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ABSTRACT
New psychoactive substances (NPS) are health-hazardous through unpredictable toxicity and effects and largely unknown epi-
demiology, motivating studies of the latter.
Up to 138 NPS were retrospectively identified using liquid chromatography-high resolution mass spectrometry data from all 
34 183 oral fluid drug samples collected in one Swedish health care region 2019–2020 representing 9468 psychiatric and ad-
diction care patients. In total, 618 findings representing 58 NPS were detected in 481 samples from 201 patients. Male gender 
and age ≥25 years correlated positively with NPS use. Ketamine correlated positively with all NPS classes except cannabinoids; 
additionally, fentanyl, methadone, tapentadol and clonazepam correlated with multiple NPS classes. More numerous traditional 
drugs of abuse (DoA) correlated positively with sedative/hypnotic NPS, indicating that these are used in broader patient groups 
than other NPS. Mitragynine correlated negatively with other NPS in general and with several traditional DoA, but positively 
with the potential opioid abstinence remedies buprenorphine, loperamide and tapentadol aside from ketamine. In conclusion, 
NPS use is infrequent but occur also at higher ages, certain traditional DoA and particularly ketamine could have clinical value 
as NPS use signals, and mitragynine exhibited an atypical NPS consumption pattern indicating significant use as an opioid ab-
stinence remedy.

1   |   Introduction
New psychoactive substances (NPS) are often defined as 
narcotic or psychotropic drugs that are not controlled by the 
United Nations drug conventions but which pose a public 

health threat comparable to substances listed in these con-
ventions [1]. However, in the more clinical sense, they can be 
described as ‘recreational drug substances newly designed 
or revived for the purpose of being legal, avoiding analytical 

Abbreviations: DoA, drugs of abuse; EU EWS, European Union Early Warning System on NPS; LC-HRMS, liquid chromatography-high resolution mass spectrometry; NPS, new psychoactive 
substances.
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detection and/or offering interesting pharmacological effects’, 
and may actually pose an even worse threat to life and health 
than the UN controlled substances due to limited user experi-
ence and unknown toxicology [2–4]. Striking examples are ex-
tremely potent and potentially lethal opioids such as fentanyl 
and nitazene derivatives [5–9]. The lack of clinically available 
routine laboratory analyses for NPS may aggravate this danger 
by limiting the knowledge of NPS consumption at both the in-
dividual and population level. However, given the analytical 
challenges associated with the rapid turnover of NPS on the 
market, a comprehensive picture of NPS use at every patient 
consultation will be difficult to achieve in the foreseeable 
future. Thus, knowledge about NPS epidemiology is of vital 
interest, not least in relation to traditional drugs since these 
could serve as indicators for NPS use. Currently, such epidemi-
ological knowledge is very limited [10, 11] presumably due to 
low NPS prevalence making epidemiological studies difficult. 
We have previously presented a concept for retrospective iden-
tification of NPS in raw data from liquid chromatography-high 
resolution mass spectrometry (LC-HRMS) based multidrug 
panel analysis on clinical samples [12]. Although retrospective 
HRMS analysis of NPS is not unique per se [13–19], the large 
size of our data set allows, to our knowledge, unique epidemi-
ological possibilities. With the aim to provide guidance in clin-
ical situations, we herein present new epidemiological insights 
into the consumer profiles of NPS-users after retrospectively 
having identified NPS in LC-HRMS data from 34 183 clinical 
oral fluid samples.

2   |   Methods

The retrospective identification of NPS was performed as pre-
viously described [12]. In brief, all 34 183 clinical oral fluid 
drug samples collected 2019–2020 in the Swedish health care 
region Västra Götalandsregionen were included; these were 
from 9468 patients and health care providers as detailed in 
Table 1. The samples had been routinely analysed using a high 
through-put LC-HRMS method [20] and stored data were sub-
jected to retrospective analysis of NPS either (i) notified for the 
first time in 2019–2020 by the European Union Early Warning 
System on NPS (EU EWS), or (ii) notified earlier but deemed 
to still be on the market [12]. NPS already in the clinical rou-
tine method [20] were also included in the study. Ninety-three 

NPS were sought for in the data from 2019, whereas 44 NPS 
notified for the first time by EU EWS in 2020 and one in 2019 
(5F-A-P7AICA) were added to the search list for 2020, yielding 
a total of 138 NPS sought for in data from 2020 (Supplemental 
Table 1). Traditional DoA were detected (as parent substances 
and/or metabolites) when the samples were routinely analysed. 
Substances ever classified as NPS were regarded NPS even if 
later included in (updates of) the United Nations drug conven-
tions. Registered pharmaceuticals in Sweden (e.g. gabapen-
tin, ketamine, loperamide, modafinil, pregabalin, tapentadol, 
tramadol, zolpidem, zopiclone) were considered traditional 
DoA (even though some are or have formerly been classified 
as NPS) as they are frequently detected, may be a prescribed 
medication, and would be atypical NPS in the sense that their 
safety profile is well known. Association between traditional 
DoA and NPS per pharmacological class was investigated per 
sample only and not per patient (as the goal was to investigate 
simultaneous drug use and as assessment of individuals is com-
plicated by highly varying sample numbers and sampling fre-
quencies). It was also limited to samples positive for traditional 
DoA (as there is a general association between traditional 
DoA and NPS, discussed in the ‘Results and Discussion’ sec-
tion and presumably driven by control sampling of individuals 
free of substance use, that would otherwise make associations 
meaninglessly statistically significant and indiscriminative). 
Statistical analyses were performed in SPSS, version 23.0 
(IBM SPSS Statistics for Windows, Armonk, NY, USA) using 
Fisher's exact test for contingency tables and Pearson correla-
tion test for correlations. Significance levels were adjusted for 
multiple testing using Bonferroni correction. Odds ratios with 
confidence intervals for the occurrence of NPS in the presence 
or absence of traditional DoA in drug-positive samples were 
calculated using Microsoft Excel 365. The confidence inter-
vals for odds ratios were adjusted to 99.98% for multiple test-
ing (N = 280) corresponding to an adjusted significance level 
of 1.8 × 10−4 by using a critical z-value of 3.74. Ethics approval 
was obtained from the Swedish Ethical Review Authority 
(Etikprövningsmyndigheten; Dnr: 2019-05469); informed con-
sent was not required. The study was conducted in accordance 
with the Basic & Clinical Pharmacology & Toxicology policy 
for experimental and clinical studies [21].

3   |   Results and Discussion

3.1   |   Sample Set and Drug Findings

We analysed 34 183 samples from 9468 patients. Table 1 shows 
basic sample characteristics (data per patient were not consid-
ered reportable as patients often visited several caregivers). In 
total, 618 findings representing at least 58 NPS substances (some 
positional isomers could not be analytically distinguished) 
were detected in 481 samples from 201 patients. A maximum 
of nine NPS were detected in one sample; 10 samples contained 
≥ 5 NPS and 66 samples ≥ 2 NPS. The NPS prevalence did not 
appear to differ drastically between samples from major types 
of caregivers (Table  1); hence, given the low NPS frequency, 
the following statistical analyses herein were performed on the 
whole dataset without subgrouping for caregiver type. The sim-
ilar NPs frequencies in the different major types of caregivers 
contrast to differences between distinct populations (perhaps 

Plain English Summary
New psychoactive substances (NPS), especially in the 
sense “designer drugs” or “internet drugs”, could be ex-
tremely dangerous due to lack of user experience, unpre-
dictable toxicity and undetected use. Therefore, to provide 
clinical guidance, we herein present uniquely large data 
on NPS epidemiology including information about which 
traditional drugs and other patient characteristics that are 
associated with NPS use. Among traditional drugs, espe-
cially ketamine but also others such as fentanyl, metha-
done, tapentadol and clonazepam could serve as NPS use 
signals. Suspected opioid abstinence could be a mitragy-
nine use signal, as this NPS appeared to be used as an 
opioid abstinence remedy.
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confounded by different sampling practices and sampling 
years) reported in the literature. For example, 2.4% and 11% 
NPS positive oral fluid samples have been reported in French 
and Belgian drivers, respectively, whereas in French drivers 
that were at the same time music festival entrants 16% of the 
samples were NPS positive [22–24].

Outreach care was an exception from similar NPS frequencies 
showing high frequency of traditional DoA but few NPS. This 
may reflect lack of incentives to try to avoid analytical detec-
tion by switching to NPS in this stigmatized patient group, 
and, additionally, practical difficulties to obtain “internet 
drugs” in these, often homeless, patients. If so, this observa-
tion may argue against NPS largely being adulterants or impu-
rities of traditional DoA and rather something that is acquired 
intentionally.

3.2   |   Temporal Aspects of NPS Intake

The appearance of NPS findings per calendar month during the 
investigated period (2019–2020) is shown in Figure 1. No clear 
indications of replacement of older NPS with novel ones within 
the same pharmacological NPS class were seen, and many sub-
stances appeared to be relatively long lived. Thirty-eight of 165 
(23%) findings of substances notified by EU EWS in 2019–2020 
(n = 22; indistinguishable isomeric groups excluded) appeared 
prior to the notification date. In 2019, one patient contributed 
with 11 of 16 findings that appeared before the notification date; 
however, when analysing both 2019 and 2020, 17 patients con-
tributed to the 38 findings. Consumption of non-notified NPS 
was temporally limited to three months or less before notifica-
tion in all but one individual (data not shown), which may give 
a measure of the delay time between appearance on the market 
and formal notification.

3.3   |   NPS Consumption Related to Gender and Age

The number of findings and patients, per gender and age, is 
shown for NPS classes in Table 2. In support of numerous previ-
ous works [12, 25–29], NPS use was more common among males 
than females, a difference that was statistically significant for 
total NPS but also for several NPS classes.

NPS frequency was higher in samples from patients ≥25 years 
compared to younger ones (Table  2). This contrasts to most 
data reported in the literature. In several studies, most NPS 
were observed in or self-reported by persons < 25 years 
[25, 29–31], although reported median ages of NPS users in 
the range 25–30 years are also frequent [27, 32, 33]. However, 
we are not aware of any studies designed to investigate NPS 
use frequency as a function of age, and data often emanate 
from case series based to various degree on cohorts such 
as festival or party visitors or online community members 
[30, 34], or events such as acute intoxications [29, 32], where 
young age is likely to be overrepresented. Indeed, varying pa-
tient characteristics in different cohorts of NPS-users signifi-
cantly affect the median age [30], and, accordingly, one study 
specifically looking at general psychiatry patients reported a 
mean age of 35 years for NPS-users [26]. Furthermore, data T
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is often based on patient self-reports through interviews or 
questionnaires [25–27, 30, 31] where bias due to age is diffi-
cult to control but where adolescence could perhaps be asso-
ciated with sensationalistic reporting. Possibly supporting the 
need for objective monitoring methods, one study based on 
hair analysis reported 33 years as mean age of NPS users [28]. 
Taken together, given the possible biasing factors mentioned, 

our objective laboratory findings from relatively broad patient 
groups are worth considering although contrasting to most 
other data, suggesting that caregivers should consider NPS 
also in older patients. Obviously, our data may also be biased, 
for instance by factors such as different sampling practices at 
different ages, and further studies on NPS and age could be 
clinically motivated.

FIGURE 1    |    Appearance of NPS per calendar month during 2019–2020 illustrated as a heat map. Stars indicate the EU EWS notification date 
when occurring 2019–2020. Grey fields denote periods when the NPS was not sought for. * Data on sampling month is missing in 77 samples.
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3.4   |   Association Between Traditional DoA 
and NPS

We found a mean of 3.0 traditional DoA in samples (n = 312) 
positive for non-mitragynine NPS as compared to 1.5 tra-
ditional DoA in samples (n = 33 702) negative for NPS 
(p = 1.8 × 10−52, Pearson correlation test) confirming a gen-
eral association between traditional DoA as a whole and NPS 
shown also by others [10, 35, 36]. Table 3 shows associations 
between traditional DoA and NPS classes; associations that 
were significant after Bonferroni correction for multiple test-
ing are highlighted (bold), but all associations significant at 
p < 0.05 are shown for discussion on trends. As mitragynine 
was found to have a different epidemiology (see below) com-
pared to other NPS, it was excluded in the analysis of overall 
association between NPS and traditional DoA. To give an in-
dication of strength of the association, odds ratios and con-
fidence intervals were calculated for occurrence of the NPS 
class in samples positive versus negative for the traditional 
DoA (Figure  2). These calculations do not account for the 
number of NPS representing the class in the samples, which 
may contribute to discrepancies between statistical signifi-
cance and confidence intervals not including the value 1. No 
odds ratio could be calculated for comparisons where one of 
the groups contained no findings.

3.4.1   |   Cannabis vs. NPS Classes

Cannabis correlated with sedative/hypnotic NPS but no other 
NPS group. All cases involved etizolam and flualprazolam, 
substance names presumably not perceived as NPS by drug 
consumers, suggesting that cannabis is not a suitable indica-
tor for intentional NPS use. When narrowing the statistical 
analysis to samples from patients at least once positive for NPS 
(2979 samples, 201 patients; data not shown) no correlation 
of cannabis with other NPS classes were found; the lack of 
temporal correlation in these patients further argues against 
an important role of NPS in relation to cannabis. An expla-
nation could be that cannabis is often part of a less advanced 
consumption pattern involving only this drug, for example in 
young consumers [37].

3.4.2   |   Ketamine vs. NPS Classes

Ketamine correlated positively with five of the six NPS 
classes and was the only traditional DoA correlating pos-
itively with mitragynine. Additionally, it showed a trend 
to correlation with cannabinoid NPS (Table  3). Of the 238 
ketamine positive samples, 33 (14%) contained NPS, where 
the latter contained a mean of 1.8 NPS as compared to 1.2 

TABLE 3    |    Associations between NPS and traditional DoA.

Note: n/s indicates not significant at 0.05 level.
aTraditional DoA not found during the study period (mescaline, pethidine, phencyclidine, triazolam), not occurring together with any NPS (cathinone [n = 15], 
flunitrazepam [n = 49], ketobemidon [n = 8], lysergic acid diethylamide [LSD; n = 21], modafinil [n = 4], oxymorphone [n = 7], psilocin [n = 3]), or not correlating 
significantly with any NPS class (codeine [n = 453], diazepam [n = 6144], ephedrine [n = 91], ethylmorphine [n = 58], hydrocodone [n = 94], metorphan [n = 83], 
nitrazepam [n = 192], oxazepam [n = 464], tramadol [n = 1936], zolpidem [n = 1422]) are not shown in the table.
bN-values refer to number of NPS occurring together with the traditional DoA (and not number of samples where they co-exist).
cExpected numbers of NPS occurring together with traditional drug assuming lack of correlation between the two, calculated as: (number of NPS × number of 
traditional drug)/22311, where the latter is the total number of drug positive samples in this study.
dSignificance calculations using Pearson correlation are based on drug positive samples only (n = 22 311). Bold figures denote significance at 1.8 × 10−4-level, the latter 
calculated as 0.05/280 in accordance with Bonferroni correction for 280 analyses. Italics denote negative correlation.
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in NPS positive but ketamine negative samples (n = 448); 
p = 2.9 × 10−4; Pearson correlation test. These findings might 
not be surprising given previous reports on an association be-
tween NPS and ketamine [28, 36] or “psychedelics” in general 
[10], possibly reflecting a general willingness to experiment 
with unpredictable drugs in certain individuals. Hope to avoid 

analytic detection could also be a rationale for these combina-
tions as ketamine is often not included in routine DoA testing 
in urine. Awareness of this drug combination could be of clin-
ical value, as combining a drug affecting perception of reality 
and an NPS with unpredictable toxicity appears particularly 
dangerous.

FIGURE 2    |    Associations between use of NPS groups and traditional DoA expressed as odds ratios with confidence intervals adjusted for multiple 
testing. No odds ratio was calculated for starred substances as one of the groups contained no findings. CI, confidence intervals.
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3.4.3   |   Traditional Opioids vs. NPS Classes

Fentanyl, methadone and tapentadol correlated positively with 
non-mitragynine NPS, with 8, 5, and 11% of positive samples 
being NPS positive, respectively. For all three, the correlation 
was significant with opioid NPS and stimulant NPS; for metha-
done also with cannabinoid and sedative/hypnotic NPS, and for 
tapentadol also with dissociative/hallucinogenic NPS (Table 3). 
A common feature of fentanyl, methadone and tapentadol is that 
they are relatively rarely used traditional opioids (totally 56, 148 
and 222 findings, respectively; Table 3), giving the impression 
that NPS (except for sedative/hypnotic NPS; discussed below) 
covaries with unusual traditional DoA rather than more com-
monly found ones such as amphetamine, alprazolam, zopiclone 
and cocaine. Reasons for this may include a general interest in 
adventurous or “sophisticated” substances, and, at least in pa-
tients used to the limited DoA testing in urine, a patient's desire 
to avoid analytic detection. Additionally, correlation between 
fentanyl and opioid NPS may reflect that fentanyl and fentanyl 
derivatives are not always distinguished by consumers and 
therefore used in parallel [6].

The correlation between methadone and four NPS classes was 
based on three patients only (Table  3) but may illustrate an 
interesting contrast to buprenorphine pharmacologically ex-
plainable by the latter being a partial opioid antagonist. This 
explanation could be true even if we did not manage to fully 
exclude prescribed methadone and buprenorphine (opioid ag-
onist therapy) from our dataset as intended (in our healthcare 
region buprenorphine is rarely combined with the full opioid 
antagonist naloxone which is not detected in our analysis), but a 
confounding explanation regarding opioid agonist therapy could 
be that methadone is used in clinically more severe cases than 
buprenorphine [38].

An association between heroin and sedative/hypnotic NPS was 
observed, and all except for five of the 31 samples involved also 
contained classical benzodiazepines. This may, as discussed 
elsewhere, suggest that sedative NPS represent a general need 
for benzodiazepines rather than a specific interest in NPS, pre-
sumably to complete the heroin effect or manage heroin absti-
nence [39]. If so, heroin, like cannabis, may not be a suitable 
indicator of intentional NPS use.

3.4.4   |   Traditional Sedatives vs. NPS Classes

A positive correlation between the frequently observed benzo-
diazepines alprazolam and clonazepam and sedative/hypnotic 
NPS was observed (Table 3). Since NPS benzodiazepines (which 
constitute 95 of the 96 sedative/hypnotic NPS findings) are gen-
erally established and available since several years and have 
names resembling traditional benzodiazepines, one may specu-
late that they are regarded equally “normal” as traditional ben-
zodiazepines and therefore not perceived as NPS by consumers. 
Indeed, sedative/hypnotic NPS correlated with a broader range 
of traditional DoA than the other NPS classes, presumably for 
the same reason. Thus, as discussed, their association with 
cannabis and heroin may represent a general need for benzo-
diazepines rather than a wish for NPS specifically. The lack of 
correlation between sedative/hypnotic NPS and the frequently 

observed benzodiazepine diazepam (n = 6144; data not shown) 
may reflect that diazepam is more often prescribed than alpra-
zolam and clonazepam [40] and may therefore more seldom rep-
resent misuse.

Clonazepam correlated with opioid NPS use, possibly illustrating 
a subjective need for adding benzodiazepines to opioids as dis-
cussed above for heroin [39]. Indeed, the opioid findings in these 
samples were considerable, encompassing 4F-furanylfentanyl, 
acrylfentanyl, furanylfentanyl and isotonitazene, (1–3 NPS si-
multaneously), together with ≥ 1 traditional opioid. Associations 
of bromazepam, clonazepam and pregabalin with stimulant 
NPS may reflect a need to balance out the stimulant effect (see 
below). The association of midazolam with dissociative NPS is 
based on one finding and may therefore be disregarded.

The traditional non-benzodiazepine sedatives gabapentin, pre-
gabalin and zopiclone appear less associated with sedative/hyp-
notic NPS compared to alprazolam and clonazepam (Table 3), 
perhaps because they are distinguished from traditional/NPS 
benzodiazepines by consumers. Association of gabapentin and 
pregabalin with opioid and sedative NPS, respectively, could 
reflect an intention to avoid analytical detection, as gabapentin 
and pregabalin are seldom included in routine immunochemical 
DoA testing of urine.

3.4.5   |   Traditional Stimulants vs. NPS Classes

The traditional stimulants cocaine and MDMA correlated with 
sedative NPS; more than 90% of the samples also contained 
traditional benzodiazepines, again suggesting that traditional 
and NPS benzodiazepines are not discriminated by consumers. 
The role of the benzodiazepine in combination with stimulants 
could be to balance out the stimulant effect and relieve anxiety 
occasionally caused by stimulants [41, 42].

In contrast to benzodiazepines, traditional and NPS stimulants 
do not seem to appear together, possibly because stimulant NPS 
add little effect to, the often potent, traditional stimulants. Only 
204 out of 8049 amphetamine findings were from neuropsy-
chiatric patients, ruling out prescribed (lis)dexamphetamine 
as a major explanation for lack of significant association be-
tween amphetamine and stimulant NPS. Associations between 
MDMA and stimulant NPS would have been possible in the light 
of interview data [43] and reports of MDMA tablets adulterated 
with stimulant NPS [44] but were absent here.

3.4.6   |   Mitragynine – Kratom

Mitragynine (an active substance in kratom) exhibited an 
atypical epidemiology compared to the other NPS (Table  3). 
It occurred together with other NPS only in seven samples 
where all the other NPS (n = 8) were stimulants. The mitragy-
nine positive samples (n = 176) contained 1.05 NPS including 
mitragynine (mean) as compared to 1.4 NPS in samples pos-
itive for other NPS but negative for mitragynine (305 sam-
ples, 434 NPS findings); p = 1.6 × 10−5; Pearson correlation 
test. Mitragynine showed trends to negative correlations with 
several frequent traditional DoA (Table  3), and mitragynine 
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positive samples contained 2.0 traditional DoA (mean) as 
compared to 3.0 in samples positive for other NPS but neg-
ative for mitragynine (p = 1.9 × 10−7 vs mitragynine positive 
samples; Pearson correlation test) and 2.3 in samples negative 
for all NPS but positive for traditional DoA (p = 3.1 × 10−3 vs 
mitragynine positive samples; Pearson correlation test). This 
may illustrate that kratom adds limited recreational value 
when combined with other drugs. While traditional DoA are 
illegal and routinely analysed, kratom leaves can be obtained 
legally in Sweden and mitragynine or other kratom compo-
nents are not analysed by most clinical laboratories. These as-
pects may define an important niche for kratom contributing 
to its negative association with several traditional DoA.

Kratom has significant opioid effects at higher doses [45], and 
is therefore sometimes self-administered as a remedy against 
opioid abstinence [46]. This may explain its negative correlation 
with heroin, and a trend for positive correlation with lopera-
mide, which is used (at supra-pharmacological doses) as a legal 
self-medication for opioid abstinence [47]. The strong trend to 
positive correlation of kratom with buprenorphine could reflect 
a patient's desire to gain additional opioid like effect or better 
opioid abstinence treatment when using the partial opioid an-
tagonist buprenorphine. Possibly, if we did not manage to fully 
exclude prescribed buprenorphine from our dataset as intended, 
it could also reflect buprenorphine-based opioid agonist therapy 
primarily against kratom use.

Taken together, use of kratom could be hard to predict from con-
sumption patterns of traditional DoA (although ketamine cor-
relates positively). This could merit intensified efforts in making 
clinical routine analysis available, as kratom at high doses ap-
pears to be highly addictive and have serious toxicity includ-
ing lethal cases  [48]. Additionally, patients using kratom as a 
self-administered opioid abstinence remedy could be especially 
motivated to quit opioid misuse and therefore worth identifying 
from a health care perspective.

3.5   |   Strengths and Limitations of This Study

Strengths are the naturalistic setting, consecutive inclusion of 
all 34 183 clinical samples over two years, analytical coverage 
of over 180 substances, high analytical sensitivity and spec-
ificity, and use of oral fluid to enable detection of parent sub-
stances rather than metabolites which are often unknown for 
NPS. Additionally, the multidrug panel concept limits bias due 
to clinicians ordering analysis directed to specific drugs or drug 
classes.

A limitation could be that clinical routine samples have limited 
generalizability to the whole population. This may, however, be 
an academic rather than practical/clinical problem as our co-
hort is probably more representative than the whole population 
of most addiction patients and particularly regarding those with 
advanced polydrug use in which NPS use could be especially 
dangerous. In any case, an adequately powered laboratory anal-
ysis study based on a random sample of the whole population ap-
pears utopian for several reasons, not the least as NPS occur in 
≥ 1 sample in only 2.1% of patients in our selected cohort. More 
realistic would be further observational studies based on other 

populations and selection criteria to test the external validity of 
our findings.

Other limitations are the low numbers for some drugs, the in-
ability to identify possibly unintentional NPS intake (NPS as 
adulterants or impurities), and the retrospective analysis not al-
lowing for optimization of analytical conditions to, for instance, 
separate isomers. Although oral fluid has advantages over urine 
detecting parent substance rather than metabolites, this matrix 
could have limitations compared to blood as for knowledge re-
garding for example concentrations as a function of dose and 
duration of detectability (in cases where such parameters are 
known for blood).

4   |   Conclusions

The use of NPS in our population is limited with only 2.1% of the 
patients at least once positive for an NPS. However, these find-
ings constitute 58 different compounds, which were commonly 
combined with traditional drugs probably increasing the risk for 
severe adverse effects. NPS use was more common in the age-
group ≥25 years; rather the opposite has often been reported, 
meriting further studies. Ketamine could be useful as an indica-
tor for NPS use, correlating positively with all NPS classes except 
for cannabinoid NPS, but also fentanyl, methadone, tapentadol, 
and clonazepam correlated with several NPS classes. Sedative/
hypnotic NPS correlate positively with a large number of tradi-
tional DoA indicating that they are used within larger patient 
groups than other NPS. Mitragynine (kratom), unlike other 
NPS, had a negative correlation with several traditional DoA 
and positive correlation with the potential opioid abstinence 
remedies buprenorphine, loperamide and tapentadol, indicating 
a specific type of use potentially as a self-administered absti-
nence treatment. Taken together, the use of NPS is low but pres-
ent, and new drugs are continuously emerging. Correlations of 
NPS use with traditional drugs reveal specific drug use patterns 
that can provide guidance in clinical situations.
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