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Background. Hepatitis B virus (HBV) and fatty liver disease (FLD) are common in human immunodeficiency virus (HIV).
Correlates of FLD and its relationship with alanine aminotransferase (ALT) were examined longitudinally in HIV-HBV coinfection.

Methods. From 28/4/2014-7/11/2018, 114 HIV-HBV adults had liver biopsy and were followed for a median of 3 years (an-
cillary study of Hepatitis B Research Network). Steatohepatitis was based on presence of steatosis, ballooning, and perisinusoidal
fibrosis. FLD was defined as >5% steatosis and/or steatohepatitis.

Results. Median age was 49 years, 93% were male, 51% black, 93% had HIV RNA <400 copies/mL and 83% HBV DNA <1000
IU/mL. Thirty percent had FLD (20% steatosis, 10% steatohepatitis). Those with FLD had higher median triglyceride (171 vs 100 mg/
dL, P < .01) and small, dense LDL (44 vs 29 mg/dL, P < .01) and lower HDL-2-C (9 vs 12 mg/dL, P = .001). After adjusting for age,
sex, and alcohol use, white and other versus black race (ORs, 8.49 and 16.54, respectively), ALT (OR, 3.13/doubling), hyperten-
sion (OR, 10.93), hyperlipidemia (OR, 4.36), and diabetes family history (OR, 5.38) were associated with having FLD (all P < .05).
Steatohepatitis or steatosis alone (vs none) was associated with higher ALT over time (1.93 and 1.34 times higher, respectively;

P <.001), with adjustment for age, sex, and HBV DNA.
Conclusions.

About 30% with HIV-HBV coinfection had FLD including 10% with steatohepatitis. FLD was associated with

non-black race, metabolic risks, an atherogenic lipid profile, and elevated ALT over time. Thus, identification of FLD and manage-
ment of adverse metabolic profiles are critically important in HIV-HBV coinfection.

Clinical Trial Registration. NCT 01924455.
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Approximately 1.1 million Americans and 33 million individ-
uals globally are living with human immunodeficiency virus
(HIV) [1]. Although antiretroviral therapy (ART) improves
survival [2], liver disease remains a significant cause of excess
morbidity and mortality in HIV [3, 4]. The pathogenesis of
liver disease in the ART era may be multifactorial but includes
coinfection with hepatitis B (HBV) and hepatitis C (HCV)
viruses, fatty liver disease (FLD), and even HIV itself [5-9].
However, similar to the general population, FLD has emerged
as a common etiology of liver disease in HIV [10]. There are al-
coholic or nonalcoholic forms of FLD (which can coexist) with
similar histologic presentations that range from simple steatosis
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to steatohepatitis to advanced fibrosis and cirrhosis. Because
liver biopsies are not systematically performed in patients living
with HIV, our understanding of the prevalence of FLD in this
population is limited, although epidemiologic studies have re-
ported an estimated nonalcoholic fatty liver disease (NAFLD)
prevalence of 50% or more [11, 12].

While metabolic complications increase the risks of
dyslipidemia and NAFLD in the aging HIV population [13], a
recent study reported a higher prevalence of hepatic steatosis
in young adults with HIV compared with an uninfected group
(33% vs 10%, respectively) [14]. Importantly, FLD in HIV and
its related adverse metabolic effects including dyslipidemia and
insulin resistance may signal underlying coronary atheroscle-
rosis and increased risk for cardiovascular events, a major co-
morbidity in HIV, especially as this population ages [15].

Human immunodeficiency virus can alter the natural history
of underlying liver disease. In HIV-HCV coinfection there are
high rates of fibrosis [16]. Furthermore, in a recent study of 114
adults with HIV-HBV coinfection, nearly 40% had significant
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fibrosis on histology despite HBV therapy with ART, although
the duration of ART was not known [17]. Studies using tran-
sient elastography and cross-sectional imaging have suggested
that the severity of hepatic steatosis is associated with advanced
fibrosis in those with HIV monoinfection [18, 19]. However,
in a study of 30 patients with HIV monoinfection with unex-
plained abnormal liver tests, while FLD on biopsy was present
in a significant proportion of those with fibrosis, the severity
of steatosis did not correlate with fibrosis stage [20]. This may
be related to the possible reduction in steatosis burden with
liver disease progression and that, in those with steatohepatitis,
other histologic features of liver injury such as hepatocyte bal-
looning and lobular inflammation may be more predictive of
fibrosis [21]. However, despite the high prevalence of multiple
risk factors, there is a paucity of data on the impact of coexisting
conditions such as HBV coinfection and FLD on liver disease
severity in the HIV population. In HBV monoinfection limited
data from predominantly Asian countries have reported an FLD
prevalence ranging from 11% using elastography [22] to nearly
38% on liver biopsies prior to HBV therapy [23].

In this study we aimed to determine the presence of
coexisting FLD, its disease activity, and its clinical correlates,
including cardiovascular disease (CVD) risk, in a well-defined
HIV-HBYV cohort receiving ART. Additionally, we evaluated the
impact of FLD on liver tests (alanine aminotransferase [ALT]
and aspartate aminotransferase [AST]) as a surrogate for liver
disease activity over time.

METHODS

This is a multicenter prospective cohort study of adults with
HIV-HBYV as previously described (NCT01924455) [17]. Adults
who were anti-HIV and hepatitis B surface antigen positive for
at least 6 months were recruited from 8 Hepatitis B Research
Network (HBRN) sites in the United States and Canada. Those
with detectable HCV RNA, decompensated cirrhosis, or
hepatocellular carcinoma were excluded. The institutional re-
view board at each center approved the protocol, and partici-
pants gave written consent.

In this study, 114 had a liver biopsy within 12 months of en-
rollment. Participants were evaluated at enrollment and weeks
12, 24, and every 24 weeks thereafter up to 192 weeks.

Assessment of Liver Histology

Slides were submitted for staining by a central laboratory.
Histological findings (on adequate samples) were scored blindly
with respect to clinical data by the HBRN Pathology Committee
and for inflammation and fibrosis using the Ishak method [24].
Perisinusoidal fibrosis was assessed as 0 for none, 1 for mild
(visible only on trichrome), and 2 for moderate (evident on the
hematoxylin and eosin stain). Steatosis was graded as propor-
tion of steatotic hepatocytes: grade 0 indicating none. grade 1

at <5%, grade 2 from 5% to 33%, grade 3 from >33% to 67%,
and grade 4 at >67%. As lobular inflammation was always pre-
sent, steatohepatitis was diagnosed by consensus and based
on findings of steatosis and ballooning injury with or without
Mallory-Denk bodies and perisinusoidal fibrosis in an appro-
priate architectural pattern [25] (see Figure 1). Participants
were categorized as having (1) steatohepatitis, (2) steatosis
(>5%) without steatohepatitis, or (3) no FLD. Fatty liver disease
was defined as having steatosis and/or steatohepatitis.

Clinical and Laboratory Data

Detailed assessment of clinical and laboratory data and defin-
itions are provided in the Supplementary Material. Race, eth-
nicity, and alcohol consumption [26] in the prior 12 months
were self-reported and an Alcohol Use Disorder Identification
Test (AUDIT) score of 8 or greater was also used to define
at-risk drinking [27]. Use of ART and HBV therapy [17] was

Figure 1. A representative liver biopsy (same field): histologic findings of (4)
steatosis, inflammation, and hepatocyte ballooning and (B) perisinusoidal fibrosis.

€3276 « CID 2021:73 (1 November) « Khalili et al


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciaa1303#supplementary-data

captured and metabolic syndrome was defined using standard
criteria [28]. The Homeostasis Model Assessment Method
Index (HOMA-IR) [29] and adipose tissue insulin resistance
(Adipo-IR) [30] were calculated. The presence of lipodystrophy
was captured [31].

Metabolic, Lipid, and Lipoprotein Characteristics and Subparticle
Measurements

The following tests were performed centrally in a commer-
cial laboratory (TrueHealth Diagnostic Laboratories, Inc,
Richmond, VA). Metabolic tests included fasting glucose, in-
sulin, and free fatty acids. The lipid and lipoproteins included
the following: (1) total cholesterol (TC); (2) LDLs: LDL cho-
lesterol [LDL-C]; LDL particle concentration [LDL-P]; small,
dense LDL-C [sdLDL-C]; small LDL-P); (3) HDLs: HDL
cholesterol [HDL-C], HDL particle [HDL-P], HDL subclass
2-C [HDL-2-C], apolipoprotein A-1 [apoAl]); and (4) tri-
glycerides (TGs) and apolipoprotein B (apoB). Adiponectin,
high-sensitivity C-reactive protein (hs-CRP), and lipoprotein-
associated phospholipase A2 (LP-PLA2) activity (markers of
inflammation) and homocysteine levels were also measured.
Tests that required fasting status were performed after at least
8 hours of fasting.

Statistical Analysis

To compare whether the percentage of participants with FLD
differed by participant characteristics, the chi-square test or
the Fisher’s exact test, as appropriate, were used for nonordinal
categorical variables, and the Cochran-Armitage or the John-
Terpstra test for trend, as appropriate, were used for ordinal
variables. The percentage of participants with steatohepatitis,
steatosis, and no FLD was also compared by participant char-
acteristics and is reported for select variables (ie, ALT, AST,
Ishak fibrosis score). The nonparametric Mann-Whitney U test
was used to compare continuous variables by presence of FLD.
A linear model was used to examine the association between
sdLDL-C and small LDL-P, respectively, with TG levels overall
and by presence of FLD.

Logistic regression was used to estimate associations be-
tween participant characteristics with the presence of FLD.
Age, sex, race/ethnicity, and alcohol risk categories were forced
in the model. Additionally, log, ALT, log, AST, elevated blood
pressure, hyperlipidemia, family history of diabetes mellitus,
and race-adjusted weight status were considered via step-
wise selection and retained if P < .10. Adipo-IR was added to
the multivariable model to evaluate its adjusted association.
Adjusted odds ratios (ORs) and 95% confidence intervals (CIs)
are reported.

Longitudinal Analysis

Because we hypothesized that FLD would impact ALT, a linear
mixed-model fit using maximum likelihood with a person-level
random intercept was used to evaluate the adjusted association

between the static variable FLD status at baseline as a predictor
of the repeated measured ALT over time, with time since liver
biopsy date as a continuous fixed effect. Sex, age at biopsy (per
decade), and HBV DNA level >1000 (vs <1000) IU/mL at each
time point were forced in the model as fixed effects. To meet the
normality assumption, the log, scale was used, and therefore re-
sults are presented as ratios (factor by which the average value
of ALT differs for the comparator vs the reference). Analyses
were conducted using SAS version 9.4 (SAS Institute, Cary,
NC). Reported P values are 2-sided; P < .05 was considered sta-
tistically significant.

RESULTS

Sample Characteristics

Opverall, the median age of the participants was 49 years. Most
participants were male (93.0%) and were born in North America
(86.0%). About half were non-Hispanic black (51.3%) and one-
third (32.7%) were non-Hispanic white. Approximately 1 in
8 (12.3%) participants reported at-risk alcohol consumption
and one-third (32.5%) reported low-risk alcohol consumption.
Based on the AUDIT, 6.2% were identified as at risk for alcohol-
use disorder. Nearly all participants (99.1%) were on ART
and none were taking D-drugs (didanosine and stavudine);
97.4% were on anti-HBV therapy (tenofovir + emtricitabine
or lamivudine [80.7%] or entecavir alone [15.8%]) with HBV
DNA <20 IU/mL in 64.9%. Approximately one-tenth (n =11;
9.7%) had steatohepatitis and an additional 23 participants
(20.2%) had steatosis.

Fatty Liver Disease Status by Demographics and Clinical and Histological
Findings

The presence of FLD by demographic, clinical, and histological
characteristics is reported in Table 1. Fatty liver disease was less
prevalent among younger participants, non-Hispanic blacks,
and those without metabolic syndrome and more prevalent
among those with hyperlipidemia, significant insulin resistance
(HOMA-IR >4), and family history of diabetes. Additionally,
a higher percentage of participants with at least twice normal
levels of ALT and abnormal levels of AST had FLD. Indeed,
50.0% with steatohepatitis had at least twice the normal level
of ALT (vs 17.4% with steatosis and 7.8% with no FLD) and ab-
normal AST occurred in 60.0% with steatohepatitis compared
with 30.4% in those with steatosis and 15.6% in those with no
FLD. There was no significant difference in the presence of FLD
by type of ART (Table 1).

Fatty liver disease was more prevalent in those with higher
grades of inflammation, as measured by hepatic activity index
(HAI) score, and those with higher degrees of perisinusoidal fi-
brosis; however, there was no significant difference in the pres-
ence of FLD by Ishak fibrosis score (Table 1). The distributions
of Ishak fibrosis score (F) among those with FLD versus no
FLD (P = .11) were as follows: FO or F1 at 58.9% versus 65%, F2
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Table 1. Presence of Fatty Liver Disease by Participant Characteristics

Variable Total (N = 114) No FLD (n = 80) FLD (n = 34) P

Age .023°
<30 years 3(2.6) 3(100.0) 0(0.0)
30 to <40 years 10 (8.8) 10 (100.0) 0(0.0)
40 to <50 years 46 (40.4) 36 (78.3) 10 (21.7)
50 to <60 years 42 (36.8) 20 (47.6) 22 (52.4)
>60 years 13 (11.4) 11 (84.6) 2 (15.4)

Gender 43°
Male 106 (93.0) 73 (68.9) 33 (31.1)
Female 8(7.0) 7 (87.5) 1(12.5)

Race or ethnicity, n 113 79 34 .002
Non-Hispanic white 37 (32.7) 20 (54.1) 17 (45.9)
Non-Hispanic black 58 (51.3) 49 (84.5) 9 (15.5)
Other 18 (15.9) 8 (55.6) 10 (44.4)

Birth/migration 57°
Born in USA/Canada 98 (86.0) 69 (70.4) 29 (29.6)
Migrated <20 years ago 10 (8.8) 5 (50.0) 5 (50.0)
Migrated >20 years ago 6(5.3) 6 (100.0) 0(0.0)

Race-adjusted weight status, n 110 76 34 e
Under/normal weight 44 (40.0) 33 (75.0) 11 (25.0)
Overweight 36 (32.7) 26 (72.2) 10 (27.8)
Obese 30 (27.3) 17 (56.7) 13 (43.3)

High waist circumference, n 94 68 26 .050
No 62 (66.0) 49 (79.0) 13 (21.0)
Yes 32 (34.0) 19 (59.4) 13 (40.6)

Elevated glucose/diabetes status, n 91 63 28 .074°
Nondiabetic, glucose <100 mg/dL 65 (71.4) 49 (75.4) 16 (24.6)
IFG 15 (16.5) 8(53.3) 7 (46.7)
Diabetic 1 (12.1) 6 (54.5) 5 (45.5)

Insulin sensitivity, n 78 53 25 .001°
Nondiabetic, HOMA-IR <4 50 (64.1) 43 (86.0) 7 (14.0)
Nondiabetic, HOMA-IR >4 17 (21.8) 4 (23.5) 13 (76.5)
Diabetic 1 (14.1) 6 (54.5) 5 (45.5)

Known family history of diabetes, n 110 76 34 .03
No 39 (35.5) 32 (82.1) 7 (17.9)
Yes 71 (64.5) 44 (62.0) 27 (38.0)

Hypertension, n 113 79 34 .10
No 48 (42.5) 38(79.2) 10 (20.8)
Yes 65 (57.5) 41 (63.1) 24 (36.9)

Hyperlipidemia .002
No 79 (69.3) 63 (79.7) 16 (20.3)
Yes 35 (30.7) 17 (48.6) 18 (51.4)

Metabolic syndrome, n 95 66 29 .012
No 61 (64.2) 48 (78.7) 13 (21.3)
Yes 34 (35.8) 18 (52.9) 16 (47.1)

Alcohol consumption .49°
None or minimal 63 (65.3) 41 (65.1) 22 (34.9)
Low-risk 37 (32.5) 30 (81.1) 7 (18.9)
At-risk 14 (12.3) 9(64.3) 5(35.7)

AUDIT score >8 43°
No 106 (93.8) 75 (70.8) 31(29.3)
Yes 7 (6.2) 4 (57.1) 3(42.9)

Duration of HIV >20 years, n 103 72 31 .026
No 57 (565.3) 45 (79.0) 12 (21.1)
Yes 46 (44.7) 27 (568.7) 19 (41.3)

Currently on antiretroviral therapy .99
No 1(0.9 1(100.0) 0(0.0)
Yes 113 (99.1) 79 (69.9) 34 (30.1)

Currently on NRTI .63
No 6 (5.3) 4 (66.7) 2(33.3)
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Table 1. Continued

Yes 108 (94.7) 76 (71.3) 32 (28.7)
Currently on NNRTI .99
No 77 (67.5) 54 (70.1) 23 (29.9)
Yes 37 (32.5) 26 (70.3) 11 (29.7)
Currently on PI .67
No 64 (56.1) 43 (67.2) 21(32.8)
Yes 50 (43.9) 37 (74.0) 13 (26.0)
Currently on other antiretroviral therapy, n 67 43 24 .99
No 48 (71.6) 31 (64.6) 17 (35.4)
Yes 19 (28.4) 12 (63.2) 7 (36.8)
Currently on HBV treatment 55°
No 3(2.6) 3(100.0) 0(0.0)
Yes 111 (974) 77 (69.4) 34 (30.6)
HIV RNA suppressed (<400 copies/mL), n 104 72 32 >.99
No 8(7.7) 6 (75.0) 2 (25.0)
Yes 96 (92.3) 66 (68.8) 30 (31.3)
Lipodystrophy/lipoatrophy grade, n 102 74 28 >.99°
0 88 (86.3) 64 (72.7) 24 (27.3)
>1 14 (13.7) 10 (71.4) 4 (28.6)
HBV DNA level (IU/mL) .99°
Undetectable (<20 1U/mL) 74 (64.9) 53 (71.6) 21 (28.4)
20 to <1000 20 (17.5) 12 (60.0) 8 (40.0)
1000 to <20 000 8 (7.0) 6 (75.0) 2 (25.0)
>20 000 12 (10.5) 9(75.0) 3(25.0)
HIV and HBV suppression, n 104 72 32 .61
HBV DNA <20 IU/mL/ HIV <400 copies/mL 68 (65.4) 49 (72.1) 19 (27.9)
HBV DNA >20 IU/mL/ HIV <400 copies/mL 28 (26.9) 17 (60.7) 11 (39.3)
HBV DNA >20 1U/mL/ HIV =400 copies/mL 8(77) 6 (75.0) 2 (25.0)
HBeAg (IU/mL) .54
Negative 50 (43.9) 37 (74.0) 13 (26.0)
Positive 64 (56.1) 43 (67.2) 21(32.8)
ALT (by laboratory-specific ULN), n 110 77 33 <.001°¢
<1 60 (54.5) 49 (81.7) 11 (18.3)
>1 10 <2 35 (31.8) 22 (62.9) 13 (37.1)
>2 15 (13.6) 6 (40.0) 9 (60.0)
AST (by laboratory-specific ULN), n 110 77 88 .012
<1 85 (77.3) 65 (76.5) 20 (23.5)
>1 25(22.7) 12 (48.0) 13 (52.0)
HAI score .02°
0to<b 90 (78.9) 67 (74.4) 23 (25.6)
5to <9 20 (175) 12 (60.0) 8 (40.0)
9to <13 3(2.6) 1(33.3) 2 (66.7)
>13 1(0.9) 0(0.0) 1(100.0)
Fibrosis: Ishak score .25°
0 30 (26.3) 26 (86.7) 4(13.3)
1 42 (36.8) 26 (61.9) 16 (38.1)
2 15 (13.2) 11 (73.3) 4(26.7)
3 17 (14.9) 10 (58.8) 7 (41.2)
4 6 (5.3) 4 (66.7) 2(33.3)
5 1(0.9) 1(100.0) 0(0.0)
6 3(2.6) 2 (66.7) 1(33.3)
Fibrosis: perisinusoidal .026°
0 84 (73.7) 63 (75.0) 21 (25.0)
1 16 (14.0) 11 (68.8) 5(31.3)
2 14 (12.3) 6(42.9) 8 (57.1)

Data are presented as n (%) unless otherwise indicated.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUDIT, Alcohol Use Disorder Identification Test; FLD, fatty liver disease; HAI, hepatic activity index; HBeAg,
hepatitis B e antigen; HBV, hepatitis B virus; HIV, human immunodeficiency virus; HOMA-IR, Homeostasis Model Assessment Method Index; IFG, impaired fasting glucose; NNRTI, non-
nucleoside reverse transcriptase inhibitor; NRTI, nucleos(t)ide reverse transcriptase inhibitor; PI, protease inhibitor; ULN, upper limit of normal.

®Exact Cochran-Armitage trend test.
PFisher’s exact test.
“Cochran-Armitage trend test.

Fatty Liver in HIV-HBV Coinfection « CID 2021:73 (1 November) « €3279



or F3 at 32.4% versus 26.3%, and F4 and above at 8.8% versus Metabolic and Inflammatory Markers in Those With and Without Fatty
8.8%. However, those with steatohepatitis (n =11) tended Liver Disease

to have higher degrees of fibrosis versus those with steatosis
(n =23) and no FLD (n = 80), respectively, as follows: FO or
F1 at 27.3% versus 73.9% and 65%, F2 or F3 at 63.6% versus
17.3% and 26.3%, and F4 and above at 9.1% versus 8.6% and

Metabolic and atherogenic risk profile by presence of FLD is
summarized in Table 2. Compared with no FLD, patients with
FLD had significantly higher insulin (median, 19 vs 8.5 my/
mL; P <.001) and glucose (median, 94 vs 89 mg/dL; P = .12);
FFA levels (median, 0.49 vs 0.39 mg/dL; P = .21) also appeared

8.8% (P =.02).

Table 2. Serum Metabolic and Atherogenic Risk Profile by Presence of Fatty Liver Disease

Variable Total (N = 114) No FLD (n = 80) FLD (n = 34) P
Total cholesterol (mg/dL) .23
Median (IQR) 162.5 (146-197) 169.5 (145-195.5) 173.5 (148-206)
Low density lipoprotein
LDLC, n 113 79 34 N
Median (IQR), mg/dL 96 (78-17) 91 (76-112) 98 (81-126)
LDLR n 105 75 30 <.001
Median (IQR), nmol/L 1123 (625-1428) 1043 (896-1290) 1429 (1163-1744)
sdLDL-C, n 12 79 33 <.001
Median (IQR), mg/dL 32 (23-43.5) 29 (21-38) 44 (32-56)
Small LDL-P n 90 61 29 .001
Median (IQR), nmol/L 633 (436-872) 553 (387-722) 912 (498-989)
Very low density lipoprotein
Triglycerides, n 85 58 27 <.001
Median (IQR), mg/dL 114 (77-171) 100.5 (68-141) 171 (101-261)
apoB, n 72 50 22 .028
Median (IQR), mg/dL 83 (71-103.5) 80.5 (70-94) 95.5 (81-107)
High density lipoprotein
HDL-C, n 114 80 34 12
Median (IQR), mg/dL 45 (37-55) 46 (38.5-56.5) 40.5 (36-50)
HDLE n 104 75 29 .94
Median (IQR), pmol/L 31.2 (26.7-36.2) 31.1(272-36.2) 31.6 (25.4-36.0)
HDL:-2-C, n M 79 32 .001
Median (IQR), mg/dL 11(7-17) 12 (8-18) 8.5 (6-11.5)
apoAl, n 72 50 22 .60
Median (IQR), mg/dL 124.5 (108-143.5) 122 (110-151) 125.5 (100-139)
Insulin sensitivity
Glucose, n 88 61 27 12
Median (IQR), mg/dL 90 (82.9-99.5) 89 (82-97) 94 (85-111)
Insulin, n 78 54 24 <.001
Median (IQR), pU/mL 11 (7-19) 8.5 (5-14) 19 (11.56-31.5)
Free fatty acids, n 72 50 22 .21
Median (IQR), mmol/L 0.47 (0.30-0.61) 0.39 (0.29-0.56) 0.49 (0.33-0.71)
HOMA-IR, n 75 51 24 <.001
Median (IQR) 2.4 (1.5-4.9) 2.0 (1.2-3.3) 5.0 (2.6-9.2)
Adipo-IR, n 72 50 22 <.001
Median (IQR) 34.7 (15.8-58.8) 26.7 (14.1-36.7) 71.3 (49.3-100.8)
Metabolic
Homocysteine, n 112 79 33 48
Median (IQR), pmol/L 12 (9-14) 11 (9-14) 12 (10-14)
Adiponectin, n 62 46 16 .15
Median (IQR), pg/mL 10 (7-15) 11 (7-15) 8.5 (6.5-11)
Inflammatory
hs-CRR n 109 78 31 .90
Median (IQR), mg/L 2.0 (1.0-6.8) 2.0 (1.0-7.0) 2.1 (0.9-5.8)
LP-PLA2, n M 78 33 74
Median (IQR), nmol/minute/mL 161 (125-191) 165 (125-189) 160 (133-197)

Abbreviations: Adipo-IR, adipose tissue insulin resistance; apo, apolipoprotein; FLD, fatty liver disease; HBV, hepatitis B virus; HDL-2-C, HDL subclass 2-C; HDL-C, HDL cholesterol; HDL-R
HDL particle; HOMA-IR, Homeostasis Model Assessment Method Index; hs-CRP- high-sensitivity C-reactive protein; IQR, interquartile range; LDL-C, LDL cholesterol; LDL-P LDL particle;
LP-PLA2, lipoprotein-associated phospholipase A2; sdLDL-C, small, dense LDL cholesterol.
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Figure 2. The distribution of (A) LDL-P, (B) sdLDL-C, () small LDL-P, (D) HDL-P,

and (£) HDL-2-C by FLD. Each box represents the first (lower end) to third (upper
end) quartiles of lipid values (IQR), and the horizontal line in each box represents
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range; HDL-2-C, HDL subclass 2-C; HDL-P, HDL particle; LDL-P, LDL particle; sdLDL-C,
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higher but the differences were not statistically significant.
Further, the presence of FLD (vs no FLD) was associated with
significantly higher HOMA-IR (median, 5.0 vs 2.0; P < .0001)
and Adipo-IR (median, 71.3 vs 26.7; P < .0001), and appeared
to be associated with lower adiponectin levels (median, 8.5 vs
11; P = .15), although this was not statistically significant. Other
metabolic and inflammatory markers, including homocysteine,
hs-CRP, and LP-PLA2 levels, did not significantly differ be-
tween the FLD and no-FLD groups (Table 2).
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Figure 3. The associations between (A) sdLDL-C and (B) small LDL-P with

triglycerides by FLD. Abbreviations: FLD, fatty liver disease; LDL-P, LDL particle;
sdLDL-C, small, dense LDL cholesteral.

Lipid and Lipoprotein Profiles in Those With and Without Fatty Liver Disease
Traditional lipid profiles of TC, LDL-C, and HDL-C were
not significantly different among those with and without
FLD (median values: 173.5 vs 159.5 mg/dL [P = .23], 98 vs
91 mg/dL [P = .11], and 40.5 vs 46 [P = .12], respectively).
However, participants with FLD had significantly higher
median TG (171 vs 100.5 mg/dL, P < .001) and apoB (95.5
vs 80.5 mg/dL, P = .028) levels compared with no FLD. In
addition, those with versus without FLD had significantly
higher LDL-P, sdLDL-C, and small LDL-P, and lower
HDL-2-C (P < .001), but HDL-P concentrations did not
differ by FLD (P = .94) (Table 2, Figure 2). Triglycerides
positively correlated with small LDL-P and sdLDL-C levels
(r=0.70, P <.001, and r = 0.75, P < .001, respectively).
This was true both among those with and without FLD
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(Figure 3). Although HDL-2-C was lower in those with
FLD, the apoAl levels did not significantly differ by pres-
ence of FLD (Table 2).

Clinical and Laboratory Factors Associated With Fatty Liver Disease

In a multivariable model of FLD (n = 104), including age and
sex, non-Hispanic white (vs non-Hispanic black; adjusted OR
[aOR], 8.49; P = .004), other race (vs non-Hispanic black; aOR,
16.54; P = .004), higher ALT (aOR, 3.13 per doubling of ALT;
P =.003), elevated blood pressure (aOR, 10.93; P =.002), hy-
perlipidemia (aOR, 4.36; P = .04), and known family history
of diabetes (aOR, 5.38; P =.02) were independently associ-
ated with higher odds of FLD (Table 3). Moderate alcohol use
(vs none/minimal use) was associated with lower odds of FLD
(aOR, 0.19; P =.03), and although not statistically significant,
heavy use appeared to be associated with higher risk (aOR, 5.80;
P =.08). The C-statistic was 0.892 indicating good model fit.
Controlling for HBV DNA detectable status (<20 IU/mL vs >20
IU/mL) did not significantly change the model estimates (data
not shown). When replacing ALT with AST level in the model,
AST was also independently associated with higher odds of
FLD (aOR, 2.72 per doubling of AST; P =.02). In addition,
when Adipo-IR was added to the model, it was independently
associated with higher odds of FLD (aOR, 1.13; P = .01).

As a sensitivity analysis, modeling was repeated replacing the
3-level alcohol risk variable based on consumption alone with the
2-level variable (no/yes at-risk) from the AUDIT, which signifies
alcohol-use disorder. The aOR for having FLD was 18.94 (P = .04).
However, the 95% CI was very large (1.20 to 298.61) indicating
uncertainty of the estimate. The model fit was similar (C = .885).

Table 3. Multivariable Analysis of Factors Associated With Fatty Liver
Disease
n Adjusted OR  95% CI P

Age, per 10 years 104 1.65 .70,3.87 .25
Sex (ref = female) 7

Male 97 3.20 .23,45.17 .39
Race (ref = non-Hispanic black) 53 .004

Non-Hispanic white 33 8.49 1.96, 36.72 .004

Other 18 16.54 2.42,113.21 .004
Alcohol use (ref = none or minimal) 56 .01

Moderate 35 19 .04, .83 .03

Heavy 13 5.80 .80, 41.91 .08
ALT, log,” 104 3.13 149, 6.57 .003
Elevated blood pressure (ref = no) 47

Yes 57 10.93 2.44,48.99 .002
Hyperlipidemia (ref = no) 71

Yes 33 4.36 1.09, 1744 .04
Known diabetes family history (ref = no) 35

Yes 69 5.38 1.29,22.49 .02
N = 104.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confi-
dence interval; OR, odds ratio; ref, reference.

“Given the high correlation between ALT and AST, separate models evaluated each with
the additional independent variables that met the multivariable model criteria. If AST log,
replaces ALT log,, N = 104, C-statistic = 0.879, adjusted OR = 2.72 (1.19-6.21); P = .02.

Impact of Fatty Liver Disease on ALT and AST Levels Over Time
Participants (N = 112) had a median of 7 (interquartile range
[IQR], 4-8) ALT and AST measurements over a median of
3.0 years (IQR, 1.8-3.6 years). Figure 4 shows AST and ALT
levels longitudinally by baseline FLD status. Participants
had a stepwise increase in ALT from no FLD to steatosis to
steatohepatitis that persisted over time. Although AST levels
appeared similar among those with no FLD and those with
steatosis, AST remained higher in those with steatohepatitis
throughout follow-up.

When adjusting for HBV DNA level, age, and sex, in com-
parison to no FLD having steatohepatitis was associated with,
on average, 1.93 (95% CI, 1.37-2.72) times higher ALT across
time, while having steatosis without steatohepatitis was asso-
ciated with, on average, 1.34 (95% CI, 1.05-1.70) times higher
ALT across time (P < .001). Furthermore, HBV DNA levels
of 1000 IU/mL or greater were associated with higher ALT
(ratio, 1.27; 95% CI, 1.12-1.44; P < .001). While age did not
appear to be associated with ALT (ratio, .97/decade; 95% CI,
.87-1.08; P = .54), the small sample size resulted in large 95%
CIs and lack of statistical power to detect other potential as-
sociations (eg, male vs female ratio = 1.32; 95% CI, .91-1.93;
P=.15).

DISCUSSION

In this HIV-HBV cohort residing in North America we found
a moderately high prevalence (ie, 30%) of FLD. Risk factors
for FLD largely mirrored those observed in persons without
HIV and were dominated by metabolic factors. While not
necessarily evident by traditional lipid profiles, there was
an increase in other atherogenic lipid profiles signaling car-
diovascular risk in those with FLD. Notably, there were no
specific HBV-related measures that were associated with like-
lihood of histologic FLD. However, over 90% of this cohort
was treated for HBV and the substantial majority (over 80%)
had HBV DNA levels below 1000 IU/mL. Thus, whether HBV
contributes to coexisting FLD cannot be addressed in this co-
hort on ART.

Participants with FLD had higher glucose, insulin, and FFA
levels. Adipose tissue dysfunction is considered central to the
pathogenesis of FLD [32] and HIV has known adverse ef-
fects on insulin sensitivity in the periphery, including muscle
and adipose tissue, resulting in lipotoxicity [33]. Indeed, sim-
ilar to that observed in other populations, adipose tissue in-
sulin resistance was associated with the presence of FLD in our
HIV-HBV cohort.

Cardiovascular disease has emerged as a leading cause of
mortality in FLD [34, 35]. Chronic HIV is also a risk for ad-
verse cardiovascular outcomes [36]. In a recent meta-analysis
and systematic review, risk factors such as hypertension,
dyslipidemia, and smoking were significant contributors to
CVD risk, suggesting the importance of identification and
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Figure 4.

The distribution of (A) ALT and (B) AST over time by FLD status at enrollment. Each box represents the first (lower end) to third (upper end) quartiles of ALT or

AST values (IQR), and the horizontal line in each box represents the median value. The vertical line at either end of the box extends to the most extreme values or is cut off
at 1.5 times the IQR; observations beyond this cutoff are displayed as circles. Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; FLD, fatty liver

disease; IQR, interquartile range.

aggressive management of these risk factors in the manage-
ment of patients with HIV [36]. When assessing traditional
lipid profiles by the presence of FLD, although values were
in the expected direction, we did not find a significant dif-
ference in LDL-C or HDL-C between those participants with
and without FLD. However, a more detailed evaluation of lipid
subfractions revealed significantly higher levels of the athero-
genic lipid subfractions small LDL-P and sdLDL-C and lower
HDL-2-C in the FLD group compared with those without

FLD. Other studies in patients with FLD without HIV or HBV
infection reveal similar patterns of atherogenic fractions [37].
Moreover, an increase in TG levels appeared to correlate with
the trends in each of these subfractions. This suggests that TG
levels can act as a proxy for assessment of atherogenic risk. We
also observed that, although the HDLs were lower in those
with FLD, the apoA1 levels did not significantly differ by pres-
ence of FLD. This suggests that there may be other defects
such as pre-B-HDL particle formation or altered clearance
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of HDL that play a role in this population with coinfection.
Confirmation is required to determine the generalizability of
these findings.

Evaluation of liver enzymes revealed that those with
steatohepatitis had the highest sustained ALT levels over
time compared with those with steatosis or no FLD. In
those with HBV DNA of 1000 IU/mL or greater, however,
elevated ALT levels were also observed. These findings
suggest that, in those persons with HBV-HIV with low
HBYV viral levels, FLD should be considered when ALT
levels are persistently elevated. This is an important con-
sideration, particularly given the contribution of FLD,
HBV, and HIV each to progressive liver disease or even
hepatocellular carcinoma. In light of our prior finding that
histologic HBV-related liver injury appears more severe in
HBV-HIV despite suppression with ART [17], it becomes
even more important to identify and control other forms of
liver injury such as FLD.

The limitations of this study include the self-selection of pa-
tients willing to undergo liver biopsy, limiting generalizability
to the total HIV-HBV population. In addition, similar to other
studies [20, 38], data were not available on clinical parameters
at the time of HIV diagnosis, baseline severity of HIV disease,
duration of anti-HBV therapy prior to ART, and older ART re-
gimens prior to enrollment, which may influence FLD preva-
lence and severity. Likewise, data were not available on clinical
parameters prior to onset of FLD. Cross-sectionally, ALT was
higher with FLD, and while we demonstrated that this relation-
ship persists over time when accounting for HBV viral levels,
we could not determine if ALT had increased with the initial
development of FLD. However, we were able to assess these
parameters at the time of enrollment and evaluated laboratory
parameters prospectively to account for changes over time.
While liver biopsy remains the gold standard for diagnosis of
steatohepatitis, sampling errors can occur. Nevertheless, this
study represents the largest prospective HIV-HBV cohort with
detailed histologic, clinical, and laboratory assessment and lon-
gitudinal follow-up. With the planned assessment of follow-up
histologic assessment in this population, the impact of FLD on
liver disease progression can be evaluated in the future.

In summary, nearly one-third of this HIV-HBV cohort had
FLD and 10% had coexisting steatohepatitis. Fatty liver disease
was associated with higher degrees of perisinusoidal fibrosis
and persistent ALT elevation over time. Thus, elevated ALT
despite HBV control should prompt evaluation for metabolic
risk and coexisting FLD. While traditional metabolic abnormal-
ities predicted FLD, TG levels or lipid subfractions, rather than
standard lipid measurements, may be required to unmask CVD
risk and target preventive management. Our results further
highlight the importance of identification of FLD and manage-
ment of adverse metabolic profiles in patients with HIV-HBV
coinfection. The influence of these metabolic derangements on

liver disease progression in this prospective cohort will be ex-
plored in future studies.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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