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ABSTRACT
Introduction The growing importance of non- 
communicable diseases (NCDs) and high HIV prevalence 
in urban African settings may increase the burden of 
metabolic dysfunction- associated fatty liver disease 
(MAFLD). We assessed liver steatosis among HIV- positive 
and negative adults in urban Zambia.
Methods Adults 30 years and older who were newly 
diagnosed with HIV, or tested HIV- negative at two primary 
care clinics in Lusaka, Zambia, were assessed for liver 
steatosis. Cardiometabolic data were collected through 
comprehensive clinical and laboratory assessments. 
Transient elastography was performed to measure 
controlled- attenuation parameter (≥248 dB/m). We used 
multivariable logistic regression models to determine the 
factors associated with the presence of steatosis.
Results We enrolled 381 patients, including 154 (40%) 
antiretroviral therapy- naïve people living with HIV (PLWH) 
with a median CD4+ count of 247 cells/mm3 and a mean 
body mass index (BMI) of 23.8 kg/m2. Liver steatosis was 
observed in 10% of participants overall and was more 
common among HIV- negative adults than in PLWH (15% 
vs 3%). The proportion of patients with steatosis was 
25% among obese (BMI ≥30 kg/m2) participants, 12% 
among those overweight (BMI 25–29.9 kg/m2), and 7% 
among those with a BMI <25 kg/m2. Among patients with 
a fasting glucose ≥7 mmol/L or confirmed diabetes, 57% 
had liver steatosis. In multivariable analyses, HIV status 
(adjusted odds ratio (aOR) 0.18, 95% CI 0.06 to 0.53), 
confirmed diabetes or elevated fasting glucose (aOR 3.92, 
95% CI 1.57 to 9.78) and elevated blood pressure (aOR 
2.95, 95% CI 1.34 to 6.48) were associated with steatosis. 
The association between BMI>25 kg/m2 and liver 
steatosis was attenuated after adjustment for potential 
confounders (aOR 1.96, 95% CI 0.88–4.40). Overall, 21 
(9%) participants without HIV and 4 (3%) with HIV met the 
criteria for MAFLD. Among individuals with liver steatosis, 
65% (95% CI 49% to 80%) fulfilled criteria of MAFLD, 
whereas 15 (39%) of them had elevated transaminases 
and 3 (8%) F2–F4 fibrosis.
Conclusions The prevalence of liver steatosis in this 
urban cohort of HIV- positive and negative adults in 
Zambia was low, despite a large proportion of patients 

with high BMI and central obesity. Our study is among 
the first to report data on MAFLD among adults in Africa, 
demonstrating that metabolic risk factors are key drivers 
of liver steatosis and supporting the adoption of the 
criteria for MAFLD in African populations.

INTRODUCTION
The most important driver of liver- related 
mortality in sub- Saharan Africa (SSA) is 
chronic hepatitis B virus infection, which 
causes up to 45% of liver cancer deaths in the 
region.1 2 However, the relative contribution 
of non- communicable diseases (NCDs) to the 
burden of liver disease is expected to grow, 
given increasing urbanisation and transi-
tioning lifestyles.3 4 In recent years, the trend 
towards obesogenic societies has been rising 
in Southern Africa compared with other 
regions in SSA. Recent data highlight the 
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increasing prevalence of obesity and diabetes, which are 
important drivers of liver steatosis.5 In addition, the high 
prevalence of HIV infection, a condition associated with 
the presence of liver steatosis in high- income countries, 
may further increase the risk of metabolic liver disease in 
the region.6

Although the determinants of liver steatosis in African 
populations are not well understood, its prevalence 
was reported to be relatively low compared with other 
regions.7 However, studies published to date were mainly 
conducted among people with type 2 diabetes, with small 
sample sizes. None of the studies used controlled atten-
uation parameter (CAP) using transient elastography, 
with the ability to simultaneously measure liver stiffness.7 
There is an urgent need for epidemiological data on 
the prevalence of metabolic liver disease among people 
living with HIV (PLWH) and on the relative impact of 
other cardiometabolic risk factors.

The recent adoption of criteria for characterising meta-
bolic dysfunction- associated fatty liver disease (MAFLD) 
is timely, as numerous studies have shown associations of 
type 2 diabetes mellitus (T2DM), hypertriglyceridaemia 
and obesity with liver steatosis.8 With rising trends of 
metabolic- related comorbidities among PLWH and urban 
dwellers in Africa, it is important to establish the burden 
of liver steatosis in this population. Considering liver 
disease in relation to metabolic manifestations among 
HIV populations encourages implementing an inte-
grated disease approach at the primary care level.9 This 
study aimed to describe the prevalence of liver steatosis 
and characterise MAFLD among treatment- naïve PLWH 
and HIV- negative adults attending primary care clinics in 
urban Zambia.

PATIENTS AND METHODS
Study design and participants
This was a cross- sectional analysis of adults aged 30 years 
and older enrolled into a prospective cohort study at 
Kalingalinga Health Centre and Matero Level 1 Hospital 
in urban Lusaka, Zambia, between August 2019 and 
June 2021. Both sites include middle- class and lower- 
class catchment populations. This study and both clinics 
are part of the International Epidemiology Databases to 
Evaluate AIDS collaboration in Southern Africa.10 We 
included newly diagnosed PLWH who were treatment- 
naïve at the point of enrolment and HIV- negative adults 
who presented at the same facility seeking an HIV test 
and had a documented negative test result.

Clinical data collection
At enrolment, we collected comprehensive sociodemo-
graphic and clinical data using standardised question-
naires and physical examination. Blood pressure was 
measured using the OMRON Bronze upper arm blood 
pressure monitor BP510 (OmronHealthcare). Height 
and weight were measured using the Seca 813 scale 
and Seca 0123 stadiometer, respectively. Hip and waist 

circumference were measured using a standard metric 
tape measure. Alcohol consumption was assessed using 
the Alcohol Use Disorders Identification Test- Concise 
(AUDIT- C) questionnaire.11 We tested for hepatitis B 
surface antigen (HBsAg) using the Alere Determine 
HBsAg rapid test and for hepatitis C infection using the 
SD Bioline Hepatitis C virus (HCV) antibody rapid test. 
Serum samples were collected for alanine aminotrans-
aminase (ALT), alkaline phosphatase (ALP) and aspar-
tate aminotransferase (AST) measurements. Patients 
were required to return fasted (≥8 hours) for a second 
visit within 2 weeks of enrollment for glucose and lipid 
panels, as well as transient elastography. Blood tests were 
performed at the central laboratory using the COBAS 
Beckman Coulter chemistry analyzer and the Alere 
Afinion 2 analyser for lipid panels.

Transient elastography
Transient elastography was performed at the 2- week visit 
in fasting patients. A trained research nurse measured 
liver steatosis by CAP in dB/m and liver fibrosis by liver 
stiffness measure (LSM in kPa) using the Echosens Fibro-
Scan 430 mini (Paris, France) with an M probe. Patients 
requiring an XL probe were recalled for transient elas-
tography examination on a separate visit where further 
attempts were made by the research nurse. After three 
attempts the scan was documented as failed if XL probe 
was advised. Results were expressed as a median and 
were considered valid if ≥10 successful measurements 
were taken, the success rate was ≥60%, and the LSM IQR 
to median ratio (IQR/med) was lower than 30% of the 
median value.12

Outcomes and definitions
Our primary outcome was liver steatosis, defined as 
CAP ≥248 dB/m. We further staged steatosis into cate-
gories S1 (mild steatosis) if CAP 248–267 dB/m, S2 
(moderate steatosis) if CAP 268–279 dB/m and S3 
(severe steatosis) if CAP≥280 dB/m.13 14 Significant liver 
fibrosis was defined according to Metavir- equivalent 
stages as LSM ≥7.0 kPa and cirrhosis as LSM ≥11 kPa.15 
Elevated transaminases were defined as ALT>20 U/mL 
for women and >30 U/mL for men. According to refer-
ence ranges from our laboratory, ALP and AST were 
defined as elevated with >138 U/L and >38 U/L, respec-
tively. Hazardous alcohol consumption was defined as 
AUDIT- C score ≥4 for men and ≥3 women.16 We diag-
nosed MAFLD as the presence of liver steatosis detected 
by CAP plus the presence of T2DM (confirmed diag-
nosis or antidiabetic treatment) or having a body mass 
index (BMI) of 25 kg/m2 and above. For patients with 
a normal or low BMI, MAFLD was present if they had 
at least two of the following metabolic abnormalities: 
waist circumference ≥102 cm for men or ≥88 cm for 
women, blood pressure ≥130/85 mm Hg or taking anti-
hypertensive treatment, high- density lipoprotein choles-
terol <1.0 mmol/L for men or <1.3 mmol/L for women, 
plasma triglycerides≥1.70 mmol/L and pre- diabetes 
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Table 1 Demographic and clinical characteristics of participants, by HIV status

Characteristics
HIV- positive
(n=154)

HIV- negative
(n=227) P value

Median age, years (IQR) 39 (33–44) 35 (32–43) <0.01

Male sex, n (%) 76 (49) 76 (33) <0.01

Marital status, n (%) <0.01

  Married 78 (50) 144 (63)

  Divorced/separated/widowed 58 (38) 52 (23)

  Single 18 (12) 31 (14)

Employment, n (%) <0.01

  Employed/self- employed 116 (75) 130 (58)

  Unemployed 38 (25) 96 (42)

Alcohol consumption, n (%) 0.45

  Abstinent 72 (47) 97 (43)

  Moderate 6 (4) 15 (6)

  Hazardous (AUDIT- C ≥3 for women; ≥4 for men) 76 (49) 117 (51)

Clinical characteristics

Body mass index, n (%) <0.01

  Underweight (<18 kg/m2) 22 (14) 18 (8)

  Normal (18–24.9 kg/m2) 100 (65) 119 (52)

  Overweight (25–29.9 kg/m2) 22 (14) 47 (21)

  Obese (≥30 kg/m2) 10 (7) 43 (19)

Waist circumference, n (%) <0.01

  Normal 125 (82) 156 (69)

  Abdominal obesity (≥88 cm for women; ≥102 for men) 28 (18) 71 (31)

  Missing 1 –

Systolic blood pressure, n (%) 0.03

  Normal 117 (76) 149 (66)

  Elevated (≥130 mm Hg) 37 (24) 78 (34)

Diastolic blood pressure, n (%) 0.54

  Normal 107 (69) 151 (66)

  Elevated (≥85 mm Hg) 47 (31) 76 (33)

Fasting glucose, n (%) 0.51

  Normal (<5.6 mmol/L) 130 (86) 202 (89)

  Pre- diabetes (5.6–6.9 mmol/L) 19 (11) 20 (8)

  Diabetes (>7 mmol/L) 3 (2) 4 (2)

  Missing 2 (1) 1 (1)

Total cholesterol, n (%) 0.27

  Normal 133 (89) 192 (85)

  Elevated (>5 mmol/L) 16 (10) 33 (14)

  Missing 5 (1) 2 (1)

Triglycerides, n (%) 0.33

  Normal 132 (86) 205 (91)

  Elevated (≥1.70 mmol/L) 18 (12) 20 (8)

  Missing 4 (3) 2 (1)

HDL- cholesterol, n (%) <0.01

  Normal 60 (39) 150 (66)

Continued
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defined as fasting plasma glucose between 5.6 and 
6.9 mmol/L8.

Statistical analysis
We summarised categorical variables using frequen-
cies and proportions and used the median and IQR for 
continuous variables. Pearson’s χ2 test or Fisher’s exact 
test (where appropriate) were used to test for differences 
in baseline characteristics by HIV status. The prevalence 
of liver steatosis was calculated as the number of partici-
pants with CAP ≥248 dB/m divided by the total number 
of eligible participants. We used multivariable logistic 
regression to identify factors associated with liver steatosis 
and selected variables a priori. A p value less than 0.05 
was considered statistically significant. All analyses were 
performed in Stata V.16 (StataCorp).

RESULTS
Characteristics of participants
Of 467 patients enrolled in the cohort, 381 (82%) 
had complete data for this analysis, including 154 
(40%) PLWH and 227 (60%) HIV- negative individ-
uals. Patients with incomplete data included 20 (4%) 
who missed the second visit, 25 (5%) with unsuc-
cessful elastography measurements, 5 (6%) for whom 
an XL probe was advised, 36 (8%) who were recently 

enrolled and still awaiting on liver assessment (online 
supplemental appendix 1). The median age was 
higher among PLWH (39 years, IQR 33–44) compared 
with HIV- negative adults (35 years, IQR 32–43), and 
there were more men among the PLWH (49% vs 33%) 
(table 1). Among PLWH, median CD4+ count was 247 
cells/mm3 (IQR 104–421), and median HIV viral load 
was 11,071 copies/ml (IQR 88–349,189). HIV- negative 
adults were more likely to have a BMI≥25 kg/m2 (40% 
vs 21%), to have central obesity (31% vs 18%) and to 
have elevated systolic blood pressure (28% vs 19%) 
than PLWH. In contrast, the prevalence of other 
cardiovascular risk factors such as hyperglycaemia, 
hyperlipidaemia and elevated blood pressure was 
similar between groups. Overall, hazardous alcohol 
consumption was reported by more than half of the 
patients, and 12 (3%) had a positive HBsAg. No partic-
ipants tested positive for HCV antibodies.

Factors associated with liver steatosis
Thirty- eight of 381 adults (10%) had liver steatosis, 
and 8 (2%) had severe steatosis (figure 1, table 2). 
The prevalence of liver steatosis was 15% (33/227) 
among HIV- negative adults, and 3% (5/154) in PLWH 
(table 2). The percentage of patients with steatosis was 
25% among obese (BMI ≥30 kg/m2) participants, 12% 
among those overweight (BMI 25–30 kg/m2) and 7% 
among those with a BMI <25 kg/m2. The percentage 
of individuals with liver steatosis was 57% among 
patients with fasting glucose ≥7 mmol/L or confirmed 
diabetes, 25% among pre- diabetes (fasting glucose: 
5.6–6.9 mmol/L) and 8% among those with normal 
blood glucose. The prevalence of liver steatosis was 
the same in the groups of patients with or without 
hazardous alcohol consumption. In multivariable 
analyses, HIV status (adjusted OR (aOR) 0.18, 95% CI 
0.06 to 0.53), confirmed diabetes or elevated fasting 
glucose (aOR 3.92, 95% CI 1.57 to 9.78) and elevated 
blood pressure (aOR 2.95, 95% CI 1.34 to 6.48) were 
associated with steatosis (table 3). There was no clear 
association of liver steatosis with male sex (aOR 1.40, 
95% CI 0.59 to 3.38), age >40 years (aOR 1.85, 95% CI 
0.84 to 4.05) or hazardous alcohol consumption (aOR 
1.11, 95% CI 0.49 to 2.47).

Characteristics
HIV- positive
(n=154)

HIV- negative
(n=227) P value

  Reduced (<1.0 mmol/L for men or <1.3 mmol/L) 90 (58) 75 (33)

  Missing 4 (3) 2 (1)

Hepatitis B surface antigen, n (%) 0.09

  Positive 2 (1) 10 (4)

  Negative 152 (99) 217 (96)

Significant P- value in bold (p<0.05).
AUDIT- C, Alcohol Use Disorders Identification Test- Concise; HDL, high- density lipoprotein.

Table 1 Continued

Figure 1 Box plot of liver steatosis values measured by 
continued attenuation parameter (CAP), by HIV status.

https://dx.doi.org/10.1136/bmjgast-2022-000945
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Although there were no associations between alcohol 
consumption and steatosis the proportion of patients 
with hazardous alcohol consumption and steatosis was 
53% (20/38). The association between BMI>25 kg/
m2 and liver steatosis was attenuated after adjustment 
for potential confounders (aOR 1.96, 95% CI 0.88 to 
4.40).

Metabolic-associated fatty liver disease
Overall, 4/154 (2.6%) PLWH and 21/227 (9.3%) persons 
without HIV infection had MAFLD. Among those with 
steatosis, 21 (64%) HIV- negative individuals and 4 (80%) 
PLWH had MAFLD (figure 2). Sixty- five per cent of 
those with liver steatosis met the criteria for MAFLD. 
Among the 38 individuals with liver steatosis, 13 did not 
fulfil the criteria for MAFLD: one among PLWH and 12 

among HIV- negative individuals. Of 15 patients with liver 
steatosis and normal BMI, only 2 had at least two meta-
bolic risk factors and qualified for MAFLD.

Liver fibrosis, cirrhosis and inflammation
The percentage of individuals with liver fibrosis or 
cirrhosis was 9% among PLWH and 8% in HIV- negative 
participants, whereas ALT elevation was more common 
among PLWH (49% vs 37%, table 2). Among patients 
with steatosis, 15 (39%) had elevated transaminases, and 
3 (8%) had F2- F4 fibrosis. Two HIV- negative patients had 
steatosis, elevated transaminases and F2–F4. The first was 
a male aged 32 years with cirrhosis (LSM: 13.9 kPa), S3 
(CAP: 304 dB/m), BMI of 44 kg/m2, elevated blood pres-
sure (189/109 mm Hg) and hazardous alcohol consump-
tion. The second was a female aged 42 years with F3 

Table 2 Liver- related characteristics, by HIV status

Characteristics
HIV- positive
(n=154)

HIV- negative
(n=227)

Total
(n=381)

Liver steatosis, n (%)

  Yes 5 (3) 33 (15) 38 (10)

  No 149 (97) 194 (85) 343 (90)

Steatosis staging, n (%)

  S0 (CAP <248 dB/m) 149 (96) 194 (85) 343 (90)

  S1 (CAP 248–267 dB/m) 4 (3) 18 (8) 22 (6)

  S2 (CAP 268–279 dB/m) 0 8 (4) 8 (2)

  S3 (CAP ≥280) 1 (1) 7 (3) 8 (2)

Fibrosis/cirrhosis, n (%)

  Yes 14 (9) 18 (8) 32 (8)

  No 140 (91) 209 (92) 349 (92)

Fibrosis staging, n (%)

  Normal 140 (91) 209 (92) 349 (92)

  Fibrosis (LSM ≥7 kPa) 11 (7) 13 (6) 24 (6)

  Cirrhosis (LSM≥11 kPa) 3 (2) 5 (2) 8 (2)

ALT, median (IQR) 24 (17–36) 19 (15–29) 21 (16–31)

ALT, n (%)

  Normal 79 (51) 143 (63) 222 (58)

  Elevated (>20 U/mL for women; >30 U/mL for men) 75 (49) 84 (37) 159 (42)

AST, median (IQR) 36 (26–49) 25 (20–32) 28 (22–39)

AST, n (%)

  Normal 86 (56) 190 (84) 276 (72)

  Elevated (>38 U/L) 66 (43) 33 (15) 99 (26)

  Missing 2 (1) 4 (1) 6 (2)

ALP, median 79 (65–105) 70 (57–85) 73 (59–89)

ALP, n (%)

  Normal 140 (91) 217 (96) 357 (94)

  Elevated (138 U/L) 10 (6) 6 (3) 16 (4)

  Missing 4 (3) 4 (1) 8 (2)

ALP, alkaline phosphatase; ALT, alanine aminotransaminase; AST, aspartate aminotransferase; CAP, controlled- attenuation parameter; LSM, 
liver stiffness measure.
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(LSM: 9.1 kPa), S1 (CAP: 263 dB/m), normal BMI of 
18.7 kg/m2, elevated blood pressure (132/88 mm Hg) 
and hazardous alcohol consumption.

DISCUSSION
We found a relatively low prevalence of liver steatosis 
in this cohort of HIV- positive and negative adults ≥30 
years in urban Zambia. Despite the high proportion of 
individuals with elevated BMI and central obesity, only 
25% of those with BMI ≥30 kg/m2 and 12% among 
those with BMI 25–30 kg/m2 had liver steatosis. MAFLD 
was considerably more frequent in PLWH than in HIV- 
negative individuals and was nearly absent in lean, non- 
diabetic participants. Our study is among the first to 
report the determinants of MAFLD in HIV- positive and 
negative individuals from an urban African population. 
With the growing burden of NCDs within this region, 

our data support the inclusion of multiple liver and 
metabolic risk factors screening for primary healthcare 
in Africa.17 18

Compared with estimates from large studies within the 
general population in Europe and North America, the 
prevalence of liver steatosis in our cohort was low.19–21 
This finding was surprising, given the high proportion 
of overweight participants in our study. Furthermore, 
few patients had severe steatosis, in contrast to other 
population- based studies in the UK where nearly half 
(48.3%) were diagnosed with severe steatosis.20 Indi-
viduals with known diabetes or elevated fasting glucose 
measurements were five times more likely to have liver 
steatosis than other participants. The prevalence of liver 
steatosis was 30% among people with diabetes, slightly 
lower than in most studies of patients with T2DM in 
Africa.

Table 3 Factors associated with liver steatosis

Steatosis S1–S3 Univariable analysis *Multivariable analysis

n/total no (%) OR (95% CI) P value OR (95% CI) P value

HIV status

  Negative 33/227 (15) 1 1

  Positive 5/154 (3) 0.20 (0.08 to 0.52) <0.001 0.18 (0.06 to 0.53) 0.002

Sex

  Female 22/229 (10) 1 1

  Male 16/152 (11) 1.11 (0.56 to 2.18) 0.77 1.40 (0.59 to 3.38) 0.44

Age group, years

  30–40 19/239 (8) 1 1

  40+ 19/142 (13) 1.79 (0.91 to 3.51) 0.09 1.85 (0.84 to 4.05) 0.12

BMI

  <25 kg/m2 17/259 (7) 1 1

  ≥25 kg/m2 21/122 (17) 2.96 (1.49 to 5.84) 0.002 1.96 (0.88 to 4.40) 0.1

Fasting glucose

  Normal 26/332 (8) 1 <0.001 1

  Elevated/treatment 12/46 (26) 4.15 (1.92 to 8.97) 3.92 (1.57 to 9.78) 0.007

  Missing 0/3

Blood pressure

  Normal 16/288 (6) 1 1

  Elevated/treatment 22/93 (24) 5.26 (2.63 to 10.6) <0.001 2.95 (1.34 to 6.48) 0.007

Triglycerides

  Normal 32/337 (10) 1 1

  Elevated/treatment 6/38 (16) 1.79 (0.69 to 4.60) 0.23 0.94 (0.31 to 2.84) 0.9

  Missing 0/6

Alcohol consumption

  Abstinent/moderate 18/190 (10) 1 1

  Hazardous 20/191 (10) 1.11 (0.57 to 2.19) 0.76 1.19 (0.54 to 2.65) 0.8

Significant P- value in bold (p<0.05).
*Complete- case analysis (n=375).
BMI, body mass index.
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Studies from Sudan, Nigeria and Ethiopia reported 
estimates between 50% and 73%, but sample sizes were 
small,22–24 and steatosis was generally measured with 
ultrasound, which has a lower sensitivity and specificity 
for detecting liver steatosis when compared with CAP 
measured by transient elastography.25 We also found a 
significant association between elevated blood pressure 
and liver steatosis. Although this association has not been 
reported for SSA, reports from a large cohort in Italy and 
the third generation Framingham heart study in the USA 
showed an association between arterial hypertension and 
liver steatosis.26 27 The relationship between hypertension 
and liver steatosis could reflect metabolic syndrome and 
cardiovascular disease risk, which are known bidirec-
tional predictors of fatty liver.28

Many large studies from high- income countries have 
reported a strong association between obesity and liver 
steatosis.20 29 Despite a higher prevalence of steatosis 
among obese patients in our study, most of those who 
were obese did not have liver steatosis. Although we 
found reasonable evidence of an association between 
BMI and liver steatosis in multivariable analyses, it was 
not statistically significant. Potential explanations for this 
finding could be our limited sample size or our dichot-
omisation of BMI at cut- offs that may not be adapted 
for African populations. Indeed, the magnitude of the 
point estimate observed (OR: 1.96) was lower than the 
estimates shown in previous studies from high- income 
countries. Sociocultural differences related to nutrition 
and unmeasured genetic differences may be potential 
explanations for the low prevalence of steatosis observed 

among obese Africans in our study.30 Along the same 
lines, we did not find any associations between cholesterol 
or triglycerides levels and the presence of liver steatosis, 
which has been reported in other populations.31 These 
observations, as well as the absence of an association 
between the high alcohol consumption and liver steatosis 
in our study population underline the potential differ-
ences in the relationship between metabolic factors and 
liver steatosis between people in SSA and high- income 
countries.32 The diagnosis of MAFLD does not exclude 
patients with alcohol consumption, however, the dual 
burden of alcohol and steatosis on liver diseases remains 
an important point of discussion.8

The prevalence of liver steatosis among PLWH in 
our study was especially low. Several studies have shown 
that HIV per se may not be a key driver of liver steatosis 
among PLWH: reports from the USA and Canada did 
not show a significant association between HIV and liver 
steatosis after adjustment for confounders.33–35 Instead, 
HIV- associated comorbidities and specific antiretroviral 
therapy (ART) components seem to impact the devel-
opment of liver steatosis: in a recent meta- analysis of 10 
published studies among PLWH, the most important 
predictors of liver steatosis were classical metabolic risk 
factors such as high BMI, waist circumference, type 2 
diabetes, and hypertension.27 However, given the paucity 
of data on the prevalence of metabolic liver disease 
among ART- naïve individuals, our results will need to 
be confirmed in larger studies which include individ-
uals with less advanced stage of disease at ART initiation. 
Given the current roll out of dolutegravir and tenofovir 
alafenamide across Africa, the measurement of liver 
steatosis will be of high priority, as these drugs have been 
associated with weight gain and lipid dysregulation.36–38

In our analysis, the majority of steatosis cases were seen 
among overweight and diabetic individuals. Of those with 
liver steatosis and a normal BMI, only a minority had addi-
tional metabolic risk factors as per the definition of MAFLD. 
Thus, lean MAFLD was almost absent in our study, in 
contrast to studies from high- income countries. The inclu-
sion of these metabolic parameters for the definition of 
MAFLD proved to have clinical utility in a Sri Lankan cohort 
where this new definition captured high- risk patients who 
were initially excluded by the NAFLD definition.9 39

Our study’s rather small sample size was an important 
limitation: due to the SARS- CoV- 2 pandemic and various 
lockdowns, study recruitment was irregular with various 
occasions when the study had to be suspended. Conse-
quently, we could only enrol a relatively small number of 
PLWH, of whom many were in advanced stages of HIV infec-
tion at the time of ART initiation. More data are needed 
from patients in long- term care on ART in African primary 
care clinics to monitor potential metabolic side effects of 
newer ART regimens. Prospective data collection from our 
ongoing cohort will be crucial to understand the dynamics 
of liver related complications among the ageing PLWH and 
the general HIV- negative population from Southern Africa 
We could not confirm diabetes in a few patients, which 

Figure 2 Flow chart for MAFLD diagnosis among 
study participants in urban Zambia. MAFLD (metabolic 
dysfunction- associated fatty liver disease). *2 patients 
with T2DM and BMI>25 kg/m2 simultaneously fulfilling 
MAFLD criteria through the independent pathway of being 
overweight/obese.
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could have underestimated the association with steatosis. 
BMI and central obesity thresholds applied were not specific 
to our population, but rather we used cut- offs derived from 
a Caucasian population. The need for more ethnic- specific 
criteria is essential in defining cardiometabolic parameters 
in our population.

Despite large numbers of patients with high BMI and 
central obesity in our study population, we report a low 
prevalence of steatosis. Our study is the first to have 
assessed the determinants of MAFLD among an urban 
cohort of adults with and without HIV in Southern Africa. 
Our data support the adoption of the positive criteria for 
MAFLD as we show that several metabolic risk factors 
are strongly associated with liver steatosis in this popu-
lation. Future analyses will have to focus on PLWH on 
modern ART regimens, and more research is needed to 
determine thresholds for specific metabolic parameters 
adapted to the African setting.

Author affiliations
1Centre for Infectious Disease Research in Zambia, Lusaka, Zambia
2Institute of Social and Preventive Medicine, University of Bern, Bern, Switzerland
3Graduate School of Health Sciences, University of Bern, Bern, Switzerland
4Department of Infectious Diseases, Bern University Hospital, University of Bern, 
Bern, Switzerland
5Department of Internal Medicine, University Teaching Hospital, Lusaka, Zambia
6Ministry of Health, Lusaka, Zambia
7Department of Biostatistics, University of Ghana, Accra, Ghana
8Department of Medicine, The University of Alabama, Birmingham, Alabama, USA
9Centre for Infectious Disease Research, University of Cape Town, Cape Town, 
South Africa
10Department of Visceral Surgery and Medicine, Inselspital, Bern University 
Hospital, University of Bern, Bern, Switzerland

Twitter Belinda Varaidzo Chihota @ChihotaBV

Acknowledgements The authors thank the research nurses; Alice Miyanda, 
Aretha Mumba and Kenan Simumba for their role in data collection and patient 
care at the study clinics. We also thank all IeDEA- NCD study patients for their 
participation in this study.

Contributors BVC and GW designed the study, analysed the data and wrote the 
first draft of the manuscript. BVC, CR and GM collected data. CB- M supported study 
implementation. All authors contributed to interpretation of data, critically reviewed 
the manuscript and agreed on its final version. GW is the author guarantor.

Funding This work was funded by the National Institute of Allergy and Infectious 
Disease (Grant Number U01AI069924). GW was supported by a Professorship from 
the Swiss National Science Foundation (SNSF; Grant Number PP00P3_176944). ME 
was supported by special project funding (grant 189498) from the Swiss National 
Science Foundation.

Disclaimer The content is solely the responsibility of the authors and does not 
represent the official views of the funders.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by the 
University of Zambia Biomedical Research Ethics Committee (UNZABREC)- approval 
number 011- 04- 19. Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 

includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iD
Belinda Varaidzo Chihota http://orcid.org/0000-0001-6565-9306

REFERENCES
 1 Global Burden of Disease Liver Cancer Collaboration. The burden 

of primary liver cancer and underlying etiologies from 1990 to 2015 
at the global, regional, and national level. results from the global 
burden of disease study 2015. JAMA Oncol 2017;3:1683–91.

 2 World Health Organization. Global Hepatits report, 2017. published 
online 2017. Available: http://apps.who.int/iris/bitstream/handle/ 
10665/255016/9789241565455-eng.pdf;jsessionid=FBB14994EAA7 
4396AA325886EE6E3B17?sequence=1

 3 Bugianesi E, Younossi Z. Global burden of NAFLD and NASH: 
trends, predictions, risk factors and prevention. Nat Rev 
Gastroenterol Hepatol 2018;15.

 4 Spearman CW, Sonderup MW. Health disparities in liver disease in 
sub- Saharan Africa. Liver Int 2015;35:2063–71.

 5 Kengne AP, Bentham J, Zhou B, et al. Trends in obesity and diabetes 
across Africa from 1980 to 2014: an analysis of pooled population- 
based studies. Int J Epidemiol 2017;46:1421–32.

 6 Lake J, Overton T, Naggie S. Expert panel review on non- alcoholic 
fatty liver disease in persons with HIV. Clinical Gastroenterology and 
Hepatology;20.

 7 Paruk IM, Pirie FJ, Motala AA. Non- Alcoholic fatty liver disease in 
Africa: a hidden danger. Glob Health Epidemiol Genom 2019;4.

 8 Eslam M, Newsome PN, Sarin SK, et al. A new definition for 
metabolic dysfunction- associated fatty liver disease: an international 
expert consensus statement. J Hepatol 2020;73:202–9.

 9 Spearman CW, Desalegn H, Ocama P, et al. The sub- Saharan Africa 
position statement on the redefinition of fatty liver disease: from 
NAFLD to MAFLD. J Hepatol 2021;74:1256–8.

 10 Chammartin F, Ostinelli CH, Anastos K. International epidemiology 
databses to evaluate AIDS (IeDEA) in sun- Saharan Africa, 2012- 
2019. BMJ Open;10 https://dx.doi.org/10.1136%2Fbmjopen-2019- 
035246

 11 Bradley KA, DeBenedetti AF, Volk RJ, et al. AUDIT- C as a brief 
screen for alcohol misuse in primary care. Alcohol Clin Exp Res 
2007;31:1208–17 https://onlinelibrary.wiley.com/doi/epdf/

 12 Boursier J, Zarski J- P, de Ledinghen V, et al. Determination 
of reliability criteria for liver stiffness evaluation by transient 
elastography. Hepatology 2013;57:1182–91. February 4.

 13 Karlas T, Petroff D, Sasso M, et al. Individual patient data meta- 
analysis of controlled attenuation parameter (CAP) technology for 
assessing steatosis. J Hepatol 2017;66:1022–30.

 14 Vuille- Lessard Élise, Lebouché B, Lennox L, et al. Nonalcoholic fatty 
liver disease diagnosed by transient elastography with controlled 
attenuation parameter in unselected HIV monoinfected patients. 
AIDS 2016;30:2635–43.

 15 Morse CG, McLaughlin M, Proschan M, et al. Transient 
elastography for the detection of hepatic fibrosis in HIV- 
monoinfected adults with elevated aminotransferases on 
antiretroviral therapy. AIDS 2015;29:2297–302 https://pubmed. 
ncbi.nlm.nih.gov/26544701/

 16 Inoue S, Chitambi C, Vinikoor MJ. Testing the validity of the AUDIT- C 
and AUDIT- 3 to detect unhealthy alcohol use among high- risk 
populations in Zambia: a secondary analysis from two randomized 
trials. Drug Alcohol Depend. 2021;229.

 17 Fouad Y, Elwakil R, Elsahhar M, et al. The NAFLD‐MAFLD debate: 
eminence vs evidence. Liver Int 2021;41:255–60.

 18 Cai J, Zhang X- J, Ji Y- X, et al. Nonalcoholic fatty liver disease 
pandemic fuels the upsurge in cardiovascular diseases. Circ Res 
2020;126:679–704.

 19 Christopher W, Stengel J, Asike M. Prevalecnce of nonalcoholic 
fatty liver disease and nonalcoholic steatohepatitis among a largely 
middle- aged population utilizing ultrasound and liver biopsy: a 
prospective study. Gastroenterology;140:124–31.

https://twitter.com/ChihotaBV
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6565-9306
http://apps.who.int/iris/bitstream/handle/10665/255016/9789241565455-eng.pdf;jsessionid=FBB14994EAA74396AA325886EE6E3B17?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/255016/9789241565455-eng.pdf;jsessionid=FBB14994EAA74396AA325886EE6E3B17?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/255016/9789241565455-eng.pdf;jsessionid=FBB14994EAA74396AA325886EE6E3B17?sequence=1
http://dx.doi.org/10.1111/liv.12884
http://dx.doi.org/10.1093/ije/dyx078
http://dx.doi.org/10.1017/gheg.2019.2
http://dx.doi.org/10.1016/j.jhep.2020.03.039
http://dx.doi.org/10.1016/j.jhep.2021.01.015
https://dx.doi.org/10.1136%2Fbmjopen-2019-035246
https://dx.doi.org/10.1136%2Fbmjopen-2019-035246
http://dx.doi.org/10.1111/j.1530-0277.2007.00403.x
https://onlinelibrary.wiley.com/doi/epdf/
http://dx.doi.org/10.1002/hep.25993
http://dx.doi.org/10.1016/j.jhep.2016.12.022
http://dx.doi.org/10.1097/QAD.0000000000001241
http://dx.doi.org/10.1097/QAD.0000000000000841
https://pubmed.ncbi.nlm.nih.gov/26544701/
https://pubmed.ncbi.nlm.nih.gov/26544701/
http://dx.doi.org/10.1111/liv.14739
http://dx.doi.org/10.1161/CIRCRESAHA.119.316337


9Chihota BV, et al. BMJ Open Gastro 2022;9:e000945. doi:10.1136/bmjgast-2022-000945

Open access

 20 Abeysekera KWM, Fernandes GS, Hammerton G, et al. Prevalence 
of steatosis and fibrosis in young adults in the UK: a population- 
based study. The Lancet Gastroenterology & Hepatology 
2020;5:295–305 https://www.thelancet.com/action/showPdf?pii= 
S2468-1253%2819%2930419-4

 21 Bischoff J, Gu W, Schwarze- Zander C. Stratifying the risk of NAFLD 
in patients with HIV under combination antiretroviral therapy (cART). 
E Clin Med 2021;5.

 22 Afolabi B, Ibitoye B, Temidayo R, et al. The relationship between 
glycaemic control and non- alcoholic fatty liver disease in Nigerian 
type 2 diabetic patients. J Natl Med Assoc 2017;110:256–64.

 23 Zawdie B, Tadesse S, Wolide A, et al. Non- Alcoholic fatty liver 
disease and associated factors among type 2 diabetic patients in 
Southwest Ethiopia. Ethiop J Health Sci.

 24 Almobarak AO, Barakat S, Suliman EA, et al. Prevalence of and 
predictive factors for nonalcoholic fatty liver disease in Sudanese 
individuals with type 2 diabetes: is metabolic syndrome the culprit? 
Arab Journal of Gastroenterology 2015;16:54–8.

 25 Kamali L, Adibi A, Ebrahimian S, et al. Diagnostic performance of 
ultrasonography in detecting fatty liver disease in comparison with 
Fibroscan in people suspected of fatty liver. Adv Biomed Res;8.

 26 Petta S, Di Marco V, Pipitone RM, et al. Prevalence and severity 
of nonalcoholic fatty liver disease by transient elastography: 
genetic and metabolic risk factors in a general population. Liver Int 
2018;38:2060–8.

 27 Ma J, Hwang S- J, Pedley A, et al. Bi- Directional analysis between fatty 
liver and cardiovascular disease risk factors. J Hepatol 2017;66:390–7.

 28 Mellinger JL, Pencina KM, Massaro JM, et al. Hepatic steatosis and 
cardiovascular disease outcomes: an analysis of the Framingham 
heart study. J Hepatol 2015;63:470–6.

 29 Jinjuvadia R, Antaki F, Lohia P, et al. The association between 
nonalcoholic fatty liver disease and metabolic abnormalities in the 
United States population. J Clin Gastroenterol 2017;51:160–6.

 30 Browning JD, Szczepaniak LS, Dobbins R, et al. Prevalence of 
hepatic steatosis in an urban population in the United States: impact 
of ethnicity. Hepatology 2004;40:1387–95.

 31 Souza MRdeA, Diniz MdeFFdeM, Medeiros- Filho JEMde, et al. 
Metabolic syndrome and risk factors for non- alcoholic fatty liver 
disease. Arq Gastroenterol 2012;49:89–96.

 32 Loomba R, Yang H- I, Su J, et al. Synergism between obesity 
and alcohol in increasing the risk of hepatocellular carcinoma: a 
prospective cohort study. Am J Epidemiol 2013;177:333–42.

 33 Maurice JB, Patel A, Scott AJ, et al. Prevalence and risk factors 
of nonalcoholic fatty liver disease in HIV- monoinfection. AIDS 
2017;31:1621–32.

 34 Price JC, Seaberg EC, Latanich R, et al. Risk factors for fatty 
liver in the Multicenter AIDS cohort study. Am J Gastroenterol 
2014;109:695–704.

 35 Elise VL, Bertrand L, Lynda R, et al. Nonalcoholic fatty liver disease 
diagnosed by transient elastography with controlled attenuation 
parameter in unselected HIV monoinfected patients. AIDS 
2016;30:2635–43.

 36 Venter WDF, Sokhela S, Simmons B, et al. Dolutegravir with 
emtricitabine and tenofovir alafenamide or tenofovir disoproxil 
fumarate versus efavirenz, emtricitabine, and tenofovir disoproxil 
fumarate for initial treatment of HIV- 1 infection (advance): week 96 
results from a randomised, phase 3, non- inferiority trial. The Lancet 
HIV 2020;7:e666–76.

 37 Lacey A, Savinelli S, Barco EA, et al. Investigating the effect of 
antiretroviral switch to tenofovir alafenamide on lipid profiles in 
people living with HIV. AIDS 2020;34:1161–70.

 38 Surial B, Mugglin C, Calmy A, et al. Weight and metabolic 
changes after switching from tenofovir disoproxil fumarate to 
tenofovir Alafenamide in people living with HIV. Ann Intern Med 
2021;174:758–67.

 39 Niriella M, Ediriweera D, Katuriratne A, et al. Outcomes of NAFLD 
and MAFLD: results from a community- based, prospective cohort 
study. PLoS One. Published online 2021.

http://dx.doi.org/10.1016/S2468-1253(19)30419-4
https://www.thelancet.com/action/showPdf?pii=S2468-1253%2819%2930419-4
https://www.thelancet.com/action/showPdf?pii=S2468-1253%2819%2930419-4
http://dx.doi.org/10.1016/j.ajg.2015.06.001
http://dx.doi.org/10.1111/liv.13743
http://dx.doi.org/10.1016/j.jhep.2016.09.022
http://dx.doi.org/10.1016/j.jhep.2015.02.045
http://dx.doi.org/10.1097/MCG.0000000000000666
http://dx.doi.org/10.1002/hep.20466
http://dx.doi.org/10.1590/s0004-28032012000100015
http://dx.doi.org/10.1093/aje/kws252
http://dx.doi.org/10.1097/QAD.0000000000001504
http://dx.doi.org/10.1038/ajg.2014.32
http://dx.doi.org/10.1016/S2352-3018(20)30241-1
http://dx.doi.org/10.1016/S2352-3018(20)30241-1
http://dx.doi.org/10.1097/QAD.0000000000002541
http://dx.doi.org/10.7326/M20-4853

	Liver steatosis and metabolic dysfunction-associated fatty liver disease among HIV-positive and negative adults in urban Zambia
	Abstract
	Introduction
	Patients and methods
	Study design and participants
	Clinical data collection
	Transient elastography
	Outcomes and definitions
	Statistical analysis

	Results
	Characteristics of participants
	Factors associated with liver steatosis
	Metabolic-associated fatty liver disease
	Liver fibrosis, cirrhosis and inflammation

	Discussion
	References


