
M A J O R  A R T I C L E

2124 • cid 2021:72 (15 June) • Ajmera et al

Clinical Infectious Diseases

 

Received 20 December 2019; editorial decision 30 March 2020; accepted 23 September 2020;  
published online September 25, 2020.

Correspondence: R.  Loomba, ACTRI Bldg, 1W202, 9452 Medical Center Dr, La Jolla, CA 
92037 (roloomba@ucsd.edu); http://fattyliver.ucsd.edu.

Clinical Infectious Diseases®  2021;72(12):2124–31
© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society 
of America. All rights reserved. For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciaa429

Optimal Threshold of Controlled Attenuation Parameter 
for Detection of HIV-Associated NAFLD With Magnetic 
Resonance Imaging as the Reference Standard
Veeral H. Ajmera,1,2 Edward R. Cachay,3 Christian B. Ramers,4 Shirin Bassirian,1 Seema Singh,1 Richele Bettencourt,1 Lisa Richards,1 Gavin Hamilton,5 
Michael Middleton,5 Katie Fowler,5 Claude Sirlin,5 and Rohit Loomba1,2,6

1NAFLD Research Center, Department of Medicine, University of California, San Diego, La Jolla, California, USA, 2Division of Gastroenterology, Department of Medicine, University of California, 
San Diego, La Jolla, California, USA, 3Division of Infectious Diseases, Owen Clinic, University of California San Diego, San Diego, California, USA, 4Laura Rodriguez Research Institute, Family 
Health Centers of San Diego, San Diego, California, USA, 5Liver Imaging Group, University of California, San Diego, La Jolla, California, USA, and 6 Division of Epidemiology, Department of Family 
and Preventive Medicine, University of California, San Diego, La Jolla, California, USA

Background. Controlled attenuation parameter (CAP) is an ultrasound-based point-of-care method to quantify liver fat; how-
ever, the optimal threshold for CAP to detect pathologic liver fat among persons living with human immunodeficiency virus (HIV; 
PLWH) is unknown. Therefore, we aimed to identify the diagnostic accuracy and optimal threshold of CAP for the detection of liver-
fat among PLWH with magnetic resonance imaging proton-density fat fraction (MRI-PDFF) as the reference standard.

Methods. Patients from a prospective single-center cohort of PLWH at risk for HIV-associated nonalcoholic fatty liver disease 
(NAFLD) who underwent contemporaneous MRI-PDFF and CAP assessment were included. Subjects with other forms of liver di-
sease including viral hepatitis and excessive alcohol intake were excluded. Receiver operatic characteristic (ROC) curve analysis were 
performed to identify the optimal threshold for the detection of HIV-associated NAFLD (liver fat ≥ 5%).

Results. Seventy PLWH (90% men) at risk for NAFLD were included. The mean (± standard deviation) age and body mass index 
were 48.6 (±10.2) years and 30 (± 5.3) kg/m2, respectively. The prevalence of HIV-associated NAFLD (MRI-PDFF ≥ 5%) was 80%. 
The M and XL probes were used for 56% and 44% of patients, respectively. The area under the ROC curve of CAP for the detection 
of MRI-PDFF ≥ 5% was 0.82 (0.69–0.95) at the cut-point of 285 dB/m. The positive predictive value of CAP ≥ 285 dB/m was 93.2% 
in this cohort with sensitivity of 73% and specificity of 78.6%.

Conclusions. The optimal cut-point of CAP to correctly identify HIV-associated NAFLD was 285 dB/m, is similar to previously 
published cut-point for primary NAFLD and may be incorporated into routine care to identify patients at risk of HIV-associated 
NAFLD.
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Among persons living with human immunodeficiency virus 
(HIV; PLWH), liver disease is a leading cause of morbidity 
and mortality [1]. Historically, coinfection with viral hepa-
titis B and C were major contributors to liver disease among 
PLWH, but these risk factors are increasingly controlled with 
improved antiviral therapy for viral hepatitis. With increases in 
the long-term survival of PLWH and in the prevalence of met-
abolic syndrome, which affects approximately 25% of PLWH, 
HIV-associated nonalcoholic fatty liver disease (NAFLD) is 
emerging as a major cause of liver disease [2–4].

HIV-associated NAFLD occurs in the presence of metabolic 
risk factors and in the absence of viral hepatitis and pathologic 

alcohol use among PLWH. Although primary NAFLD and 
HIV-associated NAFLD have similar risk factors, multiple 
unique factors contribute to disease pathogenesis in PLWH in-
cluding lipodystrophy [5], direct and indirect viral effects, and 
increased permeability of the gut epithelium [6]. The patho-
genic role of antiretroviral therapy in HIV-associated NAFLD 
remains unclear and include older nucleoside reverse transcrip-
tase inhibitors (NRTIs) causing mitochondrial toxicity, insulin 
resistance, and impaired fatty acid oxidation contributing to 
HIV-associated NAFLD [7]. Thus, multiple unique factors con-
tribute to the pathogenesis of HIV-associated NAFLD.

Several noninvasive imaging tests have been evaluated for the 
detection of liver fat including conventional ultrasound, com-
puted tomography, and magnetic resonance spectroscopy but 
are limited by low sensitivity [8], ionizing radiation [9], and the 
requirement for technical expertise [10], respectively. Magnetic 
resonance imaging proton density fat fraction (MRI-PDFF) is 
a technique that can be included in conventional MRI exams 
and is an accurate, reproducible biomarker for the detection of 
NAFLD and liver fat quantification that has similar accuracy 
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to magnetic resonance spectroscopy (MRS) and is more widely 
available [11–19]. Although MRI-PDFF can be considered 
a useful reference standard for the quantification of liver fat, 
a low-cost point-of-care test would be ideal to screen a large 
at-risk population. Controlled attenuation parameter (CAP) is 
a novel ultrasound-based test to quantify liver fat during a liver 
stiffness (LS) measurement obtained by vibration-controlled 
transient elastography (VCTE) known as Fibroscan [20]. 
Although CAP is less accurate than MRI-PDFF [18], it does 
allow for a rapid, point-of-care, noninvasive assessment of el-
evated liver fat (MRI-PDFF ≥ 5%) with good sensitivity and 
specificity [21]. We hypothesized that the optimal CAP cutoff 
for HIV-associated NAFLD would be higher than 238 dB/m, 
which was not derived in patients with NAFLD and was util-
ized in many studies of HIV-associated NAFLD. The current 
study aims to evaluate the diagnostic accuracy of CAP for the 
diagnosis of HIV-associated NAFLD and to identify an optimal 
disease-specific threshold for detection of elevated liver fat 
using MRI-PDFF as the reference standard.

MATERIAL AND METHODS

Study Design and Population

This is a cross-sectional study of a prospectively, consecutively 
recruited cohort of PLWH who are at risk for HIV-associated 
NAFLD. The study was designed and conducted according to 
the Standards for Reporting of Diagnostic Accuracy guidelines 
(Supplemental Table 1). The protocol was Health Insurance 
Portability and Accountability Act (HIPAA) compliant and 
was approved by the UCSD Institutional Review Board. 
Informed written consent was obtained from each participant 
before study enrollment. Participants were enrolled from the 
University of California at San Diego (UCSD) primary care 
clinics and subspecialty clinics including those focused on HIV 
treatment and liver diseases, and the study was conducted be-
tween 1 March 2016 and 1 January 2018, at UCSD NAFLD 
Research Center.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: adult patients at least 
18  years of age with a history of HIV infection and at least 
≥1 of the following risk factors for HIV-associated NAFLD; 
hypertriglyceridemia (>150  mg/dL), dyslipidemia (low den-
sity lipoprotein (LDL) > 160  mg/dL or high density lipopro-
tein (HDL) < 40 mg/dL), serum ALT above the upper limit of 
normal (>19 U/L for women and >30 U/L for men), body mass 
index (BMI) >25  kg/m2, hyperuricemia, prediabetes or dia-
betes defined by American Diabetes Association criteria (fasting 
plasma glucose [FPG] 100–125 or HbA1c 5.7%–6.4% or 2 hour 
plasma glucose 140–199 after 75 gram glucose tolerance test for 
prediabetes and FPG ≥ 126 or HbA1c ≥ 6.5% or 2 hour plasma 
glucose ≥ 200 after 75 gram glucose tolerance test or in a patient 
with classic symptoms a random plasma glucose ≥200) [22].

Exclusion criteria included serologic testing to exclude the 
presence of other forms of liver disease and are outlined in the 
supplemental material. Further exclusion criteria included al-
cohol intake of more than 30 g/day in the previous 10 years or 
greater than 10 g/day in the previous year, evidence of cirrhosis 
based on clinical assessment or imaging, active illicit drug use, 
pregnancy, evidence of hepatocellular carcinoma, ingestion of 
drugs known to cause hepatic steatosis, or inability to undergo 
MRI. All patients underwent a standardized research exam at 
the UCSD NAFLD research center clinic with additional detail 
provided in the supplemental material.

Primary and Secondary Outcome

The primary outcome was the CAP detection of HIV-associated 
NAFLD based on MRI-PDFF ≥ 5% after exclusion of other 
causes of liver disease (as described above). The secondary out-
come was the CAP detection of moderate-to-severe liver fat de-
fined as MRI-PDFF ≥ 10%.

Ultrasound-based Assessment

CAP was measured simultaneously with LS by an experi-
enced operator using the 502 Touch model (M Probe, XL 
Probe; Echosens, Paris, France) of the FibroScan device [23]. 
Measurements were obtained with the patient in the supine 
position with the right arm fully adducted and with the probe 
placed in a right intercostal space overlying the right lobe of 
the liver during a 10-second breath hold. The measurement was 
obtained after at least a three hour fast and included a minimum 
of 10 valid measurements. All patients were initially scanned 
with the M probe and when indicated by the equipment on in-
itial assessment rescanned with the XL probe, which has been 
shown to reduce the failure rate of Fibroscan in obese patients. 
The automatic probe selection software included in the device 
recommends use of the XL probe when the skin to liver capsule 
distance is >25 mm. An unreliable LS was defined as <10 valid 
measurements and/or IQR/median >30% [24]. The CAP value, 
a marker of the attenuation of ultrasound waves in dB/m, was 
automatically measured simultaneously in the same region of 
interest as the valid LS [25]. CAP is evaluated using the same 
radio-frequency data as the LS and is only reported if the LS 
measurement is valid.

MRI-PDFF for Liver Fat Quantification

MRI was performed at the UCSD MR3T Research Laboratory 
using the 3T research scanner (GE Signa EXCITE HDxt; GE 
Healthcare, Waukesha, WI, USA) with all participants in the su-
pine position. MRI-PDFF was used as a marker of liver fat. The 
details of the MRI protocol have been previously described [16, 
26] and are included in the supplemental material.

Statistical Analyses

Given previous data on the diagnostic accuracy of CAP for 
liver fat using MRI-PDFF as the reference standard in primary 
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NAFLD [25], we estimated a diagnostic accuracy of 0.80 and 
correlation between MRI-PDFF and CAP of 0.60, which would 
require a sample size of 38 with a power of 0.80 and alpha of 
0.05 assuming that 80% of patients had HIV-associated NAFLD. 
Demographic, anthropometric, laboratory, and imaging data 
were summarized using the mean and standard deviation for 
continuous variables or median and interquartile range (IQR) 
as appropriate. A t-test was performed on continuous variables 
with normal distribution and Kruskall-Wallis test performed 
on other continuous variables. The χ2 or Fisher exact test was 
performed on categorical variables. Receiver operating charac-
teristic (ROC) curve analysis was used to assess the diagnostic 
accuracy of CAP for the presence of HIV-associated NAFLD 
(MRI-PDFF ≥ 5%) and the presence of moderate to severe 
steatosis (MRI-PDFF ≥ 10%). For the primary and secondary 
outcomes, the area under the ROC curve (AUROC), optimal 
thresholds, sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV) were reported. 
Exploratory analyses were performed to evaluate if the diag-
nostic accuracy of CAP varied by the presence of obesity, the 
probe used, or elevated IQR of the CAP measurement.

RESULTS

Baseline Characteristics

Eighty-seven patients were screened, and 70 PLWH were in-
cluded in this study (Supplemental Figure 1). The study pop-
ulation was predominantly male (N = 63, 90%) with a mean (± 
standard deviation [SD]) age of 48.6 (±10.2) years and BMI of 30 
(± 5.3) kg/m2, respectively. Most participants in our cohort had 
a well-controlled HIV infection, the median (IQR) CD4 count 
was 696 (415) cells/mm3. The most common antiretroviral re-
gimens was composed of 2 NNRTI and 1 NRRTI followed by 
2 NRTI and INSIT and 2 NRTI and a boosted PI. The preva-
lence of HIV-associated NAFLD (MRI-PDFF ≥ 5%) was 80% 
(N = 63), and 53% (N = 37) had liver fat on MRI-PDFF ≥ 10% 
consistent with moderate to severe steatosis (Table 1). Thirty pa-
tients had elevated liver stiffness measurement (LSM) on VCTE 
(> 6.2 kPa), and 3 patients had LSM associated with cirrhosis 
(>11.8 kPa). The M and XL probes were used for 56% and 44% 
of patients respectively. The mean time between CAP and MRI-
PDFF was 7.5 (± 12.3 SD) days. In 15% (N = 10) patients the 
percentage of valid to total measurements was <60%. There 
were no adverse events associated with MRI or CAP. Higher 
BMI, ALT, AST, triglycerides, glucose, HOMA-IR, hemoglobin 
A1C, and dyslipidemia were associated with increasing liver fat 
on MRI-PDFF. CAP measurements significantly increased with 
increasing liver fat on MRI-PDFF, r = 0.6429, P < .001 (Figure 1).

Diagnostic Accuracy of CAP for HIV-associated NAFLD

The AUROC c-statistic of CAP for the detection of HIV-
associated NAFLD was 0.82 (95% confidence interval [CI]: .69–
.95) (Figure 2A). The optimal cut-point, maximizing sensitivity, 

and specificity, was 285 dB/m. The sensitivity, specificity, PPV, and 
NPV were 73.2%, 78.6%, 93.2%, and 42.3%, respectively (Table 2).

Diagnostic Accuracy of CAP for MRI-PDFF ≥ 10%

The AUROC c-statistic of CAP for the detection of moderate to 
severe liver fat (MRI-PDFF ≥ 10%) was 0.83 (95% CI: .72–.93) 
(Figure 2B). The optimal cut-point, maximizing sensitivity and 
specificity, was 314 dB/m. The sensitivity, specificity, PPV, and 
NPV were 78.4%, 81.8%, 82.9%, and 77.1%, respectively (Table 2).

Sensitivity Analyses for the Performance of CAP

When stratified by the IQR of CAP, we observed that an IQR 
below 30 dB/m was associated with a nonsignificant increase in 
diagnostic accuracy versus those with an IQR above 30 dB/m 
(AUROC c-statistic: 0.87 [95% CI, .57–1.00] vs 0.82 [95% CI, 
.65–.99]; P =  .97), but the study lacked the power to detect a 
differences between these IQR strata. Furthermore, the results 
remained statistically significant even after adjustment for BMI. 
BMI did not affect the diagnostic accuracy of CAP (AUROC 
c-statistic: 0.76 [95% CI, .59–.94] for BMI < 30 kg/m2 vs 0.91 
[95% CI, .80–1.00] for BMI ≥ 30 kg/m2; P = .1701). The diag-
nostic accuracy was similar with M and XL probes (AUROC 
c-statistic: 0.83 [95% CI, .68–.98] for the M probe vs 0.73 [95% 
CI, .38–1.00] for the XL probe; P = .6042).

DISCUSSION

Using a well-characterized cohort of PLWH at risk for HIV-
associated NAFLD, this study determined an optimal threshold 
for CAP for the detection of HIV-associated NAFLD at 285 
dB/m, with good diagnostic accuracy (AUROC 0.82, 95% 
CI, .69–.95) and excellent positive predictive value of 93.2%. 
This optimal threshold of 285 dB/m is similar to the optimal 
threshold in primary NAFLD (288 dB/m) and differs from the 
cut-point of 238 dB/m, which has been utilized in multiple pre-
vious studies of HIV-associated NAFLD [21]. Furthermore, a 
threshold of 314 dB/m can be used to detect moderate to severe 
liver fat, and CAP was not affected by the presence of obesity.

To date, disease-specific thresholds for CAP in HIV-associated 
NAFLD have not been prospectively validated with MRI-PDFF 
as the reference. An optimal threshold in this population should 
be both sensitive and specific for diagnosis of elevated liver fat 
(MRI-PDFF >5%) to allow early identification of patients who 
may benefit from interventions. Prior studies of PLWH have 
utilized a cut-point of 238 dB/m, which was not derived in a 
population of patients at risk for HIV-associated NAFLD and 
has subsequently demonstrated poor correlation with more 
accurate methods of quantifying liver fat including MR spec-
troscopy and MRI-PDFF [21, 27–30]. More recent studies have 
adopted a cut-point of 248 dB/m, which was derived from a 
meta-analysis published in 2017, which included diverse causes 
of liver disease among whom 7% had NAFLD [31–35]. A re-
cent open-label, multicenter, randomized study that assessed 
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the impact on liver steatosis over 48 weeks of switching from 
efavirenz to raltegravir while maintaining a stable NRTI back-
bone highlights the need for CAP standardization in PLWH 

[36]. The study found that the median difference in CAP values 
between baseline and week 48 was a decrease of 20 dB/m for 
people on raltegravir compared to an increase of 30 dB/m for 

Table 1. Study Characteristics Stratified by Liver Fat

MRI-PDFF < 5%  
(n = 14)

MRI-PDFF 5–10%  
(n = 19)

MRI-PDFF > 10%  
(n = 37) P-Value

Demographics     

 Age (years) 51.4 ± 8.7 49.6 ± 11.3 47.1 ± 10.2 .3682

 Male patients 11 (78.6%) 17 (89.5%) 35 (94.6%) .2411

 White (vs. non) 5 (35.7%) 7 (36.8%) 11 (29.7%) .8384

 Hispanic (vs. non) 7 (50.0%) 11 (57.9%) 26 (70.3%) .3565

Clinical     

 Weight (kg) 79.2 ± 11.0 91.7 ± 16.6 92.1 ± 16.8 .0316

 Height (m) 172.1 ± 9.4 172.8 ± 9 172.1 ± 7.3 .9497

 BMI (kg/m2) 26.9 ± 4.6 30.9 ± 4.7 30.7 ± 4.5 .0245

 BMI ≥ 30 2 (14.3%) 8 (44.4%) 19 (52.8%) .0465

 Diabetes 0 2 (10.5%) 9 (24.3%) .0856

Biochemical profile     

 ALT (IU/L) 30.5 (19) 46 (34) 73 (61) < .0001

 AST (IU/L) 24.5 (20) 29 (29) 39 (30) .0311

 AST:ALT 0.9 (0.8) 0.7 (0.4) 0.6 (0.2) < .0001

 Alk phos (U/L) 67 (17) 95 (28) 74 (36) .0105

 Total bilirubin (mg/dL) 0.5 (0.3) 0.5 (0.4) 0.5 (0.3) .7889

 Protime (s) 11.5 (0.8) 11.2 (0.8) 11.3 (0.8) .3500

 Triglycerides (mg/dL) 116.5 (48) 159 (95) 178 (117) .0191

 Total cholesterol (mg/dL) 193.5 (30) 169 (55) 179 (49) .4534

 LDL (mg/dL) 115.5 (31) 93 (25) 106 (44) .2569

 FFA (mmol/L) 0.5 (0.3) 0.7 (0.4) 0.5 (0.2) .3189

 Glucose (mg/dL) 94 (15) 108 (45) 101 (18) .0247

 Insulin (µU/mL) 15.5 (13) 25 (25) 30 (22) .0926

 HOMA-IR 3.3 (3.1) 6.8 (6.8) 7.5 (6) .0182

 Hgb A1C (%) 5.2 (0.5) 5.4 (0.5) 5.6 (0.9) .0017

 CD4 count 791 (688) 680 (457) 638 (363) .9544

Imaging     

 MRI-PDFF 2.7 (1.6) 7 (2) 16.5 (9.3) < .0001

 VCTE (kPa)     

 Median 5.3 (2.2) 6.7 (3.1) 5.9 (3.7) .1788

 IQR 0.8 (0.6) 0.7 (1) 0.8 (0.9) .4132

 IQR/M 15 (10) 11 (11) 13 (11) .2585

 Success rate <60%, n (%) 2 (14.3%) 4 (21.1%) 4 (10.8%) .5423

 CAP (dB/m)     

 Median 246 (70) 281 (93) 343 (47) < .0001

 IQR 37 (10) 28 (31) 32 (17) .4576

 Probe size, n (%)    .3351

 Medium 10 (71.4%) 11 (57.9%) 18 (48.7%) .3351

 XL 4 (28.6%) 8 (42.1%) 19 (51.4%)  

Metabolic Factors, n (%)     

 Waist >102 cm men, > 88 cm women 6 (42.9%) 10 (52.3%) 21 (58.3%) .6123

 Triglycerides ≥ 150 mg/dL 3 (21.4%) 10 (52.6%) 24 (64.9%) .0214

 HDL < 40 mg/dL men, < 50 mg/dl women 1 (7.1%) 7 (36.8%) 18 51.4%) .0156

 SBP ≥ 130 and/or DBP ≥ 85 8 (57.1%) 10 (52.6%) 16 (44.4%) .6810

 FPG ≥ 100 mg/dL 4 (28.6%) 11 (57.9%) 19 (51.4%) .2212

 Metabolic Syndrome 2 (14.3%) 8 (42.1%) 18 (52.9%) .0475

Data presented as mean ± SD, median (IQR), or n (%) as appropriate. T-test performed on continuous variables presented as mean ± SD; Kruskall-Wallis performed on all other continuous/
ordinal variables. χ2 or Fisher’s exact test as appropriate on all categorical variables. Success rate was defined as the ratio of the number of valid measurements to the total number of 
measurements. 
Abbreviations: ALK phos, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CRP, C-reactive protein; FFA, free fatty acids; GGT, 
gamma-glutamyl transferase; Hgb A1C, hemoglobin A1C; HDL, high-density lipoprotein; HOMA, homeostatic model assessment; IQR, interquartile range; LDL, low-density lipoprotein; 
MRI-PDFF, magnetic resonance imaging proton-density fat fraction; VCTE, vibration-controlled transient elastography.
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those on efavirenz. However, the study utilized a cut-point of ≥ 
238 dB/m for the diagnosis of HIV-associated NAFLD. The me-
dian values used for study inclusion criteria may have included 
many patients without HIV-associated NAFLD, which could 
impact the clinical significance of the findings. Furthermore, 
the study included patients with HIV-HCV coinfection, which 
may have affected the appropriate CAP cut-point. A more re-
cent study by Lemoine and colleagues reported an optimal 
cut-point of 280 dB/m for the diagnosis of moderate to severe 
steatosis on liver biopsy in PLWH [37]. However, the cut-point 
in this study grouped PLWH with mild steatosis together with 

those with no steatosis and did not evaluate the diagnostic ac-
curacy of CAP with MRI-PDFF as the reference. MRI-PDFF 
provides a quantitative, accurate, continuous measure of liver 
fat compared to broad categorical classifications, which grade 
hepatic steatosis on liver biopsy. Furthermore, the Lemoine 
study did not include the use of the XL probe which was used 
in 44% of patients in this study population. Our study validated 
the CAP cut-point for primary NAFLD in PLWH and included 
the use of both M and XL probes making it the most repre-
sentative of current clinical practice. A recent study of patients 
with primary NAFLD with liver biopsy as the referent found 
an optimal cut-point of 302 dB/m for ≥ 5% steatosis, but only 
4% of patients in that study had normal liver histology, and the 
high prevalence of moderate-to-severe steatosis may have right-
shifted the optimal cut-point [38]. Studies in primary NAFLD 
with M versus XL probe have demonstrated that CAP meas-
urements are higher when using the XL probe, and the use of 
the XL probe in obese patients decreases the risk of Fibroscan 
failure [21, 39–41]. Importantly, Caussy and colleagues evalu-
ated the diagnostic accuracy of CAP for the diagnosis of pri-
mary NAFLD using MRI-PDFF as the reference standard and 
found a similar optimal threshold (288 dB/m) and good diag-
nostic accuracy [33].

CAP performance for the diagnosis of moderate to severe 
steatosis defined as MRI-PDFF ≥ 10% remained good with 
a c-statistic of 0.83, sensitivity 78.4%, specificity 81.8%, NPV 
77.1%, and PPW 82.9%. This higher cut-point may be utilized 
to identify PLWH with high liver-fat who may benefit from clin-
ical trials of emerging treatments with an antisteatotic mech-
anism of action. Furthermore, the presence of obesity did not 

Figure 1. Distribution of CAP measurements by liver fat content on MRI-PDFF. 
CAP measurements increase with increasing liver fat content on MRI-PDFF, 
P <  .0001. Abbreviations: CAP, controlled attenuation parameter; MRI-PDFF, mag-
netic resonance imaging proton-density fat fraction.

Figure 2. Diagnostic accuracy of CAP for the detection of elevated liver fat on MRI-PDFF. A, MRI-PDFF ≥ 5%. B, MRI-PDFF ≥ 10%. Abbreviations: AUROC, area under the ROC curve; 
CAP, controlled attenuation parameter; CI, confidence interval; MRI-PDFF, magnetic resonance imaging proton-density fat fraction; ROC, receiver operating characteristic.
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affect the diagnostic accuracy of CAP in our study. Although 
studies in primary NAFLD demonstrated higher diagnostic ac-
curacy when the IQR of CAP measurements is < 30 dB/m, our 
study did not demonstrate a significant difference in PLWH but 
may have been underpowered for this sensitivity analysis.

As clinics treating PLWH may now have access to Fibroscan, 
CAP can provide an accessible, reliable tool to identify patients 
with elevated liver fat. Furthermore, CAP may serve as an im-
portant screening tool for potential candidates for clinical trials 
of pharmacologic agents for the treatment of HIV-associated 
NAFLD. A cut-point established using MRI-PDFF as the ref-
erence standard is relevant as liver fat quantified by MRI was 
the primary endpoint in both recent trials of HIV-associated 
NAFLD [42, 43]. Aramchol, an oral stearoyl-coenzyme-A-
desaturase-1 inhibitor, which demonstrated efficacy in pri-
mary NAFLD was evaluated in a clinical trial of HIV-associated 
NAFLD and did not demonstrate efficacy in reducing liver 
fat measured by MRI-PDFF in HIV-associated NAFLD [42]. 
However, a randomized double-blinded multicenter study dem-
onstrated that tesamorelin was more effective than placebo at 
reducing liver fat in patients with HIV-associated NAFLD [43].

We acknowledge that the study does have limitations, in-
cluding that it was a single-center study at a tertiary care center 
and included predominantly male patients. HIV-associated 
NAFLD was highly prevalent due to the study criteria requiring 
the presence of metabolic risk factors, which may affect general-
izability; however, the study population reflects a high-risk pop-
ulation, which has the greatest likelihood of benefitting from 
systematic screening. Furthermore, the prevalence of fibrosis, 
obesity and other metabolic risk factors may affect the optimal 
cut-point in our study, however, our results were similar to re-
cently published work of primary NAFLD. In addition, we did 
not acquire reproducibility data of CAP, however this has been 
performed in large cohorts of patients with primary NAFLD 
[40]. Our study had limited power to assess for differences in 
diagnostic accuracy associated with IQR of CAP > 30 dB/m and 
with increasing liver fibrosis. Finally, this study did not include 
liver histology. However, to determine the diagnostic accuracy 
of CAP, patients with nonpathologic levels of liver fat must be 
included, and it would be unethical to subject these patients to 
a liver biopsy. Furthermore, MRI-PDFF is a quantitative refer-
ence standard, which provides a detailed, accurate, reproducible 

assessment of liver fat from all segments of the liver and across 
the full range of physiologic liver fat content, whereas liver his-
tology has suboptimal inter- and intra-observer agreement in 
NAFLD [10, 16, 44, 45].

In a prospective sample of PLWH at risk for HIV-associated 
NAFLD we demonstrated good diagnostic accuracy and excel-
lent positive predictive value for CAP for detection of NAFLD 
(MRI-PDFF ≥ 5%). The results of this provide a disease-specific 
threshold value that could be used to rule in NAFLD in fu-
ture studies of PLWH at risk for HIV-associated NAFLD. As 
newer trials for patients with HIV-associated NAFLD emerge, 
accessible screening tools, including CAP with clearly defined 
cut-points, will be critical to identify patients who may qualify 
for clinical trials without a high burden of false-positive re-
sults and screen failures. Furthermore, the use of this disease-
specific threshold that can be obtained concomitantly with LS 
measurement can help identify PLWH who may benefit from 
subspecialty hepatology referral. In addition, recent studies 
in primary NAFLD suggest that in early stages of the disease, 
the degree of steatosis may predict early disease progression, 
although this observation will require further validation [46]. 
Future studies evaluating the optimal strategy and cost-effec-
tiveness of screening PLWH for HIV-associated NAFLD are 
needed.
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