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a  B s t r a c t
BacKgroUND: opioids are widely used in chronic non-cancer pain (cNcP) management. However, they remain 
controversial due to serious risk of causing opioid use disorder (oUD). our main aim was to develop a predictive model 
for future clinical translation that include pharmacogenetic markers.
MetHoDs: an observational study was conducted in 806 pre-screened spanish cNcP patients, under long-term use of 
opioids, to compare cases (with oUD, N.=137) with controls (without oUD, N.=669). Mu-opioid receptor 1 (OPRM1, 
a118g, rs1799971) and catechol-O-methyltransferase (COMT, g472a, rs4680) genetic variants plus cytochrome P450 
2D6 (cYP2D6) liver enzyme phenotypes were analyzed. socio-demographic, clinical and pharmacological outcomes 
were also registered. a logistic regression model was performed. the model performance and diagnostic accuracy were 
calculated.
resUlts: OPRM1-AA genotype and cYP2D6 poor and ultrarapid metabolizers together with three other potential 
predictors: 1) age; 2) work disability; 3) oral morphine equivalent daily dose (MeDD), were selected with a satisfactory 
diagnostic accuracy (sensitivity: 0.82 and specificity: 0.85), goodness of fit (P=0.87) and discrimination (0.89). Cases 
were ten-year younger with lower incomes, more sleep disturbances, benzodiazepines use, and history of substance use 
disorder in front of controls.
coNclUsioNs: Functional polymorphisms related to OPRM1 variant and cYP2D6 phenotypes may predict a higher 
OUD risk. Established risk factors such as young age, elevated MEDD and lower incomes were identified. A predictive 
model is expected to be implemented in clinical setting among cNcP patients under long-term opioids use.
(Cite this article as: escorial M, Muriel J, agulló l, Zandonai t, Margarit c, Morales D, et al. clinical prediction of opioid 
use disorder in chronic pain patients: a cohort-retrospective study with a pharmacogenetic approach. Minerva 
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Opioid use disorder (OUD) is defined as a
problematic pattern of consume leading to 

clinically significant impairment or distress.1 
Rates for developing OUD in adults with chronic 
non-cancer pain (CNCP) change widely due to 
inconsistent criteria diagnosis and methodol-

ogy differences. Through systematic reviews 
(N.=310,408),2 OUD incidence varied from 
0.2% (without prior history of substance use) to 
5% (with a positive history) or, even higher, up-to 
36%.3 Here, there are numerous factors involved 
in the risk of developing OUD. Most of them are 
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damage in the non-neural tissue were excluded. 
Neuropathic pain diagnosis included conditions 
such as trigeminal neuralgia, mononeuritis, and 
multiple sclerosis. Nociceptive pain diagnosis 
included conditions such as osteoarthritis, myal-
gia, myositis, carpal tunnel syndrome, and rheu-
matism. Subjects diagnosed with mixed pain (i.e. 
migraine, headache, cervicalgia, non-traumatic 
compartment syndrome) or other conditions that 
may or may not be pain-related (i.e. restless legs 
syndrome, cerebrovascular disease, paraplegia) 
were also excluded in the study.14, 15

Procedure

Cases

The case arm was composed of CNCP patients 
that met DSM-5 criteria for OUD and underwent 
a regular opioid tapering procedure at our PU. In 
brief, the opioid deprescription consisted of six 
clinical visits (inclusion visit as basal visit, one 
week, two weeks, one month, three months, and 
at six months as final visit) with an opioid rota-
tion to tramadol and/or buprenorphine together 
with the tapering process, and a one-two weekly 
phone monitoring. A flexible dosing approach 
was used, with dose changes allowed during the 
study.16

Controls

The control arm was composed of CNCP pa-
tients from previous observational studies17, 18 re-
lated to opioid pharmacovigilance that included 
pharmacogenetic markers as part of the research 
goals. The latter was suspended in January 2020 
due to COVID-19 pandemic.

Measures

Data were collected from basal visit of the 
original study database and were completed us-
ing Electronic Health Records (EHRs), which 
include medical diagnoses, medication use 
(strength, quantity and duration of therapy) and 
outcomes (e.g., pain intensity, relief, comorbidi-
ties and adverse events).

Socio-demographic and clinical data

Sex (female/male), age, ethnicity and employ-
ment status (yes/no: active, retired, with work 

registered in the Opioid Risk Tool,4 which in-
cludes personal/family substance use disorders 
(SUD), psychiatric disorders and childhood trau-
ma, taking into account sex-differences.

Nevertheless, there have been described some 
genetic variants that could contribute to the inter-
individual variability observed in aberrant opioid 
related behaviors, predicting dose requirements, 
harmful or addictive potential.5 For example, the 
mu-opioid receptor 1 (OPRM1) polymorphism 
(A118G, rs1799971) has been associated with 
higher opioid consumption in postoperative pa-
tients6 and potential opioid misuse behaviors.7, 8 
In the same line, CYP2D6 poor and ultra-rapid 
metabolizers are expected to hardly obtain any 
pain relief or higher toxicity, respectively.9, 10 
This could render a patient less sensitive to opi-
oid analgesic effects and more prone to OUD. On 
the other hand, another motivating for SUD is 
catechol-O-methyltransferase (COMT) enzyme 
polymorphism (G472A, rs4680 Val158Met),11 
which has been described to impact on dopa-
mine-mediated reward deficiency.12

Briefly, the aim of this study was to develop a 
predictive model for OUD in CNCP ambulatory 
patients, including actionable pharmacogenetic 
markers.

Materials and methods

Participants

A retrospective cohort study was designed and 
conducted from September 2020 to September 
2021 at the Pain Unit (PU) of Dr. Balmis General 
University Hospital with outpatients (N.=1,589) 
previously included in three studies. We identify 
cases and controls, and retrospectively identify 
risk variables trying to analyze differences.13

The inclusion criteria were patients at least 18 
years of age, chronic non-oncological muscu-
loskeletal pain (moderate or severe pain lasting 
for six or more months) under long-term opioids 
(≥six months). They were excluded if presented 
oncologic pain or an opioid prescription <six 
months. All unidentifiable candidates, dupli-
cated, or who did not meet the inclusion criteria 
were excluded, as well as patients under neuro-
pathic pain, caused by damage in the somato-
sensory system, or nociceptive pain, caused by 
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Agency of Medicines and Medical Devices were 
gathered through EHRs.

Pharmacological data

All and only prescribed drug use was collected 
from the original study database. Any missing 
data were gathered from the EHRs, which al-
lows for reviewing drug prescriptions and is con-
trasted with patients interview information. Non-
opioid analgesics (i.e., paracetamol and met-
amizole), non-steroidal anti-inflammatory drugs 
(NSAIDs), weak (i.e., tramadol and codeine) and 
strong opioids (i.e., fentanyl, oxycodone, tapent-
adol, buprenorphine, morphine, hydromorphone 
and methadone), and immediate release opioids 
were registered. In different opioids’ combi-
nations, oral morphine equivalent daily dose 
(MEDD) was estimated using available refer-
ences.24 The prescription of antidepressants (i.e., 
amitriptyline, duloxetine and escitalopram), ben-
zodiazepines and neuromodulators (pregabalin 
and gabapentin) was also collected.

Genotyping data

DNA was extracted from saliva sample and stored 
at -20 °C prior to genotyping. All the technical 
information about the procedure can be found in 
genotyping procedure (Supplementary Digital 
Material 1: Supplementary Text File 1). Briefly, 
the genomic DNA was extracted and genotyped 
by the Real Time PCR Rotor Gene Q system 
(Qiagen, Hilden, Germany) with specific Taq-
Man MGB® probes (Applied Biosystems, Foster 
City, CA, USA) for each gene variant (OPRM1- 
rs1799971, COMT- rs4680 and CYP2D6*2, *3, 
*4, *5, *6, *10, *17, *29, *35, *41, xN). For 
the CYP2D6 gene, a standard estimation of its 
metabolic phenotype,25 based on its enzymatic 
activity: null function (poor metabolizer, PM), 
normal function (extensive metabolizer, EM) 
and increased function (ultra-rapid metabolizers, 
UM),26 was performed from its genotype.

Statistical analysis

Convenience sampling was considered to in-
crease statistical power, resulting in a ratio of 
1 case for 5 controls. This entailed selecting all 
available patients from historic database. Data 

disability-permanent or temporary, unemployed 
or homemaker) were collected. The cut-off points 
for monthly incomes were established according 
to the Spanish minimum interprofessional wage 
(€1000) and the minimum vital income (€500) to 
facilitate the translation to other countries. Thus, 
data was categorized in low incomes- less than 
€500, middle incomes- between €500-1000, or 
upper incomes- more than €1000.

The presence/absence (yes/no) of current and/
or previous SUD (except opioid use), including 
tobacco, alcohol and illicit drugs, was collected 
from the EHRs through the review of medical di-
agnoses, narratives or any visit to the Addictive 
Behavior Unit.

Pain, relief, quality of life and any adverse 
events was collected at the time of the original 
study from basal visit where OUD was con-
firmed. Pain intensity and relief were measured 
with the Visual Analogue Scale (VAS).19 This 
tool consists of a horizontal line ranging from 0 
(lowest) to 100 mm (highest) where the patient 
indicates the intensity of pain or relief that he/
she feels. Quality of life was measured with the 
EuroQol-5D scale where patients can report 
their perceived health status with a grade rang-
ing from 0 (the worst imaginable health status) 
to 100 mm (the best imaginable). This scale also 
includes the Health Utility Score, which consist-
ed of a questionnaire with five dimensions (mo-
bility, self-care, usual activities, pain/discomfort 
and anxiety/depression) whose answers can be 
converted into scores anchored at 0 for death and 
1 for perfect health.20 In addition, a list including 
any emergency department (ED) visit, hospital-
ization, or drug changes recently due to pain or 
other causes, was registered.

Patients’ reports of adverse events (AEs) were 
collected through a list with the most frequent ad-
verse drug reactions (ADRs, selected according 
to opioids Summary of Product Characteristics 
frequency as “very common” and “common”)21 
and a blank space to collect any other adverse 
event presented. In addition, patients were asked 
about any depression or anxiety symptom. They 
were also grouped by systems according to the 
Medical Dictionary For Regulatory Activities 
Terminology- MedDRA.22, 23 ADRs related to 
the pain treatment and notified to the Spanish 
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284 unidentifiable. Finally, 806 Caucasians pa-
tients (N.=137 cases and N.=669 controls) were 
pre-screened (Figure 1).

Socio-demographic and clinical outcomes

Characteristics of the participants and clinical 
variables are shown in Table I.

Cases were on average 10-year younger 

distribution was analyzed with the Kolmogorov-
Smirnov Test using the Lilliefors correction 
method. Quantitative parametric data are pre-
sented as mean and standard deviation (SD), 
whilst the median and interquartile range (IQR) 
was used for not parametric data. Categorical 
data are expressed as percentages (%). We com-
pared socio-demographic, clinical, pharmacolog-
ical and genetic factors using χ2 or Fisher’s Ex-
act Test for categorical variables and t-test or U 
Mann-Whitney test for continuous variables de-
pending upon their distribution. Unadjusted odd 
ratio (ORs) and 95% confidence intervals (CI) 
were also calculated. Effect size measures were 
tested with Cramer’s V test (V<0.2 small, 0.2<in-
termediate<0.6, and large effect>0.6) whereas for 
continuous variables was tested with Eta-squared 
test (η2=0.01 small; η2=0.06 intermediate and η2 
= 0.14 large effect) upon their distribution. To 
control MEDD as a potential confounder with 
OUD status, a linear regression model was con-
ducted. Gene frequencies were compared using 
the chi-square χ2 goodness-of-fit test. For the 
OPRM1 genotype, the G-carriers were grouped 
as they presented a low allelic frequency.

Independent variables were selected for the 
model on the basis of the investigators’ consen-
sus on relevant measurable variables, the results 
of previous studies,16, 27 the univariate analysis 
(P<0.05) and its effect size. A logistic regres-
sion model was constructed based on the stan-
dards for the model building process.28 The se-
lection of predictive variables was proposed by 
a backward stepwise selection. The final model 
selection was made according to two criteria:1 
small Akaike information criterion-AIC and2 
significance of the variables (P<0.05). Calibra-
tion (Hosmer-Lemeshow Goodness-of-fit statis-
tic and calibration belt) and discrimination (C-
statistic, area under the receiver operating curve) 
were measured to assess the model performance. 
The clinical usefulness was measured with the 
sensitivity and specificity. All statistical analyses 
were carried out using R (Version 3.2.0; GNU 
project, Cambridge, MA, US).

Results
A total of 1589 candidates were explored, where-
of 443 were duplicated among the databases and 

Figure 1.—Flow chart of patient selection for the develop-
ment of the predictive model.

Candidates
(N.=1589)

Inclusion criteria: 
- ≥18 years-old
- CNCP
- �Long term opioids (≥6 months)

Observational case-control study

Cases
(N.=137)

OUD according 
to DSM-5

2013-2019

Study 1
(N.=137)

Predictive model

Controls
(N.=1452)

2011-2016 2019-2020

Study 1
(N.=1022)

Study 2
(N.=46)

Selected 
(N.=642)

Replicated
(N.=23)

Selected
(N.=23)

Replicated
(N.=54)

Without long-
term opioids
(≥6 months)

(N.=56)

Unidentifiable
(N.=266)

Included
(N.=102)

Pre-screened
(N.=137)

Included
(N.=27)

Missing selected 
variables
(N.=117)

Pre-screened
(N.=669)

Missing selected 
variables
(N.=567)
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er incomes (55% vs. 22%, P=0.02/V=0.32) and 
higher positive history of SUD (mostly smoking, 
20% vs. 12%, P=0.03). In contrast, controls were 
active workers (17% vs. 5%, P<0.01) or retired 
(55% vs. 22%, P<0.001/V=0.24) with middle in-

(cases vs. controls, 54±13 vs. 64±14 years old; 
P<0.001/η2=0.06), homemakers (90% females 
in both groups; 19% vs. 4%, P<0.001/V=0.22) 
or with work disability (49% vs. 14%, P<0.001/
V=0.35). Additionally, cases had significant low-

Table I.—��Socio-demographic and clinical analysis in controls and cases.
Controls
(N.=669)

Cases
(N.=137)

P value
Effect sizea OR (95%CI)

Sex (% female) 66 64 0.69
0.02

0.92 (0.63 to 1.36)

Age (years old) (mean [SD]) 64 (14) 54 (13) <0.001***
0.06

Employment status (%) (N.=331) (N.=79)
Retired 55 24 <0.001***

0.24
0.26 (0.15 to 0.46)

Active 17 5 <0.01***
0.14

0.26 (0.09 to 0.73)

Work disability 14 49 <0.001***
0.35

6.20 (3.61 to 10.65)

Unemployed 10 3 0.04
0.11

0.24 (0.06 to 1.00)

Homemaker 4 19 <0.001***
0.22

4.94 (2.30 to 10.61)

Incomes (%)b

Less than €500 22 55 0.02
0.32

4.28 (1.39 to 13.21)

Between €500 to 1000 62 30 0.03
0.30

0.26 (0.08 to 0.81)

More than €1000 16 15 1.00
0

0.96 (0.22 to 4.16)

Clinical outcomes (mean [SD])
Pain intensity (mm) 59 (28) 59 (27) 0.96

0
Pain relief (mm) 35 (29) 37 (30) 0.58

0
Quality of life (mm) 45 (23) 45 (24) 0.94

0
Quality of life (Health Utility Score, mean [IQR]) 0.45 (0.05 - 0.71) 0.17 (0.08 - 0.61) 0.85

0
Health resources use (%)

Emergency department visit 29 24 0.47
0.03

0.79 (0.44 to 1.43)

Hospitalization 13 7 0.28
0.05

0.52 (0.18 to 1.49)

Medication changes 38 36 0.88
0.01

0.92 (0.51 to 1.65)

Previous substance use disorder (SUD, %) 12 20 0.03
0.08

1.77 (1.09 to 2.85)

Tobacco 12 18 0.06
0.07

1.64 (0.99 to 2.70)

Alcohol 0.5 1 0.20
0.05

3.34 (0.55 to 20.18)

Illicit substances 0.3 1 0.42
0.03

2.49 (0.22 to 27.66)

*P value <0.05; **P value <0.001 for differences in controls vs. cases (higher value shaded and in bold).
aEffect size: Eta-squared (η2=0.01 indicates a small effect; η2=0.06 indicates an intermediate effect; η2=0.14 indicates a large effect) and 
Cramer’s V (V<0.2 small, 0.2<intermediate<0.6, and large effect>0.6); bthe cut-off points for monthly incomes were established according 
to the Spanish minimum interprofessional wage (€1000) and the minimum vital income (€500).
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similar in both groups. However, cases suf-
fered an 18% more sleep disturbance (51% vs. 
33%, P<0.01) and 11% less constipation (39% 
vs. 50%, P=0.04) as can be seen at Table III. No 
other significant differences were observed when 
grouped by systems (Supplementary Digital Ma-
terial 2: Supplementary Table I).

Genetic prevalence

Genetic information was available in the 67% of 
the total sample (N.=538) corresponding to 80% 
cases (N.=109) and 64% controls (N.=429). As 
it can be seen in Supplementary Digital Mate-
rial 3: Supplementary Table II, genotypes were: 
OPRM1 (AA: 63%, AG: 35%, GG: 2%), COMT 
(GG: 25%, GA: 49%, AA: 26%) and CYP2D6 
(PM: 6%, EM: 88%, UM: 6%) without any sig-

comes (62% vs. 30%, P=0.03/V=0.30). The rest 
of the clinical outcomes remained similar among 
groups.

Pharmacological and safety outcomes

Pharmacological data are shown in Table II.
Cases had two-time higher MEDD (cases vs. 

controls, 120 [72-217] vs. 60 [40-120] mg/day, 
P<0.001/η2=0.06), specifically due to a 13% 
higher use of fentanyl (32% vs. 19%, P<0.01) and 
a 16% of buprenorphine (19% vs. 3%, P<0.001).

All this was accompanied by a 14% higher 
use of benzodiazepines (50% vs. 36%, P<0.01/
V=0.25) and a 16% lower use of tramadol (17% 
vs. 33%, P<0.001). In terms of tolerability, the 
median number of AEs and ADRs remained 

Table II.—��Pharmacological analysis in controls and cases.
Controls
(N.=669)

Cases
(N.=137)

P value
Effect sizea OR (95% CI)

Non-opioid analgesics (%) 43 38 0.34
0.03

0.83 (0.57 to 1.21)

NSAIDs (%) 16 14 0.61
0.02

0.85 (0.50 to 1.43)

Tramadol (%) 33 17 <0.001***
0.13

0.42 (0.26 to 0.67)

MEDD (mg/day, median (IQR)) 60 (40-120) 120 (72-217) <0.001***
0.06

Strong opioids (%) 86 95 <0.001***
0.10

3.06 (1.39 to 6.76)

Fentanyl (%) 19 32 <0.001***
0.12

2.00 (1.32 to 3.01)

Oxycodone (%) 37 33 0.43
0.03

0.84 (0.57 to 1.25)

Tapentadol (%) 33 25 0.09
0.06

0.69 (0.45 to 1.05)

Buprenorphine (%) 3 19 <0.001***
0.25

7.02 (3.84 to 12.82)

Morphine (%) 6 7 0.56
0.02

1.26 (0.61 to 2.58)

Hydromorphone (%) 1 1 1.00
0.07

0.71 (0.09 to 5.79)

Methadone (%) 0.1 0 1.00
0.02

1.65 (0.07 to 40.62)

Immediate release opioids (%) 18 16 0.62
0.02

0.85 (0.51 to 1.41)

Neuromodulators (%) 45 52 0.16
0.05

1.32 (0.91 to 1.92)

Antidepressants (%) 39 46 0.15
0.05

1.33 (0.92 to 1.94)

Benzodiazepines (%) 36 50 <0.001***
0.11

1.76 (1.21 to 2.56)

MEDD: morphine equivalent daily dose; NSAIDs: non-steroidal anti-inflammatory drugs.
*P value<0.05; **P value<0.001 for differences in controls vs. cases (higher value shaded and in bold).
aEffect size: Eta-squared (η2=0.01 indicates a small effect; η2=0.06 indicates an intermediate effect; η2=0.14 indicates a large effect) and 
Cramer’s V (V<0.2 small, 0.2<intermediate<0.6, and large effect>0.6)
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selected, as seen in Supplementary Digital Mate-
rial 4: Supplementary Table II, according to the 
established criteria (see in Statistical Analysis), to 
enter the model. Variables were age, employment 
status (active and work disability), prior SUD, 
tramadol use, MEDD, strong opioids use, fentan-
yl use, benzodiazepines use, ED -due to pain and 
other causes-, vomiting, sleep disturbance, Med-
DRA psychiatric, OPRM1 genotype (AA, AG/
GG), COMT genotype (GG, GA and AA) and 
CYP2D6 phenotypes (PM, EM and UM).

nificant difference in the distribution between 
cases and controls.

Risk factors and predictive model for OUD
The data availability of all the independent 
variables chosen to enter the model limited the 
number of subjects for which the model was de-
veloped. Thus, 129 subjects (N.=27 cases (20%) 
and N.=102 controls (15%)) were included in the 
model as can be seen in Figure 1.

A total of sixteen independent variables were 

Table III.—��Safety variables description in controls and cases.
Controls
(N.=623)

Cases
(N.=93)

P value
Effect sizea OR (95% CI)

Adverse Events (median (IQR)) 5 (2-7) 5 (2-7) 0.58
0

Sleepiness (%) 38 35 0.73
0.02

0.91 (0.58 to 1.44)

Dizziness (%) 31 35 0.34
0.04

1.24 (0.79 to 1.97)

Nausea (%) 21 28 0.14
0.06

1.44 (0.88 to 2.36)

Vomiting (%) 8 13 0.10
0.07

1.82 (0.92 to 3.57)

Constipation (%) 50 39 0.04***
0.08

0.63 (0.40 to 0.98)

Itching (%) 19 28 0.05
0.07

1.64 (1.00 to 2.69)

Sexual dysfunction (%) 13 8 0.13
0.06

0.52 (0.23 to 1.17)

Loss of libido (%) 22 25 0.59
0.02

1.15 (0.69 to 1.93)

Weight change (%) 30 33 0.55
0.02

1.17 (0.73 to 1.85)

Headache (%) 30 31 0.81
0

1.06 (0.66 to 1.69)

Skin redness (%) 17 9 0.06
0.08

0.47 (0.22 to 1.01)

Dry skin (%) 33 30 0.56
0.02

0.86 (0.54 to 1.38)

Dry mouth (%) 58 52 0.22
0.05

0.76 (0.49 to 1.18)

Edema (%) 13 12 1.00
0

0.94 (0.48 to 1.84)

Depression (%) 31 34 0.55
0.03

1.18 (0.74 to 1.86)

Sleep disturbance (%) 33 51 <0.01***
0.13

2.09 (1.35 to 3.25)

Nervousness (%) 40 44 0.43
0.03

1.19 (0.77 to 1.85)

Loss of appetite (%) 24 29 0.30
0.04

1.29 (0.80 to 2.09)

Adverse drug reactions suspected (%) 16 18 0.53
0.02

1.16 (0.72 to 1.87)

*P value<0.05; **P value<0.001 for differences in controls vs. cases (higher value shaded and in bold).
aEffect size: Eta-squared (η2=0.01 indicates a small effect; η2=0.06 indicates an intermediate effect; η2=0.14 indicates a large effect) and 
Cramer’s V (V<0.2 small, 0.2<intermediate<0.6, and large effect>0.6)
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macogenomics societies, which contain thera-
peutic recommendations based on CYP2D6-
predicted categories of metaboliser phenotype.9 
CYP2D6- UMs can experience quicker and 
higher systemic levels of the active metabolites 
and therefore, require lower analgesic doses.29 
Besides, these subjects are prone to higher mu-
opioid-related toxicity and a higher risk of side-
effects.30 In contrast, CYP2D6- PMs tend to have 
lower levels of the active metabolites, which may 
result in reduced analgesic efficacy.31-33 Thus, 
patients at high-risk with dysfunctional CYP2D6 
could best managed with non-opioids.26

Additionally, OPRM1 A118G variant can af-
fect the downstream effects of the opioids in a 
long-term use. In various clinical scenarios, pa-
tients with the ORPM1 wild type A allele, rather 
than the mutant G allele, appeared more sensi-
tive to opioid medications.26, 34 Our results would 
support pharmacogenetic test implementation in 
Health’s Systems,35 especially in population with 
greater prevalence of UMs (i.e. Southern Euro-
pean and Northern African).25

Here, the basal status of metabolism could be 
influenced by genetics, age, environmental fac-
tors, disease stage, ongoing medications and sex 
interaction.36 For example, both genetic variants 
can be turned into differences in opioid´s clear-
ance33 what could have special impact in females, 
who generally exhibit a lower opioid tolerabil-
ity or sensitivity to pain in front of males.33, 37 
Nevertheless, there is weak evidence related to 
menstrual cycle influence on the CYP2D6 activ-
ity,38, 39 and, explicit recommendations derived 
through a validated process have not yet been 
formulated.40

On the other hand, our results do not consider 
the different metabolism related to each opioid 

According to the logistic regression model, 
an individual’s risk of OUD might be calcu-
lated as eζ/(1+eζ), where the linear predictor 
ζ=b0+b1x1+b2x2+…+bpxp, contains five indepen-
dent risk factors. In other words, ζ = 1.633 - 0.072 
age+2.012 work disability+0.006 MEDD -1.424 
OPRM1 genotype (AG/GG)+0.075 CYP2D6 
phenotype (PM)+3.172 CYP2D6 phenotype 
(UM) (Table IV). The optimal values for specific-
ity and sensitivity (0.85 and 0.82, respectively) 
were obtained with a cut-off point of 0.29. The 
C-statistic indicated a satisfactory model dis-
crimination (0.89). The model’s ability to accu-
rately predict the likelihood of developing OUD 
was measured with the test Hosmer-Lemeshow 
(P=0.87) and with the calibration belt (Supple-
mentary Digital Material 5: Supplementary Fig-
ure 1), which indicated an adequate model fit.

Discussion

Our results describe pharmacogenetic factors 
that could help to determine why some patients 
seem more vulnerable than others to opioid AEs 
such as OUD. The most important genes coding 
for receptor of opioids (OPRM) and CYP liver 
enzyme (CYP2D6) were associated with OUD 
risk together with younger ages, work disability 
and higher MEDD. All this evidence could pro-
vide a better understanding of OUD that, together 
with other clinical data (histories or motivation 
of abuse, psychiatric illness or co-medications), 
could be the key to support tapering strategies in 
the outpatient setting.

The present study provides clear directions in 
clinical practice. To date, pharmacogenomic clin-
ical guidelines for at least 48 CYP2D6-substrate 
drugs have been developed by prominent phar-

Table IV.—��Independent opioid use disorder (OUD) risk predictors selected in the logistic model.
β-coefficients 95% CI Std. Error z-value Pr (>|z|)a

Intercept 1.633 -1.32 to 4.63 1.489 1.097 0.27
Age -0.072 -0.13 to -0.03 0.025 -2.884 <0.01
Work disability 2.012 0.86 to 3.25 0.604 3.331 <0.01
MEDD 0.006 0.00 to 0.01 0.002 2.633 <0.01
OPRM1 (AG/GG) -1.424 -2.90 to 0.17 0.684 -2.083 0.04
CYP2D6 PM 0.075 -3.21 to 2.56 1.375 0.054 0.96

UM 3.172 1.33 to 5.23 0.972 3.265 <0.01
MEDD: morphine equivalent daily dose; PM: poor metabolizer; UM: ultra-rapid metabolizer
aP value associated with the z-value.
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or SUD or OUD diagnosis could have been limit-
ed by the lack of reporting information in EHRs. 
What´s more, this study only includes CNCP pa-
tients with an OUD diagnosed in our clinical PU 
setting as cases, and trying to improve statistical 
power, it was decided to include the maximum 
number of patients available. Thus, the relatively 
poor incidence could have avoided us to detect 
other potential risk factors. In this way, internal 
and external validation is needed for data gen-
eralization. Nevertheless, the fact that psychiat-
ric AEs and pain intensity were not significantly 
associated with OUD falls in line with several 
other studies, which have shown that when con-
trolling psychological factors (i.e., negative af-
fect, catastrophizing), pain intensity is not so 
strongly associated with OUD.50 On the other 
hand, the higher prevalence of buprenorphine 
observed among cases could be an expected find-
ing since patients with OUD are often prescribed 
buprenorphine prior to the opioid tapering pro-
cedure. Finally, the bias of the metabolism of af-
ferents opioids as CYP2D6 (tramadol, oxycodo-
ne, codeine, antidepressant –mostly inhibitors), 
UGT2B7 (morphine, fentanyl) and CYP3A4 
(benzodiazepines, buprenorphine) should be 
controlled in future studies trying to obtain more 
homogeneous groups orientated to one pharma-
cogenetic marker (i.e. ORPM1).

Conclusions

Functional polymorphisms related to OPRM1 
variant and CYP2D6 phenotypes may predict 
a higher OUD risk. Thus, pharmacogenetic in-
formation plus young age, socio-economic data 
and high opioid doses could help to identify pa-
tients at high-risk of developing an OUD when 
they have persistent opioid use. This could allow 
healthcare practitioners to take prevention mea-
sures when chronic opioid exposure is needed. 
Future prospective validation of the developed 
model is expected for clinical translation.

prescribed;41 or even, the risk of dysfunction was 
not calculated from the frequency of the alleles 
with null function for CYP2D6, and from the low 
function polymorphism for OPRM1.42 However, 
the fact that genetic distribution was not signifi-
cantly different between cases and controls, high-
lights the need of taking into consideration other 
factors, needing studies with larger populations.43 
In fact, there are some active drugs that don’t 
need to pass through the liver to be active, but 
there are others whose active metabolites after 
liver pass and activation may be more powerful 
than the primary drug.

What’s more, according to literature our data 
show that patients with younger age, work dis-
ability and high opioid doses were more vulner-
able for OUD. In fact, incident opioid overdoses 
have been related to educational attainment and 
having received social welfare, in a retrospective 
study based on Swedish national register data.44 
Besides, an US survey (N.=1229) showed 80% 
of CNCP patients under ≥50 mg MEDD contin-
ued higher-dose opioid use for 1 year, regardless 
of reported problems, concerns, side effects, pain 
reduction, or perceived helpfulness. These results 
suggest the difficulty of reducing opioid dose 
among chronic higher-dose opioid users.45

Furthermore, our study evidences that home-
maker dedication, greater use of benzodiazepines 
and sleep disturbance were more frequent in 
cases compared to controls. Nowadays, women 
are more likely than men to be prescribed ben-
zodiazepines – up to 3 – times higher in front of 
males in South Europe46 – and to be diagnosed 
with sleep disorders with worse sleep quality.47 In 
this context, some clinical studies demonstrated 
that poor sleep – a prevalent factor to prescribe 
anxiolytics – 48 leads to negative affect, which 
can contribute to opioid use problems, due to its 
interaction with the reward processing.49

Limitations of the study

Finally, there are some limitations in this study 
that need to be acknowledged. Due to the retro-
spective design - from different studies and time 
periods –we have to be aware of the recall bias or 
missing data because important information may 
not have been collected in the first place. Thus, 
the data collection of some variables such as pri-

What is known

•  Opioids are widely used to treat CNCP, 
but they can lead to OUD in some patients.
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fentanyl, hydromorphone, methadone, morphine, oxycodo-
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•  Some genetic variants could influence 
in inter-individual variability observed in ad-
diction to opioids.

What is new

•  OPRM1 and CYP2D6 phenotypes can 
lead to a higher risk of opioid use disorder.

•  Young age, high MEDD and lower in-
comes were risk factors in opioid use disor-
der.

•  Our predictive model is expected to be 
implemented in clinical setting and help to 
identify patients with a higher risk.
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SUPPLEMENTARY DIGITAL MATERIAL 1 

 

Genotyping procedure  

The lab procedure consisted of DNA extraction, performed using E.N.Z.A. Forensic DNA kit 

(Omega Bio-tek, Norcross, GA, USA), and OPRM1 (rs1799971, A118G) and COMT (rs4680, 

G472A) variants genotyping using the Real-Time PCR Rotor-Gene Q system (Qiagen, Hilden, 

Germany) through specific TaqMan MGB® probes (Applied Biosystems, Foster City, CA, USA). 

Amplification parameters were as follows: pre-PCR section 10 minutes at 95 ºC, 40 cycles for 15 

seconds denaturation at 92 ºC, and 1 minute final extension at 60 ºC. As regards the CYP2D6 

genotype, the following SNPs were analysed: 2D6*2, 2D6*3, 2D6*4, 2D6*5, 2D6*6, 2D6*10, 

2D6*17, 2D6*29, 2D6*35, 2D6*41, 2D6xN. Genetic analysis were made according to the 

instructions of the Consortium of the Pharmacogenetics and Pharmacogenomics Ibero-American 

network based on Dorado P et al., 2005. XL-polymerase chain reaction (XL-PCR) analysis was used 

for the identification of duplications and deletions. These XL-PCR amplifications were carried out 

on a Mastercycler 384 (Eppendorf, Hamburg, Germany). After the genotype had been obtained, an 

estimation of the enzyme activity (null, reduced, normal or increased) was carried out based on the 

activity score based on Gaedgik A et al., 2007. The SNPs *3, *4, *5, *6 have an AS of 0, which 

means null enzyme activity. Variants *10, *17, *41 are associated with an AS of 0.5 and *1, *2, *35 

with an AS of 1, in other words, a reduced and normal enzyme activity, respectively. Duplications 

*1xN, *2xN, *35xN are associated with greater enzyme activity (AS=2). Metabolic phenotypes were 

based on the AS of both alleles: (1) AS=0 corresponds to the absence of enzymatic activity (poor 

metabolizer, PM), (2) AS= 0.5 to 2 coincides with normal enzymatic activity (extensive metabolizer, 

EM), and (3) AS≥2 when increased enzymatic activity (ultra-rapid metabolizer, UM). 
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Supplementary Table I.—Description of adverse events grouped by Medical Dictionary For 

Regulatory Activities Terminology (MedDRA) systems in controls and cases. 

MedDRA Systems  
Controls 

(n=623) 

Cases 

(n=93) 

p-value 

Effect sizea 
OR (95% CI) 

Gastrointestinal (%) 76 69 
0.16 

0.06 
0.70 (0.44-1.13) 

Nervous (%) 64 66 
0.73 

0.01 
1.09 (0.69-1.73) 

Psychiatric (%) 62 70 
0.17 

0.05 
1.41 (0.88-2.25) 

     

Integumentary (%) 42 46 
0.50 

0.03 
1.17 (0.76-1.81) 

Complementary (%) 30 33 
0.55 

0.02 
1.17 (0.73-1.85) 

Metabolism (%) 24 29 
0.30 

0.04 
1.29 (0.80-2.09) 

Reproductive (%) 13 8 
0.13 

0.06 
0.52 (0.23-1.17) 

General (%) 13 12 
1.00 

0.01 
0.94 (0.48-1.84) 

MedDRA: Medical Dictionary for Regulatory Activities Terminology. 

aEffect size: Eta-squared (η2 = 0.01 indicates a small effect; η2 = 0.06 indicates an intermediate 

effect; η2 = 0.14 indicates a large effect) and Cramer’s V (V<0.2 small, 0.2<intermediate<0.6, 

and large effect>0.6). 
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Supplementary Table II.—Genetic distribution in controls and cases. 

 
Controls 

(n=429) 

Cases 

(n=109) 

p-value  

Effect 

sizea 

OR (95% CI) 

OPRM1 (A118G, %)     

AA 62 67 
0.38 

0.04 
1.26 (0.81 to 1.96) 

AG 36 32 
0.50 

0.03 
0.85 (0.55 to 1.34) 

GG 3 1 
0.48 

0.05 
0.35 (0.05 to 2.76) 

COMT (G472A, %)     

GG 27 17 
0.06 

0.09 
0.55 (0.31 to 1.01) 

GA 47 55 
0.20 

0.06 
1.37 (0.87 to 2.17) 

AA 26 28 
0.69 

0.02 
1.11 (0.67 to 1.85) 

CYP2D6 Phenotypes (%)     

Poor Metabolizer 6 6 
1.00 

0 
1.02 (0.40 to 2.58) 

Extensive Metabolizer 89 85 
0.39 

0.05 
0.72 (0.38 to 1.38) 

Ultra to rapid 

Metabolizer 
5 9 

0.25 

0.07 
1.75 (0.74 to 4.11) 

aEffect size: Cramer’s V (V<0.2 small, 0.2<intermediate<0.6, and large 

effect>0.6). 
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Supplementary Table III.—Justification for the inclusion of specific predictors in the 

model. 

 Selection Criteria 

Socio-demographic 

Age (years) p<0.05 

Active work status p<0.05 

Work disability p<0.05 

Prior SUD p<0.05 

Pharmacological 

Tramadol p<0.05 

MEDD  p<0.05 

Opioids  p<0.05 

Fentanyl p<0.05 

Benzodiazepines p<0.05 

Clinical  

Emergency department visits Investigators’ consensus 

Vomiting Investigators’ consensus 

Sleep disturbance p<0.05 

MedDRA Psychiatric Investigators’ consensus 

Genetic 

OPRM1 (A118G) 
Investigators’ consensus and previous 

results 

COMT (G472A) 
Investigators’ consensus and previous 

results 

CYP2D6 Phenotypes  
Investigators’ consensus and previous 

results 

MEDD: morphine equivalent daily dose; MedDRA: Medical Dictionary for Regulatory 

Activities; SUD: substance use disorder. 

. 

 

COPYRIGHT©
 2024 EDIZIONI MINERVA MEDICA

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



SUPPLEMENTARY DIGITAL MATERIAL 5 

Supplementary Figure 1.—Predicted probabilities and observed opioid use disorder (OUD) frequencies 
in the population. 
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