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Abstract

Aims: Alcohol is hypothesized to have effects on the kynurenine pathway of tryptophan catabolism,
a potential mechanism for alcohol-induced depression and aggression. A biomarker of this
pathway, the plasma kynurenine to tryptophan ratio (K/T ratio), has been associated with HIV pro-
gression, mortality and depression. Our aim was to assess whether hazardous alcohol consumption
is associated higher K/T ratio among people with HIV.

Methods: Participants were a subset of the Uganda Alcohol Research Collaboration on HIV/AIDS
Cohort. Alcohol consumption was categorized (abstinent, moderate and hazardous alcohol use)
using the Alcohol Use Disorders Identification Test—Consumption and phosphatidylethanol (PEth).
K/T ratio was the primary outcome. We used linear regression adjusted for age, sex, FIB-4, hepatitis
B surface antigen, log (HIV viral load) to estimate the association between alcohol consumption and
K/T ratio.

Results: Compared to abstinent participants, hazardous drinkers and moderate drinkers had higher
K/T ratio but these differences did not reach statistical significance.

© The Author(s) 2021. Medical Council on Alcohol and Oxford University Press. All rights reserved.
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Conclusions: Our results suggest that hazardous alcohol consumption, in the context of untreated
HIV infection, may not significantly alter kynurenine to tryptophan ratio as a measure of activity of

the kynurenine pathway of tryptophan metabolism.

INTRODUCTION

Heavy alcohol use among people with human immunodeficiency
virus infection is common (Galvan et al., 2002; Nahvi and Cooper-
man, 2009) (Samet and Walley, 2010) and associated with immuno-
logic, neurologic and cardiovascular complications (Freiberg et al.,
2013; Szabo and Mandrekar, 2009), but pathways for alcohol-
associated increases in morbidity and mortality have not been fully
explained (Williams ez al., 2016).

Tryptophan is an essential amino acid that is primarily metabo-
lized by enzymes called hepatic tryptophan 2,3-diogygenase (TDO)
and indoleamine 2,3-dioxygenase-1 (IDO-1). Normally, 90% of tryp-
tophan degradation occurs via TDO pathway. However, under con-
ditions of immune activation (e.g. untreated HIV infection), the IDO-
1 pathway of tryptophan degradation is upregulated (Schrocksnadel
et al.,2006). TDO and IDO-1 break down tryptophan to kynurenine
and by-products, including 3-hydroxyanthranilic acid, a free radical
generator, quinolinic acid, an excitotoxin and anthranilic acid that
are potentially neurotoxic and immunomodulatory (Byakwaga ez al.,
20145 Favre et al., 20105 Guillemin et al., 2001; Jones et al., 2013;
Schrocksnadel et al., 2006). This makes tryptophan degradation rel-
evant for HIV-infected drinkers, who may have increased tryptophan
catabolism due to both HIV and alcohol, and thus may be at high
risk for inflammation and ultimately neurodegenerative diseases and
immune dysfunction.

HIV-associated immune activation increases IDO-1 activity.
This catabolizes tryptophan via the kynurenine pathway, leading
to elevations in the ratio of kynurenine to tryptophan in plasma
(K/T ratio). Higher K/T ratio is associated with clinical progression
in untreated HIV disease, poor CD4+ T-cell recovery during HIV
antiretroviral therapy (ART), and increased mortality (Byakwaga
et al., 2014; Huengsberg et al., 1998; Lee et al., 2017; Zuo et al.,
2016). Tryptophan is a precursor of serotonin, a multifunctional
neurotransmitter involved in regulation of behavior, including
depression. Alcohol has major effects on tryptophan metabolism
providing a potential mechanism for alcohol-induced depression
and aggression (Badawy, 2002). Thus, among people with HIV,
tryptophan catabolism may be a pathway through which heavy
alcohol use exerts negative health consequences.

However, little is known about the effects of alcohol use on the
kynurenine pathway of tryptophan metabolism among people with
HIV. Our primary hypothesis is that the level of alcohol consumption
is associated with higher K/T ratio, among people with HIV. Since
immune activation is characteristic of HIV infection and upregulates
an important enzyme in tryptophan degradation, we also explored
whether monocyte activation, measured by soluble CD14 in our pre-
vious study (Carrico et al., 2015), modifies the association between
alcohol consumption and tryptophan metabolism.

MATERIALS AND METHODS

Ethics statement

The study procedures were all approved by the Institutional Review
Boards of the University of California—San Francisco, Boston
University Medical Center, the Mbarara University of Science
and Technology and the Uganda National Committee on Science

and Technology. We obtained informed consent obtained from all
participants at the enrollment visit.

Study design and participants

This was a secondary analysis of existing data and biospecimens.
The participants in this investigation were a subset of participants in
the Uganda ARCH (Alcohol Research Collaboration on HIV/AIDS)
Cohort who were eligible for inclusion in the current study. The
Uganda ARCH cohort is an ongoing prospective cohort study con-
ducted in Mbarara, Uganda. This cohort study was formed to inves-
tigate the effects of heavy alcohol consumption on HIV disease
progression prior to the initiation of ART. Inclusion criteria for the
cohort have been previously published (Carrico, 2015). Briefly, adults
aged 18 and over who had HIV and had not initiated ART were
recruited from the Immune Suppression Syndrome (ISS) Clinic of the
Mbarara Regional Referral Hospital in Mbarara, Uganda. The subset
of participants were those chosen for our previous examination of
alcohol consumption and monocyte activation. (Carrico et al., 2015)
In this prior study, 60 Uganda ARCH participants who reported
unhealthy alcohol use (defined below) were selected along with a
random subset of participants (frequency matched on sex) from the
same cohort with lower risk alcohol use (N = 60) and abstinent
alcohol use (N = 60). Frequency matching on sex was achieved by
performing random selection separately among men and women in
the lower risk and abstinent alcohol use groups in order to achieve
a similar proportion of men and women in each alcohol exposure
group. Participants from our prior study who did not have avail-
able serum/plasma samples for tryptophan and kynurenine testing
(N = 33) or were later found to have been exposed to ART (N = 11)
were excluded.

Exposure assessment and definitions

Alcohol consumption was assessed using self-report via the 3-month
Alcohol Use Disorders Identification Test—Consumption (AUDIT-
C) and phosphatidylethanol (PEth), an abnormal phospholipid that
forms only in the presence of alcohol (Bradley ez al., 2007; Hahn
et al., 2012). The primary definition of alcohol consumption was
a combined measure using both AUDIT-C and PEth. By combining
AUDIT-C with PEth, we aimed to increase the sensitivity for detecting
unhealthy alcohol use, by combining two measures that are highly
specific but not completely sensitive.

The three categories of alcohol consumption, as defined in our
prior study were: abstinent, moderate and hazardous alcohol use
(Carrico et al., 2015). The abstinent group, defined as AUDIT-C = 0
and PEth <8 ng/ml, was used as the referent group. Moderate alcohol
use was defined as PEth >8 ng/ml and AUDIT-C < 3 for women
and < 4 for men. Participants with an AUDIT-C > 3 for women,
or > 4 for men or a PEth of 50 ng/ml or greater were classified
as hazardous drinkers. This conservative cutoff for PEth maximizes
specificity, which minimizes the likelihood of false positive results
(Stewart et al., 2010).

Secondary definitions of alcohol consumption included AUDIT-
C alone or PEth alone categorizing each into tertiles. We used
these measures in secondary analyses to explore whether a purely
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biological method of unhealthy alcohol use (PEth) would pick up
associations that may be missed by using self-reported unhealthy
alcohol use (AUDIT-C), which may be more prone to recall and social
desirability biases.

Outcome assessment and definition

K/T ratio was the primary outcome. The measurement of tryptophan
and kynurenine concentrations in nonfasting plasma samples was
done according to protocols using liquid chromatography-tandem
mass spectrometry (LC-MS/MS) described elsewhere in detail (Favre
et al., 2010; Huang et al., 2013). Briefly, plasma (100 wl) is mixed
with Kyn-d4 and Trp-d$S internal standards and then precipitated
with trifluoroacetic acid. The supernatant was directly analyzed by
LC-MS/MS. The assay using surrogate matrix calibrators is validated
for precision, accuracy, matrix effect, extraction efficiency and stabil-
ity. Plasma was not ultrafiltered prior to freezing and it was stored at
—80C.

We conducted analyses of secondary outcomes kynurenine con-
centration and tryptophan concentration separately to assess whether
kynurenine or tryptophan concentration was driving the hypothe-
sized association of alcohol and K/T ratio. Logarithmic transforma-
tion was performed for K/T ratio and kynurenine to better approxi-
mate a normal distribution.

Covariate assessment and definition

Covariates included demographic characteristics (age, sex), liver dis-
ease (Fibrosis Index for Liver Fibrosis (FIB-4) (Sterling ez al., 2006),
hepatitis B surface antigen [HBsAg]), smoking status and HIV charac-
teristics (HIV viral load [log transformed], time since HIV diagnosis)
and marker of monocyte activation (sCD14). We measured sCD14
using quantitative sandwich enzyme immunoassay method (R&D
Systems; Minneapolis, MN, USA) as described previously (Carrico
et al., 2015). We selected these covariates because prior work indi-
cates associations with alcohol use and K/T ratio (Badawy, 2017;
Bilal et al., 2018; Byakwaga et al., 2015; Williams et al., 2019). By
adjusting for them, we account for demographic differences between
alcohol groups; differences in the level of HIV control and immune
dysfunction between alcohol groups; and the role of the liver in
tryptophan catabolism. Although we did not have data on nutritional
status of participants, we assessed food insecurity scores (Coates,
2007) and body mass index (BMI) for nutritional context.

Statistical analysis

We tabulated demographic characteristics of the study participants
using frequencies and proportions for categorical variables. Means,
medians, standard deviation and percentiles were used for continuous
variables. For descriptive purposes, we used ANOVA for continuous
variables, and chi-square tests for categorical variables to perform
bivariate comparisons for each variable with the primary independent
variable (3-level drinking group: hazardous; moderate; abstinent). In
order to minimize chance of collinearity, the spearman correlation
was also used to identify pairs of variables with correlation >0.40.
Such pairs were not included in the same regression model.

We used linear regression models to estimate the unadjusted asso-
ciation between alcohol consumption and K/T ratio. The regression
models were then adjusted for age, sex, FIB-4, hepatitis B surface
antigen, log (HIV viral load). To assess whether sCD14 modified
the association between alcohol consumption and K/T ratio, the
adjusted regression model was repeated to include an interaction

term (alcohol consumption by sCD14 dichotomized at the median
of its distribution). Since K/T ratio declines with liver damage, we
performed a sensitivity analysis excluding people with evidence of
liver fibrosis (FIB-4 > 3.25) or who were hepatitis B surface antigen
reactive.

Regression analyses were repeated for secondary exposure
(AUDIT-C alone and PEth alone). Regression estimates for kynure-
nine to tryptophan ratio and kynurenine were back-transformed for
ease of interpretation. Two-sided P-values, 95% confidence intervals
and betas, were calculated and reported for all regression models.

RESULTS

The mean age of the 136 participants included in the study was
36 years, 56% were female, and all participants were black Africans.
Forty-seven (35%) were abstinent, 28 (21%) had moderate drinking,
and 61 (45%) had hazardous drinking. Among those abstinent,
14 (30%) reported never drinking, 7 (15%) reported their last
drink was between 3 months to 1 year prior; 10 (21%) reported
1-5 years prior and 16 (34%) reported >35 years ago for the last
drink. Median BMI was 22.6 kg/m? and food insecurity was common
but neither differed across alcohol groups. Overall, few (10%)
reported current smoking with hazardous drinking participants
reporting the highest smoking prevalence (16%). Advanced liver
fibrosis was uncommon (3%) and 10% of participants were positive
for hepatitis B surface antigen. Almost half the participants had a
CD4+ T-cell count <500 cells/mm? and mean HIV viremia was
3.8 log copies/ml. Participants who were hazardous drinkers had
significantly higher sCD14 levels compared to those who were
abstinent from alcohol as previously reported (Carrico ez al., 2015)
(Table 1). Median (25th, 75th percentile) kynurenine, tryptophan
and K/T ratio (x1000) were 1.9 (1.6, 2.3) uM, 43 (35, 50) uM and
47 (37, 62), respectively, and did not differ significantly by alcohol
status.

In unadjusted linear regression models, no significant associations
between alcohol consumption and K/T ratio were detected (Table 2).
Compared to abstinent participants, hazardous drinkers (ratio of
means: 1.09 95% confidence interval: (0.91, 1.29); P = 0.35) and
moderate drinkers (1.05 (0.84,1.30); P = 0.68) had higher K/T
ratio but these differences did not reach statistical significance. The
ratio of means is interpreted as follows for hazardous drinkers as
an example: on average, mean K/T ratio for hazardous drinkers
was 9% higher than that for those abstinent. Likewise, we did not
detect statistically significant differences in kynurenine concentration
or tryptophan concentration between abstainers and hazardous or
moderate drinkers (Table 3).

In adjusted models, we did not detect significant associations
between alcohol consumption and K/T ratio. Compared to abstain-
ing, both moderate and hazardous drinking were associated with
a 3% increase in K/T ratio (CI: 0.85, 1.24 P = 0.80; 0.88, 1.21
P =10.69, respectively). HIV viremia and female sex were significantly
associated with higher K/T ratio (Table 2).

We did not detect statistically significant interactions between
alcohol group and sCD14 on kynurenine to tryptophan ratio (inter-
action P-value = 0.14). Heavy drinking with sCD14 above the
median was associated with 33% higher K/T ratio (1.33 (0.96-
1.83; p_interaction = 0.09) whereas moderate drinking with sCD14
above the median was only 1% lower K/T ratio (0.99 (0.67, 1.45;
p_interaction = 0.95). Excluding people with FIB-4 > 3.25 or hepatis
B did not alter the associations of heavy drinking and K/T ratio.
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Table 1. Characteristics of UGANDA ARCH Cohort of people living with HIV by level of alcohol use

Overall (7 = 136) Abstinent (7 = 47) Moderate Drinking Hazardous Drinking P-value
(n=28) (n=61)

Mean age, years 35.5(10.2) 35.0(10.4) 33.3(9.2) 37.0 (10.4) 0.25
Female 76 (55.9%) 27 (57.4%) 17 (60.7%) 32 (52.5%) 0.74
Household food insecurity access scale 0.90
Food secure 2 (16.3%) 10 (21.3%) 4 (14.3%) 8 (13.3%)
Mildly food insecure 0 (14.8%) 5(10.6%) 5(17.9%) 10 (16.7%)
Moderately food insecure 5(40.7%) 18 (38.3%) 12 (42.9%) 25 (41.7%)
Severely food insecure 8 (28.1%) 14 (29.8%) 7 (25.0%) 17 (28.3%)
Median (p25, p75) body mass 22.6 (20.7,25.2) 23.1(20.6,25.5) 23.9 (21.6,26.1) 21.8 (19.8,25.0) 0.28
index/kg/m?
Time since last drink
Never drank — 4 (29.8%) — 1(1.6%)
More than 5 years ago — 6 (34.0%) — 1(1.6%)
1-5 years ago — 0(21.3%) 1(3.6%) 2(3.3%)
6 months-1 year ago — 3(6.4%) 1(3.6%) —
3-6 months ago — 4 (8.5%) 2(7.1%) 2 (3.3%)
3 weeks—3 months ago — 8 (28.6%) 3 (4.9%)
4 days-3 weeks ago — — 7 (25.0%) 12 (19.7%)
In the past 3 days — — 9(32.1%) 40 (65.6%)
Current smoker (past 3 months) 4 (10.3%) 1(2.1%) 3 (10.7%) 0 (16.4%) 0.04
FIB-4 < 1.45 6 (71.1%) 33 (70.2%) 23 (82.1%) 0 (66.7%) 0.66
FIB-4 1.45-3.25 35(25.9%) 12 (25.5%) 5(17.9%) 8 (30.0%)
FIB-4 > 3.25 4(3.0%) 2 (4.3%) 0 (0.0%) 2(3.3%)
Hepatitis B positive 13 (9.6%) 4 (8.5%) 1(3.6%) 8 (13.1%) 0.38
Median (25th, 75th) years since first 3.0 (0.5,6.9) 2.8 (0.6, 6.6) 1.1(0.1, 6.5) 3.6 (0.7, 6.9) 0.55
positive HIV test
CD4 count <350 13 (9.6%) 5(10.6%) 1(3.6%) 7 (11.5%) 0.77
CD4 count 350-499 46 (33.8%) 15 (31.9%) 9(32.1%) 22 (36.1%)
CD4 count >500 77 (56.6%) 27 (57.4%) 18 (64.3%) 32 (52.5%)
HIV viral load (log-10 transformed) 3.8 (1.0) 3.7 (1.0) 3.8(0.8) 3.9 (1.1) 0.59
Median (25th, 75th) sCD14, ng/ml 1466.5 (1072.3, 1244.2 (1073.9, 1400.1 (958.2, 1613.2 (1128.0, 0.04

1765.7) 1670.0) 1664.6) 1901.5)
Median (25th, 75th) Kynurenine, uM 1.9 (1.6,2.3) 1.9 (1.6,2.3) 1.8(1.7,2.1) 1.9(1.5,2.3 0.57
Median (25th, 75th) Tryptophan, uM 42.7 (34.6,49.5) 43.4 (35.8,49.5) 37.1(33.4,47.1) 42.7 (34.1, 48.5) 0.40
Median (25th, 75th) K/T ratio x 1000 46.5 (36.6, 61.9) 45.6 (37.2, 56.7) 50.4 (36.8, 58.2) 46.3 (35.4,67.8) 0.41
Table 2. Association of alcohol use and K/T ratio in the Uganda ARCH cohort of people living with HIV
Independent variable Unadjusted back-transformed betas (95% CI) P-value
Abstinent 1 (ref) —
Moderate drinking 1.05 (0.84, 1.30) 0.68
Heavy drinking 1.09 (0.91, 1.29) 0.35
Independent variable Adjusted back-transformed betas (95% CI) P-value
Abstinent 1 (ref) —
Moderate drinking 1.03 (0.85, 1.24) 0.80
Heavy drinking 1.03 (0.88,1.21) 0.69
Female 1.18 (1.00, 1.39) 0.04
Hepatitis B surface antigen reactive 1.16 (0.92,1.47) 0.21
FIB4 1.03 (0.96, 1.11) 0.43
HIV viral load (log), copies/ml 1.26 (1.18,1.36) <0.01
Age, years 1.00 (0.99,1.01) 0.61

In exploratory analyses, no significant associations between
AUDIT-C score alone or PEth alone were detected for kynurenine

Hazardous or moderate alcohol use was not significantly associated
with kynurenine or tryptophan concentrations when these biomark-

ers were considered separately (Table 3). to tryptophan ratio (Table 4).
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Table 3. Association of alcohol use with kynurenine and tryptophan (separately) in the Uganda ARCH cohort of people living with HIV

Kynurenine Tryptophan
Independent variable Adjusted back-transformed betas P-value Adjusted betas P-value
(95% ClI) (95% CI)
Abstinent 1 (ref) — 1 (ref) —
Moderate drinking 0.94 (0.80,1.11) 0.45 —2.95(-7.69,1.79) 0.22
Heavy drinking 0.97(0.85,1.11) 0.62 -1.13 (-5.01, 2.74) 0.56

Table 4. Association of AUDIT-C and PEth tertiles (separately) with K/T ratio in the Uganda ARCH cohort of people living with HIV

AUDIT-C PEth
Adjusted back-transformed P-value Adjusted back-transformed P-value
betas (95% CI) Betas (95% CI)
Lowest tertile 1 (ref) — 1 (ref) —
Middle tertile 1.05 (0.88,1.25) 0.59 1.09 (0.92,1.29) 0.34
Highest tertile 0.98 (0.84, 1.16) 0.85 1.10 (0.94, 1.30) 0.22

DISCUSSION

Among Ugandans with HIV, neither hazardous nor moderate drink-
ing, compared to abstaining from alcohol were associated with the
kynurenine pathway of tryptophan catabolism.

Although prior studies have found significant associations
between alcohol consumption and tryptophan catabolism (Badawy
et al., 1995; Eriksson et al., 1983; Friedman et al., 1988; Markus
et al., 2004; Pietraszek et al., 1991; Siegel et al., 1964; Walsh et al.,
1966), none of them have been conducted among people with HIV.
This unique aspect of our study may explain some of the discrepancy
between our findings and prior work. HIV-associated immune
activation is associated with higher kynurenine, lower tryptophan
and thus higher K/T ratio (Huengsberg et al., 1998). Higher K/T
ratio is associated with clinical progression in untreated HIV disease
and poor CD4+ T-cell recovery during ART (Byakwaga er al., 2014;
Huengsberg er al., 1998; Lee et al., 2017). The effects of alcohol on
tryptophan metabolism may be partly mediated through alcohol-
related liver disease and/or NAD(P)H (reduced nicotinamide adenine
dinucleotide [phosphate] production) impacting the TDO pathway
of tryptophan catabolism (Badawy, 2017). In this case, HIV related
increases in the IDO-1 pathway of tryptophan catabolism may be
offset by liver cirrhosis-related decreases in the TDO pathway such
that there would be no apparent association of heavy drinking and
K/T ratio among people with HIV. However, there was little evidence
of cirrhosis in our cohort and our sensitivity analyses excluding
people with high likelihood of liver fibrosis or hepatitis B did not
alter the association of heavy drinking and K/T ratio. Conversely
to cirrhosis-related TDO inhibition, alcohol-related consumption
of NAD(P)H may limit TDO inhibition thus increasing the TDO
pathway of tryptophan catabolism (Berg et al., 2002). These opposing
effects underscore the complexity of teasing apart potential alcohol
effects among people with HIV or HIV coinfection with viral
hepatitis.

Other potential explanations for these discrepant findings involve
differences in the degree of alcohol exposure in prior work compared
to the current study. Prior studies linking alcohol consumption and
tryptophan metabolism involved people with a clinical diagnosis

of alcohol use disorder or acute alcohol administration to healthy
volunteers. Alcohol use disorder status in our study was not known
and we did not assess the acute effects of alcohol administration.
It is feasible that one or both of these conditions is required to
observe an association between alcohol consumption and tryptophan
metabolism.

Another possible explanation is that chronic alcohol consumption
and acute alcohol consumption may have opposing effects on trypto-
phan metabolism. Chronic alcohol consumption among people with
alcohol use disorders is associated with inhibition of a rate-limiting
enzyme (TDO) required for tryptophan catabolism, which may or
may not lower the K/T ratio, depending on other associated factors,
e.g. extrahepatic IDO induction (Eriksson et al., 1983; Friedman
et al., 1988; Pietraszek et al., 1991; Siegel et al., 1964; Walsh et al.,
1966). On the other hand, acute alcohol administration to healthy
volunteers decreases tryptophan concentration, which would result in
higher K/T ratio (Badawy ez al., 1995; Friedman et al., 1988; Markus
et al., 2004; Siegel et al., 1964; Walsh et al., 1966).

In our population of people with untreated HIV infection and
unknown alcohol use disorder status, these opposing effects could
explain why we did not detect significant associations in contrast
to studies in non-HIV populations. As discussed earlier, most tryp-
tophan degradation occurs via TDO pathway but under conditions
of immune activation (e.g. untreated HIV infection), the IDO-1
pathway of tryptophan degradation is upregulated (Schrocksnadel
et al., 2006). In people with HIV who drink alcohol, there are other
determinants of K/T ratio beyond IDO-1 pathway activation. Diet,
liver function and renal function contribute to the variability in K/T
ratio and are simultaneously impacted by HIV status (Badawy and
Guillemin, 2019). Excluding people with high likelihood of liver
fibrosis or hepatitis B did not alter the associations of heavy drinking
and K/T ratio. Our regression models do not include information on
diet or renal function, which were not obtained in this study.

These results suggest important implications for research in this
area. Future studies should assess alcohol use disorders, and detailed
alcohol use data (e.g. type and patterns of use via the 90-day Timeline
Followback or Ecological Momentary Assessment).
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There are limitations to this analysis that warrant discussion. This
study is a cross-sectional observational study that does not permit
inference of causality and may be limited by residual and unmeasured
confounding. We did not have data on alcohol use disorders or
granular data on types and patterns of alcohol use. We were also
limited by lack of data on nutritional status in the cohort to put
baseline tryptophan levels into context. However, we did not detect
statistical differences in BMI or food insecurity across alcohol groups.
Blood samples used for K/T ratio determination were not necessarily
obtained as fasting samples, which could impact plasma amino acid
levels including tryptophan. Since ultrafiltration was not used when
quantifying K/T ratio, we measured total tryptophan, majority of
which is bound to albumin (Badawy and Guillemin, 2019). Differ-
ences in albumin levels (or free fatty acids which displace tryptophan
from albumin) between study participants were not available and
may have impacted our estimation of K/T ratio. The generalizability
of our study findings may be limited to populations similar to those
receiving care at the ISS Clinic in Mbarara, Uganda.

CONCLUSION

In conclusion, we were unable to detect an association of hazardous
or moderate drinking, compared to abstaining from alcohol with
the kynurenine pathway of tryptophan catabolism in Ugandans with
HIV. Additional studies including people with and without HIV will
help isolate HIV-specific from alcohol-specific effects on tryptophan
metabolism and investigate how these effects may interact in people
with HIV who drink alcohol. Future studies should also assess
alcohol use disorders, and more granular alcohol use data (e.g. type
and patterns of alcohol use via the 90-day Timeline Followback or
Ecological Momentary Assessment).
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