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Abstract

Heavy alcohol drinking causes alterations in the metabolism of fatty acids and zinc that participate in inflam-
mation and liver injury. HIV infection has been reported to cause dysregulated polyunsaturated fatty acid (PUFA)
and zinc metabolism. In this pilot study, we examined the role of dysregulated PUFA metabolism and zinc
deficiency in the liver injury occurring in heavy drinkers with early-stage HIV diagnosis. Fourteen heavy drinking
alcohol-dependent (AD) patients [seven with treatment-naive HIV diagnosis (AD+HIV) and seven without HIV
infection (AD)] participated in this study. Liver injury, serum zinc, PUFAsS, viral load, CD4" count, and drinking
measures using lifetime drinking history (LTDH), and timeline follow-back past 90 days (TLFB90) were eval-
uated. Liver injury was also assessed in seven age- and gender-matched socially drinking HIV treatment-naive
patients who served as disease controls. HIV viral load by itself did not show any correlation with liver injury.
Liver enzymes were significantly elevated in both AD+HIV and AD patients, and AD+HIV patients had signif-
icantly higher alanine aminotransferase (ALT) levels than did AD patients, even with lower drinking. Serum zinc
was significantly lower in AD+HIV patients. Only AD+HIV patients showed a significant elevation in linoleic acid
(LA) and alpha-linoleic acid (ALA) levels. Serum zinc and ALT, LA and ALT, and ALA and ALT were
significantly associated only in AD+HIV patients. The association between LA and ALT showed a higher effect
than did the ALA and ALT association in the AD+HIV patients. Interestingly, AD+HIV subjects (who drank less),
nevertheless, showed more liver injury compared with AD patients, who reported heavier drinking. We speculate
that the underlying proinflammatory response resulting from zinc deficiency and an elevation in serum LA likely
contributed to liver injury in AD+HIV patients, even with a comparatively lower degree of heavy drinking.
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Introduction ART hepatotoxicity also are coinfected with Hepatitis B
and/or Hepatitis C viruses.” Thus, the occurrence of a con-

LIVER INJURY IN HIV PATIENTS due to antiretroviral ther-  founding condition that impacts the liver is of concern. Al-
a]i)y (ART) can lead to significant morbidity and mor- cohol consumption in patients with HIV infection is one such
tality,"? and a significant proportion of these patients with concerning circumstance. Both alcohol consumption and
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HIV infection have, individually, been extensively studied in
terms of prevalence, medical management, and prognosis.*°
Heavy alcohol drinking, itself, has been associated with
negative multiorgan and systemic consequences, ™ including
alcohol-associated liver disease (AALD).” Susceptibility to
liver damage due to very heavy drinking and its metabolic
manifestations is not well defined during the early-stage
asymptomatic HIV infection. In this study, we investigated
liver injury in heavy drinking alcohol-dependent (AD) pa-
tients who were diagnosed with HIV during admission to an
alcohol treatment program, and who were asymptomatic and
HIV treatment naive.

HIV infection alone is not a major cause of liver injury, and
only 0.5% of treatment-naive HIV-infected patients have
reported liver injury of unknown origin.'®'" However, HIV
infection plus a second factor, such as ART therapy, viral
infection with Hepatitis B/C, and/or heavy alcohol intake can
cause liver injury. Zinc deficiency is a frequent complication
of alcohol abuse and can also occur in patients with HIV
infection. Zinc is involved in the conversion of linoleic acid
(LA) to y-LA, and mobilization of dihomogammalinolenic
acid (DGLA).'? Zinc deficiency is known to cause inflam-
mation through multiple mechanisms, including the upregu-
lation of free fatty acids (FAs), and this can result in oxidative
stress and inflammation.'® More severe liver injury in AALD
has been reported with changes in w-3 and w-6 FAs, show-
ing a proinflammatory response in both experimental models
and patients.l“’15 However, there is limited information
about the role of serum zinc and FAs in liver injury in pa-
tients with HIV infection who are also heavy drinkers. Thus,
we aimed to characterize the association of specific FAs
(those that participate in inflammation) and serum zinc levels
with liver injury in HIV-infected patients and appropriate
controls.

Materials and Methods
Patient recruitment

This HIV study was approved by the Office of Human
Safety and Research Protection (NIH-OHSRP-12176) at the
National Institutes of Health, Bethesda, MD. Twenty-one
men and women aged 21-65 years were included in this study
(Table 1). Among them, 14 patients were AD patients diag-
nosed by DSM-IV criteria for alcohol use disorder (AUD),
based on the alcohol dependence module of the SCID I-
interview. The AUD patients were evaluated under a larger
clinical assessment and treatment protocol (15-AA-0121)
approved by the NIH Addictions Institutional Review Board
at NIH (indexed at the National Clinical Trial website; www
.clinicaltrials.gov: NCT00001673). Seven among these 14
patients were also diagnosed with HIV infection (first-time
diagnosis) at the time of screening/admission. Individuals
were excluded from the study if they were identified with
illicit drug use either in laboratory testing at the time of
screening or self-reported history. Pregnancy or active
breastfeeding were also exclusions. Details of eligibility
criteria for study participation related to alcohol dependence
and liver diseases are described extensively in a previous
publication.'® In brief, patients were excluded from the study
if they had clinical manifestations of liver injury/disease or
any biochemical evidence for any liver injury other than that
associated with alcohol. Patients were also excluded from the
study if they exhibited any severe psychiatric illness such as
dementia or active psychotic disorder, including delirium,
psychotic phase of bipolar disorder at the screening intake.
Patients were also excluded if they were currently suicidal or
violent, if they had agitation requiring immediate clinical
treatment, and/or if they had other kind of clinically signifi-
cant psychiatric condition.

TABLE 1. DEMOGRAPHICS, DRINKING PROFILE, AND HIV-CD PANEL FOR THE THREE STUDY GROUPS:
AD, AD+HIV, AND HIV-ONLY PATIENTS

Measures AD (n=7) AD+HIV (n=7) HIV social drinkers (n=7)
Demographic measures
Age 36.1£6.8 41.9+10.9% 30.7+9.4
Gender: men, n (%) 4 (57) 4 (57) 7 (100)
BMI 26.914.1 27.31+6.9 25.81+2.7
Drinking history markers
LTDH 11.4+8.2 20.8+8.7° NA
TD90 1286.7+761.8 508.0+313.0° NA
NDD90 75.2%£21.5 72.81+22.2 NA
AvgDPD90 19.0+12.2 6.7+2.7° NA
HDD90 72.8%+21.7 53.8+30.6 NA
HIV-CD panel
CD3" NA 1639.6+645.5 1337.4+421.2
CD4* NA 569.4+£312.6 504.3+£150.8
CDS8"* NA 1014.8+333.8 775.4+393.4

Data were represented as mean =t SD and statistical significance was set at p <.05.

“Indicates a p-value between .05 and .1 when comparing AD+HIV versus HIV only.

PIndicates a p-value between .05 and .1 when comparing AD+HIV versus AD.

LTDH, lifetime drinking history; timeline follow-back (TLFB for 90 days): total drinks (TD90), drinking days (NDD90), average drinks
per drinking day (AvgDPD90), and heavy drinking days (HDD90); CD, clusters of differentiation [Department of Laboratory Medicine
(NIH) normal ranges: CD3: 714-2,266 cells/mL3, CD4: 334-1,556 cells/mL> , CD8: 149-787 cells/mL"].

Females, n=3 each in AD and AD+HIV group.
AD, alcohol dependent; BMI, body mass index.
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FIG. 1. Assessment of liver injury in AD and AD+HIV
patients. AD+HIV patients showed significantly elevated
liver injury markers. ALT in AD+HIV patients was higher
compared with the AD patients (*p=.054), when adjusted
for lifetime drinking history. Data are presented as mean =+
SE. Statistical significance was set at p <.05. ALT/GPT (bar
1): alanine aminotransferase (normal range: 6-41U/L);
AST/GOT: aspartate transaminase (normal range: 9-
34U/L); ALP: alkaline phosphatase (normal range: 37—
116 U/L); total bilirubin normal range: 0.1-1.0 mg/dL. AD,
alcohol dependent.

The third group of seven patients were treatment-naive
socially drinking HIV positive individuals. These patients
were included only if they did not report moderate or heavy
drinking during the intake, and they resembled AD+HIV
patients in their asymptomatic stage of HIV presentation.
These patients were social drinkers and did not report any
past or present drug or alcohol addiction or tested negative at
the time of enrollment. These HIV patients reported prac-
ticing unsafe sex, which could be a likely cause of trans-
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mission of disease. These patients did not have a preexisting
diagnosis or clinical evidence of liver disease.

Demographics, drinking, and laboratory assessments

Demographics [age, gender, and body mass index (BMI)]
were collected. Drinking measures were collected usin
timeline follow-back (TLFB),'” and LTDH questionnaires."
TLFB included total drinks past 90 days (TD90), number of
drinking days past 90 days (NDD90), number of nondrinking
days past 90 days (NNDD90), average drinking days
(AvgDD90), and heavy drinking days past 90 days (HDD90).
The primary measure for LTDH used in this study was
“number of years of drinking.”

Patients were grouped by HIV diagnosis. Blood samples
were drawn and analyzed for liver tests using a comprehen-
sive metabolic panel, serum zinc (using atomic absorption
spectrophotometry), and comprehensive FA panel (specific
and total ®-3 and w-6 FA levels using gas chromatography/
mass spectrometry). CD cell panel testing was also conducted
(cell surface immunophenotyping technique). Zinc levels were
assigned as follows: normal, =71 mcg/dL; low, <71 mcg/dL.
All tests were performed by the Department of Laboratory
Medicine of the NIH, Bethesda, MD (Fig. 1 and Table 2).
Alanine aminotransferase (ALT) level was used as a reference
to assess liver injury (MedlinePlus-National Institutes of
Health, 2014); 40 IU/L for ALT was used as the upper limit of
normal, and values 241 IU/L indicated liver injury.

Viral load and infection

All patients were tested for HIV diagnosis before admis-
sion/screening. None of the AD patients reported any positive
HIV infection diagnosis before admission. We conducted
Western blot analysis to verify HIV positive screening test.

Statistical analysis

Differences among demographics, drinking history mark-
ers, zinc levels, FA levels, and ALT levels were analyzed

TABLE 2. w-3 AND w-6 FATTY AcIDS IN INFLAMMATION AND RESOLUTION PATHWAYS IN AD AND AD+HIV PATIENTS

Measures AD AD+HIV Normal range

w-3
o-Linolenic acid® 81.31£33.1 221.61£402.2 (H) 50-130
EPA 96.4£50.6 85.0+55.07 14-100
DPAS5 30° 139.0£75.5 74.3+£48.3 20-210
DHA 230.9+126.9 183.7+104.9 30-250

-6
LA® 3387.611060.2 4125.6+£2115.2 (H) 2,270-3,850
v-Linolenic acid 80.1+£29.2 85.3+£75.2 16-150
DGLA 113.1+22.4 123.7+43.3 50-250
Arachidonic acid 1369.0+763.6 1174.9+329.6 520-1,490
DTA 39.0£27.7 38.0+28.1 10-80
DPAS5 6w 58.6+£39.1 36.3+18.6 10-70
w-6/w-3 ratio 9.4x1.7 11.6+54 10-15

AD+HIV patients showed clinically relevant elevation in o-LA and LA levels. Unit for FAs: nmol/mL.

*Elevated a-LA in AD+HIV patients was clinically significant.

"DPA3w was significantly lower p=.029 in AD+HIV group, when covaried with LTDH at moderate effect, unadjusted R>=0.426.

“Elevated LA was clinically high in AD+HIV patients. Data represented as mean+ SD. Statistical significance at p <.05.

DGLA, dihomogammalinolenic acid; DHA, docosahexaenoic acid; DPAS 3w, docosapentaenoic acid; DPAS 6w, docosapentaenoic acid;
DTA, docosatetraenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid; H, high; LA, linoleic acid.
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using one-way ANOVA for three groups and Student’s r-test
for two groups. Fisher’s exact test was used to compare group
differences for categorical variables (e.g., gender). Uni-
variate and multivariate linear regression analyses were
conducted to analyze associations between one variable
versus one or multiple variables, respectively. Drinking his-
tory was used as a covariate where applicable. The signifi-
cance level was set at p <.05, association analysis described
goodness of model fit (adjusted R?). Data are presented as
mean * standard deviation (M £ SD) for continuous variables
and count and percentage for categorical variables in tables,
and mean * standard error (M £ SE) for continuous variables
in figures, unless otherwise indicated.

Results

Patient demographics, drinking profile, HIV status,
and liver injury

There were no significant group differences in the demo-
graphic measures and drinking history markers (Table 1).
AD+HIV patients were relatively older and both groups were
in the overweight range of BMI. AD patients drank more than
twice as much compared with the AD+HIV patients in the
past 90 days, although both groups of patients were classified
as heavy drinkers. The lifetime duration of drinking (LTDH)
was longer in AD+HIV patients. Average CD4" count in the
AD+HIV patients was 569.4 £312.6 cells/uL. (mean £ SD).
Furthermore, these patients were largely asymptomatic.
Mean CD4" count in HIV patients (disease control group),
without any significant drinking history, was 504.3 +150.8
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cells/uLL (Table 1) and was not statistically different from the
AD+HIV group (Table 1). The disease control patients were
also largely asymptomatic. None of these patients exhibited
staging/symptoms of AIDS or a clinical stage of primary HIV
infection (acute retroviral syndrome). As assessed by their
levels of CD4", both AD+HIV and HIV disease control pa-
tients had a reasonably low risk of opportunistic infection.'®
AD+HIV patients exhibited a mild form of liver disease.
The ALT levels in AD+HIV patients were about two-fold
greater than in the AD patients (Fig. 1). The higher ALT
levels approached statistical significance in AD+HIV pa-
tients versus AD patients, when adjusted for the LTDH,
p=.054. No other liver injury markers showed a statistical
difference (likely due to variability and small sample), al-
though AST levels in AD+HIV patients were higher. AD
patients did not show any obvious clinical signs of liver in-
jury, despite drinking more (>2-fold) than the AD+HIV
group patients. In HIV patients, who did not report any sig-
nificant drinking history (Fig. 1), we also did not find any
liver injury—ALT levels were normal [18.67+9.4 TU/L
(mean* SD)]. Since this group of HIV patients did not show
any liver injury, we pursued within-group assessments and
comparisons for AD and AD+HIV patients only.

Changes in serum zinc and association with liver injury
in HIV-diagnosed AD patients

HIV-diagnosed AD patients showed a significantly lower
serum zinc (mean serum zinc=58.3+17.3 ug/dL, p=.022,
R*=0.314) compared with normal serum zinc in AD patients
(mean serum zinc=78.3 £ 10.1 ug/dL) (Fig. 2a), although the
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FIG. 2. Serum zinc in AD+HIV and AD patients and association with liver injury. (a) Serum zinc was significantly lower
in AD+HIV patients. (b) An inverse significant association was present between serum zinc (hypozincemia) and the liver
injury marker, ALT, in AD+HIV patients. (¢) There was no association between serum zinc (hypozincemia) and ALT in AD
patients. Data presented in (a) are mean+ SE. Between group ANOVA was used for (a). Linear regression analysis was used

as shown in (b, ¢). Statistical significance was set at p <.05.
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mean serum zinc level was low-normal. We further reviewed
the association of serum zinc with ALT levels within each
group. In HIV+AD patients, we found a significant moderate
effect, adjusted R*>=0.592, p=.026 (Fig. 2b); in AD patients,
this association did not show any effect, adjusted R*=—-0.190,
p=.848 (Fig. 2¢).

Changes in proinflammatory FAs and association
with liver injury

A high w-6:w-3 ratio is associated with the promotion of
the pathogenesis of several diseases. The w-6:®-3 ratio was
numerically higher in the serum of AD+HIV patients com-
pared with the AD patients (11.6+£5.4 vs. 9.4+ 1.7, respec-
tively), but that difference was not statistically significant
(Table 2). Nor did we find any statistically significant dif-
ferences in total w-3, and total w-6 levels between the two
groups (AD vs. AD+HIV patients). However, AD+HIV pa-
tients showed an elevation in alpha-linoleic acid (ALA) and
LA levels (Table 2). We used a linear regression model to
evaluate the association of FA levels and drinking history
markers (in both AD and AD+HIV patients), and CD4"
(in AD+HIV) levels as individual independent variables; or
both (individual drinking history markers and CD4" count) as
multiple independent variables to estimate a possible dual
role in AD+HIV patients. We did not find any statistically
significant association in this comparison in either the
AD+HIV or the AD patient group.

Several FAs, which do not necessarily participate in in-
flammation, were included in the total w-3 or total w-6 cate-
gories”® while calculating the overall concentrations (Table 2).
Therefore, the difference in total w-3 or w-6 levels might not
have direct relevance to inflammation. We found no statisti-
cally significant differences in FA analysis between the AD and
AD+HIV groups, probably because any changes could be
subtle at the onset of inflammation/injury and we had small
sample sizes. Specific w-3, or w-6 FAs that participate in anti-
inflammatory or proinflammatory responses could influence
inflammation in these patients. Thus, to identify any relations
between FAs and liver injury within each group, we evaluated
the cluster of FAs and specific FAs that participate in inflam-
mation. In the AD+HIV group, we found a significant associ-
ation between total w-6 FA level and ALT, adjusted R>= 0.561,
p=.032; however, total ®-3 FA level and ALT did not show
any statistically significant association in that group. There
was no association between -3 polyunsaturated fatty acids
(PUFAs) and ALT, or w-6 PUFAs and ALT in the AD group.
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Nor did we find any association between the w-6:@-3 ratio and
ALT in either the AD+HIV group or the AD group.

In the AD+HIV group, we found a close association be-
tween LA and ALT, and between ALA and ALT (Table 3).
LA and ALT, and ALA and ALT were also associated in the
AD group; however, this association was not significant
(Table 3). This finding suggests a possible involvement of
specific FAs that could have an important role in liver injury
in these specific patients.

Association of serum zinc and FAs involved
in inflammation

We also evaluated the association between serum zinc and
LA, and between serum zinc and ALA in both disease groups.
In the AD+HIV group, an inverse relation between serum
zinc and LA was of higher effect, adjusted R*=0.655 and
significant, p=.017 (Fig. 3a). In AD patients, this association
showed a comparatively lower effect that was also inverse
and was not significant (Fig. 3b), possibly due to the fact that
six of the seven patients had normal zinc levels. The asso-
ciation of ALA and serum zinc was not significant in either
the AD or the AD+HIV group.

Discussion

Our first aim was to characterize potential liver injury in
heavy alcohol drinking HIV-infected patients. These patients
showed more liver injury, notably even with a lower drinking
profile, compared with AD patients. We do not know why this
group of patients, while still drinking heavily, drank con-
siderably less than the AD group, and this is an area for
further investigation. It could be that they were already
feeling less well and cut back on drinking to compensate, or
another explanation might be involved.

HIV infection generally does not cause liver injury by it-
self, although HAART/ART medications are known causes
of hepatotoxicity.?'** Heavy alcohol drinking places the li-
ver in a vulnerable position to further injury.*® In our study,
we also noted that LTDH was higher despite comparatively
lower recent drinking pattern in HIV-infected AD patients.
Again, we do not know if this finding is an artifact of this
small study, or if it is important; further study is needed.
Another study reported that lifetime drinking and Hepatitis C
virus infection play roles in the progression of liver disease.**

Heavy alcohol drinking and HIV infection are both known
to cause alterations in zinc and FA metabolism, promoting

TABLE 3. DEGREE OF ASSOCIATION OF LIVER INJURY AND FATTY AcIDS IN AD+HIV AND AD PATIENTS

ALT, U/L

Variables/groups AD+HIV patients

AD patients

LA, nmol/mL
CI (95%) for B: 0.008-0.082
A-LA, nmol/mL
CI (95%) for B: 0.007-0.387

Adjusted R*=0.598, p=.025; B=0.045+0.014;

Adjusted R*=0.505, p=.044; B=0.197+0.074;

Adjusted R*=0.018, p=.341; B=—0.003+0.003;
CI (95%) for B: —0.010-0.004

Adjusted R*=0.366, p=.088; B=—0.153+0.072;
CI (95%) for B: —0.339-0.033

Bold, indicates effect size; italics, likely/no significance.

The significant moderate effect in the association of FAs and liver injury was observed in AD+HIV patients only. Statistical significance

was set at p<.05.
B=unstandardized coefficients presented as B+t SE.

ALT, alanine aminotransferase; CI, confidence interval; SE, standard error.
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FIG. 3. Association of LA and serum zinc in AD+HIV and AD patient groups. (a) A significant inverse moderate
association was present between serum LA and serum zinc in AD+HIV patients. (b) An inverse association that was not
significant was observed in AD patients. Linear regression analysis was used as shown in (a, b). Statistical significance was

set at p<.05. LA, linoleic acid.

inflammation.”>>° Zinc supplementation has been used to
prevent/diminish CD4" cell loss in patients with HIV.*® The
impact on liver health from the comorbid conditions of heavy
alcohol drinking and HIV infection has not been adequately
studied in treatment-naive HIV-diagnosed AD patients.
A significant decrease in serum zinc and an increase in serum
LA in the AD+HIV patients, even with recent lower drinking
history, was a new finding in our study. Furthermore, this
alteration of serum zinc and LA was closely associated with
liver injury. Evaluating LA levels in AD+HIV patients
showed that the association with ALT was not only larger, but
was also statistically significant, compared with ALA. This
suggests a possible role of an elevated proinflammatory re-
sponse, characterized by elevated LA and low zinc in these
patients (Fig. 2b and Table 3). This finding supported our
second hypothesis that low zinc and elevated levels of spe-
cific FAs that participate in inflammation might be involved
in liver injury in AD+HIV patients.

HIV infection, itself, generally does not cause liver injury,
but other types of viral infection do adversely affect the
liver.*'** Thus, when the liver is injured (in our study due to
heavy drinking), HIV infection may contribute to much lower
zinc levels due to involvement in both a proinflammatory
mechanism and a potential redistribution of zinc.*® Similarly,
dysregulation of serum zinc** and LA levels®® involved in a
proinflammatory response is enhanced, due to the dual hits of
alcohol drinking and altered metabolic proinflammatory re-
sponse in HIV infection, thereby contributing to liver injury.

Low zinc has been recently reported to cause oxidative
stress and more rapid progression of fibrosis in an HIV co-
hort.*® Similarly, another study showed the involvement of
LA in T cell apoptosis in an HIV-infected human T cell line,
and altered LA metabolism may contribute to the depletion of
CD4" T cells.*” One published recent review has described
the interaction of LA and zinc in detail, explaining the role
of zinc deficiency in the modulation of desaturase activity
involved in FA absorption, oxidation, metabolism, and in-
corporation.*® The interaction of hypozincemia and proin-
flammatory FAs in our disease cohort likely is involved
in liver injury. ART medication compliance could be a
challenge, due to potential hepatotoxicity, when the liver is
already vulnerable due to preexisting liver injury in HIV
patients (e.g., from active heavy drinking).

Our study has several limitations. Although we had a
roughly equal distribution of men and women in each study
group, we did not have adequate numbers to analyze gender-
based differences within each group or between groups.
Moreover, we had small numbers of patients in each of our
groups and we recognize that this is a small pilot study.
However, several factors showed significance (e.g., zinc,
LA). Assessments were conducted simultaneously with the
diagnosis of HIV in this unique patient sample, who may not
otherwise be tested for other organ-/system-based laboratory
evaluations. HIV4+AD patients recently drank fewer standard
drinks per day than the AD patients; however, lifetime
drinking in years was greater in HIV+AD patients and we did
not determine the reason for this from the patients. Further-
more, we could not conduct extensive statistical analyses
adjusting for multiple variables due to small sample size.
Therefore, the results may be limited in scope. In treatment-
naive HIV patients (disease controls), who did not drink
heavily, we did not conduct any further tests, since there was
no liver injury by our initial assessments, which was our
primary question. We did not find any close association be-
tween CD4" and zinc levels in our study patients. However,
our study demonstrated that hypozincemia and a proin-
flammatory response in HIV+AD patients were closely re-
lated to liver injury.

We conclude that making informed decisions for the se-
lection of treatment regimens for HIV-infected individuals
who drink heavily is important. Nutritional intervention,
such as zinc supplementation and dietary fat intake regu-
lation, may help reduce liver inflammation/injury. In this
group of heavy drinking and/or HIV-infected patients, nu-
trition intervention could be potentially useful in their
medical management and might be a secondary therapeutic
strategy.
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