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Abstract
Background

There is little evidence-based guidance on how to optimize methadone dosage among patients with
opioid addiction undergoing methadone maintenance treatment (MMT). This study aims to investigate
whether self-perceived opioid withdrawal symptoms, adverse effects and self-reported substance use in
patients on MMT are related to serum methadone concentration and what role these could play in clinical
decisions on dose adjustments.

Methods

In this naturalistic cohort study clinical and laboratory measurements from 83 patients undergoing MMT
in outpatient clinics in Bergen, Norway during May 2017-January 2020 were included. Information on age,
gender, methadone daily doses and serum concentrations, subjective opioid withdrawal symptoms
(SOWS), self-reported adverse effects and substance use were obtained. Linear mixed modelling was
used for analyzing the data.

Results

Mean age was 45 years and 34% were women. 55% reported subjective opioid withdrawal symptoms,
and all had experienced at least one subjective adverse effect. Self-reported substance use was recorded
in 88% of the interviews. Total SOWS score (P<0.001), and the speci�c subjective withdrawal symptoms
of anxiety (P=0.004), bone- and muscle ache (P=0.003), restlessness (P=0.017) and shaking (P=0.046)
out of the 16 symptoms in standard SOWS questionnaire, as well as the use of heroin (P=0.015) and
alcohol (P=0.011) were associated with lower methadone concentrations, whereas cannabis use was
associated with higher methadone concentrations (P=0.049).

Conclusions                                    

More subjective opioid withdrawal symptoms and more self-reported use of heroin and alcohol were
associated with lower serum methadone concentrations. More use of cannabis was related to higher
serum methadone concentrations. These �ndings suggest that patient's self-perceived symptoms and
current clinical condition can be applied as the main guide in methadone dose adjustments. In some
aberrant cases, measurement of serum concentration together with other individual assessments may be
considered to support the clinical decision. 

Background
Methadone maintenance treatment (MMT) is an evidence-based medical intervention that reduces illicit
opioid use and risk of overdose [1, 2] and mortality [3, 4] among opioid dependent individuals.
Understanding factors that may in�uence treatment satisfaction and continuity, and accordingly prevent
relapse into illicit opioid use with the following risks of overdose and death is crucial. Such factors may
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be opioid withdrawal symptoms and adverse effects related to inappropriate methadone dosages. This
emphasizes the importance of balancing an e�cacious dose to achieve the desired therapeutic effect,
against either a too low dose, leading to withdrawal symptoms and relapse to illicit opioid use or a too
high dose, causing adverse effects and toxicity.

Individualized dose optimization using doses between 60–120 mg daily for most of the patients appears
to be related to increased retention in treatment and reduced illicit opioid use as the most common
measures of e�cacy of MMT [5]. However inter-individual variations in methadone dose requirements
should be kept in mind [6–8]. Furthermore, some researchers have shown that other factors than dose,
such as patients’ expectations and preferences of medication as well as the total physical and mental
health condition or improvement in psychosocial function may in�uence treatment satisfaction [9, 10].
These �ndings add to the complexity of the issue challenging clinicians in how to cope with a suboptimal
treatment outcome; should the dose be adjusted or should other problems rather be addressed.

The optimal methadone maintenance dose may be predicted by various factors based on continuous
clinical evaluations [11–13]. Although previous �ndings suggest an association between dose and
clinical symptoms, the relationships between serum methadone concentration and treatment effects are
still not fully understood [14]. Due to a large inter-individual variation in methadone pharmacokinetics, the
individual serum concentration after a given dose will vary substantially [12, 14–16]. The optimal dose at
steady state thus is hard to predict [12]. Accordingly, a clinical-oriented approach rather than serum levels
has been suggested in order to optimize methadone daily dosage for the individual patient [11, 12, 17].

Serum concentration, however, is probably a better indicator of the drug exposure at effect site compared
to dose. Some researchers [18, 19] have suggested a direct association between serum methadone
concentration and retention in treatment. A few clinical studies [20, 21] have shown that when the serum
concentration is too low to inhibit the objective withdrawal symptoms, the patients relapse to substance
use and drop out of MMT. Other studies have investigated its relationship to craving [11, 22, 23]
indicating that higher serum concentrations of methadone are more likely to reduce craving to opioids.
Finally, a rapid decline, but not the level of trough concentration, has shown to be related to clinically
important responses, notably the objective withdrawal symptoms [24]. These sparse �ndings indicate an
association between methadone serum concentration and clinical effects. However, there is limited
knowledge about the speci�c self-perceived symptoms re�ecting a low or high serum concentration of
methadone that clinicians need to be aware of as a guide for proper dose adjustments in clinical practice.
The present study did not aim to assess an association between objective treatment effects and certain
serum concentrations, but rather used the supplementary tool of therapeutic drug monitoring (TDM) in
better understanding the importance of clinical evaluations based on self-perceived symptoms in MMT.

We believe that identifying the speci�c subjective symptoms that are related to serum methadone
concentration could help clinicians �nd the individualized methadone doses based on patient-reported
symptoms to could improve treatment outcomes. The present study aims to investigate whether self-
perceived opioid withdrawal symptoms, adverse effects and substance use in patients on MMT are
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related to serum methadone concentration and what role these could play in clinical decisions on dose
adjustments.

Methods

Design, setting and data sources
Participants for this naturalistic cohort study were recruited from the Department of Addiction Medicine,
Haukeland University Hospital in Bergen, Norway. The department is responsible for the treatment and
follow-up of more than 1000 patients with opioid dependence receiving opioid agonist treatment (OAT),
of which almost 40% receive MMT while the rest are mainly substituted with buprenorphine-based
treatment. All pharmacological interventions are integrated with psychosocial treatment and are provided
in multidisciplinary outpatient clinics. The patients are followed-up by direct observed treatment (DOT)
and consultations with different frequencies of take-home doses based on the individual treatment
courses. All the clinical measurements and laboratory data are recorded prospectively in the hospital
journal system as well as in a recently established health registry database for patients undergoing OAT
in the city of Bergen. In addition to individual health data, the database includes relevant information
based on clinical surveys and research records.

In the present study, we included information on age, gender, methadone daily doses, serum methadone
concentrations (as the independent variable), subjective opioid withdrawal symptoms (as the primary
outcome), some common subjective opioid adverse effects and self-reported illicit drug use (as the
secondary outcomes). We also included information about time since last dose intake, time of blood
sampling, time when the symptoms were recorded, numbers of days with DOT per week and duration of
OAT.

Participants
Among almost 400 patients on MMT in our department, 199 patients had consented to participate in the
study and completed the primary surveys through in-person clinical interviews by a research nurse during
May 2017 - January 2020. To enable comparable measurements, we included only the data where the
time difference between clinical measurements and laboratory data collection was shorter than 14 days.
The mean time difference between blood sampling and recording of the different outcome symptoms for
all the 199 patients was 106 (95% con�dence interval: 82–131) days. Eighty-nine of the records were
within a timeframe of less than 14 days with a mean difference of 3 (2–3) days. Therefore, we included
the 89 measurements of the clinical data obtained from 83 participants in this study meaning that 6 out
of 83 participants had two sett with clinical records attributed to two different serum concentration
measurements, whereas the remaining had only one record of each during the study period.

Serum methadone concentrations
Blood samples were drown from the participants at the OAT clinics according to the study protocol with a
mean time of 21 (19–22) hours since the last dose intake, and centrifuged before transporting to the
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laboratory. Analysis of methadone in all the collected serum samples was performed by the same
method using the same instruments. A validated and certi�ed high-pressure liquid chromatography-
tandem mass spectrometry (HPLC-MS-MS) method was applied, developed at the Department of Medical
Biochemistry and Clinical Pharmacology, Haukeland University Hospital, Bergen. In brief, the samples
were extracted with ethyl acetate: heptane (4:1), before re-extraction and concentration in aqueous formic
acid as the mobile phase. The components were separated on a short HPLC column (Phenomenex
Kinetex XB-C18, 00B-4496-AN) by reverse phase chromatography. The column contained 2.6 µm of silica
particles with C18 (octadecyl) as the bound phase. MS-MS analysis was performed with electrospray
ionization (ESI) in positive ion mode (Agilent Technologies 6410AA triple quadrupole LC-M-MS, CA, USA).
The limit of quanti�cation was 20 nmol/L and the method was linear at least to 4000 nmol/L. Recoveries
were 100% and 91% and inter-day coe�cients of variation were 2.7% and 5.1% at low and high
concentrations, respectively. During the development phase of the method as well as in routine use,
methadone concentrations were measured in nmol/L. The conversion factor from nmol/L to ng/mL for
methadone is 0.310.

Assessments of subjective symptoms
As a part of the clinical assessments and based on the study protocol, the participants were initially
asked if they experienced opioid withdrawal symptoms or not. Those who con�rmed having withdrawal
symptoms were interviewed by a research nurse using the validated standard questionnaire; Subjective
Opioid Withdrawal Scale (SOWS) [25] covering 16 self-perceived symptoms including anxiety, yawning,
perspiring, tearing, nose run, goose bumps, shaking, hot �ushes, cold �ushes, bone- and muscle ache,
restlessness, nausea, vomiting, muscle twitches, stomach cramps and feeling like using, rated on a �ve-
level scale from 0 (not at all) to 4 (extremely); total score: 0–64 (1–10 = mild, 11–20 = moderate and 21–
30 = severe withdrawal).

In addition, all the participants were asked six questions on some of the most common subjective
adverse effects attributed to MMT including euphoria, perspiring, nausea, concentration di�culties,
feeling “brain fog” and reduced sexual desire, which were rated in the same way as done for the
withdrawal symptoms. The selection of the adverse effects was based on our own clinical experiences,
previously published peer collected data on this population [10] and the most common reported side
effects for methadone [26, 27] and opioids in general [28]. Perspiring and nausea were de�ned as adverse
effects or withdrawal symptoms based on how each participant had perceived these. There was also one
open ended question on other possible symptoms when these were self-perceived to be related to MMT.

All clinical interviews and measurements of methadone serum concentration were performed before the
daily doses of methadone were given, and no changes in dosages were made during the last week.

Substance use
Self-reported use of illicit drugs including heroin or other opioids, amphetamines (amphetamine and/or
methamphetamine), benzodiazepines, cannabis, and also alcohol, as well as frequencies of use
(categorized as; no use or frequent use i.e. several times a month, weekly or daily use) during the last
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month were recorded for the participants. Urine screening test was not used as the study focused on self-
reports.

Statistical analyses
Basic descriptive statistical analysis of data was performed using Stata/SE 16.0 (StataCorp, TX, USA).
Data were presented as means with 95% con�dence interval for continuous variables. Comparisons of
study variables in participants with and without reported subjective opioid withdrawal symptoms were
performed using ANOVA (Mann-Whitney) test for continuous and chi-square test for categorical variables.
The exact p-values were reported and values < 0.05 were considered statistically signi�cant. To avoid
type-II statistical errors by overlooking some important variables due to naturalistic design of the study,
all the variables with a p-value < 0.10 were included in the adjusted regression analyses.

Due to repeated measures for some participants, a linear mixed model (LMM) method was applied to
investigate the possible associations between serum methadone concentrations and reported subjective
symptoms. We included in the main analyses all the 16 SOWS items and the 6 subjective adverse effects,
as well as self-reported substance use during the last month as dependent variables. The open question
addressing any other reported undesirable symptoms was excluded from the statistical analyses due to
few applicable data. All these variables were included one by one in the unadjusted statistical analysis
when the time difference between blood sampling and record of the symptoms was less than 14 days. In
total, 89 measurements obtained from 83 participants were included in the analyses. Then, adjusted
LMM analyses for the speci�c variables having statistically signi�cant association with serum
methadone concentration were undertaken. Other variables were also included in adjusted LMM when the
signi�cance level was < 0.10. The results obtained in the main analyses were adjusted for age, gender
and absolute time difference between blood sampling and recording of the symptoms, but not for the
time between last dose intake and sampling as this was within the acceptable range for all the measures.

Results
The mean age was 45 (43–47) ranging from 26–62 years with 34% being women. The mean daily dose
of methadone was 98 (93–103) ranging from 20–170 mg and mean serum concentration was 388
(349–428) ranging from 123–984 ng/mL giving a mean concentration-to-dose ratio (CDR) of 13 (12–15)
(ng/mL)/(mg/d).

More than half (55%) reported mild to moderate subjective opioid withdrawal symptoms at the time of
interviews with a mean total SOWS score of 9 (6–11) having restlessness (42%), hot �ushes (37%), cold
�ushes (36%), anxiety (36%), perspiring (35%), nose run (33%) and bone- and muscle ache (32%) as the
most frequently reported symptoms.

All of them (100%) had experienced one or more subjective adverse effects with methadone treatment,
most frequently reported as concentration di�culties (72%), feeling “brain fog” (70%), reduced sexual
desire (63%), perspiring (57%) and nausea (37%).
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Frequent substance use, more speci�cally cannabis (66%), benzodiazepines (62%), alcohol (46%),
amphetamines (31%), heroin (12%) and other opioids (6%), was self-reported in 88% of the records during
the last month prior to data collection.

Table 1 shows comparisons between participants who reported and those who did not reported to have
subjective opioid withdrawal symptoms as the main outcome of the study. Serum concentration-to-dose
ratios were higher among those who had reported subjective opioid withdrawals (p = 0.039). The daily
doses of methadone did not signi�cantly differ between the two groups. Those who reported withdrawal
symptoms had also more frequently received DOT compared to the other group (p = 0.026). There were
no differences between the groups with regard to age, gender or self-reported use of illicit drugs and
alcohol.
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Table 1
Comparisons of clinical data in patients with and without reported opioid withdrawal symptoms (n = 89

measurements from 83 participants)

      Opioid withdrawal
symptoms

Reported Not reported

 

      N = 49 N = 40 p-valuea

Gender female n (%) 17 (57) 13 (43) 0.828

Age years Mean (95%
CIb)

45 (43–
48)

45 (42–
48)

0.753

Methadone dose mg/day Mean (95%
CI)

102 (95–
109)

93 (85–
100)

0.079

Methadone serum
concentration

ng/mL Mean (95%
CI)

364 (316–
412)

418 (352–
485)

0.145

Concentration-to-dose-
ratio

(ng/mL)/(mg/d) Mean (95%
CI)

12 (10–
14)

15 (13–
17)

0.039

Time since last dose hours Mean (95%
CI)

22 (21–
24)

19 (16–
22)

0.199

Duration of OATc years Mean (95%
CI)

9 (7–10) 10 (8–11) 0.602

Direct observed treatment day/week Mean (95%
CI)

4 (4–6) 4 (3–4) 0.026

Self-reported substance
used

  n (%) 45 (92) 33 (83) 0.187

Heroin   n (%) 6 (12) 5 (13) 0.971

Other opioids   n (%) 3 (6) 2 (5) 0.819

Benzodiazepines   n (%) 33 (64) 22 (55) 0.233

Cannabis   n (%) 32 (65) 27 (67) 0.828

Amphetamines   n (%) 16 (33) 12 (30) 0.789

a Signi�cance was tested using Mann-Whitney U-test for continuous and chi-square test for
categorical variables

b Con�dence interval

c Opioid agonist treatment

d Frequent use (from daily to several times a month) of illicit drugs and/or alcohol during the last
month



Page 10/21

      Opioid withdrawal
symptoms

Reported Not reported

 

Alcohol   n (%) 24 (49) 17 (42) 0.542

a Signi�cance was tested using Mann-Whitney U-test for continuous and chi-square test for
categorical variables

b Con�dence interval

c Opioid agonist treatment

d Frequent use (from daily to several times a month) of illicit drugs and/or alcohol during the last
month

The relationship between recorded total SOWS scores and the measured serum methadone
concentrations is shown in Fig. 1, illustrating a weak correlation with wider con�dence intervals at more
lower and higher concentrations. When analyzing in the unadjusted LMM (Table 2), we found statistically
signi�cant inverse associations, although weak correlations, between serum methadone concentrations
and total SOWS score (p = 0.011), but also for the speci�c symptoms of anxiety (p = 0.009), bone- and
muscle ache (p = 0.007) and restlessness (p = 0.021) out of the 16 subjective opioid withdrawal
symptoms based on SOWS questionnaire, and also use of heroin (p = 0.028) and alcohol (p = 0.008).
None of the adverse medication effects were related to serum methadone concentrations, the exception
being a signi�cant positive association with nausea reported as an adverse effect of the treatment (p = 
0.040).
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Table 2
The unadjusted associations between serum methadone concentrations (measured in ng/mL) and the

study variables. All the primary and secondary outcome variables were inserted one by one in linear
mixed model (n = 89 measurements from 83 participants).

  Coe�cient 95% CIa p-value

Total SOWSb score -3.9 -7, -9.1 0.011

Anxiety -4.3 -7.6, -1.1 0.009

Yawning -0.5 -3.5, 2.5 0.739

Perspiring -0.4 -4.1, 3.3 0.821

Tearing -1.5 -4.1, 1.2 0.283

Nose run -1.7 -4.9, 1.5 0.305

Goose bumps -2.1 -5.5, 1.4 0.244

Shaking -2.7 -5.7, 0.3 0.081

Hot �ushes -2.6 -6.2, 8.9 0.143

Cold �ushes -3.2 -7.1, 0.8 0.115

Bone- and muscle ache -4.9 -8.4, -1.4 0.007

Restlessness -5.2 -9.6, -0.8 0.021

Nausea -1.5 -4.2, 1.2 0.272

Vomiting* - - -

Muscle twitches -0.9 -4.2, 2.4 0.590

Stomach cramps -1.5 -4.2, 1.1 0.263

Feel like using* - - -

Subjective adverse effects* - - -

Euphoria* - - -

Perspiring (as adverse effect) 1.4 -3, 5.9 0.526

a Con�dence interval

b Subjective opioid withdrawal symptoms

c Frequent use (from daily to several times a month) of illicit drugs and/or alcohol during the last
month

* The linear mixed model system was not able to analyze these variables due to few data
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  Coe�cient 95% CIa p-value

Nausea (as adverse effect) 3.1 0.1, 6.1 0.040

Concentration di�culties -0.7 -4.7, 3.3 0.731

Feeling “brain fog” 1.5 -2.2, 5.2 0.427

Decreased sexual desire 2.2 -2.4, 6.8 0.351

Self-reported substance use c 0.2 -0.9, 1.3 0.754

Heroin -2 -3.8, -0.2 0.028

Other opioids* - - -

Benzodiazepines 0.6 -3.7, 4.9 0.772

Cannabis 4.7 -0.5, 9.9 0.077

Amphetamines -0 -3, 2.9 0.984

Alcohol -4.5 -7.8, -1.2 0.008

a Con�dence interval

b Subjective opioid withdrawal symptoms

c Frequent use (from daily to several times a month) of illicit drugs and/or alcohol during the last
month

* The linear mixed model system was not able to analyze these variables due to few data

When adjusting for age, gender and the absolute time difference between blood sampling and record of
the symptoms in the LMM analyses (Table 3), the associations between serum methadone
concentrations and total SOWS score, the speci�c withdrawal symptoms of anxiety, bone- and muscle
ache, and restlessness, as well as the use of heroin and alcohol, still remained highly signi�cant.
However, the signi�cance level fell down in the case of nausea reported as an adverse effect (p = 0.057).
Obtaining the borderline p-values of < 0.10 by analyzing the withdrawal symptom of shaking as well as
use of cannabis in the unadjusted LMM, we also added these variables in the adjusted model and found
slight signi�cant associations with serum methadone concentrations (p = 0.046 and p = 0.049,
respectively).
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Table 3
The adjusted* associations between serum methadone concentrations and the selected study variables

in linear mixed model based on obtained signi�cance level in the unadjusted analysis (n = 89
measurements from 83 participants)

  Coe�cient 95% CI a p-value

Total SOWSb Score -4.3 -5.6, -2.9 <0.001

Anxiety -0.5 -0.8, -0.2 0.004

Bone- and muscle ache -0.5 -0.9, -0.2 0.003

Restlessness -0.5 -9.7, -0.9 0.017

Shaking -0.3 -0.6, -0 0.046

Nausea (as adverse effect) 0.3 -0.1, 0.6 0.057

Heroin use -0.2 -0.4, -0 0.015

Alcohol use -0.4 -0.7, -0.1 0.011

Cannabis use 0.5 0, 10.4 0.049

*Adjusted for age, gender and absolute time difference between blood sampling and record of the
symptoms

a Con�dence interval

b Subjective opioid withdrawal symptoms

a Subjective opioid withdrawal symptoms

Discussion
In this naturalistic cohort study, we used clinical and laboratory data from patients in MMT to investigate
possible associations between self-perceived symptoms and serum methadone concentration.
Restlessness, hot �ushes, cold �ushes, anxiety, nose run and bone- and muscle ache were the most
frequently reported mild to moderate opioid withdrawal symptoms. There were weak inverse correlations
but statistically signi�cant associations between serum methadone concentration and such symptoms,
represented by the total score of SOWS as well as the speci�c withdrawal symptoms of anxiety, bone-
and muscle ache, restlessness and shaking. Moreover, those with lower serum methadone concentrations
more often had reported to use heroin and alcohol. All participants had experienced at least one
subjective adverse effect related to methadone treatment, most frequently concentration di�culties,
feeling “brain fog”, reduced sexual desire, perspiring and nausea. There were, however, no signi�cant
relationships between serum methadone concentration and any of these subjective adverse effects in our
analyses, except for a trend for more nausea among those having higher serum methadone
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concentrations. Also more cannabis use was reported among those with higher concentrations of
methadone.

Previous research had found an inverse relationship between serum methadone concentration and
general objective withdrawal symptoms [20, 21, 24]. However, we were not able to �nd studies that have
investigated the speci�c subjective withdrawal symptoms in relation to serum concentrations in MMT,
although, such symptoms have been shown in studies on opioid use disorders to be related to opioid
abstinence [29–31]. Of the symptoms most often reported in the present study (restlessness, hot- or cold
�ushes, anxiety, nose run and bone- and muscle ache), only anxiety, bone- and muscle ache, restlessness
and shaking were related to serum methadone concentration.

Although the present study is not designed to could con�rm possible causalities and the dose-response
relationship with serum methadone concentration is not very strong, the �ndings could imply the need for
dose escalation when these speci�c subjective withdrawal symptoms are reported by the patients. At
least, the clinical signi�cance of the �ndings may be high for the individual patient's treatment by
relieving the unpleasant symptoms. Dose escalations may be considered even if the dose already given is
high, keeping in mind alternations in methadone pharmacokinetics that may in�uence the serum
concentration reached by each particular patient [12, 14–16]. However, expected treatment bene�ts of
optimizing methadone dose must always be balanced against the risk of severe harms like death due to
overdose and risk of methadone diversion [32].

A lower CDR among more than half of the study participants who also experienced withdrawal symptoms
is a remarkable �nding, meaning that serum concentrations were lower in this group despite having
comparable methadone doses with those who did not report such symptoms. This may in part be
explained by the fact that increasing the dose was not met by a corresponding increase in serum
methadone concentration. Considering possible aberrant methadone metabolisms or in�uence of other
disturbing factors, an individualized dose optimization based on appropriate risk-bene�t assessments
might be emphasized to achieve the treatment effects [5–8, 12]. Among those not experiencing optimal
effect despite increasing the dose, dividing the daily dose or switching to another opioid can be
considered [11, 24]. When none of these measures can help, other causes such as pharmacodynamic
factors and genetic variations affecting opioid receptors might be excluded [6, 33]. Finally, diversion of
prescribed methadone take-home doses may be considered as an explanation for lower serum
concentrations despite receiving appropriate doses and frequently observed medications that we have
recorded in the present study.

The higher use of heroin among those with lower serum methadone concentrations, also is in line with
earlier studies [20, 21, 23], indicating that even heroin use may prompt physicians to consider dose
escalation. Using higher methadone doses is shown to be more effective in reducing heroin use and
improved treatment retention [34–36]. However, some patients continue using heroin for its euphoric
effects or for other reasons, regardless of serum methadone concentration. In addition, it is not clear if
the lower serum concentration has caused the heroin use, or if the dose intentionally is not escalated to
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allow the heroin to be felt. It is challenging to answer these questions considering the naturalistic design
of the study. Our �nding of higher alcohol intake in those with lower serum methadone concentrations
could be explained by self-experienced replacement to alleviate opioid withdrawal symptoms. An
overlapping effect of alcohol on mu-opioid receptors in the central nerves system has also been
demonstrated [37]. In addition, a regular low dose alcohol intake (< 4 alcoholic drink/day) may induce the
P450 enzymes and thus decrease serum methadone concentration [26]. Considering the increased risk of
adverse effects and overdose by concurrent use of opioids and alcohol, the importance of a balanced
dose optimization to increase treatment retention and avoid relapse but also toxicity, might be furtherly
emphasized.

All participants reported at least one subjective adverse effect related to methadone treatment, the most
frequently being concentration di�culties, feeling “brain fog”, reduced sexual desire, perspiring and
nausea, which are known adverse effects of high doses of opioids including methadone [26–28]. None of
the speci�c adverse effects were signi�cantly related to serum methadone concentration, except for a
slight association with nausea. Studies on associations between serum methadone concentration and
subjective adverse medication effects in MMT are lacking. Nevertheless, is important to keep in mind
other possible physical and psychosocial conditions surrounding the patient, which may in�uence the
total subjective experiences and satisfaction with the treatment [10]. The inability to identify such
associations in the present study may also be due to investigating on the group level. Following
individuals over time with different doses may have revealed the real picture. Also, we used self-reports by
locally developed questionnaire on common subjective adverse effects, not by a validated instrument,
which could have been better in picking up possible adverse effects.

The participants with higher serum methadone concentrations reported to use more cannabis. A possible
explanation may be a central acting effect to counterbalance some undesirable side effects related to
methadone treatment, for instance an antiemetic effect by cannabis [38]. Another speculation can be a
desire to get high using cannabis among those with higher serum methadone concentrations and
accordingly more suppressing effects on the central nervous system. Some researchers have also
suggested an opioid saving effect of cannabis in patients with opioid dependence [39]; however, in a
review research [40], use of cannabis was not associated with retention in MMT and could not predict
treatment outcomes such as relapse to heroin use or psychosocial functioning. To our knowledge, an
association with methadone dose or serum concentration and cannabis use currently is not investigated
in clinical studies.

Strengths and limitations
Due to the prospective nature of our study and having the available platform to continuously get access
to the patients or repeat the records if needed, we were able to manage the data collection more closely
and reduce information bias. This might be considered as a strength of the study. On the other hand, due
to naturalistic nature of the study and being aware of the instability in the patient group with a chaotic
life for most of them often affected by various emergencies, we were not able to perform all the
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interviews and blood tests at the same time (delayed follow-up) as some of the patients did not meet to
the planned interviews or were not able to complete the measurements at the same time. As the result,
only approximately half of those who had completed the primary surveys were eligible to be included in
the statistical analyses. This may be considered as a limitation of the study, although, it illustrates the
real life and challenges related to research on populations with severe substance use disorders and
related comorbidities. Furthermore, although some associations have been found between some of the
subjective symptoms and serum methadone concentration, the results must be interpreted in the light of
a small sample size and possible in�uences of other factors such as current use or abstinence from illicit
drugs, comorbid somatic and psychiatric conditions or even manipulating the symptoms to get higher
methadone doses. Further clinical studies are needed to achieve more knowledge in this �eld.

Conclusions
The added value of the present study is to help clinicians in understanding the association between self-
perceived symptoms and serum methadone concentration in MMT. More subjective opioid withdrawal
symptoms, particularly anxiety, bodily pain, restlessness and shaking, also more use of heroin and
alcohol, but less cannabis use seemed to be related to lower serum methadone concentrations. These
�ndings suggest that methadone dose adjustment mainly can be based on patient's self-reported
symptoms and current clinical condition. Measurement of serum concentration is not a necessity for this
reason but can be used as a support to clinical decision based on individual assessments. This may be
considered as an important clinical implication of the present study focusing on the subjective rather
than objective data. In addition, involving the patients in their care may improve the treatment alliance
and contribute to the overall well-being among most of them. Probably, this will increase retention in
MMT and reduce the risk of relapse and overdose.
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Figures

Figure 1

Scatter plot with regression line by recorded total SOWSa scores and measured serum methadone
concentrations (n=89 measurements from 83 participants). The solid and dashed lines represent the
regression line and 95% con�dence intervals. a Subjective opioid withdrawal symptoms


