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Abstract
Screening and assessing alcohol use accurately to maximize positive treatment outcomes remain problematic in regions with 
high rates of alcohol use and HIV and TB infections. In this study, we examined the concordance between self-reported meas-
ures of alcohol use and point-of-care (POC) urine ethyl glucuronide (uEtG) test results among persons with HIV (PWH) in 
Uganda who reported drinking in the prior 3 months. For analyses, we used the screening data of a trial designed to examine 
the use of incentives to reduce alcohol consumption and increase medication adherence to examine the concordance between 
POC uEtG (300 ng/mL cutoff) and six measures of self-reported alcohol use. Of the 2136 participants who completed the 
alcohol screening, 1080 (50.6%) tested positive in the POC uEtG test, and 1756 (82.2%) self-reported using alcohol during 
the prior 72 h. Seventy-two percent of those who reported drinking during the prior 24 h had a uEtG positive test, with lower 
proportions testing uEtG positive when drinking occurred 24–48 h (64.7%) or 48–72 h (28.6%) prior to sample collection. 
In multivariate models, recency of drinking, number of drinks at last alcohol use, and Alcohol Use Disorders Identification 
Test – Consumption (AUDIT-C) score were associated with uEtG positivity. The highest area under the curve (AUC) for 
a uEtG positive test was for recency of drinking. Overall, we concluded that several measures of drinking were associated 
with POC uEtG positivity, with recency of drinking, particularly drinking within the past 24 h, being the strongest predictor 
of uEtG positivity.
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Short Summary

Recency of alcohol consumption was the best predictor of 
a positive uEtG test among persons with HIV in Uganda. 
Our findings are consistent with earlier research showing 
that a uEtG threshold of > 300 ng/mL for a positive test 
has optimum sensitivity and specificity when detecting 
self-reported use in the prior two days.

Introduction

Alcohol use influences outcomes of HIV infection, poten-
tially through poor anti-retroviral therapy (ART) adher-
ence and immune dysregulation [10, 25]. In addition, 
alcohol use is associated with increased risks for tubercu-
losis (TB) disease and mortality among persons with HIV 
(PWH) [2] and those without HIV [19, 23, 24]. In regions 
with high rates of alcohol use as well as HIV and TB infec-
tions, it is important to accurately screen and assess alco-
hol use to maximize positive treatment outcomes. In this 
study, we examined the concordance between self-reported 
alcohol use and results from a commercial dipstick test for 
an alcohol biomarker among PWH and latent TB in sub-
Saharan Africa, where the prevalence of heavy episodic 
drinking is among the highest in the world, occurring in 
almost 20% of the general population [26].

Integrating alcohol treatment into HIV care can improve 
outcomes among PWH (Scott-Sheldon et al., 2017), and 
accurate alcohol screening is an essential first step in link-
ing PWH to appropriate alcohol services. In previous stud-
ies, people in HIV care, including PWH in Uganda, the 
location of the present study, under-reported alcohol use, 
likely due to social desirability [1, 3, 17]. Social desir-
ability impacts the reporting of drinking, especially among 
women and younger persons [1].

Direct metabolites of alcohol use, such as phosphatidy-
lethanol (PEth) from blood and ethyl glucuronide (EtG) 
from urine, are sensitive and specific measures of alcohol 
use and can be used to objectively assess alcohol con-
sumption. These biomarkers are detectable for longer 
periods of time than breath or blood alcohol, allowing for 
a longer window of detection of alcohol use. However, 
the standard methods for conducting PEth and EtG tests 
require relatively expensive laboratory testing, limiting the 
use of these biomarkers in low resource settings.

EtG in urine (uEtG) can be detected for up to five days 
after drinking, with variability depending on the recency 
and amount of use, individual factors, and the threshold 
for detection used [4, 11, 15, 16]. EtG is only formed in the 
presence of alcohol, and our studies demonstrate that even 

at a low threshold, such as 100 ng/mL uEtG, positive uEtG 
tests are associated with non-beverage alcohol exposure 
(e.g., use of alcohol-containing hand sanitizer [13]. Until 
recently, uEtG could only be assessed by using an immu-
noassay that required the purchase of a $30,000–$40,000 
benchtop analyzer or by sending samples to a reference 
laboratory for uEtG testing, with a cost per test of $10 to 
$15. Recently point-of-care (POC) dipcard uEtG tests with 
thresholds of 300 and 500 ng/mL have become available. 
However, research evaluating the accuracy of these tests 
is relatively limited. In a small study, there was a high 
rate of agreement (98%) between POC dipcard uEtG and 
benchtop uEtG results [14]. The only evaluation of POC 
dipcard uEtG results and self-reported alcohol use also 
showed a high agreement rate. Furthermore, a study of 211 
PWH with hepatitis B coinfection in Zambia found strong 
concordance (98.5%) between self-reported alcohol use in 
the prior three days and a positive POC dipcard test with 
a uEtG cutoff of 500 ng/mL [22]. In contrast, only 16% of 
people who drank more than three days prior to sample 
collection had a uEtG positive test result. Moreover, sixty 
percent of those who engaged in unhealthy drinking, as 
assessed by the Alcohol Use Disorders Identification Test 
– Consumption (AUDIT-C), had uEtG positive results.

Given the lack of research evaluating correlates of POC 
uEtG tests, we investigated the concordance between self-
reported alcohol use and uEtG detected by a POC dipcard 
test (300 ng/mL cutoff) among 2,136 PWH in Uganda who 
reported any recent (prior 3 months) alcohol consumption. 
We identified six self-reported alcohol measures assessing 
recency and amount of recent drinking to determine which 
of the measures was most closely related to uEtG positive 
results. We hypothesized that self-reported recent alcohol 
use and higher amounts of drinking would be associated 
with alcohol-positive POC uEtG test results.

Methods

Participants and Procedures

Data were drawn from the screening step of the Drink-
ers' Intervention to Prevent TB (DIPT) study, an ongo-
ing randomized controlled trial (RCT) in Uganda (NCT 
#03,492,216) to examine the efficacy of economic incentives 
to reduce drinking and increase medication adherence while 
taking TB preventative therapy. Persons were recruited from 
four Health Center IV HIV clinics in southwestern Uganda. 
Briefly, to be eligible for the DIPT study screening, partici-
pants had to (1) be HIV-infected adults (≥ 18 years old) with 
prescribed antiretroviral therapy (ART) for at least 6 months; 
(2) report current alcohol use, which was defined as any use 
in the prior 3 months to reduce underreporting; (3) be fluent 
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in Runyankole or English; (4) be without a history of active 
TB, TB treatment, or TB preventive therapy; (5) be living 
within two-hour travel time or 60 km of the study site, with 
no plans to move; (6) not be currently taking or planning to 
take anti-convulsion medications; and (7) not be pregnant.

The study was approved by the University of California, 
San Francisco Institutional Review Board, the Mbarara Uni-
versity of Science and Technology Research Ethics Commit-
tee, the Makerere University School of Medicine Research 
Ethics Committee, and the Ugandan National Council for 
Science and Technology. Participants provided written con-
sent prior to study participation.

Measure of Alcohol Use

Urine Ethyl Glucuronide (uEtG)

 Urine was collected at the screening study visit, and appro-
priate urine temperature (32–38 degrees Celsius) was 
verified with a color-changing temperature strip to prevent 
tampering. The dipcard uEtG test, which is based on an 
immunoassay, was conducted by immersing the absorbent 
tip in the urine sample for 10–15 s and then laying the dip-
card flat on a non-absorptive, clean surface for five minutes 
before the results were read by the laboratory technician. 
The dipcard display indicates two lines for a negative result, 
one line for a positive result. Blank dipcards were considered 
invalid. Digital photos of the dipcard results were taken for 
quality control purposes. The threshold for a uEtG positive 
test was set at 300 ng/mL. uEtG was measured in the screen-
ing study as a DIPT trial entry criterion – those with positive 
uEtG results were eligible for further study procedures. We 
also conducted post hoc re-reading of sample sets of dipcard 
photos, based on the three laboratory technicians who origi-
nally read the tests. We randomly sampled 50 cards from 
each original technician for re-reading, with each technician 
re-reading 100 total cards that were originally read by the 
other two technicians.

Self‑reported Alcohol Use

Self-reported alcohol consumption was measured during 
screening. The three-item AUDIT-C was used [5, 6], with 
modification, to measure drinking in the prior 3 months 
[8]. The AUDIT-C scale ranges from 0 to 12, with higher 
scores indicating greater consumption. Using the AUDIT-
C, we determined the frequency of alcohol use in the past 
3 months (0–3 days per week or 4–7 days per week), the 
number of drinks on a typical drinking day in the past 
3 months (0 drinks, 1–2 drinks, 3–4 drinks, 5–6 drinks, 
7–9 drinks, or 10 or more drinks), and the frequency of 

six or more drinks on one occasion in the past 3 months 
(never, less than monthly, monthly, weekly, daily or mostly 
daily). The screening survey also assessed when alcohol 
was last consumed, from which we calculated the number 
of days since last alcohol use [0 days (< 24 h), 1 day (24 
to < 48 h), 2 days (48 to < 72 h), 3 days (72 to < 96 h), 
4–6 days (96 to < 168 h), and 7 or more days (168 or more 
hours)] and the number of standard drinks consumed 
on the last drinking occasion (1–2, > 2–4, > 4–6, > 6–9, 
and > 9 drinks).

Demographics

The sociodemographic characteristics collected were age 
(range: 18 to 78) and sex (male or female). These soci-
odemographic characteristics were included as covariates 
in the analysis.

Statistical Analysis

We present descriptive statistics overall and by sex, since 
prior studies suggest that women are more likely to under-
report use. We calculated proportions for categorical var-
iables, and medians and interquartile ranges (IQRs) for 
continuous variables. To examine the distributions, we 
used X2 tests for categorical variables and Mann–Whitney 
tests for continuous variables. We then estimated the asso-
ciations between demographic characteristics (i.e., age and 
sex) and uEtG positive test using bivariate logistic regres-
sion. To examine the associations between uEtG positive 
test and self-reported alcohol use measures, we used unad-
justed logistic regression and then multivariable logistic 
regression to control for potential confounders (age, sex, 
and recruitment site). In our multivariable logistic regres-
sion analyses, we fitted six models, each with one self-
reported alcohol use measure as the predictor: number of 
days since last alcohol use (model 1); number of drinks 
at last alcohol use (model 2); AUDIT-C score (model 3); 
frequency of alcohol use in the past 3 months (model 4); 
number of drinks on a typical drinking day in the past 
3 months (model 5); and frequency of 6 or more drinks 
on one occasion in the past 3 months (model 6). Finally, 
we estimated the predictive performance of these logis-
tic models using the receiver operator characteristics area 
under the curve (ROC-AUC) c-statistic. To account for 
potential clustering at the study site level, we estimated the 
model using (1) robust standard error rather than standard 
error from maximum likelihood estimation, and (2) gen-
eralized estimating equations (GEE) [7].

To assess the degree of agreement between the original 
uEtG reading and the re-reads, we computed the pairwise 
Cohen’s Kappa measure of agreement. As an overall meas-
ure of agreement, we computed the Fleiss Kappa statistic.
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Results

From April 2018 through November 2019, a total of 2,136 
individuals participated in uEtG screening at one of the four 
participating sites in southwest Uganda: Mbarara Municipal 
Clinic (MMC, n = 715); Mbarara Regional Referral Hospi-
tal (MRRH) Immune Suppression Syndrome Clinic (ISS; 
n = 390); Ruhoko Health Center IV ART Clinic (n = 527); 
and Rugazi Health Center IV ART Clinic (n = 504). Descrip-
tive statistics for demographics and alcohol use by sex are 
presented in Table 1. Among the 2136 participants, 1,080 
(50.6%) tested uEtG positive, with most being male (67.6%), 
and 1756 (82.2%) reported that they had consumed alco-
hol within the past 3 days. There were also significant dif-
ferences in the male/female distribution by site, uEtG test 
result, days since last alcohol use, AUDIT-C score in the 
past 3 months, frequency of alcohol use in the past 3 months, 
number of drinks on a typical drinking day in the past 
3 months, frequency of 6 or more drinks on one occasion in 
the past 3 months, and number of drinks at last alcohol use.

Table 2 presents comparisons of positive uEtG test results 
by demographic characteristics and levels of self-reported 
alcohol use. The proportion of participants with positive 
uEtG test results varied by sex (Chi2 = 12.28; p < 0.001) 
and study site (Chi2 = 41.62; p < 0.001). All measures of 
self-reported alcohol use were associated with positive 
uEtG results, with recency of drinking having the strongest 
association with uEtG result. Similar results were found in 
multivariable analyses (Table 3) that examined the associa-
tions of self-reported alcohol use and positive uEtG results, 
adjusting for age, sex, and study site. Nearly all measures of 
self-reported drinking were associated with uEtG results, 
with drinking within the last two days being the strongest 
predictor of uEtG positivity.

The ROC-AUC was highest for model 1 (AUC = 0.73), 
with days since last alcohol use as the predictor of a POC 
uEtG positive test, indicating fair prediction, followed by 
AUDIT-C score as the predictor (model 3: AUC = 0.63). The 
ROC-AUC for model 4, which used the frequency of alcohol 
use in the past 3 months as the predictor, was 0.62. Models 
2, 5, and 6, which used the number of drinks at last alcohol 
use, the number of drinks on a typical drinking day in the 
past 3 months, and the frequency of 6 or more drinks on one 
occasion in the past 3 months, respectively, as predictors had 
the lowest ROC-AUC estimates (AUC = 0.61). These results 
did not materially change in models accounting for cluster-
ing of individuals by recruitment site.

Pairwise comparisons of the uEtG readings showed ~85% 
agreement between the three different pairs. The kappa sta-
tistics ranged from 0.71 to 0.73 across sites, and the com-
bined Fleiss kappa statistic for all three readings was 0.72.

Discussion

In this study of current alcohol use in PWH recruited from 
four sites in Uganda, we found that recency of drinking, 
specifically drinking within the prior two days, was the best 
predictor of a positive uEtG test. Such detection of recent 
alcohol consumption will help identify the necessary steps 
to reduce alcohol use and potentially increase adherence to 
treatment in populations with rapidly progressing infectious 
diseases.

The findings reported here are consistent with earlier 
research results showing that the 300 ng/mL threshold for a 
positive uEtG test using a lab-based uEtG immunoassay [15] 
has optimum sensitivity (> 0.75) and specificity (> 0.83) 
when detecting self-reported alcohol use in the prior 2 days. 
The AUC analyses also supported these results with an AUC 
of 0.73, which suggests fair prediction. While measures of 
the quantity and frequency of alcohol consumed in the past 3 
months were also associated with uEtG results, these associ-
ations were not as strong as the association between recency 
of drinking and uEtG, as measured by the AUC. Also, as 
expected, the proportion of positive uEtG tests decreased as 
the number of days since last use increased.

Similar to the only other large study of uEtG dipcards 
[22], we found an association between recent self-reported 
alcohol use and positive uEtG. Interestingly, despite using a 
more sensitive threshold for detecting alcohol use than this 
other study (300 ng/mL vs. 500 ng/mL), only ~56% of the 
participants in our study who reported drinking in the past 
three days had a positive uEtG test. In contrast, Vinikoor 
and colleagues found that ~99% of participants who self-
reported alcohol use in the prior three days had a positive 
uEtG test [22]. A number of factors might account for this 
discrepancy. The previous study recruited its sample from 
an on-going cohort study in which participants might be 
more aware of their alcohol use or more likely to accurately 
disclose their alcohol use, resulting in better concordance 
between uEtG positive results and self-report. Our data 
were gathered during screening for a study that had finan-
cial rewards, and those who reported using alcohol in the 
prior 3 months were eligible to participate. Therefore, there 
was a perceived incentive for participants in our study to 
report recent alcohol use, even if it did not occur. Addition-
ally, a large proportion (38.4%) of our sample reported light 
drinking (1 or 2 standard drinks) and we did not collect data 
on the types of alcohol consumed (some local brews have 
low alcohol concentrations). With a threshold of 300 ng/
mL, it is likely that uEtG might not be able to detect this 
magnitude of drinking in the prior 3 days. Further studies 
should explore the association between self-reported alcohol 
use and POC uEtG results in diverse clinical samples with 
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Table 1   Participant characteristics of those screened for the DIPT study through November 2019 (N = 2136), stratified by sex

*Mann–Whitney Z statistic

Overall Sex
n (%) or median (IQR) Male n (%) or 

median (IQR)
Female n (%) or 
median (IQR)

Chi2 (p-value)*

Age, median (IQR) 38 (32, 47) 40 (33, 48) 35 (28, 43.5) 9.70 (< 0.001)*
Sex
 Male 1444 (67.6) – – –
 Female 692 (32.4) – – –

DIPT study site 10.27 (0.016)
 MMC 715 (33.5) 495 (34.3) 220 (31.8)
 Ruhoko Clinic 527 (24.7) 347 (24.0) 180 (26.0)
 Rugazi Clinic 504 (23.6) 319 (22.1) 185 (26.7)
 MRRH 390 (18.3) 283 (19.6) 107 (15.5)

uEtG test result 12.28 (< 0.001)
 Negative 1056 (49.4) 676 (46.8) 380 (54.9)
 Positive 1080 (50.6) 768 (53.2) 312 (45.1)

Days since last alcohol use 25.76 (< 0.001)
 0 days 90 (4.2) 68 (4.7) 22 (3.2)
 1 day 1152 (54.0) 822 (57.0) 330 (47.8)
 2 days 315 (14.8) 200 (13.9) 115 (16.6)
 3 days 199 (9.3) 127 (8.8) 72 (10.4)
 4–6 days 220 (10.3) 137 (9.5) 83 (12.0)
 7 or more days 158 (7.4) 89 (6.2) 69 (10.0)

Number of drinks at last alcohol use 24.95 (< 0.001)
 1–2 820 (38.4) 508 (35.2) 312 (45.1)
  > 2–4 757 (35.5) 520 (36.0) 237 (34.2)
  > 4–6 399 (18.7) 297 (20.6) 102 (14.7)
  > 6–9 90 (4.2) 64 (4.4) 26 (3.8)
  > 9 69 (3.2) 54 (3.7) 15 (2.2)

AUDIT-C score, past 3 months 6 (4, 8) 6 (5, 8) 5 (4, 7) 12.98 (< 0.001)*
Frequency of alcohol use, past 3 months 34.89 (< 0.001)
 0–3 days per week 1594 (74.6) 1022 (70.8) 572 (82.7)
 4–7 days per week 542 (25.4) 422 (29.2) 120 (17.3)

Number of drinks on a typical drinking day, past 3 months 143.28 (< 0.001)
 None 12 (0.6) 5 (0.3) 7 (1.0)
 1 or 2 59 (2.8) 17 (1.2) 42 (6.1)
 3 or 4 825 (38.6) 468 (32.4) 357 (51.6)
 5 or 6 768 (36.0) 573 (39.7) 195 (28.2)
 7 to 9 237 (11.1) 189 (13.1) 48 (6.9)
 10 or more 235 (11.0) 192 (13.3) 43 (6.2)

Frequency of 6 or more drinks on one occasion, past 3 months 131.78 (< 0.001)
 Never 576 (27.0) 281 (19.5) 295 (42.6)
 Less than monthly 656 (30.7) 473 (32.8) 183 (26.4)
 Monthly 518 (24.3) 388 (26.9) 130 (18.8)
 Weekly 275 (12.9) 216 (15.0) 59 (8.5)
 Daily or mostly daily 111 (5.2) 86 (6.0) 25 (3.6)



2544	 AIDS and Behavior (2022) 26:2539–2547

1 3

differing patterns of drinking to better characterize the per-
formance of these tests.

The proportions of participants with uEtG positive results 
were significantly different between males and females in 
unadjusted analyses. This is consistent with the differences 
we found by gender in self-reported alcohol use. Gender 

was not associated with uEtG results in models 1 and 3, 
suggesting that the differences between men and women in 
EtG positivity were likely due to different levels of alcohol 
consumption by gender.

The proportions of uEtG positive tests varied by study 
site. Therefore, laboratory staff from the different sites 

Table 2   Bivariate associations [Odds Ratios (OR) and 95% Confidence Intervals (CI)] between predictors and positive uEtG test results among 
those screened for the DIPT Study through November 2019 (N = 2136, 1444 males and 692 females)

**Mann–Whitney Z statistic

uEtG 
negative
n (%)

uEtG positive
n (%)

OR
(95% CI)

Chi2 (p-value)*

Age, median (IQR) 38 (31, 46) 39 (32, 48) 1.01 (1.00, 1.02) 2.62 (0.009)*
Sex 12.24 (< 0.001)
 Male 676 (46.8) 768 (53.2) 1.00
 Female 380 (54.9) 312 (45.1) 0.72 (0.60, 0.87)

Study site 41.08 (< 0.001)
 MMC 375 (52.5) 340 (47.6) 1.00
 Ruhoko Clinic 210 (39.9) 317 (60.2) 1.66 (1.33, 2.09)
 Rugazi Clinic 236 (46.8) 268 (53.2) 1.25 (1.00, 1.57)
 MRRH 235 (60.3) 155 (39.7) 0.73 (0.57, 0.93)

Days since last alcohol use 249.25 (< 0.001)
 0 days 25 (27.8) 65 (72.2) 7.67 (4.28, 13.76)
 1 day 407 (35.3) 745 (64.7) 5.40 (3.70, 7.88)
 2 days 204 (64.8) 111 (35.2) 1.61 (1.05, 2.46)
 3 days 142 (71.4) 57 (28.6) 1.18 (0.74, 1.90)
 4–6 days 160 (72.7) 60 (27.3) 1.11 (0.69, 1.76)
 7 or more days 118 (74.7) 40 (25.3) 1.00

Number of drinks at last alcohol use 15.46 (0.004)
 1–2 445 (54.3) 375 (45.7) 1.00
  > 2–4 349 (46.1) 408 (53.9) 1.39 (1.14, 1.69)
  > 4–6 178 (44.6) 221 (55.4) 1.47 (1.16, 1.87)
  > 6–9 47 (52.2) 43 (47.8) 1.09 (0.70, 1.68)
  > 9 37 (53.6) 32 (46.4) 1.03 (0.63, 1.68)

AUDIT-C score, past 3 months, median (IQR) 5 (4, 7) 6 (5, 8) 1.11 (1.07, 1.15) 5.65 (< 0.001)*
Frequency of alcohol use, past 3 months 31.70 (< 0.001)
 0–3 days per week 845 (53.0) 749 (47.0) 1.00
 4–7 days per week 211 (38.9) 331 (61.1) 1.77 (1.45, 2.16)

Number of drinks on a typical drinking day, past 3 months 17.67 (0.003)
 None 9 (75.0) 3 (25.0) 1.00
 1 or 2 37 (62.7) 22 (37.3) 1.78 (0.44, 7.30)
 3 or 4 436 (52.9) 389 (47.2) 2.68 (0.72, 9.96)
 5 or 6 345 (44.9) 423 (55.1) 3.68 (0.99, 13.69)
 7 to 9 111 (46.8) 126 (53.2) 3.41 (0.90, 12.89)
 10 or more 118 (50.2) 117 (49.8) 2.97 (0.79, 11.26)

Frequency of 6 or more drinks on one occasion, past 3 months 26.10 (< 0.001)
 Never 334 (58.0) 242 (42.0) 1.00
 Less than monthly 321 (48.9) 335 (51.1) 1.44 (1.15, 1.80)
 Monthly 231 (44.6) 287 (55.4) 1.71 (1.35, 2.18)
 Weekly 122 (44.4) 153 (55.6) 1.73 (1.30, 2.31)
 Daily or mostly daily 48 (43.2) 63 (56.8) 1.81 (1.20, 2.73)
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Table 3   Adjusted Odds Ratios (AOR) and 95% Confidence Intervals (CI) for positive uEtG test results among those screened for the DIPT Study 
through November 2019 (N = 2136)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
AOR
(95% CI)

AOR
(95% CI)

AOR
(95% CI)

AOR
(95% CI)

AOR
(95% CI)

AOR
(95% CI)

Days since last alcohol use
 0 days 8.57 (4.71, 15.61)
 1 day 6.89 (4.64, 10.23)
 2 days 1.92 (1.23, 2.97)
 3 days 1.33 (0.82, 2.15)
 4–6 days 1.13 (0.70, 1.81)
 7 or more days 1.00

Number of drinks at last 
alcohol use

 1–2 1.00
  > 2–4 1.45 (1.18, 1.78)
  > 4–6 1.59 (1.24, 2.05)
  > 6–9 1.20 (0.77, 1.88)
  > 9 1.13 (0.68, 1.88)

AUDIT-C score, past 3 months – 1.16 (1.11, 1.20)
Frequency of alcohol use, past 

3 months
 0–3 days per week – 1.00
 4–7 days per week – 2.06 (1.66, 2.54)

Number of drinks on a typical 
drinking day, past 3 months

 None – 1.00
 1 or 2 – 1.94 (0.46, 8.16)
 3 or 4 – 2.40 (0.63, 9.16)
 5 or 6 – 3.59 (0.94, 13.72)
 7 to 9 – 3.84 (0.99, 14.92)
 10 or more – 3.33 (0.86, 12.95)

Frequency of 6 or more 
drinks on one occasion, past 
3 months

 Never – 1.00
 Less than monthly – 1.29 (1.01, 1.63)
 Monthly – 1.56 (1.22, 2.01)
 Weekly – 1.71 (1.26, 2.32)
 Daily or mostly daily – 1.92 (1.26, 2.94)

Covariates
Age 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 1.01 (1.00, 1.02)
Sex
 Male 1.00 1.00 1.00 1.00 1.00 1.00
 Female 0.82 (0.67, 1.00) 0.75 (0.62, 0.91) 0.86 (0.70, 1.05) 0.77 (0.63, 0.93) 0.80 (0.66, 0.98) 0.80 (0.66, 0.97)

Study site
 MMC 1.00 1.00 1.00 1.00 1.00 1.00
 Ruhoko 2.39 (1.85, 3.09) 1.82 (1.43, 2.30) 2.20 (1.72, 2.82) 1.84 (1.46, 2.33) 1.93 (1.51, 2.48) 1.81 (1.43, 2.29)
 Rugazi 1.33 (1.03, 1.72) 1.16 (0.92, 1.48) 1.50 (1.17, 1.91) 1.42 (1.11, 1.80) 1.24 (0.97, 1.59) 1.26 (0.99, 1.61)
 MRRH 0.66 (0.51, 0.87) 0.73 (0.56, 0.94) 0.80 (0.62, 1.04) 0.66 (0.51, 0.85) 0.73 (0.56, 0.94) 0.78 (0.60, 1.01)

Area under ROC curve: 0.73 0.61 0.63 0.62 0.61 0.61
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re-read a random sample of digitally recorded test results. 
We found that the accuracy of uEtG result interpretation did 
not differ by site, with an overall agreement of 85% and a 
kappa of 0.72. While this was acceptable and similar to other 
POC drug tests, interpretation of results can be challenging. 
Indeed, our results suggest that manufacturers should con-
tinue to improve POC uEtG tests so that results are easier 
to interpret.

Other factors should also be considered when interpret-
ing our study results. The reliance on self-report of alco-
hol use as a method for validating POC uEtG is imperfect. 
Self-reported alcohol use is affected by a number of factors 
including social desirability and other contingencies, such as 
needing to report use to gain study entry [1, 20]. In addition 
to social desirability, another source of bias is inaccurate 
recollection of alcohol use, which includes unintentionally 
incorrect reporting as well as variability arising from dif-
ferences in the actual product, frequency, and quantity of 
alcohol consumed [12]. Alternative approaches to validat-
ing uEtG results include comparisons to results from tests 
for other biomarkers (such as PEth and transdermal alcohol 
monitors) or to results from alcohol-administration studies in 
which alcohol intake is controlled and uEtG is determined at 
regular intervals over time. However, it should be used with 
caution, and approaches to adjust for measurement errors 
of the biomarker itself may be needed (Parast et al., 2020). 
While some of these approaches have been used to validate 
uEtG, they have not been used to validate POC uEtG tests.

This study has several strengths. First, uEtG is a bio-
marker that was shown to measure alcohol consumption 
levels with high sensitivity and specificity for drinking in 
the two days prior to the test. Such early detection of prob-
lematic alcohol consumption will help clinicians plan appro-
priate treatments as well as identify steps to increase adher-
ence to treatments, which are necessary in populations with 
rapidly progressing infectious diseases. Second, the use of 
POC uEtG provided objective measures as well as the ability 
to detect possible underreporting of alcohol use in Uganda, 
where disclosure of alcohol use to health care providers 
might be perceived to result in denial of treatment [3, 9]. 
Finally, in addition to objective measures, the large sample 
size (N = 2,136 participants) used in our study increased the 
precision of our estimates.

Overall, our results suggest that POC uEtG tests can be 
utilized in low resource settings to screen for recent alcohol 
use in clinical populations where accurate measurement of 
alcohol use is essential to effective health care. In epidemio-
logical studies, POC uEtG use may help increase internal 
validity while maintaining low costs, as POC uEtG tests 
remain relatively inexpensive (e.g., $5 per test; [14]. Further 
studies similar to the current study are needed to better char-
acterize the performance of POC uEtG tests in various clini-
cal settings, in populations with different drinking patterns, 

and in settings where use of other biomarkers is feasible, as 
additional POC tests become increasingly available.
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