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Therapeu�c Drug Monitoring  

Can Provide Benefits to Pa�ents 

By Bridgit O. Crews, PhD 

ntipsychotics have been in use for more than 60 
years to treat acute psychosis, schizophrenia, and 
bipolar mania. This class of drugs includes both 
older, first-generation antipsychotics and newer-

generation antipsychotics (NGAs). NGAs can be di-
vided into second-generation (SGAs) and third-

generation antipsychotics and include some 20 com-
pounds, such as clozapine, olanzapine, risperidone, 
quetiapine, and aripiprazole.  

Over the past 20 years, NGAs have largely re-
placed first-generation antipsychotics for management 
of schizophrenia and bipolar mania and are increas-
ingly prescribed for other, off-label uses due to their 
lower propensity to cause adverse and debilitating 
neurologic side effects. This increase has occurred 
despite concerns regarding their high cost, safety,    
efficacy, and lack of evidence to support the off-label 
uses (1). In 2018, quetiapine, aripiprazole, and risperi-
done all appeared among the top 200 most-prescribed 
drugs in the U.S., together accounting for more than 
20 million prescriptions (2). The 2015 Medical       
Expenditure Panel Survey ranked aripiprazole as the 
eighth-highest drug for total expenditures, at roughly 
$5 billion (3).  

Recently updated consensus guidelines for thera-
peutic drug monitoring (TDM) in neuropsychophar-
macology strongly recommend TDM for several  
commonly prescribed antipsychotics and recommend 
TDM for special indications or specific problem-

solving for almost every antipsychotic (4). This article 
presents an overview of the most commonly           
prescribed NGAs and the evidence supporting TDM 
for them. 

Source of Therapeutic Effects 

Antipsychotics achieve their therapeutic effects 
by blocking receptors for the neurotransmitter dopa-
mine. The first-generation drugs primarily antagonize 

dopamine 2 receptors, but also interact to a lesser 
degree with other receptors. These other interactions 
often produce what are referred to as “extra-

pyramidal side effects,” which include muscle      
rigidity, tremors, restlessness, and slowness of 
movement (5). 

SGAs, on the other hand, are not only antago-
nists of dopamine, but of serotonin as well. In addi-
tion to blocking dopamine 2 receptors, they have an 
even higher affinity for 5-HT2A receptors (members 
of the serotonin receptor family). As a result, pa-
tients prescribed SGAs generally experience a much 
lower incidence of debilitating extra-pyramidal side 
effects.  

Clozapine, the original SGA, demonstrated not 
only a lower incidence of extra-pyramidal side ef-
fects than first-generation drugs, but also improved 
therapeutic efficacy in a substantial proportion of 
patients. This success led to clozapine becoming a 
gold standard for treating patients who do not re-
spond to other treatments or who are especially sui-
cidal or violent. Efforts to further reduce side effects 
resulted in the development of many more SGAs, 
including risperidone, olanzapine, and quetiapine.  

Aripiprazole, created in the late 1990s, is cate-
gorized as a third-generation antipsychotic because it 
is actually a partial dopamine 2 receptor agonist.  

NGAs currently comprise nearly the entire 
global antipsychotics market. Although NGAs lead 
to fewer debilitating neurological side effects, pa-
tients commonly experience unwanted metabolic 
effects, including weight gain, type 2 diabetes, and 
lipid dysregulation (5). Because these drugs tend to 
have a relatively narrow therapeutic index between 
the minimum effective concentration and the mini-
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mum toxic concentration, TDM has an important 
role in keeping blood concentrations within the   
therapeutic ranges. 

Clinical Need 

Clinicians often rely on their experience, the 
patient’s history of response to antipsychotics, and 
dose equivalencies to determine appropriate dosing 
(6). Guidelines for schizophrenia treatment suggest 
managing the dose according to a patient’s tolerance 
and clinical status. Factors that complicate dosing 
include substantial interindividual variation in      
absorption and metabolism, drug–drug interactions, 
and potential for patient nonadherence. Plasma con-
centrations can be particularly helpful in determining 
doses for patients who do not respond or exhibit low 
tolerance.  

Although there is little evidence to support rou-
tine TDM for all NGAs, for several of them clear 
evidence supports its utility for optimizing therapy. 
For some especially vulnerable patient populations—

such as pediatric patients, elderly patients, and      
patients with intellectual disabilities—TDM can be 
particularly important to optimize response and mini-
mize long-term adverse effects. TDM can also be 
useful to confirm patient adherence and rule out 
“pseudo-resistance,” when patients do not respond 
because they are not taking the drug as prescribed. 
Clinical studies report high (74%) rates of self-
discontinuation of therapy, likely due to unwanted 
metabolic side effects such as weight gain (7). In the 
case of symptom recurrence, TDM may help differ-
entiate nonadherence from a fluctuating clinical    
disease course or even drug toxicity.  

NGA Metabolism 

Drug–drug interactions, renal or hepatic impair-
ment, and genetic variation in drug metabolizing  
enzymes can also lead to interindividual variation in 
active drug concentrations for a given dose. Table 1 
lists the major cytochrome P450 (CYP) enzymes  
involved in metabolism of the most commonly     
prescribed NGAs (8).  

CYP3A4, CYP2D6, and CYP1A2 are the major 
enzymes involved in NGA metabolism. Polymorphic 
variability in CYP2D6 results in a wide range of 
drug-metabolizing phenotypes, from ultra-rapid    
metabolizers to those with poor or no metabolism. 
Several antidepressants that are commonly pre-
scribed as adjunct therapies, including fluoxetine, 
paroxetine, and bupropion, potently inhibit CYP2D6.  

Several factors can also cause inhibition and in-
duction of CYP1A2 and CYP3A4. Fluvoxamine, ve-
rapamil, and ciprofloxin strongly inhibit CYP1A2, 
whereas omeprazole, cigarette smoking, and certain 
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foods induce it. Some antimicrobials (e.g., erythro-
mycin) and certain protease inhibitors (e.g., ri-
tonavir) strongly inhibit CYP3A4. Antiepileptics, 
including carbamazepine, phenobarbital, and pheny-
toin, strongly induce CYP3A4. For certain NGAs, 
evidence supports the use of dose adjustment and 
TDM for patients co-prescribed inducers or           
inhibitors (8). 

For several NGAs, plasma concentrations ap-
pear to add value over dose alone for achieving a 
good clinical response and minimizing side effects. 
As with most drugs, the timing of the blood draw 
relative to drug ingestion may impact the accuracy 
and reliability of TDM. The recommended time in-
terval for most NGAs is 12 or 24 hours after the last 
dose, depending on the drug’s average elimination 
half-life (4). The following sections summarize the 
recommendations and evidence for TDM of some of 
the most commonly prescribed NGAs (4,8,9,10). 

Amisulpride 

Amisulpride mainly undergoes renal clearance 
with minor hepatic metabolism to inactive metabo-
lites. The renal involvement makes amisulpride a  
potential drug of choice for patients with liver im-
pairment, although patients with decreased renal 
function, older adults, and women may experience 
increased plasma concentrations. Plasma amisulpride 
levels correlate with both nonresponse and incidence 
of extra-pyramidal symptoms. In most patients, dose 
predicts plasma levels, but diet, drug–drug interac-
tions, and the exceptions listed above all affect this 
relationship. A plasma concentration between 200–

320 ng/mL appears to result in the best and safest 
response. One study estimated a benefit for amisul-
pride TDM for one of every seven patients tested 
(11). 

Aripiprazole 

CYP2D6 and CYP3A4 metabolize aripiprazole. 
The active metabolite, 7-dehydroaripiprazole, circu-
lates at levels around 40% of parent aripiprazole,  
although aripiprazole produces the main therapeutic 
effects. In general, the dose correlates well with plas-
ma concentrations and clinical effectiveness, with the 
potential exception being ultra-rapid metabolizers. 
Aripiprazole monitoring may be useful to confirm 
adherence and investigate suspected genotypic dif-
ferences, but thus far evidence does not support an 
extensive role for TDM in optimizing aripiprazole 
levels. 

Clozapine 

CYP1A2 primarily metabolizes clozapine to 
form norclozapine. CYP3A4 also metabolizes 
clozapine to form clozapine-N-oxide. Glucuronida-
tion also plays a role in clozapine metabolism. Nor-
clozapine has no known therapeutic effects but may 
lead to unwanted side effects. Age, sex, race, drug–
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drug interactions, and even inflammation can alter 
clozapine levels. Elevated clozapine levels tend to 
increase the incidence of obsessive-compulsive 
symptoms, delirium, confusion, and seizures (12). 
Plasma levels above 1,000 ng/mL are significantly 
correlated to seizures. Cigarette smoking induces 
CYP1A2, effectively decreasing clozapine levels. 
Cessation of smoking has led to threefold increases 
in plasma concentrations of clozapine (13). CYP1A2 
inhibitors such as fluvoxamine increase clozapine 
concentrations, and CYP3A4 inducers such as car-
bamazepine may decrease active drug levels.  

Most studies find a greater probability for pa-
tient response at clozapine levels above 350 ng/mL. 
Adherence monitoring may also be useful for clozap-
ine. Overall, guidelines strongly recommend using 
TDM with clozapine (4). Clozapine’s history of 
causing life-threatening agranulocytosis necessitates 
neutrophil monitoring for all patients prior to and 
during clozapine therapy. 

Olanzapine 

CYP1A2, CYP3A4, and UDP-glucuronosyl-
transferase 1A4 inactivate a large percentage of oral 
olanzapine in first-pass metabolism. Some studies 
report substantial variation in plasma concentrations 
among individuals for a given dose. Drug–drug inter-
actions and smoking potentially further modulate this 
relationship. Long-acting injectable olanzapine does 
not correlate with oral daily dosages, and guidelines 
recommend TDM for dose adjustments and formu-
lary changes. Plasma concentrations of 20–40 ng/mL 
tend to produce the maximum benefit, with concen-
trations above 80 ng/mL leading to increased adverse 
effects. TDM may provide useful information in pa-
tients who do not respond to therapy. Overall, the 
guidelines strongly recommend using TDM for 
olanzapine (4). 

Risperidone and Paliperidone  

CYP2D6 metabolizes risperidone 
through 9-hydroxylation to form the ac-
tive metabolite 9-hydroxyrisperidone. 
The drug’s effects depend on both 
risperidone and 9-hydroxyripseridone 
concentrations, so monitoring should 
include both. 9-Hydroxyrisperidone pri-
marily undergoes renal clearance with 
potential for accumulation in specific 
populations. Elevated plasma levels cor-
relate with extra-pyramidal side effects 
in some studies but not others. Paliperi-
done is the drug version of 9-hydroxy-

risperidone. Long-acting formulations 
include paliperidone, which can be 
dosed as few as four times per year, as 
well as depot forms for risperidone.  
 Guidelines recommend using 
TDM when switching from oral formu-
lations to long-acting forms because  

intramuscular administration leads to unpredictable 
interindividual variation in plasma concentrations. 
Monitoring may also be useful to confirm adherence, 
but the evidence is limited. 

Quetiapine 

CYP3A4 and CYP2D6 extensively metabolize 
quetiapine to primarily inactive metabolites. Only the 
minor metabolites 7-hydroxyquetiapine and norqueti-
apine are known to be active. Renal and hepatic im-
pairment may decrease clearance and elderly patients 
may be more susceptible to elevated plasma levels. 
Strong CYP3A4 inducers may decrease the drug’s 
effectiveness. Limited studies support a direct rela-
tionship between plasma levels and efficacy but sug-
gest a threshold plasma concentration exists. The 
therapeutic range of 100–500 ng/mL suggested by 
recent guidelines reflects data from a limited number 
of studies. Future studies may elucidate additional 
benefits of quetiapine TDM. 

Ziprasidone 

Aldehyde oxidase, CYP3A4, and possibly 
CYP1A2 metabolize ziprasidone. Several ziprasidone 
metabolites circulate, and limited knowledge exists 
regarding their contribution to clinical effects. 
CYP3A4 metabolism makes drug–drug interactions 
potentially relevant. Reports on the correlation be-
tween dose and plasma concentrations are mixed. 
Guidelines recommend TDM in specific cases to  
confirm adherence and to evaluate plasma levels for 
given doses.  

Current TDM Methods 

Currently, a major challenge for TDM of anti-
psychotics is a scarcity of monitoring methods. Other 
hurdles include the need for time-sensitive specimen 
collection and cost. Most methods are laboratory-

Table 1. Pharmacokinetic Properties of Common Newer-Generation    
Antipsychotics 

Drug Common  
trade name 

Primary metabolizing        
enzymes (7) 

Therapeutic range in   
ng/mL and (calculated 
therapeutic index) (4,7) 

Proposed 
alert levels 
(ng/mL) (4) 

Amisulpride Solian Minimal metabolism 100–320 (3.2) 640 

Aripiprazole Abilify CYP2D6, CYP3A4 100–350 (3.5) 1,000 

Clozapine Clozaril CYP1A2 350–600 (1.7) 1,000 

Olanzapine Zyprexa CYP1A2, UGT1A4,  
CYP2D6 

20–80 (4) 100 

Paliperidone Invega Minimal metabolism 20–60 (3) 120 

Quetiapine Seroquel CYP3A4 100–500 (5) 1,000 

Risperidone Risperdal CYP2D6, CYP3A4 20–60*(3) 120* 

Sertindole Serdolect CYP2D6, CYP3A4 50–100 (2) 200 

Ziprasidone Geodon Aldehyde oxidase,  
CYP3A4 

50–200 (4) 400 

* Equates to sum concentration of risperidone plus 7-hydroxyrisperidone.  
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developed tests using liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) or high-

performance liquid chromatography. LC-MS/MS 
testing requires substantial capital investment and the 
specialized  capacity to develop, validate, maintain, 
and troubleshoot the assays. Certified reference 
standards for analytes, metabolites, and their stable-

labeled forms are commercially available for many 
of the most commonly prescribed medications. For 
laboratories that have LC-MS/MS capability, pub-
lished multiplex methods demonstrate adequate sen-
sitivity using a one-step protein precipitation sample 
preparation and relatively fast chromatography (14).  

Until recently, no automated assays were availa-
ble for measuring NGA concentrations. However, 
Saladax Biomedical recently began marketing assay 
kits for clozapine, quetiapine, aripiprazole, risperi-
done, olanzapine, and paliperidone for use on general 
chemistry platforms. Several of these kits have re-
ceived CE Mark for sale in Europe, and the risperi-
done assay is currently under review by the U.S. 
Food and Drug Administration (15).  

Conclusion 

Many commonly prescribed NGAs have narrow 
therapeutic indices. TDM has the potential to im-
prove the use of these drugs, especially in vulnerable 
populations such as elderly and pediatric patients. 
CYP3A4, CYP2D6, and CYP1A2 metabolize a large 
proportion of NGAs, making drug–drug interactions 
likely and genetic polymorphisms relevant.  

Guidelines strongly recommend TDM for 
clozapine, olanzapine, and amisulpride, and recom-
mend TDM in specific cases for all other NGAs. In-
dications for NGA TDM include a lack of clinical 
response from the target dose, confirmation of adher-
ence, monitoring of formulary or dose changes, and 
investigation of patient tolerance issues and drug–

drug interactions. Increased availability of monitor-
ing methods is likely to lead to wider adoption of 
monitoring and increased knowledge about these 
therapies. As more methods become available, future 
research should investigate the utility of TDM to pre-
dict therapeutic response, accelerate effective treat-
ment, decrease the incidence of adverse effects, and 
improve the quality of life for patients prescribed 
these drugs. 
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Learning Objectives 

 

After reading this article, the reader should be 
able to describe the main differences between first-
generation and newer-generation antipsychotics and 
discuss the primary clinical indications for obtaining 
plasma drug concentrations of newer-generation   
antipsychotics.  
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five years, is required for diagnosis. Patients report-
ing that their symptoms are relieved by hot baths or 
showers is pathognomonic for CHS (2,3). Other   
supportive evidence for a CHS diagnosis includes 
weight loss, normal bowel habits, predominance of 
symptoms in the morning, lack of significant gastro-
intestinal findings, and patient age of less than 50 
years (2).  

In a recent cumulative analysis, the median age 
at which CHS patients started using cannabis was 16, 
suggesting that CHS may be more likely in patients 
who commence cannabis use as a teenager (3). Be-
cause hot baths and showers relieve their symptoms, 
patients will often bathe compulsively. The mecha-
nism by which hot showers relieve nausea and vomit-
ing is unclear, but two main hypotheses exist. First, 
the hot water may correct cannabinoid-mediated dis-
ruption of the hypothalamic thermoregulatory system, 
thus decreasing symptoms (2). Second, the diversion 
of blood from the abdominal circulation to the skin 
due to the temperature increase may relieve symp-
toms (2).  

Consequences of CHS can include burns from 
exposure to scalding water, acute renal failure, and 
esophageal injury (2). Lab findings may include keto-
nuria, electrolyte imbalances, and mild leukocytosis 
(4). If there is a strong suspicion of CHS, imaging 
studies are not recommended because they are not 
specific for a diagnosis of CHS (4). 

An alternative cause to consider in the process of 
differential diagnosis is chronic vomiting syndrome 
(CVS), the symptoms of which are not relieved by 
hot showers. In addition, CVS patients generally have 
a personal or family history of migraines or psycho-
logical disease. However, some CHS patients may be 
misdiagnosed with CVS due to lack of awareness 
about CHS (3). 

Treatment  

Treatment of CHS includes intravenous hydra-
tion and supportive therapy. In some cases, treatment 
with an antipsychotic, such as haloperidol or olan-

zapine, or topical capsaicin has provided some relief 
from abdominal pain and nausea (2,4). Capsaicin and 
heat are known activators of the G-protein coupled 
receptor TRPV1; TRPV1 and cannabinoid receptor 
signaling interact, suggesting a more specific mecha-
nism by which hot showers may alleviate symptoms 
(4). Capsaicin 0.075% applied to the abdomen and 
back of the arms may therefore be an inexpensive and 
low-risk way to provide relief (4).  

In general, standard antiemetics, including anti-
histamines, serotonin antagonists, benzodiazepines, 
and dopamine antagonists, have exhibited mixed effi-
cacy (4). Caution must be used in treating patients 
with opiates to relieve abdominal pain because opi-
ates can themselves cause nausea and have dangerous 
addictive properties; therefore, if a diagnosis of CHS 
is clear, opiates are not advised (4).  

Cannabinoid Hyperemesis Syndrome 

Drug Legaliza�on Could Lead to         

Increase in this Paradoxical Effect  

By Grace Mahony Kroner, PhD 

In June, Canada became the second nation in the 
world to legalize and regulate cannabis for recrea-
tional use (1). Although it remains a Class I sched-
uled drug at the federal level in the U.S., 30 states 
permit cannabis for medical use, and nine others plus 
Washington, D.C., allow recreational use (1). Several 
states will vote on measures to legalize cannabis for 
medical or recreational use this November.  

Cannabis has been used medicinally to treat  
nausea and vomiting in chemotherapy patients, HIV-

associated anorexia/wasting, chronic pain, convul-
sions, headache, depression, and glaucoma (2,3). 
Given its well-known antiemetic properties, 
healthcare providers need to be aware that in some 
long-time users a paradoxical effect known as canna-
binoid hyperemesis syndrome (CHS) can occur.  

Prompt recognition and diagnosis can avoid un-
necessary and expensive medical investigations and 
provide relief to the patient. Recent studies have doc-
umented that CHS patients are diagnosed on average 
4.1 years after developing symptoms, and visit the 
emergency room an average of 17.3 times in two 
years, resulting in a median cost of $95,023 per    
patient (3,4).  

Diagnosis 

Since CHS was first described in 2004, case re-
views have clarified the typical presentation. Symp-
toms include cyclic episodes of abdominal pain, se-
vere nausea, and vomiting that usually last one to 
two days, but can extend up to 10 (2,4). A history of 
long-term cannabis use, at least weekly for one to 
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Abstinence from cannabis is the only true cure, 
and elimination of symptoms upon stopping cannabis 
confirms a diagnosis of CHS (2,3). Patient education 
is therefore critical, and patients should be informed 
that it may take up to 10 days for symptoms to disap-
pear after stopping use of cannabis (4).  

Source of the Paradox  

How can a drug known for antiemetic effects 
also cause extreme nausea and vomiting? The mech-
anism is unclear, but our understanding of how can-
nabis produces antiemetic effects is an important 
place to start in understanding this disease. The can-
nabis plant contains hundreds of compounds that 
contribute to its medical and psychoactive effects; 
the most critical mediator is Δ9

-tetrahydrocannabinol 
(Δ9

-THC) (2). It and other cannabinoids are agonists 
of the CB1 and CB2 cannabinoid receptors.  

The endogenous endocannabinoid system influ-
ences many processes, including gastrointestinal mo-
tility, appetite, vomiting, inflammation, sleep, pain, 
and mood (3). CB2 receptors exist on immune cells; 
their downstream effects are unclear (2). Activation 
of CB1 in the central nervous system and enteric 
nerves is thought to be the main mechanism by 
which cannabinoids exert their antiemetic effect be-
cause activation of these receptors inhibits emetic 
neurotransmitter signaling (2). However, the physio-
logical control of nausea and vomiting is complex, so 
there are likely other influences on cannabis’ antie-
metic effect.  

Strong evidence for mechanisms of cannabis 
pathophysiology is lacking, but several possibilities 
exist. Cannabinoids are lipophilic and thus stored in 
fat tissues (2). Their buildup in fat or variant metabo-
lism may contribute to an emetic effect. Individual 
differences in CYP P450 genetic profiles may predis-
pose some people to CHS, which would explain why 
many long-term cannabis users do not experience 
CHS (2).  

In animal models, administration of Δ9
-THC 

always suppressed vomiting, but high concentrations 
of a different cannabinoid, cannabidiol, increased 
vomiting (5). Additionally, researchers have pro-
posed that downregulation or desensitization of the 
CB1 receptors due to excessive exposure to their can-
nabinoid ligands may produce an emetic effect by 
disrupting the endogenous cannabinoid system (4). 
Some studies have suggested that a cannabis-induced 
decrease in gastric motility might cause hyperemesis, 
but gastrointestinal motility is not always altered in 
CHS patients (3). Although smoking of cannabis,      
e-cigarettes, waxes, oils, and synthetic cannabinoids 
is known to cause CHS, eating cannabis has led to no 
documented cases (4).  

Prompt Diagnosis 

Prompt recognition that episodic vomiting in 
patients with a long history of cannabis consumption 
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may be due to CHS, especially if symptoms are re-
lieved by hot bathing, is critical to avoid unnecessary 
medical testing and a delay in treatment. Since canna-
bis legalization in Colorado, there has been an       
increase in patient visits to the emergency room for 
cyclic vomiting (4). In addition, among 155 self-
reported frequent cannabis users admitted to the 
emergency room for reasons unrelated to nausea or 
vomiting, 33% met guidelines for CHS diagnosis, 
namely that they had instances of nausea and vomit-
ing that were relieved by hot showers (6). If this num-
ber is extrapolated to the estimated number of canna-
bis users nationwide, some 2 to 3 million people may 
have CHS symptoms (6). Given that cannabis legali-
zation and consumption are continuing to increase, 
the number of cases of CHS is likely to grow nation-
wide.  
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After reading this article, the reader will be able 
to recognize the symptoms of cannabinoid hypereme-
sis syndrome and describe the possible mechanisms 
that cause it.  
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Hair Drug Tes	ng in Brazil 

Tes�ng with Wide Time Window Now  

Mandatory for Professional Drivers  

By Jennifer Collins 

The World Health Organization (WHO) Global 
Status Report on Road Safety 2015 reported that 
more than 1.2 million people die each year in traffic 
accidents, ranking accidents among the leading  
causes of death globally and a significant public 
health issue (1). Brazil reported more than 40,000 
road traffic fatalities in 2013 or about 23.4 per 
100,000 population. This compares with 13.6 per 
100,000 in Argentina, 12.4 in Chile, and 10.6 in the 
United States in the same data set. The Brazilian 
rate had increased from 19.5 fatalities/100,000 in 
2009.  

The report includes a number of recommenda-
tions to improve traffic safety and reduce fatalities, 
including improving automobile safety standards, 
reducing speed limits, increasing motorcycle helmet 
use, and reducing drug- and alcohol-impaired driv-
ing. The report points out that, compared with alco-
hol-related traffic incidents, much less is known 
about drugged driving and the effectiveness of poli-
cies to deter it.  

Current policies aimed at countering driving 
under the influence of drugs tend to mirror those 
directed at driving under the influence of alcohol—a 
combination of laws, enforcement, and preven-
tion—but addressing drug use is more complex. 
This complexity stems from the variety of pre-
scribed and illicit substances taken, more technical 
methods required for measurement, and the lack of 
scientific evidence linking drug levels, impairment, 
and crash risk (2).  

For these reasons, and backed by evolving   
evidence, countries are enacting legislation that   
includes setting tolerance limits for some drugs, 
training police to recognize drugged driving, and 
introducing random roadside screening for drugs.   

Drug Testing of Professional Drivers 

In March 2016, the Brazilian Transportation 
Department and National Traffic Council imple-
mented drug testing of all professional drivers who 
apply for or renew a commercial driver’s license 
using a method with an extended detection window 
of at least 90 days (3). Scalp hair, other hair, or nail 
samples may be used to meet the requirement,     
although hair is the predominant matrix. In addition 
to the WHO report, the regulation is also a response 
to reports that the use of not only alcohol but also 
illicit drugs is a significant problem among Brazili-
an professional drivers (4,5,6).  

A survey found that 58% of Brazilian truck 
drivers reported use of amphetamines in their life-

time, with 29% reporting use within a year and 14% 
within the previous month (7). Many drivers reported 
using amphetamines to overcome fatigue while driv-
ing for extended periods. A study that analyzed 
blood samples from 230 traffic accidents found illicit 
drugs or alcohol in 45% of the samples, with cocaine 
the most frequently detected substance other than 
alcohol (8). Of note, the cost of the testing is borne 
by individual drivers and may be as much as U.S. 
$100. 

Initial estimates were that as many as 2.4 mil-
lion hair tests would be performed annually from a 
professional driver population of 13 million. Because 
of the large volume, laboratory capacity within Bra-
zil is insufficient, and laboratories in the U.S. such as 
Quest Diagnostics, Psychemedics, and Omega      
Laboratories have provided services.  

The test panel screens drivers for ampheta-
mines/methamphetamines, cocaine and metabolites, 
marijuana metabolite, opiates, and phencyclidine. 

Positive Rates 

In the first year (March 2016 to March 2017), 
about 56,000 tests were performed by Chromatox 
Laboratories in Brazil and results were presented at 
the Society of Hair Testing annual meeting in June 
2017 (9). About 60% of the samples were body hair 
rather than head hair. Evidently, because the legisla-
tion does not specify which hair should be collected, 
most drivers choose to provide body hair.  

Drugs were detected in 1,684 samples for a pos-
itive rate of 3%. The most prevalent finding was co-
caine (approximately 2.4% prevalence), followed by 
cannabinoids, amphetamines, and opioids. The high 
prevalence of cocaine was similar to that observed by 
Quest Diagnostics, which found that about 70% of 
positive tests were due to cocaine (10).  

The positive rates reported by Chromatox may 
have been affected by the large percentage of body 
hair in the sampling. Because body hair potentially 
represents a longer than 90-day detection window, 
the positive rate may be higher than if only head hair 
were used.  

The Brazilian minister for transport presented 
combined data from all the labs at the same meeting 
(11). Almost 1.4 million drivers were tested in the 
first year, with a positive rate of 1.5%.  

Impact of the Program 

These low positive rates are somewhat surpris-
ing given that hair analysis provides a wide detection 
window and previous studies using oral fluid or urine 
samples collected randomly from professional driv-
ers on Brazilian roads demonstrated positive rates of 
5.2% to 9.3% (5,6,12).  

The reasons for the discrepancy are not clear; 
however, the government believes that the hair-
testing requirement coupled with the fact that the 
drivers bear the cost of the tests has been a deterrent 
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to drug use. In addition, a significant number of driv-
ers reportedly opted not to renew their professional 
licenses rather than submit to testing.  

At a meeting at the United Nations in April, 
Brazilian policymakers presented data showing a 
38% drop in the number of fatal accidents involving 
trucks on Brazilian federal highways since the pro-
gram was initiated (13). Whether this drop can be 
attributed to the new hair-testing requirement is dis-
puted by some who argue that most research demon-
strates significant reductions in traffic accidents do 
not occur until several years after adoption of evi-
dence-based programs (14).   

Hair Testing in the U.S.? 

This initiative is being closely monitored by pro-
ponents of hair testing in the transportation industry 
in the U.S. Some stakeholders in the trucking indus-
try have been advocating for the addition of hair as 
an alternative matrix in the federal workplace drug-

testing program, and some companies have imple-
mented pre-employment hair testing in addition to 
the federally required urine drug test (15).  

Hair was one of the alternate matrices proposed 
for inclusion in the Mandatory Guidelines for Federal 
Workplace Drug Testing Programs in 2004 along 
with oral fluid, sweat, and point-of-collection urine 
tests (16). No alternative matrices ended up in the 
final version implemented in October 2010, but the 
Department of Health and Human Services (DHHS) 
and the Substance Abuse and Mental Health Services 
Administration Drug Testing Advisory Board have 
continued to work toward establishing guidelines for 
their use (17).    

Signed into law in December 2015, the Fixing 
America’s Surface Transportation Act includes a 
provision for use of hair in transportation workplace 
drug-testing programs once DHHS establishes scien-
tific and technical guidelines (18). The law directs 
the agency to issue guidelines within one year, and 
that effort is currently in progress.  
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Learning Objectives 

 

After reading this article, the reader will be able 
to describe the drug-testing program recently imple-
mented for professional drivers in Brazil and list 
some of the most frequently encountered drugs.   
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