Non-alcoholic fatty liver disease p-value
N = 377 Absent: FLI < 60 N = 335 Present: FLI ≥ 60 N = 42

Age(Years): Median (IQR) 44 (30–59) 41 (29–56) 60.5 (44–68) < 0.001
Age group < 0.001
<40 166 (44.0%) 160 (47.8%) 6 (14.3%)
40–60 124 (32.9%) 109 (32.5%) 15 (35.7%)
>60 87 (23.1%) 66 (19.7%) 21 (50.0%)
Sex 0.015
Male 165 (43.8%) 154 (46.0%) 11 (26.2%)
Female 212 (56.2%) 181 (54.0%) 31 (73.8%)
Marital status 0.009
Single 161 (42.7%) 151 (45.1%) 10 (23.8%)
Married 216 (57.3%) 184 (54.9%) 32 (76.2%)
Education level 0.037
No education 83 (22.0%) 68 (20.3%) 15 (35.7%)
Primary 68 (18.0%) 60 (17.9%) 8 (19.0%)
Secondary 75 (19.9%) 65 (19.4%) 10 (23.8%)
Tertiary 151 (40.1%) 142 (42.4%) 9 (21.4%)
Residence 0.045
Urban 216 (57.3%) 198 (59.1%) 18 (42.9%)
Rural 161 (42.7%) 137 (40.9%) 24 (57.1%)
Religion 0.40
Christian 345 (91.5%) 308 (91.9%) 37 (88.1%)
Moslem 32 (8.5%) 27 (8.1%) 5 (11.9%)
Employment status 0.56
Unemployed 60 (15.9%) 52 (15.5%) 8 (19.0%)
Employed 317 (84.1%) 283 (84.5%) 34 (81.0%)
Ventilated kitchen 0.15
No 55 (14.6%) 52 (15.5%) 3 (7.1%)
Yes 322 (85.4%) 283 (84.5%) 39 (92.9%)
Smoking 0.99
Non smoker 332 (88.1%) 295 (88.1%) 37 (88.1%)
Ever smoked 45 (11.9%) 40 (11.9%) 5 (11.9%)
Alcohol status 0.041
Never consumed 143 (37.9%) 121 (36.1%) 22 (52.4%)
Ever consumed 234 (62.1%) 214 (63.9%) 20 (47.6%)
Vegetable and fruit intake 1.00
<5 servings per day 367 (97.3%) 326 (97.3%) 41 (97.6%)
≥5 servings per day 10 (2.7%) 9 (2.7%) 1 (2.4%)
Poor sleep quality < 0.001
Good quality 275 (72.9%) 255 (76.1%) 20 (47.6%)
Poor quality 102 (27.1%) 80 (23.9%) 22 (52.4%)
Sleep duration 0.86
>7 72 (19.1%) 65 (19.4%) 7 (16.7%)
6–7 251 (66.6%) 221 (66.0%) 30 (71.4%)
5–6 38 (10.1%) 35 (10.4%) 3 (7.1%)
<5 16 (4.2%) 14 (4.2%) 2 (4.8%)
Obstructive Sleep Apnea < 0.001
Low risk of OSA 302 (80.1%) 280 (83.6%) 22 (52.4%)
High risk of OSA 75 (19.9%) 55 (16.4%) 20 (47.6%)
High blood pressure 0.038
Absent 145 (38.5%) 135 (40.3%) 10 (23.8%)
Present 232 (61.5%) 200 (59.7%) 32 (76.2%)
DTG-ART duration 0.020

Table 1  Sociodemographic and clinical characteristics of the study participants stratified by non-alcoholic fatty liver disease status
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The index ranges from 0 to 100 and has demonstrated 
good diagnostic accuracy for detecting NAFLD, with an 
AUC of 0.84 (95% CI: 0.81–0.87) [19, 20]. A FLI score of 
< 30 reliably rules out, while a score ≥ 60 rules in hepatic 
steatosis as confirmed by ultrasonography. Accord-
ingly, in this study, NAFLD was defined as FLI ≥ 60 [21]. 
At this cut off point, FLI has excellent diagnostic accu-
racy for detecting fatty liver on ultrasound with sensi-
tivity 96% (95% CI 91.1–98.4%), specificity 92.5% (95% 
CI 86.7–96.2%), PPV 92.4% (95% CI 86.5–96.2%), NPV 
96.1% (95% CI 90.8–98.7%), and accuracy 94.6% (95% CI 
91.9–96.6%) [20].

The major independent variables were non-HDL-
C, Castelli’s Risk Index (CRI-I), Castelli’s Risk Index 
(CRI-II), Atherogenic Coefficient (AC) and Residual 
cholesterol (RC). In this study, High blood pressure 
(Hypertension) was defined as Systolic blood pressure ≥ 
140 mmHg and/or diastolic blood pressure ≥ 90 mmHg 
[22].

Parameter calculations
 

 (1)	  Non-HDL-C = TC (mg/dL) – HDL-c (mg/dL) 
[23].

 (2)	  Castelli’s Risk Index (CRI-I) = TC/HDL-C [24].
 (3)	  Castelli’s Risk Index (CRI-II) = LDL-C/HDL-C 

[24].
 (4)	  “Atherogenic Coefficient (AC)” = Non-HDL-C)/

HDL-C [25].
 (5)	  Residual cholesterol (RC) = TC (mg/dL) – HDL-c 

(mg/dL) – LDL-c (mg/dL [26]. 

 

Statistical analysis
Data were analyzed using STATA software version 
17. Continuous variables were assessed for normal-
ity using the Shapiro-Wilk normality test. All variables 
were not normally distributed and therefore were sum-
marized using medians (interquartile range, IQR). The 
distribution of the variables between participants with 
and those without NAFLD was compared using Mann-
Whitney U test. Categorical variables were summarized 

Fig. 1  Proportion of study participants with Non-alcoholic fatty liver disease

 

Variable Total Non-alcoholic fatty liver disease p-value
N = 377 Absent: FLI < 60 N = 335 Present: FLI ≥ 60 N = 42

≤2years 112 (29.7%) 106 (31.6%) 6 (14.3%)
>2years 265 (70.3%) 229 (68.4%) 36 (85.7%)
Data are presented as median (IQR) or n (%). P-values compare groups using appropriate non-parametric or categorical tests. Abbreviations: NAFLD, non-alcoholic 
fatty liver disease; FLI,Fatty Liver Index; DTG, dolutegravir; OSA,obstructive sleep apnea; IQR,interquartile range.

Table 1  (continued) 
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as frequencies and percentages and their distribution by 
NAFLD status compared using Chi-square or Fisher’s 
exact tests.

To assess associations between independent variables 
and the binary outcome variable; NAFLD, logistic regres-
sion was performed. Associations were reported as odds 
ratios with 95% confidence intervals, and statistical sig-
nificance was set at p ≤ 0.05. Non-HDL-C and the lipo-
protein ratios were categorized into tertiles. Variables 
with p-values ≤ 0.05 at bivariate analysis and those with 
biological plausibility were included in the multivari-
ate analysis to adjust for possible confounding. To adjust 
for precision, non-significant variables lacking strong 
biological plausibility with NAFLD were dropped from 
the multivariate model without significant loss of model 
validity. The final chosen reduced model was tested for 
its suitability to predict the outcome variable using Hos-
mer-Lemeshow goodness of fit test, and a p-value > 0.05 
indicates good goodness of fit. The final model was 

assessed for severe multicollinearity using the mean vari-
ance inflation factor (VIF), which was 2.67 (range: 1.07–
10.73). A VIF threshold of < 5 was considered acceptable, 
indicating the absence of severe multicollinearity. A 
p-value < 0.05 was considered statistically significant in 
the final model.

To evaluate the predictive ability of the lipoprotein 
indices for identifying participants with NAFLD, we per-
formed receiver operating characteristic (ROC) curve 
analysis. The area under the ROC curve (AUC) was cal-
culated to quantify the overall ability of each lipopro-
tein index to discriminate between participants with 
and without NAFLD. An AUC value approaching 1.0 
indicates excellent discriminative performance, whereas 
an AUC of 0.5 reflects no discriminative ability beyond 
chance. Predictive performance was considered statisti-
cally significant when the 95% confidence interval of the 
AUC did not include the null value of 0.5.

Results
Sociodemographic and clinical characteristics of the study 
participants
A total of 377 participants were included in the study, 
with a median age of 44 years (IQR: 30–59) as indi-
cated in Table  1. Of the 377 participants, 42 (11.1%) 
screened positive for NAFLD based on the FLI ≥ 60. 
Therefore, the overall prevalence of NAFLD was 11.1% 
with 95% Confidence Interval of 8.3% − 14.8% as indi-
cated in Fig.  1. Participants with NAFLD had a signifi-
cantly higher median age than those without (60.5 vs. 
41 years, p < 0.001). Females predominated (56.2%) and 
were more represented in the NAFLD group (73.8% vs. 
54.0%, p = 0.015). Married (76.2% vs. 54.9%, p = 0.009), 
less educated (p = 0.037), and rural participants (57.1% vs. 
40.9%, p = 0.045) were significantly more prevalent in the 
NAFLD group compared to those without the condition. 
Poor sleep quality (52.4% vs. 23.9%, p < 0.001), high risk of 
obstructive sleep apnea (47.6% vs. 16.4%, p < 0.001), high 
blood pressure (76.2% vs. 59.7%, p = 0.038) and longer 
DTG-based ART duration (> 2 years) (85.7% vs. 68.4%, 
p = 0.020) were also significantly more prevalent among 
participants with NAFLD than those without (Table 1).

Biochemical parameters and indices of the study 
participants
Among biochemical parameters (Table 2), fasting plasma 
glucose, remnant cholesterol (RC), and aspartate ami-
notransferase (AST) significantly differed between the 
two groups. Participants with NAFLD had higher fasting 
plasma glucose (94.3 vs. 87.1  mg/dL, p = 0.012) and RC 
levels (38.9 vs. 34.6  mg/dL, p = 0.014), but significantly 
lower AST levels (17 U/L vs. 21.2 U/L, p = 0.004) than 
those without NAFLD.

Table 2  Biochemical parameters and indices of the study 
participants stratified by non-alcoholic fatty liver disease status
Variable
Median(IQR)

Total
N = 377

Non-alcoholic fatty liver 
disease

p-val-
ue

Absent: 
FLI < 60 N = 335

Present: 
FLI ≥ 60 N = 42

Fasting 
plasma 
glucose

87.40(77.5–
101.2.5.2)

87.10(77.30–
99.70)

94.30(79–
117.3.3)

0.012

Total 
cholesterol

168 
(144–208.8.8)

167.5 (144–208) 176 (154–211) 0.29

Non-HDL 
cholesterol

115.2 (92.4–
134.1.4.1)

113.9 
(92.2–132.9.2.9)

121.75 (102.5–
146.3.5.3)

0.076

RC 35.4 
(26.6–40.2)

34.6 
(26.16–39.6)

38.9 
(32.4–42.8)

0.014

LDL/HDLC 1.56(0.99–
2.45)

1.56(0.98–2.44) 1.54(1.08–2.83) 0.56

TC/HDL-C 
ratio

3.36(2.55–
4.34)

3.32(2.52–4.29) 3.39(2.60–4.86) 0.43

Non-HDL-C/
HDL-C

2.36(1.55–
3.34)

2.32(1.52–3.29) 2.39(1.60–3.86) 0.43

AST 21 (15–30) 21.20(16–31) 17 (13–25) 0.004
ALT 23 (17–31) 23 (17–31) 22 (18–31) 0.93
ALP 101 

(82–119)
101 (82–117) 106.45 

(77–148)
0.32

Na+ 137.8 
(135.40–141)

137.8 
(134.90–141)

138.5 (136.10–
142.2.10.2)

0.13

K+ 4.03(3.81–
4.41)

4.03(3.81–4.42) 4.11(3.82–4.40) 0.91

Na/K ratio 34.22(30.87–
36.44)

34.22(30.86–
36.44)

33.75(31.26–
36.73)

0.75

Cl- 99.40(97.30–
102.7.30.7)

99.30(97.30–
102.7.30.7)

99.5 (97.70–
103.10.70.10)

0.49

Values are reported as median (IQR). P-values indicate between-group 
comparisons using the Mann–Whitney U test. Abbreviations: NAFLD,non-
alcoholic fatty liver disease; FLI,Fatty Liver Index; IQR, interquartile range; 
RC,remnant cholesterol; HDL-C,high-density lipoprotein cholesterol; LDL-
C,low-density lipoprotein cholesterol; TC,total cholesterol.
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Predictor variable NAFLD (1=Present, 0=Absent)
Bivariate analysis Multivariate analysis
cOR(95%CI) P-value aOR(95%CI) P-value

Non-HDL-C
First tertile 1.00 1.00
Second tertile 1.63(0.68-3.90) 0.278 3.08(1.06-8.99) 0.039
Third tertile 2.33(1.01-5.37) 0.047 4.46(1.25-15.88) 0.021
RC
First tertile 1.00 1.00
Second tertile 1.17(0.48-2.86) 0.733 1.25(0.42-3.72) 0.694
Third tertile 2.47(1.11-5.49) 0.026 1.41(0.48-4.09) 0.532
LDL-C/HDL-C ratio
First tertile 1.00 1.00
Second tertile 1.07(0.49-2.42) 0.839 0.52(0.09-2.95) 0.462
Third tertile 1.19(0.54-2.61) 0.672 0.34(0.03-4.53) 0.414
TC/HDL-C ratio
First tertile 1.00 1.00
Second tertile 0.99(0.44-2.23) 0.983 1.38(0.25-7.49) 0.711
Third tertile 1.29(0.59-2.80) 0.524 0.89(0.09-9.11) 0.924
Non-HDL/HDL-C ratio
First tertile 1.00
Second tertile 0.99(0.44-2.23) 0.983
Third tertile 1.29(0.59-2.80) 0.524
Age (Years) 
 <40 1.00 1.00
40-60 3.67(1.38-9.75) 0.009 3.91(1.13-13.58) 0.032
 >60 8.48(3.28-21.97) <0.001 6.80(1.43-32.41) 0.016
Sex
 Male 1.00
 Female 2.40(1.17-4.93) 0.017
Education level
 No education 1.00 1.00
 Primary 0.60(0.24-1.53) 0.286 1.38(0.42-4.55) 0.592
 Secondary 0.70(0.29-1.66) 0.417 2.75(0.79-9.74) 0.116
 Tertiary 0.29(0.12-0.69) 0.005 1.50(0.40-5.66) 0.551
Residence
 Urban 1.00 1.00
 Rural 1.93(1.01-3.69) 0.048 2.25(1.02-4.99) 0.046
Religion
 Christian 0.65(0.24-1.79) 0.403
 Moslem 1.00
Employment status
 Unemployed 1.00
 Employed 0.78(0.34-1.78) 0.557
Ventilated kitchen 
 No 0.42(0.12-1.41) 0.159
 Yes 1.00
Smoking
 Non smoker 1.00
 Ever smoked 1.00(0.37-2.68) 0.995
Alcohol status
 Never consumed 1.00 1.00
 Ever consumed 0.51(0.27-0.98) 0.043 0.40(0.19-0.88) 0.023

Table 3  Association of Non-High-density lipoprotein cholesterol with Non-alcoholic fatty liver disease using logistic regression 
analysis
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Association of non-high-density lipoprotein cholesterol 
with non-alcoholic fatty liver disease
In the bivariate analysis (Table 3), higher levels of non-
HDL-C were positively associated with NAFLD. Par-
ticipants in the second tertile had higher, though not 
statistically significant, odds of NAFLD compared 
to those in the first tertile (cOR = 1.63, 95% CI: 0.68–
3.90, p = 0.278). However, those in the third tertile 

demonstrated significantly increased odds of NAFLD 
(cOR = 2.33, 95% CI: 1.01–5.37, p = 0.047).

After adjusting for potential confounders in the mul-
tivariate analysis (Table 3), the strength of association 
increased. Participants in the second tertile of non-HDL-
C were more than three times as likely to have NAFLD 
compared to those in the first tertile (aOR = 3.08, 95% CI: 
1.06–8.99, p = 0.039). Similarly, those in the third tertile 

Table 4  Predictive performance of lipoprotein ratios for NAFLD
Obesity index AUC 95% CI Optimal cutoff Sensitivity Specificity Youden

J index
Non-HDL-C 0.654 0.561 0.747 ≥ 113.4 69% 48% 0.180
RC 0.616 0.518 0.714 ≥ 37.7 62% 63% 0.252
LDL-C/HDL-C 0.528 0.435 0.620 ≥ 2.7 29% 80% 0.086
TC/HDL-C 0.537 0.441 0.633 ≥ 4.5 36% 79% 0.145
Non-HDL-C/HDL-C 0.537 0.441 0.633 ≥ 3.5 36% 79% 0.145

Predictor variable NAFLD (1=Present, 0=Absent)
Bivariate analysis Multivariate analysis
cOR(95%CI) P-value aOR(95%CI) P-value

Vegetable and fruit intake
 <5 servings per day 1.13(0.14-9.16) 0.908
 ≥5 servings per day 1.00
Poor sleep quality
 Good quality 1.00 1.00
 Poor quality 3.51(1.82-6.75) <0.001 2.82(1.20-6.66) 0.018
Sleep duration
 >7 1.00
 6-7 1.26(0.53-3.00) 0.601
 5-6 0.80(0.19-3.27) 0.752
 <5 1.33(0.25-7.08) 0.741
Obstructive Sleep Apnea
 Low risk of OSA 1.00 1.00
 High risk of OSA 4.63(2.37-9.05) <0.001 1.73(0.64-4.68) 0.282
High blood pressure
 Absent 1.00 1.00
 Present 2.16(1.03-4.54) 0.042 0.91(0.36-2.32) 0.839
DTG-ART duration
 ≤2years 1.00 1.00
 >2years 2.78(1.14-6.79) 0.025 0.56(0.18-1.74) 0.318
Fasting plasma glucose 1.03(1.01-1.05) 0.002 1.02(0.98-1.05) 0.075
Total cholesterol 1.00(1.00-1.01) 0.243
AST 0.94(0.91-0.98) 0.005 0.92(0.88-0.97) 0.002
ALT 0.99(0.96-1.03) 0.716 1.00(0.95-1.05) 0.973
ALP 1.00(1.00-1.01) 0.140 1.01(1.00-1.01) 0.191
Na+ 1.04(0.99-1.10) 0.154
K+ 0.88(0.51-1.53) 0.653
Na/K ratio
First tertile 1.00 1.00
Second tertile 1.26(0.58-2.75) 0.554 1.54(0.57-4.14) 0.391
Third tertile 1.01(0.45-2.27) 0.983 1.19(0.43-3.28) 0.732
Cl- 1.02(0.97-1.08) 0.402
cOR: Crude Odds ratio, aOR: adjusted Odds ratio, CI: 95% Confidence interval

Table 3  (continued) 
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had over four times the odds of NAFLD (aOR = 4.46, 
95% CI: 1.25–15.88, p = 0.021). At an optimal cut-off of 
≥ 113.4 with a sensitivity of 69% and specificity of 48%, 
non-HDL-C had a significant discriminative ability; 
AUC = 0.654(95%CI:0.561 0.747) to distinguish partici-
pants with from those without NAFLD as indicated in 
Table 4; Fig. 2.

Discussion
In this study, we found a significant and independent 
association between non-HDL-C and NAFLD among 
PLWH on DTG-based ART. Higher non-HDL-C ter-
tiles were associated with progressively increased odds 
of NAFLD, and non-HDL-C demonstrated modest but 
significant discriminative ability for NAFLD. There have 
been efforts to determine blood lipid profiles as pre-
dictors for NAFLD [27, 28]. Biologically, non-HDL-C 
aggregates all atherogenic lipoproteins LDL, VLDL, 
and IDL [29, 30], which are implicated in the pathogen-
esis of hepatic steatosis through enhanced delivery of 
cholesterol and triglyceride precursors to the liver and 
promotion of insulin resistance. The linkage between 
atherogenic lipids and NAFLD is supported by studies 
showing that elevated remnant cholesterol and non-HDL 
components correlate with both steatosis and severity of 
NAFLD in cross-sectional populations such as NHANES 
cohorts where non-HDL-based indices were robustly 
associated with NAFLD prevalence and severity [14, 31].

Our findings are consistent with evidence from general 
population studies demonstrating that non-HDL-C is a 

predictor of NAFLD risk. In a longitudinal cohort, higher 
baseline non-HDL-C independently predicted incident 
NAFLD over 7 years (OR = 1.02 per mg/dl increase; 95% 
CI: 1.01–1.04, p = 0.008) [32]. Similarly, epidemiological 
data show that rising non-HDL-C trajectories are asso-
ciated with increased NAFLD incidence (adjusted HR = 
1.46 [33]. In addition, a recent multidimensional study 
demonstrated that statin therapy is associated with a 
reduced prevalence of NASH and liver fibrosis, mediated 
through reductions in both serum LDL-C and non-HDL-
C [34]. However, despite evidence from previous studies 
indicating that the non-HDL-C/HDL-C ratio predicts 
NAFLD and its severity more effectively than non-HDL-
C alone [14, 35–38], this ratio was not significantly asso-
ciated with NAFLD in our bivariate analysis. The ratio 
was initially included in multivariable models because of 
its biological plausibility but was automatically excluded 
due to high collinearity with other lipid parameters, indi-
cating overlapping rather than independent predictive 
information. This discrepancy may be explained by sev-
eral factors. Non-HDL-C reflects the absolute burden of 
atherogenic lipoproteins that directly promote hepatic 
lipid accumulation and may therefore be a more direct 
marker of NAFLD risk in ART-treated HIV populations 
characterized by atherogenic dyslipidemia. In addition, 
statistical collinearity and limited sample size may have 
further reduced power to detect an independent asso-
ciation. Therefore, further studies with more statistical 
power to investigate the predictive ability of the lipo-
protein indices including non-HDL-C/HDL-C ratio for 

Fig. 2  Receiver operating characteristic curve showing the predictive performance of lipoprotein ratios for NAFLD
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NAFLD among PLWH DTG-based ART in Uganda are 
highly recommended.

Conclusion
High Non-HDL-C is a potential predictor for NAFLD 
among PLWH on DTG-based ART. This study indicates 
the potential application of Non-HDL-C profiling for the 
detection of risk of NAFLD at an early stage to guide the 
onset of timely interventions to prevent cardiovascular 
complications in this vulnerable population.

Study limitations
This study has some limitations that should be consid-
ered when interpreting the findings. First, it provides 
only a snapshot of the NAFLD prevalence and its associa-
tion with non-HDL-C, limiting our capacity to establish 
causality. Additionally, some variables were self-reported 
and hence susceptible to inaccurate reporting. The small 
sample size, particularly the limited number of partici-
pants with NAFLD, may have reduced statistical power 
to detect modest associations and contributed to wide 
confidence intervals for some estimates. Furthermore, 
NAFLD was defined using the FLI, a validated non-inva-
sive tool with good diagnostic performance, especially at 
higher cut-offs; however, FLI may underestimate steatosis 
in certain subgroups of PLWH, such as lean individuals. 
FLI also does not provide information on disease severity 
or fibrosis stage and cannot replace imaging or histologi-
cal assessment. Future studies with larger sample sizes, 
longitudinal designs, and incorporation of imaging-based 
or histological methods are warranted to better elucidate 
the relationship between atherogenic lipid indices and 
NAFLD in PLWH.
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