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Background. Tramadol is an opioid analgesic often used for pain management after breast cancer surgery. Its anal-
gesic activity is due to the activation of the μ-opioid receptor, encoded by the OPRM1 gene. This study investigated 
the association of genetic variability in OPRM1 and its regulatory miRNA genes with outcomes of tramadol/paraceta-
mol treatment after breast cancer surgery with axillary lymphadenectomy.
Patients and methods. The study included 113 breast cancer patients after breast cancer surgery with axillary 
lymphadenectomy treated with either 75/650 mg or 37.5/325 mg of tramadol with paracetamol for pain relief within 
the randomized clinical trial KCT 04/2015-DORETAonko/si at the Institute of Oncology Ljubljana. All patients were geno-
typed for OPRM1 rs1799971 and rs677830, MIR23B rs1011784, and MIR107 rs2296616 using competitive allele-specific 
PCR. The association of genetic factors with acute and chronic pain as well as adverse effects of tramadol treatment 
was evaluated using logistic regression, Fisher’s exact test, and Mann-Whitney test.
Results. The investigated OPRM1 related polymorphisms were not associated with acute pain assessed with the VAS 
scale within four weeks after surgery (all P > 0.05). Carriers of at least one polymorphic OPRM1 rs1799971 allele had a 
higher risk of constipation in the first four weeks after surgery compared to non-carriers (OR = 4.5, 95% CI = 1.6–12.64, P 
= 0.004). Carriers of at least one polymorphic OPRM1 rs677830 allele had a higher risk of constipation after third week 
of tramadol treatment (OR = 3.11, 95% CI = 1.08–8.89, P = 0.035). Furthermore, carriers of two polymorphic MIR23B 
rs1011784 alleles had a higher risk of nausea after 28 days of tramadol treatment (OR = 7.35, 95% CI = 1.27–42.6, P = 
0.026), while heterozygotes for MIR107 rs2296616 allele had a lower risk of nausea after 21 days of tramadol treatment 
(OR = 0.21, 95% CI = 0.05–0.87, P = 0.031). In carriers of two polymorphic MIR107 rs2296616 alleles, chronic pain was 
significantly more common than in carriers of two wild-type alleles (P = 0.004). Carriers of at least one polymorphic 
MIR23B rs1011784 allele experienced more neuropathic pain after adjustment for tramadol dose (OR = 2.85, 95% CI = 
1.07–7.59, P = 0.036), while carriers of at least one polymorphic OPRM1 rs677830 allele experienced less neuropathic 
pain compared to carriers of two wild-type alleles (OR = 0.38, 95% CI = 0.15–0.99, P = 0.047).
Conclusions. Genetic variability of OPRM1 and genes coding for miRNAs that could affect OPRM1 expression may 
be associated with adverse effects of tramadol/paracetamol treatment as well as with chronic and neuropathic pain 
after breast cancer surgery with axillary lymphadenectomy.
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Introduction

Tramadol is a synthetic centrally acting opioid 
drug that exhibits its analgesic activity by bind-
ing to μ-opioid receptor (MOR).1 It is widely used 
for the treatment of moderate to severe acute pain 
after breast cancer surgery with axillary lymphad-
enectomy.2 Tramadol is considered a relatively safe 
opioid drug since it does not cause respiratory de-
pression at therapeutic doses and is less likely to 
cause addiction compared to many other opioids. 
However, its analgesic efficiency is lesser com-
pared to morphine.1-3

MORs, encoded by the OPRM1 gene, are mem-
bers of the Rhodopsin family of G-protein coupled 
receptors.4 MORs are expressed in the cerebral 
cortex, thalamus, periaqueductal gray, nucleus 
accumbens, and basolateral amygdala, and are 
therefore responsible for the occurrence of eu-
phoria, dependence, respiratory depression, and 
activation of the reward system.5 They are crucial 
for the analgesic effects of the majority of opioid 
drugs.6

It has been shown that polymorphisms in the 
OPRM1 gene can affect the efficacy of analgesic ac-
tion of several opioid drugs. One of the most stud-
ied single nucleotide polymorphisms (SNPs) of the 
OPRM1 gene is rs1799971 (c.118A>G; p.Asn40Asp).4 
A study performed in European subjects on long-
term treatment for chronic pain with different 
opioids, including tramadol, reported a higher 
frequency of adverse effects in wild-type sub-
jects compared to individuals with the AG or GG 
genotype.7 A study in Chinese population showed 
greater analgesic action of tramadol combined 
with paracetamol (acetaminophen) for the treat-
ment of peripheral neuropathy in wild-type pa-
tients compared to carriers of polymorphic G al-
lele.8 Numerous studies focused on investigating 
the impact of this SNP on response to morphine 
treatment in different populations. Many of them 
confirmed the association between rs1799971 and 
pain relief or morphine dose requirements.9-12 
Furthermore, a haplotype of seven OPRM1 SNPs, 
that included rs1799971 and another non-synony-
mous SNP, rs677830 (c.1231C>T, p.Gln411Ter) was 
associated with postoperative morphine response 
in Caucasians.12

OPRM1 gene expression may be regulated by 
non-coding RNAs such as microRNAs (miRNAs) 
that bind to target mRNAs molecules and prevent 
protein translation or promote mRNA degrada-
tion.13,14 It was shown that several miRNAs can af-
fect MOR expression, or lead to opioid dependence 

or tolerance.15,16,17 Furthermore, opioids can regu-
late the expression of several miRNAs.15

miRNA-23b was the first identified miRNA 
molecule that regulates OPRM1 expression17, how-
ever miRNA-107 was shown to influence OPRM1 
expression as well.15 Both miR-23b and miR107 
were experimentally proven to reduce the expres-
sion level of OPRM1 splice variants in mouse or 
human neuronal cell lines, human transfected em-
bryonic kidney cell lines, or mouse animal models. 
The binding of these miRNAs to 3’ UTR of OPRM1 
mRNAs prevented them from binding to ribo-
somes without altering the respective mRNAs lev-
els. Furthermore, these studies also reported that 
long-term morphine treatment increased miRNAs 
expression.15,17,18 

The aim of this study was to evaluate the asso-
ciation of OPRM1 rs1799971 and rs677830, MIR23B 
1011784, and MIR107 rs2296616 polymorphisms 
with the severity of acute pain and the presence of 
adverse effects in the first four weeks after breast 
cancer surgery with axillary lymphadenectomy as 
well as with chronic and neuropathic pain at one 
year after surgery.

Patients and methods
Patients

Our study included breast cancer patients that 
participated in a prospective double-blind-
ed randomized clinical trial at the Institute of 
Oncology Ljubljana from 2015 to 2018 (Trial KCT 
04/2015-DORETAonko/si).2,19 Written informed 
consent was obtained from all the patients before 
the inclusion in the clinical trial. The study was 
approved by the Institutional Review Board of 
the Institute of Oncology Ljubljana and by The 
National Medical Ethics Committee of the Republic 
of Slovenia (Approval number 32/03/15). 

The main inclusion criteria was treatment with 
tramadol and paracetamol after breast cancer 
surgery with axillary lymphadenectomy, while 
exclusion criteria were: concomitant breast re-
construction with a tissue expander or free-flap, 
hypersensitivity to the drugs used in the study, 
male gender, pregnancy, high risk of anesthesia 
according to the criteria of the American Society of 
Anaesthesiology (ASA over 3), patient’s age under 
18 and over 70 years, severe liver or kidney dis-
ease, regular use of analgesics or antidepressants, 
history of opioid abuse or presence of psychiatric 
illness, such as dementia, schizophrenia, or manic 
depressive illness. 
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Before the surgery, all patients were examined 
according to the standard protocol of the Institute 
of Oncology Ljubljana. Data was collected about 
the body characteristics, associated diseases or al-
lergies, the presence of pain, the use of other medi-
cations, and the anaesthesia risk was assessed ac-
cording to the criteria of the American Society of 
Anaesthesiology.20

During surgery, patients received standard 
postoperative local analgesia. On the first post-
operative day, all patients received 37.5/325 mg of 
tramadol with paracetamol every 8 h, 550 mg of 
naproxen sodium every 12 h, and 10 mg of meto-
clopramide every 8 h. From the second to the 29th 
postoperative day inclusive, tramadol and par-
acetamol dose depended on the group into which 
a patient was randomized at inclusion in the study. 
The group with lower analgesia received 37.5/325 
mg of tramadol with paracetamol every 8 hours, 
while the group with higher analgesia received 
75/650 mg every 8 hours. The tramadol and par-
acetamol doses for each patient were unblinded 15 
months after the inclusion of the last patient. For 
four weeks, all patients also received 550 mg of 
naproxen sodium twice a day and 20 mg of pan-
toprazole once a day. In the case of severe pain de-
spite taking tramadol/paracetamol and naproxen 
sodium, patients received 500 mg of metamizole 
up to 4 g per day.

In the first four weeks after surgery, patients re-
corded the severity of the acute pain in the area of 
the breast and shoulder using the standard visual 
analog scale (VAS) three times a day. Every day, 
patients recorded the consumption of medications 
and the frequency of shoulder exercises. Patients 
also recorded adverse effects and reported the col-
lected data to the healthcare professionals every 
seven days when they came for the weekly check-
ups at the outpatients’ clinic. 

Before surgery, and again at the final follow-up 
examination at 12 to 15 months after the surgery, 
the patients filled in the standardized question-
naire of the Institute of Oncology on the presence 
of chronic pain and the DN4 questionnaire on the 
presence of neuropathic pain.

Methods
Bioinformatics analysis

First, we searched for potentially functional SNPs 
in the OPRM1 gene by performing a literature 
search in PubMed (https://pubmed.ncbi.nlm.nih.
gov/), Scholar (https://scholar.google.com/), and 

SNPedia (https://www.snpedia.com).21 Their mi-
nor allele frequency (MAF) was obtained from 
the dbSNP database from The National Center for 
Biotechnology Information (NCBI) (https://www.
ncbi.nlm.nih.gov/snp/) and linkage disequilib-
rium between polymorphisms was evaluated by 
the LDlink Tool (https://analysistools.cancer.gov/
LDlink/?tab=ldmatrix).22 We identified four mis-
sense or nonsense SNPs in the coding regions of 
the OPRM1 gene with potential function in trama-
dol treatment outcome. Among them, only three 
met the MAF criteria of at least 5% in Caucasians: 
rs1799971, rs677830 and rs540825. As OPRM1 
rs540825 and rs677830 were in high linkage dise-
quilibrium (R2 = 0.98), only rs1799971 and rs677830 
were included in our study.

Next, we searched PubMed, Scholar, and 
SNPedia for miRNAs with experimentally proven 
impact on MOR expression or activity. Moreover, 
we searched the following online databases that 
can predict the targets of miRNAs or report known 
associations between a specific gene and miRNA 
molecules: miRTarBase (http://mirtarbase.cuhk.
edu.cn/php/index.php)23, miRDB (http://www.
mirdb.org)24, and online tool miRNet (https://www.
mirnet.ca)25, to identify miRNAs that can regulate 
OPRM1. After narrowing down the list of potential 
miRNAs with impact on MOR function, we iden-
tified polymorphisms in genes coding for selected 
miRNAs with MAF of at least 5% in Caucasians. 
After the literature search for established roles of 
these polymorphisms in the expression of OPRM1 
or other genes we have selected two polymor-
phisms in two miRNA genes for the analysis. 

In total, four polymorphisms in three genes 
were selected for inclusion in our study: OPRM1 
rs1799971 (NP_000905.3: p.Asn40Asp), OPRM1 
rs677830 (NP_001138758.1: p.Gln411Ter), MIR23B 
rs1011784 (NR_029664.1: n.525G>C), and MIR107 
rs2296616 (NR_029524.1: n.-382C>T). 

Molecular analysis

DNA samples were isolated from peripheral blood 
samples using Qiagen FlexiGene Kit (Qiagen, 
Hilden, Germany) according to the manufac-
turer’s instructions. Genotyping of selected poly-
morphisms was performed retrospectively using 
custom made validated competitive allele-specific 
polymerase chain reaction (KASP) assays follow-
ing the instructions of the manufacturer (LGC 
Biosearch Technologies, UK). The analysis was 
repeated for 10% of samples and the results were 
concordant.  
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Statistical analysis

Statistical analysis was performed using IBM 
SPSS v27.0 (IBM Corporation, Armonk, NY, USA). 
Continuous data were presented with median and 
interquartile range, while categorical data were 
presented with frequencies. For each polymor-
phism, a standard χ2-test was used to evaluate 
whether genotype distribution followed Hardy-
Weinberg equilibrium (HWE). Only the dominant 
genetic model was used in all statistical analyses 
for OPRM1 polymorphisms due to the small num-
bers of carriers of two polymorphic alleles, while 
both dominant and additive genetic model was 
used in the analyses for polymorphisms in miRNA 
genes. The association of genetic factors with ad-
verse effects, chronic and neuropathic pain was 
evaluated using binary logistic regression to obtain 

odds ratios (OR) with corresponding 95-% confi-
dence intervals (95% CI). Fisher’s exact test was 
used if there were no subjects within one of the 
groups. Mann-Whitney test was used to evaluate 
the association of polymorphisms with the severity 
of acute pain. All tests were two-sided and the level 
of statistical significance was set at 0.05.

Results 

In total, 113 patients were included in the study, 55 
(48.7%) received stronger postoperative analgesia 
and 58 (51.3%) received weaker postoperative an-
algesia. Patients’ clinical characteristics are shown 
in Table 1. Among all patients, 14 (12.4%) patients 
discontinued tramadol treatment due to severe ad-
verse events before the end of four weeks. Adverse 

TABLE 1. Patients’ clinical characteristics

All subjects
Stronger postoperative 

analgesia with tramadol/
paracetamol

Weaker postoperative 
analgesia with tramadol/

paracetamol

Sample size N = 113 N = 55 N = 58

Characteristic N (%) N (%) N (%)

Age (years) Median (25–75 %) 55 (48–63) 57 (49–64) 53,5 (47.8–61)

Weight (kg) Median (25–75 %) 72 (63.5–82) 72 (64–82) 72 (63–82.3)

Body Mass Index (kg/m2) Median (25–75 %) 27.1 (23.4–31.0) 26.7 (23.0–30.8) 27.6 (23.5–31.2)

Smoking No 87 (77.7) [1] 41 (75.9) [1] 46 (79.3)

Yes 25 (22.3) 13 (24.1) 12 (20.7)

ASA score 1 22 (19.6) [1] 10 (18.2) 12 (21.1) [1]

2 81 (72.3) 39 (70.9) 42 (73.7)

3 9 (8.0) 6 (10.9) 3 (5.3)

Side of the operation Left 62 (54.9) 30 (54.5) 32 (55.2)

Right 50 (44.2) 24 (43.6) 26 (44.8) 

Bilateral 1 (0.9) 1 (1.8) 0 (0.0)

Tumor grade 1 4 (3.6) [1] 1 (1.9) [1] 3 (5.2)

1–2 3 (2.7) 2 (3.7) 1 (1.7)

2 39 (34.8) 17 (31.5) 22 (37.9)

2–3 8 (7.1) 2 (3.7) 6 (10.3)

3 58 (51.3) 32 (59.3) 26 (44.8)

VAS after 7 days Median (25–75 %) 2 (1–3) [5] 1.3 (1–2) [3] 2 (1–3) [2]

VAS after 14 days Median (25–75 %) 1.5 (0–2) [11] 1 (0–2) [9] 2 (1–2) [2]

VAS after 21 days Median (25–75 %) 1 (0.4–2) [11] 1 (0–2) [9] 1 (1–2) [2]

VAS after 28 days Median (25–75 %) 1 (0–2) [14] 1 (0–1) [10] 1 (1–2) [4]

ASA = American Society of Anaesthesiology; N = sample size; [n] = number of missing data; VAS = visual analog scale

Genotype frequencies, MAF, and Hardy-Weinberg equilibrium analysis (PHWE) of investigated polymorphisms in all patients enrolled in our study are presented in Table 2. 
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events were therefore evaluated in 99 patients. The 
vast majority of the patients who discontinued 
tramadol were from the higher dose group (P = 
0.004). A total of 101 patients completed the follow-
up visit one year after surgery and were included 
in the analysis of genetic factors associated with 
the chronic and neuropathic pain.

Within the first four weeks of tramadol/paracet-
amol treatment, the severity of the self-perceived 
acute pain assessed with the VAS scale was not as-

sociated with the patient’s genotypes for any of the 
investigated polymorphisms in none of the time 
points (all P > 0.05) (Supplementary Table 1).

Several patients experienced the side effects 
that could be related to tramadol treatment at least 
once within the first four weeks: 36 (36.7%) pa-
tients experienced nausea, 9 (9.1%) patients expe-
rienced vomiting, 35 (35.4%) patients experienced 
dizziness, and 48 (48.5%) patients experienced con-
stipation. 

TABLE 2. The investigated polymorphism’s characteristics and frequencies

Gene SNP Genotype N (%) PAF (%)
MAF HapMap 
CEU expected 

(%)
PHWE

OPRM1 rs1799971 AA 84 (74.3) 14.2 15.6–16.7 0.570

AG 26 (23.0)

GG 3 (2.7)

rs677830 CC 56 (49.6) 27.4 20.7 0.098

CT 52 (46.0)

TT 5 (4.4)

MIR23B rs1011784* CC 63 (56.3) [1] 26.8 23.3 0.153

CG 38 (33.9)

GG 11 (9.8)

MIR107 rs2296616* GG 21 (18.6) 57.1 54.2–55.3 0.944

GA 55 (48.7)

AA 37 (32.7)

ASA = American Society of Anaesthesiology; CEU = Northern Europeans from Utah; HGVS = Human Genome Variation Society; HWE = Hardy-Weinberg equilibrium; N = 
sample size; PAF = polymorphic allele frequency; SNP = single nucleotide polymorphism; *KASP assays were designed on the reverse strand

TABLE 3. The impact of investigated polymorphisms on constipation anytime during the first four weeks of tramadol treatment (N = 99)

SNP Genotype Constipation 
anytime N (%) OR (95% CI) P OR (95% CI)adj Padj

OPRM1 rs1799971 AA 30 (40) Ref. Ref.

AG+GG 18 (75) 4.5 (1.6–12.64) 0.004 4.31 (1.52–12.17) 0.006

OPRM1 rs677830 CC 24 (48) Ref. Ref.

CT+TT 24 (49) 1.04 (0.47–2.29) 0.922 0.98 (0.44–2.19) 0.964

MIR23B rs1011784 CC 29 (50) Ref. Ref.

CG 16 (50) 1 (0.42–2.37) 1.000 0.96 (0.4–2.31) 0.930

GG 3 (37.5) 0.6 (0.13–2.75) 0.510 0.46 (0.1–2.23) 0.338

CG+GG 19 (47.5) 0.9 (0.4–2.03) 0.808 0.84 (0.37–1.91) 0.676

MIR107 rs2296616 GG 11 (57.9) Ref. Ref.

GA 23 (48.9) 0.7 (0.24–2.04) 0.511 0.73 (0.25–2.16) 0.566

AA 14 (42.4) 0.54 (0.17–1.68) 0.285 0.53 (0.17–1.67) 0.276

GA+AA 37 (46.3) 0.63 (0.23–1.72) 0.364 0.64 (0.23–1.77) 0.386

adj = adjustment for tramadol dose; N = sample size; OR = odds ratio; SNP = single nucleotide polymorphism; 95% CI = 95% confidence interval
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Carriers of at least one polymorphic OPRM1 
rs1799971 allele had a higher risk of constipation 
in the first four weeks compared to carriers of two 
wild-type alleles (OR = 4.5, 95% CI = 1.6–12.64, P = 
0.004). This association remained significant after 
the adjustment for the tramadol dose (OR = 4.31, 
95% CI = 1.52–12.17, P = 0.006). None of the other 
polymorphisms were associated with the overall 
risk for constipation during the first month after 
surgery (Table 3). Data for constipation for each 
week separately are shown in Supplementary 
Table 2. Carriers of at least one polymorphic 
OPRM1 rs677830 allele had a higher risk of con-
stipation after 21 days of tramadol treatment when 
compared to carriers of two wild-type alleles (OR 
= 3.11, 95% CI = 1.08–8.89, P = 0.035).

The risk of nausea after 28 days of tramadol 
treatment was significantly higher in carriers of 
two polymorphic MIR23B rs1011784 alleles com-
pared to carriers of two wild-type alleles (OR = 
7.35, 95% CI = 1.27–42.6, P = 0.026). Heterozygotes 
for MIR107 rs2296616 allele had a lower risk of 
nausea after the third week of tramadol treatment 
compared to carriers of two wild-type alleles (OR 
= 0.21, 95% CI = 0.05–0.87, P = 0.031). Similarly, car-
riers of at least one polymorphic MIR107 rs2296616 
had a lower risk of nausea after the third week of 
tramadol treatment compared to carriers of two 
wild-type alleles (OR = 0.30, 95% CI = 0.09–0.97, 
P = 0.045) (Table 4). None of the investigated pol-
ymorphisms were associated with the risk for 
nausea within the first two weeks after surgery 
(Supplementary Table 3).

One year after surgery 21 (20.8%) patients expe-
rienced chronic pain and 25 (24.8%) experienced 
neuropathic pain. In carriers of two polymorphic 

MIR107 rs2296616 alleles, chronic pain was signifi-
cantly more common compared to carriers of two 
wild-type alleles (35.3% compared to 0% of patients, 
P = 0.004). Carriers of at least one polymorphic 
OPRM1 rs677830 allele experienced less neuro-
pathic pain compared to carriers of two wild-type 
alleles (OR = 0.38, 95% CI = 0.15–0.99, P = 0.047), but 
the difference was no longer significant after ad-
justment for tramadol dose (P = 0.060). Carriers of 
at least one polymorphic MIR23B rs1011784 allele 
experienced more neuropathic pain compared to 
carriers of two wild-type alleles, but the difference 
was only significant after adjustment for tramadol 
dose (OR = 2.85, 95% CI = 1.07–7.59, P = 0.036). The 
other investigated miRNA polymorphism was not 
associated with the persistence of chronic or neu-
ropathic pain (Table 5).

Discussion

Our study investigated the association of genetic 
variability of OPRM1 and genes coding for miR-
NAs regulating OPRM1 expression with acute and 
long-term pain management as well as adverse ef-
fects of tramadol treatment after surgical treatment 
of breast cancer and axillary lymphadenectomy. 

None of the investigated polymorphisms were 
associated with the intensity of acute pain after 
the surgery. However, we confirmed the associa-
tion between some of the investigated polymor-
phisms and the presence of adverse effects as well 
as chronic and neuropathic pain. In particular, 
OPRM1 rs1799971 polymorphism increased the 
risk of constipation in the first month of tramadol 
treatment, while OPRM1 rs677830 polymorphism 

TABLE 4. The impact of investigated miRNA polymorphisms on nausea after 21 and 28 days of tramadol treatment (N = 99)

SNP Genotype Nausea 21 
days N (%) OR (95% CI) P Nausea 28 

days N (%) OR (95% CI) P

MIR23B 
rs1011784 CC 9 (16.4) Ref. 4 (7.5) Ref.

CG 4 (12.9) 0.76 (0.21–2.7) 0.668 5 (16.1) 2.36 (0.58–9.54) 0.230

GG 2 (25) 1.7 (0.3–9.83) 0.551 3 (37.5) 7.35 (1.27–42.6) 0.026

CG+GG 6 (15.4) 0.93 (0.3–2.86) 0.898 8 (20.5) 3.16 (0.88–11.39) 0.078

MIR107 
rs2296616 GG 6 (31.6) Ref. 2 (10.5) Ref.

GA 4 (8.9) 0.21 (0.05–0.87) 0.031 4 (8.7) 0.81 (0.14–4.84) 0.817

AA 5 (16.7) 0.43 (0.11–1.69) 0.229 6 (21.4) 2.32 (0.41–12.96) 0.338

GA+AA 9 (12) 0.30 (0.09–0.97) 0.045 10 (13.5) 1.33 (0.27–6.64) 0.730

N = sample size; OR = odds ratio; SNP = single nucleotide polymorphism; 95% CI = 95% confidence interval
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increased the risk of constipation in the third week 
of tramadol treatment. OPRM1 rs677830 polymor-
phism also reduced the risk of neuropathic pain 
one year after the surgery. The presence of MIR23B 
rs1011784 polymorphism increased the risk of nau-
sea in the fourth week of tramadol treatment and 
increased the risk of neuropathic pain one year 
after the surgery. Lastly, the presence of MIR107 
rs2296616 polymorphism reduced the risk of nau-
sea in the third week of treatment and increased 
the risk of chronic pain one year after the surgery.

So far, many studies confirmed the impact of 
OPRM1 rs1799971 polymorphism on pain per-
ception, opioid response, the presence of adverse 

effects, and susceptibility to alcohol or drug de-
pendence, but the majority of studies of OPRM1 
rs1799971 polymorphisms were conducted on 
Asian population. According to systematic review 
and metaanalysis, carriers of at least one polymor-
phic OPRM1 rs1799971 allele have higher opioid 
dose requirements to manage postoperative pain.26 
However, after adjustment for different ethnic 
groups and different opioids, this effect remained 
significant only for the Asian population and in 
the group receiving morphine. In the Caucasian 
population, the association had not been con-
firmed. The different ethnic origin of patients is, 
according to the authors of the review, one of the 

TABLE 5. The impact of investigated polymorphisms on chronic and neuropathic pain (N = 101)

SNP Genotype Chronic pain
N (%) OR (95% CI) P OR (95% CI)adj Padj

OPRM1 rs1799971 AA 15 (20.3) Ref. Ref.

AG+GG 6 (22.2) 1.12 (0.39–3.28) 0.831 1.2 (0.4–3.57) 0.739

OPRM1 
rs677830 CC 14 (27.5) Ref. Ref.

CT+TT 7 (14) 0.43 (0.16–1.18) 0.101 0.44 (0.16–1.21) 0.112

MIR23B rs1011784 CC 9 (15.3) Ref. Ref.

CG 10 (32.3) 2.65 (0.94–7.45) 0.065 2.85 (0.99–8.19) 0.052

GG 2 (20) 1.39 (0.25–7.64) 0.706 1.68 (0.29–9.83) 0.563

CG+GG 12 (29.3) 2.3 (0.86–6.11) 0.095 2.58 (0.94–7.1) 0.067

MIR107 rs2296616 GG 0 (0) Ref. Ref.

GA 9 (18.4) / 0.099*

AA 12 (35.3) / 0.004*

GA+AA 21 (25.3) / 0.021*

SNP Genotype Neuropathic 
pain N (%) OR (95% CI) P OR (95% CI)adj Padj

OPRM1 rs1799971 AA 19 (25.7) Ref. Ref.

AG+GG 6 (22.2) 0.83 (0.29–2.36) 0.722 0.94 (0.32–2.75) 0.915

OPRM1 
rs677830 CC 17 (33.3) Ref. Ref.

CT+TT 8 (16) 0.38 (0.15–0.99) 0.047 0.4 (0.15–1.04) 0.060

MIR23B rs1011784 CC 11 (18.6) Ref. Ref.

CG 12 (38.7) 2.76 (1.04–7.31) 0.042 3.25 (1.17–9.02) 0.023

GG 2 (20) 1.09 (0.2–5.87) 0.919 1.59 (0.27–9.24) 0.607

CG+GG 14 (34.1) 2.26 (0.9–5.68) 0.082 2.85 (1.07–7.59) 0.036

MIR107 rs2296616 GG 3 (16.7) Ref. Ref.

GA 11 (22.4) 1.45 (0.35–5.93) 0.607 1.37 (0.33–5.69) 0.666

AA 11 (32.4) 2.39 (0.57–10.02) 0.233 2.34 (0.55–9.97) 0.249

GA+AA 22 (26.5) 1.8 (0.48–6.83) 0.386 1.73 (0.45–6.65) 0.424

adj = adjustment for tramadol dose, N = sample size, OR = odds ratio, SNP = single nucleotide polymorphism, 95% CI = 95% confidence interval; *calculated using Fisher’s 
exact test
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main reasons for mentioned differences in opioid 
response among different populations, since MAF 
for polymorphic OPRM1 rs1799971 allele in the 
Caucasian population is lower compared to the 
Asian population, and thus limiting the recogni-
tion of the recessive effect of the polymorphism. 
Besides, it is possible that other gene variants with 
an impact on MOR activity, that are in linkage 
disequilibrium with OPRM1 rs1799971 polymor-
phism, are the reason for differences in opioid re-
sponse.26 Other authors also state that ethnic ori-
gin is an important cause for conflicting research 
results on the impact of OPRM1 rs1799971 poly-
morphism on subjects’ response to opioid drugs.4 
According to the 1000Genome project, MAF in the 
Asian population is between 39 and 42%, while 
MAF in the European population is 16%.27 In our 
group of patients, MAF for OPRM1 rs1799971 was 
14.2%, which coincides with the expected fre-
quency for Europeans. Another study conducted 
on the Caucasian population, investigating the 
impact of OPRM1 and COMT polymorphisms on 
postoperative acute and chronic pain could not 
confirm the impact of OPRM1 rs1799971 polymor-
phism on any of these types of pain28, which is 
consistent with the results of our study. The com-
bination of tramadol and paracetamol was more 
effective for the treatment of neuropathic pain in 
wild-type homozygotes compared to carriers of 
OPRM1 rs1799971 polymorphic allele in a group 
of the Asian patients with oxaliplatin-induced 
neuropathy.8 Furthermore, wild-type homozy-
gotes had lower opioid dose requirements for the 
treatment of chronic pain compared to carriers of 
OPRM1 rs1799971 polymorphic allele in European 
patients.29 

Adverse effects, especially nausea and gastro-
intestinal events, were more common in a group 
of people with wild-type genotype compared to 
the carriers of polymorphic OPRM1 rs1799971 al-
lele.7,30 A possible reason for this could be a loss 
of the N-glycosylation site of MOR in the carriers 
of polymorphic allele29, since the N-glycosylation 
site of MOR may be involved in the trafficking 
into the cell membrane, binding of ligands, and 
signal transduction.31 On the other hand, OPRM1 
rs1799971 polymorphism could impact the expres-
sion levels of MOR directly and consequently re-
duce the risk of opioid toxicity.29 Contrary to ex-
pectations, our results showed an increased risk 
of constipation in the carriers of the polymorphic 
OPRM1 rs1799971 allele. Since the expression of 
MOR is tissue-specific, the impact on constipation 
cannot be explained by the central action of opi-

oids. Instead, we should investigate the expression 
patterns and mechanisms of action of MOR on the 
periphery.

A study of the association between OPRM1 
rs677830 polymorphism and postoperative pain 
treatment with morphine in the Caucasian popu-
lation showed no significant influence of polymor-
phism, although an impact of the haplotype of 
seven polymorphisms of the OPRM1 gene, includ-
ing rs1799971 and rs677830, on morphine require-
ment has been observed.12 Due to the presence of 
a stop codon that leads to reduced expression of 
MOR caused by OPRM1 rs677830 polymorphism32, 
it was expected that greater severity of acute pain 
will be reported from the carriers of at least one 
polymorphic OPRM1 rs677830 allele. As the great-
er severity of acute pain is one of the main risk 
factors for the presence of persistent pain33, we 
expected increased risk of chronic or neuropathic 
pain in carriers of at least one polymorphic al-
lele, yet our results showed no impact on severity 
of acute pain and even indicated on reduced risk 
of neuropathic pain in carriers of polymorphic 
rs677830 allele. A literature search showed no re-
port on the impact of mentioned polymorphism on 
adverse effects after opioid pain treatment or the 
presence of chronic or neuropathic pain so far.

A study conducted on the mouse and human 
neuronal cells showed that long-term morphine 
treatment cannot influence the transcription of 
OPRM1. On the other hand, it can lead to increased 
miR-23b levels, which can bind to mRNA for 
MOR1 and thus prevent the translation of mRNA 
to the receptor, which causes a drug tolerance.17,34 
Tramadol and morphine have a similar molecular 
structure, thus there is a possibility that MOR ex-
pression may be affected by tramadol in the same 
way. An altered sequence of miR-23b, caused by 
MIR23B rs1011784 polymorphism, could change 
its target sequence and therefore prevent binding 
of miR-23b to mRNA for MOR1. In that case, recep-
tor activity would remain unchanged, but we were 
unable to confirm these assumptions.  

Similar to miR-23b, long-term morphine expo-
sure led to up-regulated miR-107 levels, leading 
to decreased levels of MOR1A in human neuro-
blastoma cells and striatum of morphine-tolerant 
mouse.15 It would be interesting to evaluate the 
possible impact of tramadol on miR-107 expression 
as well. In addition, even though MIR107 rs2296616 
polymorphism does not lead to decreased tran-
scription of DNA to pre-miRNA, it could affect 
the processing of pre-miR-107 to mature transcript 
and consequently levels of miR-107.35 As a result, it 
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could affect MOR expression, but to confirm this 
we would have to do the quantification of miR-107 
and MOR levels.

Despite the confirmed association between 
polymorphisms in miRNA genes and tramadol 
treatment outcome, it is not sure that these miRNA 
acts through the altered activity of MOR. miR-23b 
played a crucial role in neuropathic pain relief in 
a mouse model after spinal cord injury. When a 
higher level of pain was present, decreased expres-
sion level of miR-23b was measured and therefore 
increased levels of its target gene NOX4, coding 
for NADPH oxidase 4, that contributes to reac-
tive oxygen species formation. After infusion of 
ectopic miR-23b molecules, an expression level of 
NOX4 decreased, and the symptoms improved.36 
From the results of the mentioned study, we can 
conclude that miR-23b can influence the percep-
tion of pain through its influence on various genes, 
not only OPRM1. 

Additionally, miR-107 paralogue miR-103 that 
differs in only one nucleotide in 3’-end, therefore 
regulating overlapping target molecules15, includ-
ing mRNA for MOR in mice and humans, was 
shown to be regulating pain perception in rats 
and was down-regulated in neuropathic animals. 
It is responsible for the altered expression level of 
three subunits of Cav1.2 L-type calcium channels 
that play a crucial role in the sensation in chronic 
neuropathic pain.37 It is reasonable to assume that 
the miR-107 molecule could have the same effect. 
If polymorphism in MIR107 alters the target se-
quence of a mentioned molecule, it would conse-
quently lead to the same effect as downregulation 
of the miR-107, therefore increased neuropathic 
pain. Yet our results only suggested the impact of 
miR-107 on chronic pain perception. 

Our study was one of the few studies inspecting 
the impact of polymorphisms of the OPRM1 gene 
on the tramadol treatment outcome in Caucasians. 
Nevertheless, it has some limitations such as a rela-
tively small sample size of the patients and that the 
genotyping analysis was performed retrospective-
ly. Since only a few studies investigated the impact 
of miRNA on the expression and functionality of 
MOR, it was a challenge to narrow the selection 
of miRNA and potentially functional polymor-
phisms in genes coding for miRNA. Furthermore, 
we investigated the impact of polymorphisms on 
pain, which is always liable to subjective assess-
ment, even though we used VAS and other stand-
ardized questionnaires to limit this impact. On 
the other hand, the advantage of our study was an 
ethnically homogenous group of patients, as well 

as the unified treatment and follow-up protocol of 
patients. Overall, it was a longitudinal, prospec-
tive, randomized double-blind clinical trial, where 
neither the healthcare professionals nor the pa-
tients knew the dose level of tramadol.

Conclusions 

In this study, we observed for the first time to our 
knowledge, that the presence of OPRM1 rs677830 
polymorphism reduces the risk for the presence 
of neuropathic pain and increases the risk of con-
stipation in response to tramadol pain treatment. 
Furthermore, we observed for the first time the 
association of investigated polymorphisms in 
miR-23b and miR-107 coding genes with tramadol 
treatment outcome. The results of our study are 
expanding the knowledge in the field of person-
alized medicine that could lead to improved pain 
management and reduced risk of adverse effects, 
therefore improving the quality of patient’s life.38
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