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Background. Liver disease is an important cause of morbidity and mortality among people with HIV (PWH). Steatotic liver 
disease (SLD) is a leading cause of liver disease among PWH in the Global North. However, there is a dearth of data on the 
epidemiology of SLD in sub-Saharan Africa.

Methods. We analyzed computed tomography images from a completed cohort study composed of ambulatory people with and 
without HIV. We defined SLD as 1 or more of the following: mean liver attenuation (density) <40 Hounsfield units, mean liver to 
mean spleen attenuation ratio <1, or a Hounsfield unit difference <1 between the mean attenuation values of the liver and spleen. 
We fit multivariable regression models to evaluate the association of HIV with SLD. In a subanalysis to explore HIV-specific effects, 
we excluded those who reported high-risk alcohol consumption.

Results. A total of 579 participants had interpretable liver images. The prevalence of SLD was low overall (22/579, 3.8%) and 
higher among PWH as compared with people without HIV (5.4% vs 2.3%, P = .056). In multivariable regression models, PWH 
undergoing antiretroviral therapy were more likely to have SLD (adjusted odd ratio, 2.79; 95% CI, 1.10–7.09; P = .031), even 
after exclusion of people with high-risk alcohol consumption (adjusted odd ratio, 2.96; 95% CI, 1.00–8.70; P = .048).

Conclusions. We found a low overall prevalence of SLD in Uganda, but older PWH undergoing antiretroviral therapy had a 
higher prevalence of SLD than those without HIV. Variation in the prevalence of SLD in the African region may be due to the 
variability in the methods used.
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In the Global North, liver disease is an important cause of morbid
ity and mortality among people with HIV (PWH) and is respon
sible for approximately 1 in 6 HIV-related deaths [1]. One of the 
major manifestations of liver disease is steatotic liver disease 
(SLD) presenting as metabolic dysfunction–associated steatotic 
liver disease (MASLD), formerly known as nonalcoholic fatty liver 

disease. Other forms of SLD include alcohol-related/associated 
liver disease and metabolic- and alcohol-related/associated liver 
disease, an overlap of MASLD and associated liver disease [2].

There are multiple mechanisms by which PWH may be at risk 
for SLD. HIV infection has been directly associated with an in
creased risk for SLD, possibly due to persistent immune activation 
and resulting insulin resistance [3, 4]. Yet, PWH may be at in
creased risk of developing SLD due to drug toxicity, coinfections 
with viral hepatitis, and alcohol consumption [1, 5–8]. Obesity, di
abetes mellitus, hyperglycemia, and hypertriglyceridemia, all prev
alent among PWH, are also recognized components of MASLD 
[9, 10]. Moreover, integrase inhibitor–based antiretroviral therapy 
(ART) regimens, which now predominate as first-line HIV ther
apy globally, are associated with weight gain [11, 12] and are hy
pothesized to contribute to risk of SLD [13, 14].

In Africa, there is a dearth of data on the epidemiology of 
SLD [15]. With 9.1 million PWH in sub-Saharan Africa aged 
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>50 years expected by the year 2040 [16], the intersecting non
communicable disease epidemic [17], and the rapid transition 
to dolutegravir-based ART regimens, there is a pressing need 
to better understand the epidemiology of SLD in the region. 
To address this gap in knowledge, we sought to estimate the 
prevalence of SLD in a mixed cohort of PWH and a comparator 
group of age- and sex-similar people without HIV (PWoH) in 
the same clinic catchment areas in Uganda.

METHODS

Study Population and Inclusion Criteria

We conducted a cross-sectional analysis of data from the 
Epidemiology of Coronary Artery Disease Among People 
With HIV in Rural Sub-Saharan Africa (CAD) study. The 
CAD study comprised ambulatory PWH aged at least 40 years 
undergoing ART for a minimum of 3 years and an age- and sex- 
similar comparator group of PWoH. The study enrolled partic
ipants from 2 sites in southwestern Uganda between 2018 and 
2023 [18]. At both sites, study participants were recruited 
first from HIV clinics (Mbarara Regional Referral Hospital 
HIV clinic and Kabwohe HIV Clinic); then, PWoH compara
tors who were age and sex similar (by quartile of the HIV- 
infected subgroup) were selected from population census 
data in villages within the clinic catchment area as previously 
described [19–21].

Participants were excluded if they had contraindications to 
contrast-enhanced computed tomography (CT) imaging that 
was conducted by the parent study. These criteria were (1) a 
confirmed estimated glomerular filtration rate <60 mL/min/ 
1.73 m2 as calculated by the Chronic Kidney Disease 
Epidemiology Collaboration equation [22, 23] and/or (2) preg
nancy confirmed by urine β-HCG testing among all women 
aged <60 years.

Data Collection

Participants completed questionnaires about sociodemo
graphic characteristics, medical history, and alcohol misuse us
ing the Alcohol Use Disorders Test for Consumption 
(AUDIT-C) [24–26]. Trained research assistants measured 
body weight using standardized scales (762; seca), height using 
roll-up measuring stadiometers (206; seca), resting blood pres
sure using digital sphygmomanometers (Omron Healthcare 
Inc), and hip and waist circumference [27]. Study phleboto
mists collected blood into EDTA tubes for point-of-care hemo
globin A1c (DCA Vantage; Siemens), liver chemistries (c4000; 
Abbott Architect), serum lipids (1000i; Abbott Architect), hep
atitis B testing (lateral flow assay; SD Bioline), full blood count 
(XN 350 model, 5-part hematology analyzer; Sysmex), CD4+ 
T-cell count (PIMA CD4 analyzer; Abbott), and HIV-1 RNA 
viral load (GeneXpert GX-IV-Module; Cepheid).

CT Procedures

All eligible study participants underwent coronary CT angiog
raphy with a 128-slice single-source CT scanner 
(Siemens SOMATOM Definition AS; Siemens Healthineers) 
at Nsambya Hospital in Kampala. The coronary CT angiogra
phy protocol includes full field-of-view noncontrast CT images 
of the chest for evaluation of calcium scoring that includes part 
or all of the liver and spleen. Nsambya Hospital sent the ac
quired DICOM images to Massachusetts General Hospital for 
review of completeness and adherence to acquisition protocol. 
All study images were interpreted for clinical purposes by 
Ugandan certified radiologists, and referrals for follow-up 
care were made as appropriate.

Liver and Spleen Attenuation Measurement

We used noncontrast axial CT images to measure fatty infiltra
tion of the liver using standardized techniques [28]. In brief, we 
obtained Hounsfield unit (HU) attenuation values of the liver 
and spleen on noncontrast axial CT images using a circular re
gion of interest (>2.0 cm2), avoiding vessels, ducts, and any 
present masses and calcifications. We collected data from 3 
regions of interest on 3 slice images of the peripheral right hepat
ic lobe and spleen. The average of these 3 areas for the liver and 
spleen was calculated. In images in which the spleen was not in
terpretable, the attenuation values of only the liver were used. 
We defined SLD in participants meeting 1 or more standardized 
criteria [29–31]: a mean liver attenuation <40 HU, a mean liver 
to mean spleen attenuation ratio <1, or a HU difference <1 
between the mean attenuation values of the liver and spleen. 
Two radiology readers (P. B. and V. T.) read liver and spleen at
tenuation measurements on 49 randomly selected participants to 
assess interreader reliability (κ = 0.83) prior to completion of all 
scans by a single reader (P. B.).

Statistical Analysis

Our primary outcome of interest was SLD. Our primary expo
sure of interest was HIV serostatus. We first summarized par
ticipants’ clinical and demographic characteristics as frequency 
(percentage) for categorical variables and means (standard de
viations) for continuous variables. We compared PWH vs 
PWoH on these characteristics, using the t test for continuous 
variables and χ2 or Fisher exact test for categorical variables, as 
appropriate. We next estimated the crude prevalence of SLD by 
HIV serostatus and then, in secondary analyses, by previously 
reported standardized indices of liver fibrosis, including the 
Fibrosis-4 (FIB-4) index (positive >3.25) [32] and aspartate 
aminotransferase to platelet ratio index (APRI; positive ≥1.5) 
[33]. In further analyses, we estimated the prevalence of 
probable MASLD (those with steatosis in the absence of alcohol 
misuse and hepatitis B infection) and metabolic- and alcohol- 
related/associated liver disease. We then fitted logistic regres
sion models with SLD as the primary outcome of interest and 
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HIV serostatus as the primary explanatory variable of interest, 
with and without the following potential confounders: age 
(scaled so that the estimated regression coefficients or odds ra
tios could be interpreted as the association per 10 years), sex, 
non–high-density lipoprotein (non-HDL) cholesterol (per 
10 mg/dL), waist circumference (per centimeter), and hemo
globin A1c (per 1%). Multivariable regression models included 
covariates that achieved significance as determined by P < .25 
in univariable models. In sensitivity analyses, to increase specif
icity for probable MASLD as our outcome, we excluded 
30 (10.8%) PWH and 53 (17.7%) PWoH who met criteria for 
alcohol misuse, as defined by an AUDIT-C score ≥4 among 
men and ≥3 among women [24–26]. We conducted all analyses 
using Stata version 15 (StataCorp).

Ethical Considerations

The CAD study procedures were approved by the institutional 
review boards at the Mbarara University of Science and 
Technology (05/06-18), Mass General Brigham (2018P001037/ 
MGH), and Nsambya Hospital. We received clearance to con
duct the study from the Uganda National Council for Science 

and Technology (HS267ES). All participants provided written 
informed consent.

RESULTS

Of the 627 participants who consented for participation in the 
CAD study, 25 (4%) were ineligible based on estimated glomer
ular filtration rate <60 mL/min/1.73 m2; 2 (0.3%) PWoH were in
eligible due to a positive confirmatory HIV test result; 8 (1.3%) 
disenrolled prior to their CT scan procedures; 5 (0.8%) had imag
es that were not recoverable from the image server; 5 (0.8%) had 
images in which the liver was not captured during the scanning 
process; and 3 (0.5%) had noninterpretable images, leaving 579 
participants with noncontrast CT scan images for evaluation in 
the SLD substudy analysis. Among these, 579 (100%) had inter
pretable liver images while 486 (84%) had interpretable spleen 
images for calculation of the liver-spleen ratio (Figure 1).

The cohort was nearly equally divided by HIV serostatus and 
sex with a mean age of 57.7 years (SD, 6.7; Table 1). PWH and 
PWoH were similar in terms of demographic and clinical char
acteristics, except for systolic blood pressure (126.5 vs 
122.9 mm Hg, P = .028) and non-HDL cholesterol (116.8 vs 

Figure 1. Study flow diagram. Abbreviations: CT, computed tomography; eGFR, estimated glomerular filtration rate; PWoH, people without HIV.
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109.4 mg/dL, P = .018), which were moderately higher in 
PWoH. The proportion of people with alcohol misuse was 
also higher among the PWoH (17.7% vs 10.8%, P = .018).

PWH had a higher prevalence of liver fibrosis than PWoH as 
estimated by the FIB-4 index (8.6 vs 4.3, P < .001) and APRI 

score (1.3 vs 0.4, P = .007). The prevalence of hepatitis B virus 
in the overall cohort was 1.7% (10/579), with no difference 
by HIV serostatus. The crude prevalence of our primary out
come, SLD, was 3.8% overall (22/579) and marginally higher 
among PWH vs PWoH (5.4% [15/279] vs 2.3% [7/300], 
P = .056; Figure 2). The prevalence of SLD was higher among 
those with significant fibrosis as determined by a positive 
FIB-4 index (13%) and/or a positive APRI score (67%; 
Supplementary Figure 1), although the overall prevalence of 
significant fibrosis was low by these measures in this sample 
(Table 1). The prevalence of those with probable MASLD 
(those with steatosis in absence of alcohol misuse and hepatitis 
B infection) and metabolic- and alcohol-related/associated liver 
disease was 3.3% (16/487) and 3.7% (21/569) respectively.

In multivariable models, the following were associated with 
higher odds of SLD: HIV (adjusted odds ratio [AOR], 2.79; 
95% CI, 1.10–7.09; P = .031), non-HDL cholesterol (AOR, 
1.13; 95% CI, 1.02–1.25; P = .025), and increasing waist circum
ference (AOR, 1.04; 95% CI, 1.00–1.08; P = .039; Table 2). In 
secondary analyses restricted to those without evidence of alco
hol misuse by AUDIT-C scores, the crude prevalence of SLD 
was 3.4% and remained modestly higher among PWH vs 
PWoH (4.8% vs 2.0%, P = .056). In multivariable models after 
removal of those with alcohol misuse, HIV (AOR, 2.96; 95% CI, 
1.00–8.70; P = .048) and non-HDL cholesterol (AOR, 1.13; 95% 
CI, 1.01–1.27; P = .033) remained associated with the presence 
of SLD (Supplementary Table 1).

DISCUSSION

In a cohort of older adult PWH and PWoH in Uganda evaluat
ed for SLD with CT imaging, we found a low crude prevalence 
of SLD (3.8%). However, notwithstanding the low overall prev
alence, PWH undergoing ART had approximately 2 times the 
prevalence of disease, and in multivariable models adjusting 
for likely confounders, HIV remained associated with a dou
bling of the odds of having SLD. This finding persisted after ex
clusion of people with alcohol misuse, and it suggests that 
although SLD may be relatively rare in rural Uganda, HIV in
creases the risk, even after consideration of traditional risk 
factors.

Our results are similar to a growing body evidence suggest
ing that HIV may be associated with increased risk of SLD 
[34, 35]. Numerous mechanistic pathways have been implicat
ed in the pathogenesis of SLD among PWH. First, although 
older ART medications are being phased out—such as stavu
dine and zidovudine, which cause metabolic changes including 
lipodystrophy—the current dolutegravir-based ART regimens 
have been associated with steatosis and weight gain, which in
crease the odds of progression to fibrosis [12, 36]. Second, 
PWH have an increased prevalence of risk factors for SLD, 
such as obesity and dyslipidemia, as well as comorbidities 

Table 1. Cohort Characteristics

Characteristic
PWoH  

(n = 300)
PWH  

(n = 279) P Value

Age, ya 58.0 (7.0) 57.4 (6.4) .306

Female 147 (49.0) 135 (48.4) .883

Waist circumference, cma 85.0 (11.1) 85.6 (12.5) .584

Body mass index, kg/m2 .034

<18.5 27 (9.0) 27 (9.7)

18.5 to <25 146 (48.7) 163 (58.4)

25 to <30 80 (26.7) 64 (22.9)

>30 47 (15.7) 25 (9.0)

Blood pressure, mm Hga

Systolic 126.5 (20.0) 122.9 (19.1) .028

Diastolic 79.0 (11.5) 78.8 (12.4) .758

Hemoglobin A1c, %
a 5.8 (1.0) 5.8 (1.3) .869

Non-HDL cholesterol, mg/dLa 116.8 (37.1) 109.4 (37.6) .018

Hepatitis B surface antigen .533

Negative 296 (98.7) 273 (97.8)

Positive 4 (1.3) 6 (2.2)

AUDIT-C .018

Negative 247 (82.3) 249 (89.3)

Positive 53 (17.7) 30 (10.8)

FIB-4b <.001

Mild/no fibrosis 125 (54.1) 47 (30.9)

Indeterminate 96 (41.6) 92 (60.5)

Significant fibrosis 10 (4.3) 13 (8.6)

APRIc .007

Mild/no fibrosis 214 (92.6) 126 (82.9)

Indeterminate 16 (6.9) 24 (15.8)

Significant fibrosis 1 (0.4) 2 (1.3)

Liver attenuation, HUa 62.3 (9.1) 61.2 (9.8) .178

Liver/spleen attenuation .136

>1 239 (98.0) 231 (95.5)

<1 5 (2.0) 11 (4.5)

Liver-spleen attenuation difference .158

>1 238 (97.5) 230 (95.0)

<1 6 (2.5) 12 (5.0)

Current CD4 count, cells/mm

<350 … 50 (17.9)

350–499 … 83 (29.8)

≥500 … 146 (52.3)

Viral load

HIV-1 RNA <40 copies/mL … 194 (71.1)

Antiretroviral regimen

Dolutegravir-containing regimen … 232 (83.2)

Data are presented as No. (%) unless noted otherwise.

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; AUDIT-C, Alcohol 
Use Disorders Test for Consumption; FIB-4, Fibrosis-4 index; HBV, hepatitis B virus; HDL, 
high-density lipoprotein; HU, Hounsfield unit; PWH, people with HIV; PWOH, people 
without HIV.
aMean (SD).
bFIB-4: <1.45, no fibrosis; ≥1.45 to ≤3.25, indeterminate; >3.25, significant fibrosis.
cAPRI: <0.5, no fibrosis; >0.5 to <1.5, indeterminate; ≥1.5, significant fibrosis.
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associated with SLD, including drug-induced liver injury and 
infections such as hepatitis B and C virus [4]. Third, the addi
tional effects of HIV infection in altering the gut microbiome 
disrupts the “gut-liver axis,” which is believed to contribute 
to the development and progression of SLD [37–39]. Finally, 
persistent immune activation due to HIV infection has been as
sociated with insulin resistance and SLD [3, 4]. Our data sug
gest that the elevated risk among PWH pertain to people in 
rural Uganda.

We observed a low prevalence of SLD in Uganda. When 
compared with other regional estimates, there is variation in 
the prevalence of SLD in the African region, which has ranged 
from 5% to 15% in the general population [40]. The limited 
data available suggest a higher prevalence of SLD among 
PWH as compared with those without HIV [34]. The variability 
in these estimates highlights the scarcity of population preva
lence–based data from the region. Moreover, these variations 
may be due to the variability in the methods used to estimate 

Figure 2. Crude prevalence of steatotic liver disease by HIV serostatus and sex. The bars display standard errors. PWH, people with HIV; PWOH, people without HIV.

Table 2. Correlates of Steatotic Liver Disease

Unadjusted Model Adjusted Modela

Factor OR (95% CI) P Value OR (95% CI) P Value

HIV serostatus

PWoH 1 [Reference]

PWH 2.38 (.96–5.92) .063 2.79 (1.10–7.09) .031

Age, each 10 y 0.76 (.38–1.51) .435

Female 0.87 (.37–2.05) .756

Non-HDL cholesterol, each 10 mg/dL 1.16 (1.05–1.28) .003 1.13 (1.02–1.25) .025

Waist circumference, each cm 1.05 (1.02–1.08) .004 1.04 (1.00–1.08) .039

Hemoglobin A1c, each % 1.08 (.81–1.45) .598

Blood pressure, each 10 mm Hg

Systolic 1.06 (.86–1.30) .598

Diastolic 1.13 (.80–1.59) .487

Body mass index, kg/m2

18.5 to <25 1 [Reference]

<18.5 0.71 (.09–5.80) .749

25 to <30 2.51 (.95–6.64) .064

>30 2.21 (.64–7.56) .205

AUDIT-C

Negative 1 [Reference]

Positive 1.81 (.65–5.04) .258

Abbreviations: AUDIT-C, Alcohol Use Disorders Test for Consumption; HDL, high-density lipoprotein; OR, odds ratio; PWH, people with HIV; PWOH, people without HIV.
aAdjusted model: all variables that had a P value <.25 in univariate/unadjusted model.
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SLD. One study in Uganda reported a prevalence of 12% when 
assessing SLD using a fatty liver index score ≥60 as a definition 
[41], whereas another study in South Africa estimated a preva
lence of 21% through liver biopsy samples [34]. The fatty liver 
index has been extensively validated in the general population 
for evaluation of SLD [42–45]. While participants in our study 
were ambulatory with no known history of liver disease and 
with a mean age of 58 years, the study using the fatty liver index 
was composed of a relatively younger sample of participants, 
aged 35 to 49 years (mean, 41), from a mostly rural population- 
based cohort survey of 1463 participants. By contrast, the study 
in South Africa estimated SLD using biopsy samples taken from 
262 participants with known liver disease of unknown etiology, 
which makes direct comparison with our population-based de
sign challenging. Moreover, its use of liver biopsy and histolo
gy, which is more sensitive than imaging and remains the gold 
standard for diagnosis of SLD, may have further contributed to 
the higher prevalence reported in that study [46]. Additionally, 
studies have shown regional variation, with southern Africa 
having a higher prevalence of obesity and increased risk of 
weight gain for those prescribed dolutegravir in comparison 
with East Africa [47, 48]. Despite these variations in prevalence 
of obesity and weight gain, the metabolic complications of do
lutegravir may contribute to hepatic fat accumulation, resulting 
in the development of SLD among lean individuals [49, 50].

Furthermore, while there is paucity of SLD prevalence based 
on the CT criterion in sub-Saharan Africa, other studies have 
reported variation in prevalence depending on which criterion 
is used. For instance, the Multi-Ethnic Study of Atherosclerosis 
reported a prevalence of 16.9% based on liver to spleen attenu
ation ratio <1 [51]. In contrast, a separate study reported a 
prevalence of 40.9% by defining SLD as liver to spleen attenu
ation ratio <1 and/or a liver-spleen attenuation difference <1 
HU [52]. Finally, a study using only an absolute liver attenua
tion <40 HU reported a prevalence of 10.0% [53].

Our study findings should be interpreted with limitations in 
mind. First, we evaluated SLD using CT images that, while part 
of the imaging protocol, may not have captured the entirety of 
the liver to fully assess for hepatic steatosis. While the use of CT 
imaging in detecting hepatic steatosis, by measuring liver CT 
attenuation and comparing it with spleen CT attenuation, has 
been validated as an accurate modality [29, 54], it may be lim
ited in evaluating mild steatosis [55]. As such, our results may 
underestimate the true prevalence of SLD in this population. 
Second, information on alcohol misuse with AUDIT-C was 
by self-report from the participants, and it has been shown 
that there is underreporting on alcohol consumption particu
larly among PWH [56]. Third, as with all observational studies, 
we cannot eliminate the risk of confounding between HIV as 
our primary exposure and SLD as our primary outcome. We at
tempted to mitigate this with a study design that enrolled am
bulatory PWH in long-term care in the public sector and 

population-based PWoH directly from the same communities 
as the PWH, and we attempted to measure other potential con
founders of liver disease, including alcohol misuse, anthropo
metrics, and viral hepatitis infection. These findings were 
strengthened by use of a large representative cohort of PWH 
and the community-based PWoH as controls.

In conclusion, using noncontrast CT images, we found a low 
overall prevalence of SLD in Uganda but that HIV and use of 
ART were associated with an approximate doubling of the 
prevalence of SLD, even after removing individuals reporting 
alcohol misuse. In view of the limitations of CT in evaluation 
of SLD, these data should be corroborated with other diagnostic 
tools, such as transient elastography. Should our findings be 
confirmed, we recommend that screening for SLD be incorpo
rated into HIV care programs for those with increased risk of 
SLD in this population.
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