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Abstract

Naltrexone (NTX), an opioid antagonist primarily metabolized by Aldo-Keto Reductase 1C4 (AKR1C4), treats
pediatric conditions involving compulsiveness (e.g., autism spectrum, Prader-Willi, eating disorders, nonsuicidal self-injury). Pharmacokinetic variability is apparent in adults, yet no data are available for children. This
study aimed to examine the impact of age and genetic variation on naltrexone biotransformation. Human liver
cytosol (HLC) samples (n=158) isolated from children and adult organ donors were incubated with
therapeutically relevant concentrations of NTX (0.1, 1 µM). NTX biotransformation was determined by UPLC-

protein/min) were calculated. HLCs from organ donors, age range 0-79 y (mean 16.0±18.2 y), 37% (n=60)
female, 20% (n=33) heterozygous and 1.2% (n=2) homozygous for co-occurring AKR1C4 variants
(S145C/L311V) showed >200-fold range in 6βN formation (0.37-76.5 pmol/mg protein/min). Source of donor
samples was found to be a substantial contributor to variability. Model estimates for a trimmed data set of
source-adjusted pediatric samples (aged 0-18y) suggested that AKR1C4 genetic variation, age and sex
explained 36% of the variability in 6βN formation. Although activity increased steadily from birth and peaked in
middle childhood (2-5 years), genetic variation (S145C/L311V) demonstrated a greater effect on activity than
did age. NTX biotransformation is highly variable in pediatric and adult livers and can be partly accounted for
by individual factors feasible to obtain (e.g., genetic variability, age, sex). These data may inform a precision
therapeutics approach (e.g., exposure optimization) to further study NTX responsiveness in children and
adults.
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Significant statement

Biotransformation of the commonly used opioid antagonist, naltrexone, is highly variable and may contribute to
reduced therapeutic response. Age, sex and genetic variation in the drug metabolizing enzyme, AKR1C4, are
potential factors contributing to this variability. In pediatric samples, genetic variation (S145C/L311V)
demonstrates a greater impact on activity than age. Additionally, the source of donor samples was identified as
an important contributor and must be accounted for to confidently elucidate the biological variables most
impactful to drug biotransformation.
Downloaded from dmd.aspetjournals.org at ASPET Journals on January 17, 2022
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INTRODUCTION
Naltrexone is an opioid antagonist with increasing use for a variety of indications in children,
adolescents and adults. Naltrexone is approved by the United States Federal Drug Administration (FDA) for
the treatment of opioid and alcohol use disorder in adults. Naltrexone is widely used off-label for conditions that
involve compulsiveness and impulsiveness such as eating disorders, obesity, autism spectrum disorder (ASD),
Prader-Willi Syndrome, sexual addiction, gambling and non-suicidal self-injury in patients <2 years to >65
years (Stancil, In Press). These conditions are associated with significant morbidity, decreased quality of life,
increased health care expenditures and mortality.

conditions like ASD, eating disorders, and Prader-Willi Syndrome, response ranges from 40-80% (Kolmen et
al., 1995; Willemsen-Swinkels et al., 1996; Kolmen et al., 1997; Feldman et al., 1999; Stancil et al., 2019).
Clinical daily doses range from 50 mg to 400 mg (Stancil, In Press). Variability in systemic exposure can
contribute to variable response and optimizing exposure to achieve response is a core feature of precision
therapeutics. Adults treated with oral naltrexone demonstrate >10-fold variability in systemic exposure (e.g.,
Cmax and AUC) (Meyer et al., 1984; McCaul et al., 2000; Mason et al., 2002; Dunbar et al., 2006); however,
there are no pharmacokinetic data available in children. Developmental differences in protein expression (i.e.,
ontogeny) leading to age-dependent alterations in drug clearance and systemic exposure (Kearns et al., 2003)
have been well-documented for various drug metabolizing enzymes (e.g., CYP2D6, CYP2A6, CYP3A).
Naltrexone is metabolized primarily by the cytosolic enzyme, aldo-keto reductase 1C4 (AKR1C4) with minor
contributions from AKR1C2 and AKR1C1 (Figure 1) (Breyer-Pfaff and Nill, 2004; Stancil et al., 2021). No
published data exist regarding the impact of ontogeny on the AKR1C family. Thus, it remains unknown if
developmental differences in naltrexone biotransformation exist and the potential consequences for the doseexposure relationship of naltrexone in children and adolescents.
In addition to ontogeny, other factors such as genetic variability may contribute to altered naltrexone
biotransformation and must be considered. Recombinant enzymes expressing two co-occurring AKR1C4
missense mutations, S145C and L311V, showed a 5-fold reduction in catalytic activity compared with wild type
(Kume et al., 1999). The impact of these variants has yet to be investigated in an intact human system;
5
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Despite wide use, response to naltrexone is variable and the optimal dose is not clear. In pediatric
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however, they may be a relevant contributor to variability given their mean allele frequencies (MAF) of 10-50%
(Sherry et al., 1999).
Understanding the role of ontogeny and genetic variation in naltrexone biotransformation may elucidate
variability in exposure, a vital step in untangling the contributing factors to variable response. To fill this gap,
this study aims to examine the impact of age and genetics on naltrexone biotransformation across the lifespan
using samples from human liver donors. Findings from this study will inform a precision therapeutics approach
that facilitates exposure optimization and further our understanding of naltrexone response vs. non-response
for conditions with high morbidity, mortality and societal impact.

Liver samples and tissue fractions. Human liver cytosols were isolated from liver samples obtained from
pediatric and adult donors (n=158) and were acquired from five sources: University of Minnesota (n=34), The
Liver, Tissue and Cell Distribution System at the University of Pittsburg (n=40), Vitron (Tucson, AZ; n=4),
Xenotech (now Sekisui Xenotech, Kansas City, KS; n=23) and University of Maryland-Baltimore Brain and
Tissue Bank (UMB, n=57). Samples obtained from Minnesota were flash frozen within 1 hour of donor
death/ischemia. Samples from Pittsburg, Vitron and Xenotech were from livers harvested for transplantation,
placed on ice and perfused with preservation solution. UMB samples were obtained upon autopsy with various
post-mortem intervals up to 15 hours.

Chemicals and Reagents. Naltrexone, 6-beta-naltrexol, naltrexone-d3 and 6-beta-naltrexol-d3 were
purchased from Sigma Aldrich (St. Louis, MO). Methanol and formic acid were also purchased from Fisher
Scientific (Waltham, MA). All other chemicals were reagent or higher grade and purchased from either Sigma
Aldrich or Fisher Scientific.

Human liver cytosol in vitro incubation reactions. Cytosolic fractions were isolated from pediatric and adult
human liver samples according to the method of Lu and Levin (Lu and Levin, 1978). Pooled human liver
cytosol (n=200, mixed gender, lot #1410229) was purchased from Xenotech (Kansas City, KS) and was used
6
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as an internal assay control (minimal interday variability %CV=5.5). Incubations were performed in triplicate at
37°C in a shaking water bath for 30 min. In a total volume 400 µL, incubations contained 100mM phosphate
buffer (pH 7.4), NADPH generating system [consisting of nicotinamide adenine dinucleotide phosphate
(NADP+ 1 mM), glucose-6- phosphate (G-6-P 5 mM) and glucose-6- phosphate dehydrogenase (G-6-PDH 1
unit/ml)], therapeutically relevant concentrations of NTX (0.1, 1 µM) and 0.05 mg/ml cytosolic protein.
Incubation conditions were chosen based on linear product formation achieved between 0-45 min at 0.05
mg/ml protein.Reactions were stopped by the addition of an equal volume (400 µL) of ice-cold methanol
containing the internal standards, 6-β-naltrexol-d3 and naltrexone-d3 final concentration 10 nM). The samples
Downloaded from dmd.aspetjournals.org at ASPET Journals on January 17, 2022

were gently vortexed and then subjected to centrifugation at 10,000g x 10 min. An aliquot of the supernatant
(600 µL) was transferred to a collection plate and evaporated to dryness using heated nitrogen displacement.
Samples were reconstituted in 150 µL 1:1 methanol-water and 10µL was injected onto UPLC-MS/MS.
NTX biotransformation was determined by UPLC-MS/MS quantification of the primary metabolite, 6beta-naltrexol (6βN), and 6βN formation rates (pmol/mg protein/min) were calculated. All incubations were
performed in triplicate and accepted if %CV <15. Results are reported as the mean of triplicate incubations.

Human microsome in vitro incubation reactions. Pooled human liver microsomes (n=200, mixed gender,
lot #1710084) were purchased from Xenotech (Kansas City, KS). To screen for potential contribution to
naltrexone biotransformation, incubations were performed in triplicate at 37°C in a shaking water bath for 30
min. In a total volume 400 µL, incubations contained 100mM phosphate buffer (pH 7.4), NADPH generating
system (NADP+ 1 mM, G-6-P 5 mM, G-6-PDH 1 unit/ml), concentrations of NTX (1, 10 µM) and 0.5 mg/ml
microsomal protein. Reactions were stopped by the addition of an equal volume (400 µL) of ice-cold methanol
containing the internal standard, 6-β-naltrexol-d3 (final concentration 10 nM). The samples were gently
vortexed and then subjected to centrifugation at 10,000g x 10 min. An aliquot of the supernatant (600 µL) was
transferred to a collection plate and evaporated to dryness using heated nitrogen displacement. Samples were
reconstituted in 150 µL 1:1 methanol-water and 10µL was injected onto UPLC-MS/MS. NTX biotransformation
was determined as above.
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UPLC-MS/MS analysis and analytical method validation.
Analytes were detected using a Waters TQD triple quadrupole mass spectrometer coupled to a Waters H-class
Acquity UPLC system. NTX was monitored to ensure baseline resolution of structurally similar NTX and 6βN
and to ensure there was no bleed through. 6βN concentrations were quantified as the focus on this work was
metabolite formation Analytes were separated on a Raptor Biphenyl analytical column (1.8µm, 2.1 x 100 mm)
with a matching precolumn held at 60°C. The mobile phase was composed of 0.1% formic acid in water (A)
and 0.1% formic acid in methanol (B). The liquid chromatography gradient proceeded from 20-40% B over 3
minutes at a flowrate of 0.3 mL/min. Total chromatographic method time was 6 minutes. Samples were
Downloaded from dmd.aspetjournals.org at ASPET Journals on January 17, 2022

ionized in positive mode with ESI parameters as follows: capillary voltage, 1.25 kV; sampling cone voltage, 40
V; source temperature, 150°C; desolvation temperature, 400°C; desolvation gas flow, 800 L/hr; cone gas flow,
10 L/hr. The following analyte transitions were monitored: m/z 342.3  324.1 for naltrexone, m/z 344.3 
326.1 for 6β-naltrexol, m/z 345.3  327.1 for naltrexone-D3, m/z 347.3  329.1 for 6β-naltrexol-D3. The
collision energy for all transitions was 20 V. Deuterium‐labelled analytes served as internal standards.
Calibration curves were constructed by plotting analyte peak area divided by the area of the internal standard
versus the nominal concentration of the analyte. Calibration curves were linear over the range 0.1-100 nM.
Quality control (QC) samples were prepared at four concentration levels 0.1, 0.3, 3, 80 nM. Method accuracy
and precision were within acceptable limits according to the Food and Drug Administration guidelines for a
bioanalytical assay (accuracy 85–115% of nominal and coefficient of variation [CV] < 15%; LLOQ accuracy
80–120% of nominal and coefficient of variation [CV] < 20%).

Genotype analysis. The presence of non-synonymous AKR1C4 coding region single nucleotide variants
(SNPs) (rs3829125 and rs17134592) was determined by Taq-Man genotype assays in all liver samples
(n=158). AKR1C4 SNPs were selected if they met the following search criteria: dbSNP mean allele frequency
>5% and evidence of impact on drug biotransformation. AKR1C4 (Kcat/Km 660 ±113 mL/µmol/min)
demonstrates ~20-fold and ~800-fold higher catalytic efficiency than AKR1C2 (Kcat/Km 34±3 mL/µmol/min) and
AKR1C1 (Kcat/Km 0.84±0.08 mL/µmol/min), respectively, in the biotransformation of naltrexone (Breyer-Pfaff
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and Nill, 2004). DNA samples obtained from Coriell were used as positive controls. All assays were performed
in triplicate.

Statistical analysis. 6βN rates of formation were log transformed to reduce skew. Descriptive statistics and
Spearman’s rho were calculated in SPSS version 24 (IBM, Armonk, NY), and statistical modeling was carried
out in R (R Core Team, Vienna, Austria).

We initially assessed the potential for source-dependent differences in activity. UMB samples were noted to

samples, and recently published data by our group found reduced microsomal enzyme activity in UMB
samples along with reduced tissue quality based on metrics like RNA quality and homogenate POR activity
(Leeder et al, In Press). Values for these quality metrics were comparable among the non-UMB samples.
Because of these source-specific differences between UMB and non-UMB samples, these cohorts were
analyzed separately.

We examined the effects of age and S145C/L311V genotype on naltrexone biotransformation separately, using
descriptive statistics and plots, and together in a multiple regression model. Statistical modeling was limited to
samples from donors through age 18 (n=73 non-UMB, n=51 UMB) because all non-UMB samples from donors
age 19 and above were from a single source (Pittsburgh). Source and age effects in the non-UMB data were
disentangled for modeling as follows. First, we trimmed the data from each source to create a smaller data set
(n=59) where the mean age was nearly the same (9.8-10.0 years) for each source. Next, we estimated source
effects by fitting a linear model to these trimmed data, modeling log-6βN formation rate as a function of source,
controlling for S145C/L311V genotype and a linear age effect. Finally, the resulting source effect estimates
were used to adjust each log-6βN value in the untrimmed data set to remove, as much as possible, variability
due to source-specific factors.

9
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Using this source-adjusted data set, we used weighted ordinary least squares regression to model log-6βN as
a function of age, sex, and S145C/L311V genotype. To allow for a non-linear effect of age, age was centered
at 9 years (near its mean) and squared, and this quadratic term was included as an additional explanatory
variable. Observations were weighted by the precision of their source effect estimate in the trimmed model. We
explored natural spline models for age with 2-3 knots, but these provided negligible additional explanatory
value. The same model (allowing for a quadratic effect of age) was fit to the UMB data for comparison.

RESULTS

female, 20% (n=33) heterozygous and 1.2% (n=2) homozygous for co-occurring AKR1C4 variants
(S145C/L311V) demonstrated >200-fold range in 6βN formation (0.37-76.5 pmol/mg protein/min). A 10-fold
increase in activity was observed when donor samples were treated with NTX 1 µM, compared with NTX 0.1
µM. All data presented are from incubations containing 1 µM NTX as this closely approximates maximum
concentrations in human plasma (Cmax).

When UMB samples were omitted from the analysis, the fold range in activity for the remaining n=101
decreased from >200 fold to 21.7-fold. Notably, this non-UMB dataset did not include any samples from donors
< 1 month of age as these were all obtained from UMB.

Impact of age on naltrexone biotransformation. In the non-UMB samples, age appeared to exhibit a nonlinear relationship with activity, peaking in early childhood and declining somewhat during adulthood when age
is presented as a categorical variable, though it should be noted that all samples from donors >18 years of age
were from a single source (Figures 2A and 1B); this age relationship is less apparent when age is presented
as a continuous variable, in part because of the limited number of samples younger than 2 years of age. Within
each age group, wide interindividual variability is present. This pattern appeared to be less consistent in the
UMB samples (Figures 2C and 1D).
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Impact of genetics on naltrexone biotransformation. Liver samples were genotyped for two AKR1C4
nonsynonymous SNPs (rs3829125 and rs17134592), also referred to by their amino acid substitutions, S145C
and L311V, respectively (Figure 3). These two SNPs were in complete linkage disequilibrium in our samples.
For non-UMB samples, mean activity in homozygous wildtype individuals was 32.6±15.3 pmol/mg/min. Activity
was reduced by 31% in heterozygous variant individuals. In the two homozygous variant individuals, activity
was reduced by 71% compared with wild type (32.6 vs 9.7 pmol/mg/min) and 57% compared with
heterozygous variants (22.5±7.7 vs 9.7±5.7 pmol/mg/min). In UMB samples, mean activity in homozygous
wildtype individuals UMB was 6.8±7.2 pmol/mg/min; activity was reduced by 58% in heterozygous variant

Statistical modeling.
In the source-adjusted non-UMB samples, age, sex and genetic variation accounted for 36% of the variability
in naltrexone biotransformation (Table 1, Figure 4A). Presence of one variant allele was associated with a
standardized beta of -0.73, meaning source-adjusted samples having one variant allele are estimated to have
log-transformed naltrexone biotransformation 0.73 SDs lower, on average, than samples with no variant
alleles, holding other model variables constant. The presence of two variant alleles displayed an even larger,
supra-additive effect on 6βN formation (standardized beta = -2.66). Age displayed a modest effect in the model
as shown in Figure 4A. Given the variability observed within each age group, the impact of the apparent
increase in activity in the first 10-12 years of life may be limited relative to the impact of other factors, such as
genetic variation. In addition to this model with a quadratic effect for age, we considered a model with only a
linear effect for age. This simpler model fit nearly as well (R2 = 0.35), but we chose to keep the quadratic
model, primarily for consistency with the analysis of the UMB samples, where there was a more pronounced
non-linear trend.

For the UMB samples, the quadratic model had less explanatory power with wide confidence intervals (Table
2, Figure 4B), making interpretation more difficult. Genetic variation demonstrated a similar directional trend to
that seen with non-UMB samples.
11
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DISCUSSION
Our data describe for the first time the impact of age on naltrexone biotransformation. Given the broad
therapeutic use of naltrexone, understanding how age impacts exposure is imperative to begin to untangle
questions related to response versus non-response. Other individual variables, specifically genetic variation,
also contribute to variability and appear to play a more important role than age. Source effects may be
confounding and must be accounted for to appreciate the impact of variables of interest on activity. These
findings further our understanding and support the role of precision therapeutics in designing a dosing regimen

We observed some evidence that age may impact naltrexone biotransformation in the first 2 years of
life in the non-autopsy samples. The major age breakpoint appears to be 2-5 years with sustained elevation
through adolescence before potentially decreasing slightly in adulthood. This relationship was not evident in
the autopsy samples. Despite the relationship between age and activity, significant variability exists within each
age group, thus additional variables impacting activity are at play.
AKR1C4 genotype appears to have a large effect on biotransformation of naltrexone. AKR1C4 is
expressed almost exclusively in the liver and endogenous functions include biosynthesis of bile acids and the
biotransformation of endogenous steroids like testosterone and progesterone to their inactive 3-α/βhydroxysteroid metabolites. Testosterone and dihydrotestosterone have been reported to inhibit 6βN formation
with Ki values (0.28±0.14 µM and 0.73±0.38 µM, respectively) about 7-fold higher than the upper limit of normal
physiologic values (0.04 µM, based on Mayo Clinic Laboratories reference range) of circulating total
testosterone in adult males suggesting potential relevance. Additionally, AKR1C4 is involved in detoxification of
carcinogens like nicotine-derived nitrosamine ketone (NNK) and contributes to the metabolism of
chemotherapeutic agents, daunorubicin and doxorubicin (readers are directed to Barski et al., 2008 for a
comprehensive review of AKR1C family). With respect to naltrexone, AKR1C4 demonstrates ~20-fold and
~800-fold higher catalytic efficiency (Kcat/Km) than AKR1C2 and AKR1C1, respectively (Breyer-Pfaff and Nill,
2004), implying that 6βN formation may be a marker of AKR1C4 activity. However, we cannot rule out the
possibility that other AKR1C enzymes (or other AKR1 family enzymes) may contribute to formation. We
12
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targeted two AKR1C4 SNPs suspected of altering naltrexone biotransformation based on data derived from
heterologously expressed enzymes. Our human donor data are consistent with activity in heterologously
expressed enzymes that showed a 5-fold reduction in catalytic activity with the two co-occurring AKR1C4
SNPs (Kume et al., 1999). Compared with wild type, a relative reduction in activity of 31-58% was seen with
each variant allele ‘dose’. It is unclear if reduced activity associated with the genetic variants is due to loss of
protein function or reduction in protein expression, although reduction in expression is not anticipated given the
location of SNPs. Binding site studies, such as QSART, have yet to be done, but may improve our
understanding regarding the impact of these variants on substrate binding and function. The rs3829125 and

donors) with an allele frequency of 11%. These two SNPs are approximately 12 kb apart, occurring on exon 4
and exon 9, respectively (GRCh38.p12). Complete linkage disequilibrium with an allele frequency of 4% has
been shown in another study with nearly 1300 individuals (Multigner et al., 2010). According to dbSNP,
rs3829125 and rs17134592 allele frequency is 13% and 11%, respectively, but varies by population (12-14% in
European, 1-15% in Asian, 1-5% in African) (Sherry et al., 1999). Additional AKR1C variants identified through
sequencing and predicted to have functional relevance may be explored in future studies of naltrexone
biotransformation, but were outside the scope of this work.
Although our model accounted for over a third of the variability in activity, there are additional factors
yet to be identified. Our donors were obtained from five sources with various post-mortem intervals and
preservation procedures that could affect sample quality and thus enzyme activity (Leeder et al, Drug
Metabolism and Disposition, In Press). Previous studies did not detect a relationship between post-mortem
interval, as a proxy for tissue quality, and activity (Stevens et al., 2003; Koukouritaki et al., 2004; Stevens et al.,
2008); however, their cohort was from a single source, UMB, that obtained samples acquired after autopsy
(Koukouritaki et al., 2002). Our investigation effectively compares UMB with non-UMB samples (e.g., flash
frozen, perfused) and demonstrates that these are indeed two distinct cohorts (differences in 6βN formation
among the non-UMB sources were minor compared to the difference between the non-UMB cohort and the
UMB samples). Although this source effect involves differences in procurement potentially affecting tissue
quality, quality may not be the only factor involved. Additional activity data for other cytosolic enzymes would
13
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be needed to infer a quality issue should all activities be consistently lower in the UMB samples. Our model
attempted to account for source effects and suggested the importance of separately evaluating the data from
the lowest performing source, i.e. UMB, demonstrated by activity across multiple substrates e.g., POR activity
and NTX.
With UMB samples excluded, we were able to assess the potential tissue source effect by creating a
trimmed data set with comparable average age across the four non-UMB sources, thereby reducing any
potential confounding effect of age. This exercise resulted in a reduction of inter-individual variability from 200fold to 20-fold. Because it is not possible at this time to understand all factors associated with in vitro donor

cohorts to allow for more careful interpretation, which may be aided by future investigations. Additional inquiry
such as expanded genomic analysis and proteomic analysis may elucidate additional factors associated with
variability.
Rates of naltrexone biotransformation are highly variable among pediatric and adult liver samples and
can be partially explained by individual factors feasible to obtain (e.g., genetic polymorphism, age, sex).
Ontogeny may play a role in naltrexone biotransformation during the first two years of life. Yet, AKR1C4
genetic variation demonstrates a greater impact on activity than age. These data suggest the importance of
further inquiry into the impact of AKR1C4 genetic variability on naltrexone biotransformation in patients and will
inform a precision therapeutics approach (e.g., exposure optimization) to further study naltrexone
responsiveness in a variety of conditions across a wide range of ages.
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Figure Legends
Figure 1. Biotransformation of naltrexone to 6-β-naltrexol. The enzymes known to catalyze the reaction are
depicted based on relative affinity (AKR1C4 Km 0.34 µM, AKR1C2 Km 130 µM, AKR1C1 Km 1.4 mM).
Molecular structures adapted from molview.org (MolView v2.4). The MolView Project is Open-Source and the
source code is released under the GNU AGPL license.

Figure 2. Impact of age on naltrexone biotransformation by source group. A and B. Liver donors from four
sources (non-UMB), n=101. C and D. Liver donors from single source (UMB), n=57
Downloaded from dmd.aspetjournals.org at ASPET Journals on January 17, 2022

Figure 3. Impact of co-occurring missense mutations on naltrexone biotransformation. A. Liver donors from
four sources (non-UMB), n=101. B. Liver donors from single source (UMB), n=57.

Figure 4. Source-adjusted model of naltrexone biotransformation by age. A. Pediatric samples, 0-18 years,
from four sources (non-UMB), n=73. B. Pediatric samples, 0-18 years, from a single source (UMB), n=51.
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Table 1. Model estimates for log transformed naltrexone biotransformation in non-UMB samples, adjusted for
source (R2 = 0.36).
Variable

Beta

95% CI

Beta (in SD units)

95% CI

p-value

Age (in decades)

0.09

0.01 to 0.17

0.42

0.06 to 0.78

0.024

Age squared

-0.08

-0.26 to 0.10

-0.36

-1.15 to 0.44

0.370

Female

-0.05

-0.13 to 0.04

-0.21

-0.6 to 0.18

0.282

Var/wt*

-0.16

-0.27 to -0.05

-0.73

-1.23 to -0.24

0.004

Var/var*

-0.59

-0.83 to -0.35

-2.66

-3.76 to -1.56

<0.001

*Var: co-occurring rs3829125 and rs17134592
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Table 2. Model estimates for log transformed naltrexone biotransformation in UMB samples, adjusted for
source (R2 = 0.14).

Variable

Beta

95% CI

Beta (in SD units)

95% CI

p-value

Age (in decades)

0.08

-0.18 to 0.34

0.36

-0.82 to 1.55

0.542

Age squared

-0.43

-1.08 to 0.22

-1.92

-4.86 to 1.01

0.194

Female

0.08

-0.23 to 0.39

0.36

-1.05 to 1.76

0.611

Var/wt*

-0.30

-0.67 to 0.06

-1.37

-3.02 to 0.28

0.101

Var/var*

NA
Downloaded from dmd.aspetjournals.org at ASPET Journals on January 17, 2022

*Var: co-occurring rs3829125 and rs17134592
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