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ABSTRACT

Introduction: Patients with sedative overdose may have residual cognitive impairment at the time
they are deemed medically cleared for discharge. Impairment could affect the performance of high-
risk activities, including driving. The Trail Making Test is an alpha-numeric assessment that can be per-
formed at the bedside to assess cognitive function. We examined whether there were differences in
cognitive function when medically cleared between patients that overdosed on sedative and non-
sedative drugs.

Methods: A prospective, observational study assessed cognitive function using the Trail Making Test
between 2018 and 2021. Patients (16 years and greater) completed testing upon medical clearance if
they spoke English and had no previous neurological injury. Continuous covariates were compared
using t-tests or Mann-Whitney U tests and multiple linear regression; binary variables were modelled
using logistic regression.

Results: Of 171 patients enrolled, 111 (65 per cent) had sedative overdose; they were older (median 32.1
versus 22.2 years) and more likely to be male (58.6 per cent versus 36.7 per cent). Benzodiazepines and
paracetamol were the commonest drug overdoses. Patients with sedative overdose performed worse on
Trail Making Test part A (37.0 versus 33.1 seconds, P=0.017) and Trail Making Test part B (1124 versus
81.5 seconds, P=0.004). Multiple linear regression analysis indicated that patient age (P < 0.001, 1.7 seconds
slower per year, 95 per cent confidence interval: 0.9-2.6 seconds) and perception of recovery (P=0.006,
36.4 seconds slower if perceived not recovered, 95 per cent confidence interval: 10.8-62.0 seconds) were
also associated with Trail Making Test part B times. Patients with sedative overdose were more likely to be
admitted to the intensive care unit (Odds Ratio: 4.9, 95 percent confidence interval: 1.1-22.0; P=0.04).
Discussion: Our results are broadly in keeping with previously published work, but include a wider
range of drug overdose scenarios (polypharmacy and recreational drugs). While patients demonstrated
some perception of their cognitive impairment, our model could not reliably be used to provide indi-
vidual discharge advice. The study design did not allow us to prove causation of cognitive impairment,
or to make comparison between the strength of an overdose to the trail making test time.
Conclusions: Trail Making Test results suggested that patients who had sedative drug overdoses may
have significant cognitive deficits even when medically cleared. Risk of harm may be minimised with
advice to avoid high-risk activities such as driving. More profound impacts seen on the Trail Making
Test part B than A may mean higher-order thinking is more affected than simple cognitive function.

KEYWORDS

Sedative; central nervous
system depressants;
poisoning; drug overdose;
cognitive impairment; trail-
making test

Introduction with average admission time 2.3-3.0days [5, 6]. Younger (20-
40 years) [7, 8] and economically disadvantaged patients were
overrepresented, and indigenous patients were more than

three times as likely to die from unintentional overdose as

Self-poisoning is a substantial healthcare issue worldwide: in
2020-2022, there were over 500,000 estimated yearly emer-

gency presentations in the United States (US) [1, 2] (with
around 175,000 admissions for unintentional nonfatal over-
dose) [3]. The United Kingdom (UK) reported 105,000 yearly
hospital admissions (of which 23,963 were unintentional) [4].
In Australia, there were 33,800 admissions from mid-2020-
2021 (of which 10,800 were unintentional), 8.5%-10.6%
required intensive care support such as mechanical ventilation
(6.5%-8.3%). Most patients were discharged from the hospital

non-indigenous people [9].

The effect of self-poisoning agents varies and can be cate-
gorised into different classes, such as sedative or stimulant
[7, 9]. Similar pharmacological actions exist within these
classes. Clinical effects, including cognitive function, could
vary depending on co-morbidities and drug tolerance.

Patients who overdose on central nervous system (CNS)
depressant drugs (sedatives) may have residual effects of
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sedation at the time of medical discharge that could affect their
ability to safely perform routine or complex activities but are not
detected on routine clinical examination. Cognitive testing that
can be performed rapidly at the bedside may aid in further
assessing residual cognitive impairment. The Trail Making Test
part A and B is a potentially useful bedside test, as it requires
only a pen and paper and can be completed by the patient
under supervision in less than 10 min. Part A of the Trail Making
Test is a numeric test that measures attention and visual scan-
ning. Part B of the Trail Making Test is an alpha-numeric test
that assesses task switching and executive function. It has been
correlated with driving performance [10-12] and demonstrated
to be feasible to perform in the emergency department [13].

Two studies have examined the cognitive effects of delib-
erate self-poisoning with a single prescription medication.
Dassanayake and colleagues [14, 15] demonstrated that
patients who overdosed on sedating medications displayed
significant cognitive impairment at the time of discharge
across a range of cognitive tests. Oxley and colleagues [16]
then showed that patients gradually improved upon
repeated testing over 4 weeks of follow-up.

Data are lacking for other scenarios including uninten-
tional overdose, non-prescription or multiple agents, which
reflect the range of presentations to an emergency depart-
ment. These patients may be at increased risk of harm to
themselves or others due to misadventure or taking signifi-
cant life decisions while cognitively impaired.

Objectives

Our primary objective was to compare cognitive function at
the time of medical clearance between patients who overdosed
on sedating and non-sedating drugs and model the possible
contributing factors. Our hypothesis was that patients who
overdosed on sedative drugs would show worse Trail Making
Test time than those who overdosed on non-sedating drugs.

Methods
Setting

The study was carried out in the Clinical Toxicology Unit at
Prince of Wales Hospital, a tertiary hospital in Sydney,
Australia. All participants were admitted via presentation to
the Emergency Department between 2018 and 2021 and
reviewed by the toxicology team. Patients admitted under the
toxicology team were entered into a database for research and
clinical purposes. Ethics approval was granted by the South
Eastern Sydney Human Research Ethics Committee (18/069
(LNR/18/POWH/141)) prior to the commencement of the study.

Patients 16 years old and older who were admitted follow-
ing drug overdoses were prospectively screened for recruit-
ment. Inclusion criteria comprised medical clearance for
discharge by the toxicology team (Glasgow Coma Scale score
of 15, normal vital signs, able to mobilise, eat, drink, pass
urine) and adequate English proficiency to understand the
test instructions. Patients were excluded if they lacked the
dexterity, literacy, or numeracy to complete the test, if there
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was previous diagnosis of cognitive impairment, or they
refused participation. Verbal consent (documented) and test-
ing occurred shortly after the time of medical clearance.
Patients were determined to have taken an overdose based
on history and overall clinical presentation (i.e, consistent with
toxidrome, presence of medication packages). Patients were
grouped into sedative or non-sedative overdose based on the
known clinical or pharmacological effects of the drugs taken
(see Appendix 1 for classifications), using information from mul-
tiple sources [17-19]. When the dose taken of a sedative medi-
cation was known, patients were considered to have overdosed
if they took >2 times the defined daily dose (with the exception
of clozapine in drug naive patients for whom even one dose
could cause sedation) [20]. Only a single presentation was
included if a patient was admitted multiple times over the study
period. Some patients required additional medical sedation for
agitation or airway management during their admission.
Patients were considered medically sedated only if they were
administered at least the defined daily dose of a sedating drug.

Testing

The Trail Making Test parts A and B were administered in the
patient’s individual bedspace by the toxicology team who
were all trained by the investigators (BC and PS) to administer
the test. Instructions were read to the patient, and testing
material provided, from a pre-made pack to ensure consist-
ency. Participants were instructed to connect irregularly
spaced, sequential circled numbers and letters on a piece of
paper using a pencil or pen. Part A involved numbers one
through 25, whereas part B alternated between numbers (1 to
13) and letters (A to L; in the pattern “one, A, two, B” etc.)
(Appendix 2). Mistakes were immediately indicated by the
administrator and the patient recommenced from the last cor-
rect item, inflicting a time penalty for errors. The recorded test
score was the time (in seconds) to complete the test. The test
was terminated if not completed at 300 seconds (with result-
ing time recorded as 300 seconds). The patients completed a
brief practice pattern prior to the timed assessment [21].

Outcomes

The primary outcome measure was the time to complete the
Trail Making Test (parts A and B). Secondary outcomes included
length of stay and odds of intensive care unit (ICU) admission.

Data collection and analysis

Demographic and clinical information were collected from the
toxicology database, patient clinical records and the testing
proforma. These included patient details (age, gender, educa-
tion completed, medical comorbidities, psychiatric diagnoses,
regular medications) and admission details (timing of over-
dose, type and quantity of drugs, alcohol co-ingestion, intent
of overdose, duration of admission, whether the patient felt
they had recovered from the overdose, medical interventions
including sedation administered and ICU admission).
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Table 1. Characteristics of the sedative and non-sedative groups.

Sedative group (n=111)

Non-sedative group (n=60) Significance (P)

Number (%) male 65 (58.6) 22 (36.7) 0.006
Median age (IQR; range) 32.1 (22.8-42.8; 16.5-78.2) 22.2 (17.9-33.5; 16.3-77.3) 0.011
Median (IQR, range) education (years)* 13. (11-15, 7-18) 13 (12-15, 10-18) 0.389
Number (%) with major psychiatric diagnosis 60 (54.1) 36 (60.0) 0.455
Median time from exposure to testing in hours (IQR; range)™ 18.4 (12.0-29.7; 5.2-101.3) 16.8 (13.1-30.8, 4.2-299.8) 0.838
Number (%) with alcohol co-ingestion* 58 (56.3) 28 (54.9) 0.868
Number (%) with intent for suicide or self-harm 57 (51.4) 34 (56.7) 0.506
Number (%) medically sedated 23 (20.7) 12 (20.0) 0.911
Number (%) with known dose ingested 64 (57.5) 34 (56.7)

IQR = Interquartile range. Significant (P < 0.05) difference between groups highlighted in bold.
*Not all patients reported their years of education or alcohol consumption status. *Mann-Whitney U test used to determine significance due to non-parametric

distribution.
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Figure 1. Comparison of patient age between the sedative and non-sedative groups.

Demographic and clinical characteristics were compared
between groups using independent samples t tests or Mann-
Whitney U tests (continuous data) or X* tests (categorical
data). Data were checked for normality by measuring kurtosis
and skewness, and visual check of histograms.

Multiple linear regression (backwards elimination with miss-
ing data treated pairwise) was used to create two models for
the primary outcome. The first comprised variables that could
contribute to cognitive impairment (type of overdose, age, gen-
der, time since the overdose, suicide or self-harm intent, med-
ical sedation administration, years of education, mental health
diagnosis, or concurrent alcohol use with the overdose). It was
noted that medically administered sedation was a possible con-
founder and consequently a single variable was created encom-
passing sedative overdose and/or medically administered
sedation. The second analysis comprised possible predictors of
impairment at the time of medical clearance (any sedative
exposure variable, patient perception of recovery, age, gender,

time since the overdose, suicide or self-harm intent, years of
education, mental health diagnosis, or concurrent alcohol use
with the overdose). The ICU admission rate was modelled using
logistic regression. Adjusted R2 identifies the percentage of
variance in the model explained by the independent variables
and corrected for the number of independent variables
entered. The F test compares the ratio of explained variance to
unexplained variance and is used to determine whether the
examined regression model as a whole, or the intercept-only
model, is more strongly associated with the outcome. Data ana-
lysis was carried out using SPSS version 27 for Windows.

Results
Sample characteristics

We enrolled 171 patients in the study, of whom 111 (65%)
took sedative overdoses. Benzodiazepines, paracetamol, cocaine
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Table 2. Comparison of trail making test parts A and B, and duration of admission, between the sedative and non-sedative groups.

Sedative Non-sedative
n Median Interquartile range Range n Median Interquartile range Range P
Trail Making Test part A (seconds)* 111 37.0 29.7 to 50.1 14.2 to 123.2 60 33.1 25.1 to 434 12.1 to 75.2 0.017
Trail Making Test part B (seconds) 102 1124 79.3 to 161.3 31.0 to 300.0 56 81.5 66.3 to 107.9 33.0 to 300.0 0.003
Admission duration (hours)* 111 14.2 8.4 to 21.0 1.5 to 100.2 60 134 10.4 to 20.6 2.2-124.9 0.932

*Mann-Whitney U test used to determine significance due to non-parametric distribution. Significant (P < 0.05) difference between groups highlighted in bold.
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Figure 2. Scatter plot demonstrating Trail Making Test part A time for patients
with sedative versus non-sedative overdose. Horizontal bars represent the
median and interquartile range for each group.

and metamfetamine were the commonest drug overdoses
(Appendix 1). Patient characteristics are shown in Table 1. The
patients in the sedative group were significantly older and
more likely to be male than those in the non-sedative group.
The differences in age arose largely from the non-sedative
group comprising more people less than the age of 20years,
and the sedative group between 20 and 65years (Figure 1).
Approximately 20% in each group required sedation during
admission. The Trail Making Test part A times, time since expos-
ure and length of stay were positively skewed.

Sedative versus non-sedative

The sedative group was significantly slower than the non-
sedative group to complete the Trail Making Test part B
(median 1124 seconds versus 81.5 seconds, P=0.003) and
part A (median 37.0 seconds versus 33.1 seconds, P=0.017)
(Table 2, Figures 2 and 3), indicating cognitive impairment.
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Figure 3. Scatter plot demonstrating Trail Making Test part B time for patients
with sedative versus non-sedative overdose. Horizontal bars represent the
median and interquartile range for each group.

Within the sedative group, those whose overdose included
benzodiazepines were significantly slower than the others to
complete Trail Making Test part B (median 137.8 seconds ver-
sus 91.0 seconds, P=0.025) and Trail Making Test part A
(median 43.0 seconds versus 35.7 seconds, P=0.031)
(Table 3).

Factors which were identified by multiple regression to signifi-
cantly contribute to Trail Making Test part B times included age
(P< 0.001) and overdose type (sedative group was 24.0 seconds
slower, P=0.032) (Table 4). Factors which best predicted Trail
Making Test part B results at the time of medical clearance
included age (1.7 seconds slower per year, P < 0.001), patient per-
ception of recovery (364 seconds slower if perceived not recov-
ered, P=0.006) and exposure to sedative drugs (via poisoning
and/or medically administered sedation: 32.5 seconds slower if
patient had exposure to sedation, P=0.017) (Table 4). The
adjusted R* was 0.207 (Fs, 108 = 10.659, P < 0.001). Patient gen-
der, time since overdose, presence of suicide or self-harm intent,
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Table 3. Comparison of Trail Making Test parts A and B between those whose overdose included benzodiazepines or did not, within the sedative group.

Overdose including benzodiazepines Overdose not including benzodiazepines

n Median Interquartile range Range n Median Interquartile range Range P
Trail Making Test part A (seconds) 52 43.0 31.0 to 60.3 14.2 to 123.2 59 35.7 28.4 to 47.1 18.0 to 99.0 0.031
Trail Making Test part B (seconds) 50 137.8 85.7 to 175.1 31.0 to 300.0 52 91.0 72.2 to 149.3 37.8 to 300.0 0.025

*Mann-Whitney U test used to determine significance. Significant (P < 0.05) difference between groups highlighted in bold.

years of education, major mental health diagnosis, medical sed-
ation, or concurrent alcohol use were not significant in any
model.

Age was the only significant predictive factor for Trail
Making Test part A following multiple linear regression ana-
lysis (0.5 seconds slower per year, 95% confidence interval
[CI] 0.3-0.7 seconds, P < 0.001). The adjusted R? was 0.135 (F4,
160 = 27.280, P < 0.001).

Length of stay

There was no significant difference in length of stay (P=0.9)
between the sedative (median 14.2 h, interquartile range [IQR]
8.4-21h, range 1.5-100.2 h) and non-sedative groups (median
134h, IQR 10.4-20.6 h, range 2.2-124.9 h). The only significantly
associated factors in multiple regression models were adminis-
tration of medical sedation (11.2h longer, P < 0.001) and pres-
ence of a mental health diagnosis (5.6 h longer, P=0.016).

Intensive care unit admission

The odds of admission to the ICU for a patient who over-
dosed on sedative medications (16 patients, 11 of whom
were intubated) were 4.9 times those of patients with non-
sedative overdose (two patients, one of whom was intu-
bated) (P=0.04; 95% Cl 1.1-22.0).

Limitations

The nature of our cross-sectional study means that we cannot
prove causation as the pre-exposure Trail Making Test time
could not be measured for our study population, but there is a
plausible mechanism for both sedative overdose and medical
sedation to cause cognitive impairment. Bias may have been
introduced because only patients who agreed to participate in
the study that were discharged during working hours were
included. A similar patient cohort (non-sedative) was used as
the control to balance these and unmeasurable variables.
Determining an exposure level at which an overdose is
clinically significant is fraught with difficulty. The defined daily
dose makes assumptions [20] about patient tolerance whereas
many of the patients in this study were drug naive or on
much lower doses for a different indication. Ultimately, we
included a clozapine naive patient who overdosed on 200 mg
(defined daily dose 300mg) in the sedative group. It is pos-
sible that some patients who were sedated with other antipsy-
chotics were unnecessarily excluded. Due to the inclusion in
our study of patients who overdosed on multiple and/or illicit
drugs, we also could not calculate or did not know the dose
ingested relative to the defined daily dose for approximately
half the patient cohort. Consequently, we did not include the

strength of the overdose (relative to defined daily dose) in the
multiple regression analysis. We have included as Appendix 3
a scatterplot which does not support a correlation between
the defined daily dose and Trail making Test part B time for
known sedative overdoses but lacks sufficient patient numbers
for legitimate statistical analysis.

Discussion
Implications

The findings of this study shed light on the residual cogni-
tive effects of sedative drug overdose, extending previous
research to include unintentional and mixed drug overdoses —
a group representing around a third of hospital admissions for
self-poisoning in Australia [5, 6]. We have also considered add-
itional predictive factors of impairment including patient per-
ception of their recovery.

We observed that individuals who had overdosed on seda-
tive drugs exhibited significant cognitive impairment at the
time of medical clearance, indicated by prolonged Trail
Making Test part B completion times compared to non-seda-
tive overdose patients (112.2 seconds versus 81.5 seconds).
This impairment suggests potential risks associated with their
ability to safely perform routine activities, such as driving [22],
or making important decisions. Amongst those who over-
dosed on sedative drugs, people who used benzodiazepines
may be more severely impaired. The significant difference
between sedative and non-sedative groups in part B but not
part A of the Trail Making Test implies that residual impair-
ment is greater for more complex cognitive tasks, which may
reflect more gradual recovery of higher order cognition. Better
recovery of Trail Making Test part A times is in keeping with
the gross assessment of coordination inherent in current med-
ical clearance practices. Residual impairment should be consid-
ered at the time of discharge, for example the Therapeutic
Guidelines recommends patients admitted due to sedative
poisoning avoid tasks requiring substantial levels of concentra-
tion (e.g., driving) or making important decisions until at least
three days post-discharge [23].

Patients demonstrated insight into their impairment evi-
denced by an association between a patient’s perception of
recovery from overdose and Trail Making Test part B time.
The strongest multiple regression model that predicted
impairment included whether the patient was exposed to
any substantial sedation (overdose or medically administered
sedation) in addition to the patient’s age and perception of
recovery. However, the adjusted R® for this model was only
0.207 and hence the association was not strong enough to
advise patients they will safely perform their normal activities
once they feel recovered.



Model
significance
P
<0.001
<0.001

Overall model
F
14.136
10.659

Adjusted R
0.143
0.207

95% confidence
interval
NA
5.995-59.049

Time
estimate
NA

Any sedative exposure
32.522

p
NA
0.017

95% confidence
interval
NA
10.767-61.969

Time
estimate
NA

Perception of recovery
36.368

P
NA
0.006

Contributing variables

95% confidence
interval
0.886-2.367
0.871-2.561

Age

Time
estimate
1.626
1.716

P
<0.001
<0.001

95% confidence
interval
2.093-45.948
NA

Overdose type

Time
estimate
24.020
NA

P

157 0.032
NA

m

Trail Making
Test part B
Predictive factors
Trail Making

Test part B
NA = not applicable. Significance (P < 0.05) indicated by bold. Time estimate is in number of seconds between categories or per year of age. Patients who perceived they were recovered, or who had not received sed-

Table 4. Final regression models of sedative versus non-sedative overdose for trail Making Test part B time. Model created using multiple linear regression refined by backwards elimination method with missing data

treated pairwise.
ation, performed better on the Trail Making Test part B. Adjusted R2: the proportion of variance in the model explained by the independent variables and corrected for the number of independent variables entered. F:

compares the ratio of explained variance to unexplained variance. It determines whether the examined regression model as a whole, or the intercept-only model, is more strongly associated with the outcome.

Two models were created.
The second model reported factors at the time of discharge that accounted for the largest adjusted R? including patient perception of recovery and a variable that included sedative overdose and/or medical sedation

The first comprised factors that could potentially contribute to Trail Making Test times: type of overdose, age, gender, time since the overdose, suicide or self-harm intent, medical sedation administration, years of edu-
administration rather than the two datapoints separately.

cation, mental health diagnosis, or concurrent alcohol use with the overdose.

Causative factors

Model
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Age was strongly associated with Trail Making Test times in
our study and was highly significant in multiple regression mod-
els. While there is a known association between age and Trail
Making Test times, the effect on normative data is more strongly
seen over the age of 65years (only 7 patients in this study). The
proportion of the Trail Making Test part B time attributed to
age (around 1.7 seconds per year) was possibly overestimated in
our study (when compared with normative data where an aver-
age increase of 1.35 seconds per year was seen to the age of
79 years) [24]. Although the overdose type (sedative versus non-
sedative) remained significant after adjusting for age, this may
have diminished the significance of other predictors.

Previous studies

Our findings reinforce the results of previous studies [14, 16]
that reported poorer performance in cognitive testing at the
time of discharge by patients who had self-poisoned on sedative
drugs. In addition, we have expanded the applicability of the
findings to clinical practice by testing a patient cohort that
encompasses a broader range of hospital-treated poisonings.

The Trail Making Test times in our study were substan-
tially slower than earlier studies assessing cognitive function
after self-poisoning [14] and when compared to age-matched
normative data [24]. The Trail Making Test part A perform-
ance in our study was slower than normative data by 15.4
seconds for our sedative group and 9.9 seconds for the non-
sedative group. The Trail Making Test part B performance
was also slower by 76.1 seconds for our sedative group and
454 seconds for the non-sedative group. Several patient
cohort details could account for the differences when com-
paring between studies of patients after poisoning. Our
study reported a shorter time from exposure to testing (85%
of our sedative group were tested within 36.2h of exposure
compared to 48h) [14], a slightly older maximum patient
age, and included participants with illicit drug overdose.
Previous Australian data has shown that patients who pre-
sented with illicit drug poisoning had greater acuity and
shorter length of stay than those with intentional medication
overdose [25]. There may also have been other unreported
cohort differences such as regular recreational drug use.

The previous study by Dassanayake and colleagues [14]
indicated no significant differences in outcomes between
subtypes of sedative medications. Statistical comparison was
not reported in this study because the poisoning agents
were too heterogenous to achieve required numbers within
each subgroup.

Secondary outcomes

Potential differences in hospital resource use were compared
between sedative and non-sedative overdose patients. While
most overdose patients of any type had a brief length of
stay (75% discharged within 21h), some patients required
resource-intensive interventions in the ICU to support cardio-
respiratory function. We had expected that patients who
overdosed on sedative medications could have higher care
requirements due to the mechanism of action of these drugs
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causing depression of the aforementioned respiratory and
cardiovascular systems and this was supported by our data.

The association of length of stay with medically adminis-
tered sedation is not a surprising result. Patients who are more
severely affected by poisoning may require a longer period of
treatment. Such treatment will often require sedation either as
a pharmacological antagonist to the effects of overdose or to
facilitate further required procedures (e.g., intubation). In this
study, half the total number of patients sedated were admitted
to ICU indicating a more critically unwell cohort.

It is of note that the only other factor associated with
length of stay was a diagnosis of a mental health disorder,
implying social factors or mental health assessment could
play a part in delaying hospital discharges.

Future research

Future studies could investigate the effects of in-hospital sed-
ation administered to patients for behavioural or symptom
control (compared to anaesthetic or procedural sedation
doses). Greater numbers of patients will be required to deter-
mine if there is a difference in residual cognitive impairment
with different subtypes of sedative drugs or following stimu-
lant overdose.

Conclusion

Our study has extended previous research to include recre-
ational drugs and unintentional overdose, finding sedative
overdose is associated with residual cognitive impairment at
the time of discharge. These findings emphasize the need for
clinicians to be vigilant for ongoing cognitive impairment at
the time of discharge, even if the administered sedative was
considered relatively minor, and that current screening prac-
tice is poor at detecting higher-order cognitive impairment.
While patients demonstrated some insight into their impair-
ment it was not enough to safely make discharge decisions.
Appropriate guidance following sedative poisoning should be
provided to patients to avoid tasks requiring substantial levels
of concentration (e.g., driving) or making important decisions
until at least 3 days post-discharge, especially those whose
occupations may have them engaging in risky activities.
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Appendices
Appendix 1.

Poisoning agents included in the study with categorisation as sedative, stimulant or neither, defined daily dose, and number of patients who were

poisoned with each.

Drug name Category Defined daily dose Number Comments

Alprazolam Sedative Tmg 17

Amitriptyline Sedative 75mg 1

Amlodipine Neither 5mg 1

Amyl Nitrite Neither Not applicable 2

Aripiprazole Sedative 15mg 1 Defined daily dose as an
antipsychotic

Aspirin (acetylsalicylic acid) Neither 3g 1

Benzatropine Sedative 2mg 1

Bleach (sodium hypochlorite) Neither Not applicable 2

Bromazepam Sedative 10mg 1

Bromhexine Neither 24mg 1

Buprenorphine Sedative 1.2-8mg 2

Caffeine Stimulant 400mg 2

Carbon monoxide Neither Not applicable 3

Cefalexin Neither 29 1

Citalopram Neither 20mg 3

Clonazepam Sedative 8mg 3

Clozapine Sedative 300mg 2 Defined daily dose as an
antipsychotic. Sedation
would be expected at
much lower doses when
drug naive or
during titration.

Cocaine Stimulant Not applicable 23

Codeine Sedative 100mg 1 The defined daily dose for
codeine is listed as a
cough suppressant and
would not be expected to
cause sedation
at twice this dose. There is
no indicated defined daily
dose for analgesia,
however standard
preparations are
supplied as 240 mg/day (in
combination with
paracetamol). Hence
240 mg has been used in
place of the defined daily
dose.

Desvenlafaxine Neither 50mg 2

Dexamfetamine Stimulant 15mg 1

(continued)
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Appendix 1. Continued.

Drug name Category Defined daily dose Number Comments

Dextromethorphan Sedative 90mg 1

Diazepam Sedative 10mg 25

Diclofenac Neither 100mg 2

Dimenhydrinate Sedative 300mg 2

Diphenhydramine Sedative 200mg 1

Doxylamine Sedative 25mg 2

Duloxetine Neither 60mg 3

Epsom salts (magnesium sulfate) Neither 3g 1

Escitalopram Neither 10mg 1

Fentanyl Sedative 0.6-1.2mg 1

Fluoxetine Neither 20mg 6

Fluvoxamine Neither 100mg 3

Gamma hydroxybutyrate (GHB) Sedative Not applicable 17

Guaifenesin Neither 900mg 1

Heroin (diamorphine) Sedative Not applicable 5

Hyoscine hydrobromide (scopolamine) Sedative 0.9mg 1

Ibuprofen Neither 1200mg 9

Ketamine Sedative Not applicable 2

Lamotrigine Sedative 300mg 2

Lithium Neither 24mmol 4

Lorazepam Sedative 2.5mg 2

Lysergic acid diethylamide (LSD) Neither Not applicable 6

Marijuana Sedative Not applicable 7

MDMA (3,4-methylenedioxymetamfetamine) Stimulant Not applicable 5

Melatonin Sedative 2mg 2

Metformin Neither 2g 1

Methadone Sedative 25mg 4

Metamfetamine Stimulant Not applicable 19

Metoclopramide Neither 30mg 1

Mirtazapine Sedative 30mg 2

Naproxen Neither 500mg 1

Nitrazepam Sedative 5mg 1

Nortriptyline Sedative 75mg 1

Novorapid (insulin aspart) Neither 40 units 1

Estrogens Neither N/A 1

Olanzapine Sedative 10mg 5 Defined daily dose as an
antipsychotic

Oxazepam Sedative 50mg 3

Oxycodone (endone, oxycontin) Sedative 75mg 1

Paracetamol Neither 39 31

Pentoxifylline Stimulant 1000mg 1

Periciazine Sedative 50mg 1 Defined daily dose as an
antipsychotic

Perindopril Neither 4mg 1

Phentermine Stimulant 15mg 1

Pregabalin Sedative 300mg 4

Prochlorperazine Sedative 100mg 1 Defined daily dose as an
antipsychotic; however it
is not licensed in Australia
as such and the usual
maximum dose is 40 mg
daily. Consequently, twice
the maximum dose was
used as our acceptance
cutoff.

Promethazine Sedative 25mg 6

Psilocybe cubensis Stimulant Not applicable 2

Quetiapine Sedative 400mg 10 Defined daily dose as an
antipsychotic

Ramipril Neither 2.5mg 1

Sertraline Neither 50mg 5

Tapentadol Sedative 400mg 1

Telmisartan Neither 40mg 1

Temazepam Sedative 20mg 4

Tramadol Sedative 300mg 2

Valproic acid (sodium valproate) Sedative 1.59 1

Venlafaxine Neither 100mg 4

Zolpidem Sedative 10mg 3

Zopiclone Sedative 7.5mg 1

Notes: Some patients were poisoned with multiple agents, consequently the sum of patients in each category is greater than the total number of participants.
The defined daily dose was extracted from the World Health Organization ATC/DDD Index (2023). World Health Organization Collaborating Centre for Drug
Statistics Methodology, Norwegian Institute of Public Health, Oslo, available from https://www.whocc.no/atc_ddd_index/. Comments outline deviations in this
study from use of twice the defined daily dose for definition of poisoning.
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Appendix 2.

Example of Trail Making Test part A and part B patterns.
Trail Making Test part A

Trail Making Test part A
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Appendix 3.

Scatterplot showing correlation between the Trail Making Test part B time and the sedative dose ingested (as a multiple of the defined daily dose).
No substantial correlation was seen (R*=0.047). There were only 39 cases that could be entered into the scatterplot and hence no formal statistical
analysis was undertaken. Most cases needed to be excluded as either the dose ingested was unknown (e.g., of a recreational drug), was of multiple
drugs preventing calculation of defined daily dose, or there was no defined daily dose available (e.g. for ketamine).

Scatter plot of Trail Making Test part B time (secondg) by sedative dose ingested (as multiple of defined daily

ose)
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