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Abstract
There is a heavy burden of liver disease in West Africa. While the role of 
hepatitis B virus (HBV) infection is well recognized, less is known about the 
contributing role of liver steatosis and how the two interact in the context 
of human immunodeficiency virus (HIV) infection. Adults with HIV in Ghana 
underwent FibroScan measurements to determine prevalence of liver stea-
tosis (expressed as controlled attenuation parameter [CAP]) and fibrosis 
(expressed as liver stiffness [LS]). We explored contributing factors in linear 
regression models, including demographics, lifestyle characteristics, medi-
cal history, HIV and HBV status, and measurements of metabolic syndrome. 
Among 329 adults (72.3% women; median age, 47 years), 322 (97.9%) were 
on antiretroviral therapy (median duration, 8.9 years). CD4 counts were pre-
served (median, 619 cells/mm3); plasma HIV RNA was fully suppressed in 
162 (50.3%) of the treated participants. Cigarette smoking, excessive alco-
hol consumption, and use of traditional or herbal remedies were uncommon 
(6.1%, 1.8%, 3.3%, respectively). Largely undiagnosed metabolic syndrome 
was detected in 87 (26.4%) participants. We obtained readings indicative of 
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INTRODUCTION

Multiple factors may contribute to increase the risk 
of liver disease in the context of human immunodefi-
ciency virus (HIV) infection, including infectious and 
noninfectious comorbidities, metabolic disorders, and 
the possible direct effects of HIV infection and antiret-
roviral therapy (ART).[1–4] In a systematic review of 10 
cross-sectional studies of primarily men living with HIV 
in North America, Western Europe, China, and Japan, 
35% met the definition of nonalcoholic fatty liver dis-
ease (NAFLD) based on imaging or liver histology.[1] 
Metabolic disorders and high CD4 cell counts were 
associated with NAFLD, whereas duration of HIV in-
fection, duration of ART, HIV RNA load, and nadir CD4 
cell counts were not.[1] A study from Brazil similarly 
reported that 35% of people with HIV had NAFLD but 
proposed an association with exposure to the nucleo-
side analogues zidovudine, stavudine, didanosine, and 
zalcitabine.[5]

There are scarce data on NAFLD in populations liv-
ing with HIV in sub-Saharan Africa, although rates of 
obesity, hypertension, dyslipidemia, and impaired glu-
cose tolerance and diabetes are rising in the region.[6,7] 
Two studies from South Africa investigated selected 
patients with HIV who had undergone a liver biopsy for 
various care indications and reported liver steatosis in 
19% and 28%, respectively.[8,9] In three studies from 
Western Africa, the prevalence of liver steatosis by liver 
ultrasound scan ranged between 13% and 28%.[10–12] 
While the burden of NAFLD may be significant, diag-
nostic resources are scarce, with limited access to liver 
biopsy, sophisticated liver imaging, and specialized lab-
oratory testing.[6]

Measuring liver stiffness (LS) by FibroScan provides 
a feasible tool for the noninvasive assessment of liver 
fibrosis.[13] The controlled attenuation parameter (CAP) 
can be obtained at the same time to give a measure 
of liver steatosis.[14] A European study that evaluated 
performance among 420 patients with HIV found that a 

CAP cutoff of 280 dB/m had a sensitivity and specificity 
of 86% and 72%, respectively, for ≥S2 steatosis relative 
to liver biopsy. CAP outperformed most other noninva-
sive biomarkers, whereas measuring the proton den-
sity fat fraction by magnetic resonance imaging had a 
better performance than CAP in this study.[15] There 
are scarce published data on the use of CAP to assess 
liver steatosis in people with HIV in sub-Saharan Africa. 
We measured LS and CAP in patients accessing HIV 
care in Ghana and analyzed the data in the context 
of demographic and lifestyle characteristics, medical 
history, HIV-related parameters, metabolic status, and 
coinfection with viral hepatitis viruses. Given the high 
prevalence of chronic HBV coinfection in this popula-
tion (approximately 16%),[16] one aim was to compare 
the findings in patients with and without HBV.

METHODS

Study population

The study took place in February 2018 at the Komfo 
Anokye Teaching Hospital (KATH) in Kumasi, Ghana, 
with approval from the Ethics Committee of the Kwame 
Nkrumah University of Science and Technology; partic-
ipants provided written informed consent. Consecutive 
adults (≥18 years) attending the general HIV outpatient 
clinic were invited to participate. Additionally, targeting 
a research clinic allowed enrichment of people who 
underwent hepatitis B surface antigen (HBsAg) testing 
and were found to be positive. Participants were ad-
ministered a structured questionnaire by local trained 
assistants to collect data on smoking history, alcohol 
intake, and use of traditional or herbal remedies. A 
nurse interviewed patients about concomitant mor-
bidities or treatment other than ART. Height, weight, 
body mass index (BMI), and waist circumference were 
measured by standard methods.[17] Blood pressure 
readings were confirmed after the patient had rested 

≥S2 steatosis and ≥F2 fibrosis in 43 (13.1%) and 55 (16.7%) participants, re-
spectively. Higher CAP values were associated with metabolic syndrome and 
longer prior stavudine exposure. Higher LS values were associated with male 
sex, higher HIV RNA, and higher CAP values. Relative to people without 
HBV, those with HBV (n = 90) had a similar prevalence of ≥S2 steatosis but a 
higher prevalence of ≥F2 fibrosis (36.7% vs. 9.2%, p < 0.0001) and concomi-
tant ≥S2 steatosis and ≥F2 fibrosis (9.1% vs. 1.3%, p < 0.001). Conclusion: 
Both HBV and liver steatosis pose a threat to long-term liver health among 
people with HIV in West Africa. Urgently required interventions include im-
proving HIV suppression and diagnosing and managing determinants of the 
metabolic syndrome.
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for 20 min or longer. CAP and LS were measured using 
FibroScan (Echosens, France) ≥3.0 hours after the last 
meal. All women of child-bearing potential underwent 
a pregnancy test before the FibroScan. Members of 
the research team with extensive clinical experience in 
using FibroScan (Dr Villa, Prof Geretti) performed the 
tests. A result was considered valid when the following 
three conditions were met: ≥10 captures obtained, suc-
cess rate ≥60%, and interquartile range (IQR)/median 
ratio <0.30. Based on CAP values, liver steatosis was 
graded as absent/S0 (<248 dB/m), mild/S1, moderate/
S2, and severe/S3 (Table 1).[18] Based on LS values, 
fibrosis was graded as F0–F4 using interpretative cut-
offs for histologically defined METAVIR scores as pre-
viously determined for patients with HIV[19] or with HIV 
and HBV coinfection.[20]

Laboratory investigations

Full blood cell counts and CD4 cells counts were 
measured at the KATH diagnostic laboratory. Plasma 
HIV RNA was quantified on site using Xpert HIV-1 
Viral Load (Cepheid, Sunnyvale, CA, United States), 

with a lower limit of quantification (LLQ) of 40 cop-
ies/ml and lower limit of detection (LLD) of 20 copies/
ml. Aliquots of plasma, serum, and whole blood were 
stored at −80°C and shipped frozen to the United 
Kingdom for further testing. Serum hepatits B surface 
antigen (HBsAg) and hepatitis B e antigen (HBeAg) 
were measured by Architect (Abbot Diagnostics, 
Ireland). Plasma HBV DNA was quantified by Xpert 
HBV Viral Load (Cepheid; LLQ, 20 IU/ml; LLD, 4 IU/
ml). Samples with quantifiable HBV DNA underwent 
genotyping by population sequencing as described.[16] 
Total hepatitis delta virus (HDV) antibodies (anti-
HDV) were measured by using the Dia.Pro HDV an-
tibody enzyme-linked immunosorbent assay (Launch 
Diagnostics, United Kingdom). HDV RNA (LLD, 640 
copies/ml) was measured at the Liver Unit of King's 
College Hospital, London.[21] Hepatitis C virus (HCV) 
RNA was tested by Xpert HCV Viral Load (Cepheid) 
first in plasma pools prepared with 100 μl from each 
of 10 samples, then in individual samples of positive 
pools; the assay LLQ and LLD were 10 and 4 IU/ml (100 
and 40 IU/ml when testing pools), respectively. Serum 
alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST), total cholesterol, high-density 

TA B L E  1   Definitions and grading of parameters analyzed in the study

Parameter[18–20,24–29] Categories

Central obesity 
based on waist 
circumference 
(cm)[24,25]

Men ≥94; women ≥80

Raised blood pressure 
(mm Hg)[25,26]

Grade 1: systolic 130–159 or diastolic 
85–99, or specific therapy

Grade 2: systolic 160–179 
or diastolic 100–109

Grade 3: systolic ≥180 or diastolic 
≥110

Raised total 
cholesterol 
(mmol/L)[26]

Grade 1: 5.2 to <6.2 or specific therapy Grade 2: 6.2 to <7.8 Grade 3: ≥7.8

Raised LDL 
(mmol/L)[26]

Grade 1: 3.4 to <4.1, or specific 
therapy

Grade 2: 4.1 to <4.9 Grade 3: ≥4.9

Low HDL 
(mmol/L)[24,25]

Men <1.0; women <1.3

Raised triglycerides 
(mmol/L)[27]

Grade 1: 1.7 to 2.3 or specific therapy Grade 2: >2.3 to 5.6 Grade 3: >5.6

Raised HbA1c (mmol/
mol)[28]

Hyperglycemia ≥48 or specific therapy Impaired glucose tolerance 42–47

Raised ALT (IU/L)[29] Men ≥35; women ≥25

BMI range (kg/m2)[25] Underweight <18.5 Normal 
18.5–24.9

Overweight 
25.0–29.9

Obese ≥30.0

Liver steatosis by CAP 
value (dB/m)[18]

None (S0) <248 Mild (S1) 
248–268

Moderate (S2) 
268–280

Severe (S3) >280

Liver fibrosis by 
stiffness value:

None (F0/F1) Mild (F2) Moderate (F3) Severe (F4)

HBsAg positive[20] 
(kPa)

<5.9 ≥5.9 to 7.5 ≥7.6 to 9.3 ≥9.4

HBsAg negative[19] 
(kPa)

<7.1 ≥7.1 to 9.3 ≥9.4 to 13.9 ≥14

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; HbA1c, glycated hemoglobin; HBsAg, hepatitis B 
surface antigen; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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lipoprotein cholesterol (HDL), and triglycerides were 
measured on the Roche Cobas (Roche Diagnostics 
Limited, United Kingdom) at the accredited diag-
nostic laboratory of the Royal Liverpool University 
Hospital (Liverpool, United Kingdom). Low-density 
lipoprotein cholesterol (LDL) was calculated using the 
Freidewald equation. Glycated hemoglobin (HbA1c) 
was measured in whole blood in sodium fluoride in 
the same laboratory using either ion exchange high-
performance liquid chromatography on the TOSOH 
G8 analyzer (TOSOH Bioscience, United States) or 
boronate affinity with fluorescence detection on the 
Quo-Test (EKF Diagnostics, United Kingdom) if the 
first test yielded invalid results due to hemoglobin 
variant interference. The AST-to-platelet ratio index 
(APRI) score and the fibrosis-4 index (Fib-4) score 
were calculated as described.[22,23]

Definitions and grading

Definitions and grading are given in Table 1.[18–20,24–29] 
Excessive alcohol consumption was defined as drink-
ing more than once a week in moderate to large quan-
tities (see Supporting File). Metabolic syndrome was 
defined according to Alberti and colleagues,[25] modi-
fied to include HbA1c for blood glucose. Specifically, 
metabolic syndrome was defined by the occurrence of 
three or more of the following: central obesity (waist cir-
cumference >94 cm for men and >80 cm for women), 
blood pressure ≥130/85 mm Hg (or drug treatment for 
hypertension), triglycerides ≥1.7 mmol/L (or treatment 
with fibrates or niacin), HDL cholesterol <1.0 mmol/L 
in men and <1.3 mmol/L in women (or treatment with 
fibrates or niacin), and HbA1c ≥42 mmol/mol (or drug 
treatment for elevated blood glucose).[24,28]

Statistical analysis

Characteristics of the study population according to 
HBsAg status were compared with χ2, Fisher's exact, 
or Mann-Whitney U tests, as appropriate. For the 
calculation of median HIV RNA levels, results below 
the LLQ were assigned an arbitrary value of either 
20 (target detected) or 5 (target not detected) copies/
ml. For the calculation of median HBV DNA levels, 
results below the LLQ were assigned a value of ei-
ther 20 (target detected) or 2 (target not detected) IU/
ml. Confidence intervals (CIs) for the prevalence of 
HCV RNA in the whole cohort and the prevalence of 
anti-HDV in patients positive for HBsAg were calcu-
lated using the binomial exact test. Correlation be-
tween AST/ALT levels and CAP values was explored 
by Spearman's correlation analysis. Triglycerides 
levels in patients receiving non-nucleoside reverse 
transcriptase inhibitors (NNRTI) or boosted-protease 

inhibitors (PI/b) were compared by the Mann-Whitney 
U test. ALT differences between individuals with and 
without S2 steatosis were compared by the χ2 test. 
Factors associated with CAP and LS values were ex-
plored by linear regression analyses after natural log-
transformation of the outcome variables. Factors with 
p < 0.1 in the univariable models were considered for 
inclusion in the multivariable models. Robustness of 
the models was evaluated by standard postestima-
tion tests (i.e., variance inflation factors, residual vs. 
fitted plots). In the analysis of factors associated with 
CAP values, multivariable models were adjusted for 
CD4 cell counts and cumulative duration of exposure 
to stavudine plus either (i) metabolic syndrome or (ii) 
central obesity, hypertension, and LDL, triglyceride, 
and HbA1c levels in place of metabolic syndrome. 
Sensitivity analyses included adjustment for cumula-
tive total ART exposure in place of cumulative sta-
vudine exposure, for BMI in place of central obesity, 
and for HDL in place of LDL. In the analysis of factors 
associated with LS values, the multivariable model 
was adjusted for sex, HIV RNA load, and CAP val-
ues; CD4 cell counts were not included due to the 
collinearity with HIV RNA load. A sensitivity analysis 
replaced CAP values with central obesity. A separate 
model analyzed factors associated with LS values in 
patients positive for HBsAg. Sensitivity analyses were 
conducted replacing LS values with the APRI and 
FIB-4 scores after their natural log-transformation. 
A sensitivity analysis was conducted after exclusion 
of pregnant women given that FibroScan is not vali-
dated for use in pregnant women. Statistical analyses 
were performed with STATA software, version 16.0 
(StataCorp Inc, College Station, TX, United States).

RESULTS

Study population

All 340 consecutive patients invited to participate in 
the study consented. Valid CAP and LS measurements 
were obtained in 329/340 (96.8%) patients (Table  2). 
Eleven women yielded invalid measurements and were 
excluded from the analysis; 2/238 (0.8%) had a positive 
pregnancy test.

HIV status

Overall, 322/329 (97.9%) participants were receiving 
ART, predominantly with first-line NNRTI-based com-
binations (287/322, 89.1%) (Table 2). There was a his-
tory of stavudine treatment in 114/329 (34.7%) patients, 
which totaled a median of 2.3 years (IQR, 1.1–3.4) and 
had stopped a median of 8.2 years (IQR, 6.5–8.4) pre-
viously. CD4 cell counts were generally preserved, but 
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TA B L E  2   Characteristics of the study population, total and stratified by HBsAg status

Parameter Total N = 329
HBsAg negative 
n = 239

HBsAg positive 
n = 90 p value

Female, n (%) 238 (72.3) 179 (74.9) 59 (65.6) 0.09

Age Median years (IQR) 47 (42–53) 48 (41–54) 47 (42–52) 0.90

CD4 count Median cells/mm3 
(IQR)

619 (358–830) 602 (349–829) 663 (390–840) 0.32

ART regimen, n (%) Tenofovir/lamivudine 180 (54.7) 106 (44.4) 74 (82.2) <0.0001

Zidovudine/lamivudine 137 (41.6) 123 (51.5) 14 (15.6)

Other NRTIa 5 (1.5) 4 (1.7) 1 (1.1)

NNRTI, efavirenz 208 (63.2) 137 (58.8) 71 (79.8) 0.002

NNRTI, nevirapine 79 (24.0) 68 (29.2) 11 (12.4)

PI/b, lopinavir/ritonavir 31 (9.4) 24 (10.3) 7 (7.9)

PI/b, atazanavir/
ritonavir

4 (1.2) 4 (1.7) 0 (0)

Noneb 7 (2.1) 6 (2.5) 1 (1.1)

Cumulative ART 
exposure, median 
years (IQR)

Total 8.9 (5.7–11.3) 8.7 (4.9–11.2) 9.6 (6.9–11.3) 0.07

Tenofovir 0.7 (0–5.9) 0 (0–1.9) 6.1 (1.6–6.4) <0.0001

Zidovudine 3.0 (0–8.0) 5.2 (0–8.4) 2.0 (0–4.8) 0.006

Stavudine 0 (0–1.3) 0 (0–0.7) 0 (0–1.8) 0.08

Efavirenz 3.1 (0–8.0) 1.7 (0.-7.2) 5.9 (2.4–9.1) 0.0001

Nevirapine 0 (0–5.6) 0 (0–6.3) 0 (0–4.6) 0.61

Lopinavir/ritonavir 
[range]

0 [0–7.1] 0 [0–6.8] 0 [0–8.1] 0.19

HIV-1 RNA load Median log10 copies/ml 
(IQR)

1.3 (1.3–2.6) 1.6 (1.3–2.7) 1.3 (1.3–2.4) 0.67

<40 copies/ml, n (%) 162 (49.2) 144 (48.7) 48 (53.3) 0.46

HBV DNA loadc Median log10 IU/ml 
(IQR)

– – 0.30 (0.30–1.30) –

<40 IU/ml, n (%) – – 74 (82.2)

40–2000 IU/ml, n (%) – – 9 (10.0)

>2000 IU/ml, n (%) – – 2 (2.2)

>20,000 IU/ml, n (%) – – 5 (5.6)

Cigarette smoking, n (%) 20 (6.1) 14 (5.9) 6 (6.7) 0.80

Excessive alcohol, n (%) 6 (1.8) 4 (1.7) 2 (2.2) 0.67

Herbal or traditional remedies, n (%) 11 (3.3) 7 (2.9) 4 (4.4) 0.50

Metabolic syndromed, n (%) 87 (26.4) 68 (28.6) 19 (21.1) 0.17

BMI Median kg/m2 (IQR) 23.9 (20.8–27.1) 23.9 (21.0–26.9) 23.8 (20.8–27.9) 0.96

Underweight 31 (9.4) 22 (9.2) 9 (10.0) 0.90

Overweight 92 (28.0) 68 (28.5) 24 (26.7)

Obese 41 (12.5) 28 (11.7) 13 (14.4)

Waist circumference Male, median cm (IQR) 82 (76–88) 82 (77–88) 82 (75–88) 0.94

Female, median cm 
(IQR)

88 (80–96) 89 (80–96) 86 (77–98) 0.74

Central obesity, n (%) 198 (60.2) 150 (62.8) 48 (53.3) 0.12

Blood pressure Median systolic mm Hg 
(IQR)

128 (113–144) 130 (113–147) 125 (110–140) 0.14

Median diastolic mm 
Hg (IQR)

82 (71–91) 82 (72–92) 82 (71–90) 0.88
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Parameter Total N = 329
HBsAg negative 
n = 239

HBsAg positive 
n = 90 p value

Grade 1 elevation, n 
(%)e

119 (36.2) 87 (36.4) 32 (35.6) 0.66

Grade 2 elevation, n 
(%)

33 (10.0) 25 (10.5) 8 (8.9)

Grade 3 elevation, n 
(%)

27 (8.2) 22 (9.2) 5 (5.6)

No data, n (%) 7 (2.1) 5 (2.1) 2 (2.2)

Total cholesterol Median mmol/L (IQR) 4.7 (4.1–5.4) 4.8 (4.1–5.5) 4.4 (4.0–5.1) 0.011

Grade 1 elevation, n 
(%)

78 (23.7) 58 (24.3) 20 (22.2) 0.05

Grade 2 elevation, n 
(%)

27 (8.2) 25 (10.5) 2 (2.2)

Grade 3 elevation, n 
(%)

6 (1.8) 5 (2.1) 1 (1.1)

LDL Median mmol/L (IQR) 2.7 (2.2–3.4) 2.8 (2.2–3.4) 2.6 (2.2–3.2) 0.12

Grade 1 elevation, n 
(%)

54 (16.4) 39 (16.3) 15 (16.7) 0.09

Grade 2 elevation, n 
(%)

18 (5.5) 16 (6.7) 2 (2.2)

Grade 3 elevation, n 
(%)

9 (2.7) 9 (3.8) 0 (0)

No data, n (%) 6 (1.8) 5 (2.1) 1 (1.1)

HDL Median mmol/L (IQR) 1.3 (1.1–1.6) 1.3 (1.0–1.6) 1.3 (1.1–1.6) 0.74

Low, n (%) 132 (40.1) 98 (41.0) 34 (37.8) 0.65

Triglycerides Median mmol/L (IQR) 1.2 (0.9–1.6) 1.2 (0.9–1.7) 1.1 (0.8–1.4) 0.004

Grade 1 elevation, n 
(%)

46 (14.0) 36 (15.1) 10 (11.1) 0.024

Grade 2 elevation, n 
(%)

30 (9.1) 28 (11.7) 2 (2.2)

Grade 3 elevation, n 
(%)

2 (0.6) 2 (0.8) 0 (0)

No data, n (%) 1 (0.3) 0 (0) 1 (1.1)

HbA1c Median mmol/mol 
(IQR)

33 (29–37) 33 (29–37) 34 (31–37) 0.20

Impaired glucose 
tolerance, n (%)

15 (4.6) 12 (5.0) 3 (3.3)

Hyperglycemia, n (%) 17 (5.2) 14 (5.9) 3 (3.3)

No data, n (%) 2 (0.6) 2 (0.8) 0 (0)

Platelet count Median ×109/L (IQR) 231 (195–277) 237 (204–285) 209 (168–255) 0.001

ALT Median IU/L (IQR) 18 (14–24) 17 (13–22) 21 (15–29) <0.0001

AST Median IU/L (IQR) 27 (23–34) 26 (22–33) 30 (25–37) 0.001

APRI score Median (IQR) 0.27 (0.20–0.36) 0.25 (0.19–0.34) 0.37 (0.25–0.47) <0.0001

FIB-4 score Median (IQR) 1.35 (1.00–1.81) 1.30 (0.97–1.69) 1.58 (1.18–2.16) <0.0001

Liver stiffness Median kPa (IQR) 4.9 (4.0–6.0) 4.9 (3.9–5.9) 4.9 (4.2–6.4) 0.18

Fibrosis grade, n (%) F0–F1 274 (83.3) 217 (90.8) 57 (63.3) <0.0001

F2–F4 55 (16.7) 22 (9.3) 33 (36.7)

F2 38 (11.6) 17 (7.1) 21 (23.3)

F3 12 (3.7) 4 (1.7) 8 (8.9)

F4f 5 (1.5) 1 (0.4) 4 (4.4)

TA B L E  2   (Continued)

(Continues)
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only 162/322 (50.3%) of those on ART showed an HIV 
RNA <40 copies/ml; among those with quantifiable 
HIV RNA, the median load was 436 copies/ml (IQR, 
92–25,700).

Viral hepatitis

Among 90 participants with HBsAg, 12/90 (13.3%) 
tested HBeAg positive (Table  2). Relative to patients 
who were HBsAg negative, the HBsAg-positive group 
comprised a slightly higher proportion of men and was 
more likely to be receiving tenofovir-based ART (75/90, 
83.3%), but there was no difference in median HIV RNA 
load and CD4 cell counts. HBV DNA was quantified in 
16/90 (17.8%) patients who were HBsAg positive, with 
a median load of 1244 IU/ml (IQR, 216–71,920). Among 
the 16 patients with quantifiable HBV DNA, 11 (68.8%) 
also had quantifiable HIV-1 RNA. Based on 11 HBV 
DNA sequences, HBV genotypes were E (n = 10) and 
A4 (n = 1) (Table S1; Figures S1 and S2); 5/11 (45.5%) 
patients harbored mutations conferring HBV resistance 
to lamivudine, but there were no mutations known to 
confer HBV resistance to tenofovir (Table  S1). HCV 
RNA (18,700,000 IU/ml) was detected in 1/329 patients 
(0.3%; 95% CI, 0.0%–1.7%); the patient was HBsAg 
negative. Anti-HDV was detected in 4/90 patients who 
were HBsAg positive (4.4%; 95% CI, 1.2%–11.0%); two 
had detectable HDV RNA (7550 and 1660 copies/ml), 
one tested HDV RNA negative (<640 copies/ml), and 
one did not yield a polymerase chain reaction (PCR) 
amplicon.

Metabolic status

Metabolic syndrome was detected in 87/329 (26.4%) 
patients (Table  2). Overall, 179/329 (54.4%) showed 
grade ≥1 hypertension; 57/329 (17.3%) were on anti-
hypertensive medication (nifedipine, losartan, amlodi-
pine, bendroflumethiazide, lisinopril, methyldopa, or 
valsartan); 32/329 (9.7%) had HbA1c ≥42 mmol/mol; 
and 7/329 (2.1%) were on antidiabetic medications 
(metformin, glimepiride). Dyslipidemia was common, 
but only one patient (0.3%) was receiving lipid-lowering 
therapy (atorvastatin). Median triglyceride levels did 
not differ with NNRTI-based versus PI/b-based ART 
(median, 1.2; IQR, 0.8–1.6 versus median, 1.2; IQR, 
1.0–1.6 mmol/L; p  = 0.49). Patients who were HBsAg 
positive had lower total cholesterol levels and lower 
prevalence of hypertriglyceridemia than patients who 
were HBsAg negative (Table 2). Overall, a small num-
ber of participants (16/329 [4.9%]) reported any alco-
hol consumption, and just 6/329 (1.8%) patients met 
the definition of drinking in excess. Of the latter, five of 
six patients had F0–F1 fibrosis whereas one (who was 
HBsAg positive) had F3 fibrosis. Reporting of cigarette 
smoking and use of herbal or traditional remedies was 
uncommon.

Liver health status

CAP and LS data are shown in Table  2. Values in-
dicative of ≥S2 liver steatosis and ≥F2 liver fibrosis 
were measured in 43/329 (13.1%) and 55/329 (16.7%) 

Parameter Total N = 329
HBsAg negative 
n = 239

HBsAg positive 
n = 90 p value

CAP Median dB/m (IQR) 207 (175–240) 206 (172–239) 214 (181–242) 0.33

Steatosis grade, n (%) S0 260 (79.0) 189 (79.1) 71 (78.9) 0.97

S1–S3 69 (21.0) 50 (20.9) 19 (21.1)

S1 26 (7.9) 20 (8.4) 6 (6.7)

S2 20 (6.1) 14 (5.9) 6 (6.7)

S3 23 (7.0) 16 (6.7) 7 (7.8)

Abbreviations: ALT, alanine aminotransferase; APRI, aspartate aminotransferase to platelet ratio index; ART, antiretroviral treatment; AST, aspartate 
aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; FIB-4, fibrosis-4; HbA1c, glycated hemoglobin; HBsAg, hepatitis B virus 
surface antigen; HBV, hepatitis B virus; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; IQR, interquartile range; LDL, low-density 
lipoprotein; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI/b, boosted.
aOther NRTI combinations comprised one each of tenofovir + abacavir; tenofovir/lamivudine + abacavir; tenofovir + zidovudine; tenofovir + zidovudine/lamivudine; 
and abacavir/lamivudine.
bComprised 4/329 (1.2%) patients who were ART naive and 3/329 (0.9%) patients who had discontinued ART ≥3 months earlier.
cAmong patients with detectable HBV DNA, 11 were on tenofovir/lamivudine (median HBV DNA load, 344 IU/ml; range, 60–548,000,000), four were on 
lamivudine without tenofovir (median HBV DNA load, 7084 IU/ml; range, 72–4,080,000), and one was off ART (HBV DNA load, 123,200 IU/ml).
dOne female meeting two metabolic syndrome criteria (hypertension and low HDL) but lacking HbA1C results was classified in the group without metabolic 
syndrome.
eIncluded eight patients with normal blood pressure while on antihypertensive medication.
fPatients with liver stiffness values indicative of F4 fibrosis/cirrhosis did not show signs of clinical decompensation, and all underwent a liver ultrasound scan 
to exclude ascites and focal lesions. Liver steatosis by CAP value (dB/m): none (S0) <248; mild (S1) 248–268; moderate (S2) 268–280; severe (S3) >280. Liver 
fibrosis by stiffness value: HBsAg positive (kPa) none (F0/F1) <5.9; mild (F2) ≥5.9 to 7.5; moderate (F3) ≥7.6 to 9.3; severe (F4) ≥9.4; HBsAg negative (kPa): 
F0/F1 <7.1; F2 ≥7.1 to 9.3; F3 ≥9.4 to 13.9; F4 ≥14.

TA B L E  2   (Continued)
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patients, respectively. Median CAP values and preva-
lence of ≥S2 steatosis were similar in patients who 
were HBsAg positive versus those who were HBsAg 
negative. Median LS values were also similar; how-
ever, patients who were HBsAg positive had a higher 
prevalence of ≥F2 fibrosis (36.7% vs. 9.2%, p < 0.001), 
higher transaminase levels, higher prevalence of 
raised ALT levels (27.3% vs. 14.1%, p = 0.006), lower 
platelet counts, and higher median APRI and Fib-4 
scores. The distribution of steatosis and fibrosis 
among the 323 patients who did not report excessive 
alcohol consumption and according to HBsAg status 
is shown in Figure 1. The prevalence of concomitant 
≥S2 liver steatosis and ≥F2 liver fibrosis was 8/88 
(9.1%) versus 3/235 (1.3%) in individuals who were 
HBsAg positive versus HBsAg negative (p < 0.001). 
Transaminase levels did not correlate with CAP val-
ues (Figure  S3), although prevalence of raised ALT 
levels was 12/43 (27.9%) among those with CAP val-
ues indicative of ≥S2 liver steatosis versus 45/279 
(16.1%) in those with lower values (p = 0.06).

Factors associated with liver steatosis

Factors associated with higher CAP values in the 
univariable analysis are shown in Table 3. In the first 
model, after adjustment for cumulative stavudine expo-
sure, metabolic syndrome, and CD4 cell count, meta-
bolic syndrome was independently associated with 
higher CAP values. A second model adjusted for cumu-
lative stavudine exposure, CD4 cell count, LDL levels, 
and individual components of the metabolic syndrome 
(central obesity, hypertension, triglyceride, and HbA1c 
levels) and showed that CAP values were higher with 
longer stavudine exposure, central obesity, hyperten-
sion, and higher LDL and HbA1c levels (Table 3). With 
both models, a sensitivity analysis that adjusted for 
cumulative total ART exposure in place of cumulative 
stavudine exposure found no independent association 
with CAP values and no significant changes to other 
findings (not shown). In the second model, adjusting 
for BMI in place of central obesity found an independ-
ent association between BMI and CAP values (coeffi-
cient, +0.01 per 1 kg/m2 higher; 95% CI, +0.01 to +0.02; 
p < 0.001) without significant changes to other findings 
(not shown). Replacing LDL with HDL in the second 
model did not find an independent association of HDL 
with CAP values (data not shown).

Factors associated with liver fibrosis

Factors associated with higher LS values in the uni-
variable analysis are shown in Table  4. After adjust-
ment for sex, HIV RNA load, and CAP values, higher 
LS values were independently associated with male 

sex, higher HIV RNA load, and higher CAP values. A 
sensitivity analysis was adjusted for central obesity in 
place of CAP values and found no independent asso-
ciation with LS values and no significant changes to 
other findings (data not shown). In the HBsAg-positive 
population, LS values were associated with cumulative 
exposure to tenofovir, HIV RNA load, LDL levels, and 
CAP values in the univariable analysis (Table 5). After 
adjustment for cumulative tenofovir exposure, HIV RNA 
load, and CAP values, higher HIV RNA load was inde-
pendently associated with higher LS values whereas 
cumulative tenofovir exposure and CAP values re-
tained a marginal association (Table  5). A sensitivity 
analysis was adjusted for LDL levels in place of CAP 
values and found no independent association with LS 
values and no significant changes to other findings (not 
shown). Sensitivity analyses where the outcome vari-
able LS was replaced with the APRI and Fib-4 scores 
confirmed the independent association with higher HIV 
RNA and higher APRI and Fib-4 scores. No associa-
tion was found between CAP values and APRI and 
FIB-4 scores (Tables S2 and S3).

Exclusion of the two pregnant women from the anal-
ysis of factors associated with liver steatosis and liver 
fibrosis did not alter the findings (data not shown).

DISCUSSION

This cross-sectional study assessed liver steatosis 
and liver fibrosis, as indicated by CAP and LS values, 
respectively, in unselected (albeit enriched for HBsAg-
positive status) consecutive adults with HIV who were 
receiving long-term ART in Ghana. The prevalence of 
at least mild liver steatosis (≥S1) was 21.0% and lower 
than the prevalence reported from cohorts living with 
HIV in North America, Western Europe, China, Japan 
and Brazil (32%–48%).[1] Published data from African 
populations with HIV are difficult to compile due to 
heterogeneous patient selection and variable meth-
ods of diagnosis, with estimates of 28% in Cameroon, 
19%–21% in South Africa, 19% in Togo, and 13% in 
Nigeria.[9–12] In our study, 13.1% had CAP values con-
sistent with ≥S2 steatosis and 16.7% had LS values 
consistent with ≥F2 fibrosis; we found concomitant 
≥S2 steatosis and ≥F2 fibrosis in 3.3% overall but more 
commonly in people with HBV coinfection (9.1%) than 
in those without (1.3%).

In our study, higher CAP values were independently 
associated with a diagnosis of metabolic syndrome, 
which affected 26.4% of participants. The prevalence 
of metabolic syndrome was in agreement with findings 
from a systematic review of 18 African studies, including 
11 from West Africa, which showed a pooled prevalence 
of 21% in populations living with HIV.[30] Considering the 
individual components of the metabolic syndrome,[25] 
60% of participants had central obesity, although only 
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F I G U R E  1   Difference in the prevalence of liver steatosis (based on controlled attenuation parameter values) according to liver fibrosis 
(based on liver stiffness values) and HBsAg status (n = 323, excluding six patients who reported excessive alcohol consumption). HBsAg, 
hepatitis B surface antigen.
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a small subset were obese based on BMI. More than 
half had grade ≥1 hypertension, which is consistent 
with previous data from the same cohort[31] and from a 
global meta-analysis of people with HIV.[32] Of note, hy-
pertension was largely undiagnosed, and only a subset 
was receiving antihypertensive drugs. Dyslipidemia was 
also highly prevalent and largely undiagnosed and un-
treated. Impaired glucose tolerance and diabetes were 
less common and were diagnosed and treated in a sub-
set. Central obesity (or a higher BMI), hypertension, and 
raised HbA1c levels as well as LDL levels were each in-
dependently predictive of higher CAP values. However, 
there was no apparent independent effect of two other 
components of the metabolic syndrome definition—HDL 
and triglycerides levels. African and European studies 
show interesting differences. In Africa studies, HDL and 
total cholesterol levels are lower, there is an attenuated 
relationship between HDL levels and adiposity, and low 
HDL levels are associated with lower non-HDL choles-
terol and are more common among women.[33] Further 
studies are needed to confirm these differences and 
develop a definition of metabolic syndrome that is most 
relevant for African populations.

Of note, we detected no association between CAP 
values, age, sex, and alcohol consumption; however, 
our cohort comprised predominantly women, had a 
narrow distribution of ages, and only a few patients re-
ported excessive alcohol consumption. While there was 
also no independent association between CAP values 
and HIV-related parameters, including CD4 cell count 
and HIV RNA load, one interesting observation was 
the small but significant effect of cumulative stavudine 
exposure on CAP values, despite the exposure dating 
back several years. Stavudine is a major cause of mito-
chondrial toxicity, with hyperproduction of lactates and 
defective fatty acid oxidation, leading to the onset of mi-
crovesicular and macrovesicular steatosis.[34] Limited 
data support reversibility of the mitochondrial effects of 
stavudine following discontinuation.[35]

HBV coinfection is highly prevalent in the Kumasi co-
hort.[16] We detected no association between CAP val-
ues and HBsAg status or HBV DNA load among patients 
who were HBsAg positive, and this is in line with findings 
showing that HBV infection does not increase the risk 
of liver steatosis in HIV-negative populations.[36] In fact, 
in Asian cohorts, HBV infection was associated with 
significantly lower grades of liver steatosis (but higher 
risk of fibrosis) after adjusting for age, sex, and meta-
bolic parameters.[37,38] Nonetheless, liver biopsy studies 
have documented coexisting steatosis in nearly a third 
of adults with chronic HBV infection in North America 
and found it to increase the risk of ALT elevation and 
liver fibrosis.[39,40] Prevalence of concomitant ≥S2 liver 
steatosis and ≥F2 liver fibrosis was 9.1% among people 
with HBV in our study and significantly higher than in in-
dividuals negative for HBsAg, highlighting the additional 
risk posed by liver steatosis in this population.C
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Consistent with the promoting effects of steatosis on 
liver fibrosis, the linear regression analysis in our co-
hort found that higher CAP values independently pre-
dicted higher LS values. Male sex and a higher HIV 
RNA load were also independently associated with 
higher LS values. Furthermore, LS values consistent 
with ≥F2 fibrosis were more prevalent in patients who 
were HBsAg positive. An independent association be-
tween liver fibrosis and male sex has been observed 
in people with HIV in Zambia after adjusting for HBsAg 
status, age, and HIV RNA load.[41] A potential protective 
effect of female hormones against hepatic fibrogenesis 
has been proposed.[42] One key observation, however, 
was that HIV suppression was suboptimal in our co-
hort; viremia was detected in over half of participants, 
which reflects poor access to virologic monitoring, 
limited treatment options, and high rates of drug resis-
tance, as described in other research.[43] HIV can infect 
Kupffer cells and activate hepatic stellate cells, promot-
ing release of proinflammatory cytokines, apoptosis of 
hepatocytes, and synthesis of collagen in the hepatic 
tissue.[44] Conversely, starting ART has been shown to 
reduce indices of liver inflammation.[41]

Reassuringly, most patients who were HBsAg pos-
itive were established on tenofovir, and there was no 
evidence of HBV resistance to tenofovir among those 
with detectable HBV DNA. We have previously re-
ported on the early beneficial impact of tenofovir on 
HBV DNA suppression and LS values in this cohort.[13] 
Here, after a median of 6.1 years of tenofovir, we ob-
served a marginal relationship between cumulative 
tenofovir exposure and lower LS values among peo-
ple with HBV. We explored the relationship between 
ALT levels and CAP values but found a poor overall 
correlation. However, ALT levels were more often 
raised among those with CAP values indicative of ≥S2 
liver steatosis, with about one in four patients show-
ing levels above the reference upper limit of normal 
(men ≥35 IU/L; women ≥25 IU/L). ALT levels were also 
poorly correlated with LS values but were higher in 
people with HBV. As HIV infection may modulate these 
parameters, whether transaminase levels provide a re-
liable biomarker of hepatitis in this population remains 
to be determined.

There are limitations to this study. We did not ob-
tain liver biopsies to corroborate the diagnosis of liver 
steatosis or liver fibrosis; estimating CAP along with 
LS with portable FibroScan equipment makes such 
assessments possible in settings where there is lim-
ited access to liver biopsy and histopathology exam-
inations.[14] The study design was cross-sectional, and 
prospective studies are needed in Kumasi and other 
African cohorts to measure evolution of liver disease 
and identify individuals who would benefit from inter-
ventions to reduce progression of fibrosis and ste-
atosis. There was a predominance of women in our 
cohort, which reflects the lower levels of diagnosis and 

engagement with care among men living with HIV in the 
region.[45] Compared to women living with HIV, there 
are more men living with HIV who do not know their 
HIV status, more men who know their status but are not 
on treatment, and more men who are not virally sup-
pressed. While it can be proposed that multiple factors 
would interact to increase prevalence of liver disease in 
the male population, more data are needed to confirm 
how sex modulates the risk of liver fibrosis. Prospective 
studies are also needed to confirm the prevalence of 
hypertension in the cohort. Meanwhile, we identify co-
existence of poor HIV control with highly prevalent liver 
steatosis and HBV coinfection as alarming indicators 
of a significant risk of progressive liver disease and 
hepatocellular carcinoma. Key interventions include 
(i) optimized HIV and HBV virologic control to reduce 
the promoting effect of uncontrolled virus replication 
on liver fibrosis, and (ii) identification and management 
of the key components of the metabolic syndrome, in-
cluding central obesity, hypertension, dyslipidemia, and 
impaired glucose tolerance, to reduce the contributing 
role of hepatitis steatosis in people with and without 
HBV coinfection.
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