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Objective: Investigate whether there are differences in the drugs involved, symptomatology and severity of drug
intoxication in patients with co-ingestion of alcohol attended in hospital emergency departments (ED).
Method: Patients attended in 11 Spanish EDs due to drug intoxicationwere included. Sociodemographic and clin-
ical characteristics were collected. A combined adverse event of cardiorespiratory arrest, need for intubation, and
admission to intensive care or death was considered as the primary indicator of severity. The symptomatology
and severity were compared adjusted for age, sex and type of drug based on whether or not ethanol had been
co-ingested.
Results: 3925 patients (alcohol co-ingestion: 2290, 58.3%)with amean age of 33 (±11) years were included, and
25% were women. Co-ingestion of alcohol was observed in younger patients, in EDs in areas with high leisure
tourism, on holidays and during the early morning hours. It was also more frequent in individuals intoxicated
by amphetamine derivatives (66.2%) and cocaine (65.7%), and was more frequently associated with a reduction
in consciousness (odds ratio [OR] = 2.13, 95% confidence interval [CI] 1.69–2.67) and agitation/aggressiveness
(OR = 1.22, 95% = 1.04–1.43). A combined adverse event was observed in 114 patients (2.9%) with no differ-
ences between individuals co-ingesting or not ethanol (3.1% vs. 2.7%; OR = 1.11, 95% CI = 0.74–1.65).
Conclusion:Co-ingestion of alcohol ismore frequent in individuals intoxicated by cocaine and amphetamines and
predisposes a greater reduction in the level of consciousness or agitation, although there are no differences in the
severity of the episodes of drug intoxication.
© 2021 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Drug consumption has increased worldwide [1]. In Spain, the report
of theNational Drug Plan of 2020 stated that the drugmost consumed in
adults is alcohol, followed by cannabis, but most hospital emergencies
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. This is an open access article under
derived from drug use are due to the effects produced by cocaine (52%
of drug consultations) [3]. Visits due to cannabis intake and acute
alcohol consumption are in second and third place with 49.1% and
39%, respectively [3].

The characteristics of intoxication differ based on multiple variables
including sex [4], origin [5], the age of the intoxicated individual [6-8]
and geographic area. In the same geographic area these characteristics
can vary over time [9,10] due to the appearance of new psychoactive
substances, migratory flow or new forms of consumption, such as
chemsex parties [11]. On the other hand, alcohol is often accompanied
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by the consumption of other drugs [12]. While it is known that alcohol
intake increases the harmful effects of cocaine [13] or gamma-
hydroxybutyric acid (GHB) [14], no study has determined whether
this consumption significantly influences the evolution and severity of
intoxication by illicit drugs.

The objective of this studywas to determine differences in the drugs
involved, the symptomatology and the severity of patients attended for
illicit drug intoxication in EDs based on the co-ingestion of alcohol.

2. Method

This was a descriptive observational study of all patients attended
for drug intoxication in 11 Spanish EDs belonging to six autonomous
communities participating in the Spanish Network of Drugs in Hospital
Emergency Departments (REDURHE) during a two-year period (August
2017 to July 2019) [15].

The following data were collected: sociodemographic data of the
intoxicated individual (age and sex), manner of ED arrival (ambulance or
ownmeans), the location of the EDattended (zone of high incidence of lei-
sure tourism: Ibiza,Mallorca and Tenerife; largemetropolis: Barcelona and
Madrid; or non-touristic city: Zaragoza, Valladolid, Salamanca andBurgos),
day attended (holiday orworkday),work shift inwhich the individualwas
attended (early morning shift: 0:00–8:00 h; morning shift: 8:00–16:00 h;
or night shift: 16:00–24:00 h), type of toxic substance involved, clinical
symptomatology (neurologic, psychiatric, cardiovascular), treatment re-
ceived and destination following discharge from the ED.

The illicit drugs involved were determined by the clinical history
or toxicological analysis by enzyme immunoassay determination
in urine. According to the European Drug Emergencies Network
(EURO-DEN) [16] the drugs were grouped as: opioid, cocaine, cannabis,
amphetamines and derivatives (methylenedioxyamphetamine -MDA-,
methylenedioxyamphetamine -MDMA-, paramethoxyamphetamine
-PMA-, methylphenidate, etc.), GHB, lysergic acid diethylamide (LSD)
andhallucinogenic substances (mushrooms, psilocybin, amongothers.),
new psychoactive drugs, benzodiazepines, ketamine, psychotropic
drugs (not included in previous groups), and other and unknown sub-
stances. The presence of ethanol was determined by anamnesis, clinical
manifestations and determination of alcoholemia in some cases.

The symptomatology presented by the patients with drug intoxica-
tion was compared based of the presence of co-ingestion of alcohol,
both together and separately in the case of isolated intake of drugs
which was prevalent (more than 200 cases of isolated intake were
required for the analysis). Likewise, the severity of the episode was
determined adjusted for age, sex and type of drug according to co-
ingestion of ethanol. A combined adverse event of cardiorespiratory ar-
rest, need for intubation, and admission to intensive care or death was
considered as the primary indicator of severity. As secondary indicators
of severity, each of these events was considered individually.

The SPSS v 25.0 for Windows was used to perform the statistical
analyses. The Student's t orMann-WhitneyU test was used for the com-
parison of quantitative variables, and the Chi-squared with Fisher or
Pearson correction, when necessary, was used for comparison of pro-
portions. The results are expressed as number (percentage) or mean
(standard deviation). The effect of co-ingestion of alcohol was quanti-
fied using odds ratios (OR) with the 95% confidence interval (95% CI),
calculated by logistic regression which was first unadjusted and after-
wards adjusted for age, sex and type of drug involved. Statistical signif-
icance was considered with a p value <0.05 or if the 95%CI of the OR
excluded the value of 1.

The studywas approved by the Ethical Committee of Investigation of
the Hospital Universitario de Canarias (Tenerife), reference 2016_71.

3. Results

During the study period, 4526 patients were attended for drug
intoxication. Of these, there were no data of co-ingestion of alcohol in
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601 patients, and they were excluded. Of the 3925 patients finally
included, 2290 (58.3%) had associated ethanol with the consumption
of illicit drugs.

The mean age of the patients included was 33 (±11) years, and
25.0% were women. Table 1 shows the sociodemographic characteris-
tics and the type of substances identified. Co-ingestion of ethanol was
observed in younger patients (32.0 (±10.7) vs. 33.3 (±11.9) years;
p = 0.001), in ED in areas with high leisure tourism (p = 0.002), on
holidays (54.4% vs. 43.2%; p < 0.001) and in the early morning hours
(p < 0.001). A higher percentage of patients presenting alcohol
co-ingestion were taken to the ED by ambulance (66.5% vs. 44.5%:
p < 0.001). Males predominated in both groups (with and without
co-ingestion of alcohol), but there was a lower percentage of men in
the group co-consuming alcohol (73.7% vs. 76.7%; p = 0.033). Co-
ingestion of alcohol was significantly more frequent in patients who
had taken amphetamines (66.2%) or cocaine (65.7%), as well as in
those inwhom the substance ingestedwas unknown. Cannabis and opi-
oids were the drugs least frequently associated with ethanol intake
(52.2% and 37.1% respectively) (Fig. 1).

With regard to the clinical manifestations (Table 1), ethanol was
associated with psychomotor agitation (31.7% vs. 25.7%; p < 0.001), a
reduction in consciousness (22.9% vs. 13.6%; p < 0.001) and coma
(7.2% vs. 4.1%; p<0.001). On the other hand, it was inversely associated
with the presence of anxiety, psychotic symptoms, hallucinations, chest
pain, symptomatic hypertension and convulsions. After adjusting for
sex and age, the consumption of alcoholic beverageswas independently
associated with a greater frequency of reduction of consciousness
(OR = 2.13; 95% CI = 1.69–2.67) and agitation/aggressiveness (OR =
1.22, 95% CI = 1.04–1.43) and a lower frequency of anxiety (OR =
0.84, 95% CI = 0.71–0.98), psychotic symptomatology (OR = 0.74, 95%
CI= 0.57–0.95), chest pain (OR=0.69, 95% CI= 0.54–0.89), symptom-
atic hypertension (OR = 0.65, 95% CI = 0.48–0.88) and convulsions
(OR=0.59, 95% CI= 0.44–0.81) (Fig. 2). Considering the caseswith iso-
lated ingestion of cannabis (906 cases), cocaine (814 cases), and amphet-
amine derivatives (299 cases), the association with a reduction in
consciousness was observed with the first two (OR = 2.22, 95% CI =
1.16–4.26; and OR = 4.76, 95% CI = 2.87–7.87; respectively), while
the remaining associations differed (Fig. 3).

Lastly, the combined adverse event was observed in 114 patients
(2.9%), with no differences between those who co-ingested alcohol and
those who did not (3.1% vs. 2.7%; OR = 1.11, 95% CI = 0.74–1.65).
Neither were there differences in the percentage of deaths (0.3% vs.
0.3%, p = 0.798) or in the remaining parameters analysed as secondary
objectives (Table 2).

4. Discussion

Consultations in Spanish EDs for the acute effects of alcohol are not
only first in line in regard to drug intoxications but are also among all
the intoxications attended [12,17]. This is not surprising since 18.6% of
the Spanish adult population admit having had alcohol intoxication in
the last year, and up to 15.1% recognise having binge drunk during the
last 30 days [3]. In the present study, 58% of the patients had consumed
alcohol, being lower than the percentage in a multicentre European
study which reported co-ingestion of alcohol of 68.5% of cases in two
Spanish hospitals [18], but higher than in a study from the
Netherlands which described an association of 48% [19]. In the above
mentioned European study, the percentage of ethanol co-ingestion in
Spain was intermediate compared to other European countries, with
the highest percentage being reported in the United Kingdom. The
two Spanish EDs corresponded to zones defined in our study as having
high tourist influx (Palma) and a large metropolis (Barcelona) [18].

When analysing the drugs separately, the substances most
associated with co-consumption with alcohol were cocaine, amphet-
amine derivatives and drugs of unknown composition, confirming the
results of other studies [20,21]. In previous studies, the co-ingestion of



Table 1
Sociodemographic characteristics, drugs detected and symptomatology of the patients and comparison base don co-ingestion of ethanol

Total N = 3925
n (%)

Missing data
n (%)

With ethanol co-ingestion
N = 2290 n (%)

Without ethanol co-ingestion
N = 1635 n (%)

p

Sociodemographic characteristics
Age (years) (mean (SD)) 32.6 (11.3) 4 (0.1) 32.0 (10.7) 33.3 (11.9) 0.001
Male sex 2942 (75.0) 0 1688 (73.7) 1254 (76.7) 0.033
Brought to the ED by ambulance 2177 (57.3) 129 (3.3) 1476 (66.5) 701 (44.5) <0.001
Location of the ED 0 0.002
In high leisure tourism zone 1969 (50.2) 1179 (51.5) 790 (48.3)
In large metropolis 1069 (27.2) 640 (27.9) 429 (26.2)
In non-touristic city 887 (22.6) 471 (20.6) 416 (25.4)
Care in the ED on holiday 1951 (49.7) 0 1245 (54.4) 706 (43.2) <0.001

ED shift 0 <0.001
Early morning (0:00–8:00 h) 1397 (35.6) 962 (42.0) 435 (26.6)
Morning (8:00–16:00 h) 1167 (27.0) 618 (27.0) 549 (33.6)
Night (16:00–24:00 h) 1361 (34.7) 710 (31.0) 651 (39.8)

Substances identified
Co-ingestion of multiple drugs 1533 (39.1) 0 953 (41.6) 580 (35.5) <0.001
Number of drugs consumed (mean (SD)) 1.51 (0.72) 0 1.54 (0.73) 1,46 (0.70) <0.001
Drugs involved 0
Cocaine and derivatives 1864 (47.5) 1225 (53.5) 639 (39.1) <0.001
Cannabis and derivatives 1793 (45.7) 942 (41.1) 851 (52.0) <0.001
Amphetamines and derivatives 972 (24.8) 663 (29.0) 309 (18.9) <0.001
Benzodiazepines 382 (9.7) 212 (9.3) 170 (10.4) 0.235
Opioids 291 (7.4) 108 (4.7) 183 (11.2) <0.001
Gamma-hydroxybutyrate and derivatives 167 (4.3) 95 (4.1) 72 (4.4) 0.696
Ketamine 138 (3.5) 98 (4.3) 40 (2.4) 0.002
Psychotropic drugs (not included in other groups) 55 (1.4) 30 (1.3) 25 (1.5) 0.565
LSD and other hallucinogenic substances 26 (0.7) 10 (0.4) 16 (1.0) 0.039
New psychoactive drugs (not included in other groups) 12 (0.3) 6 (0.3) 6 (0.4) 0.557
Other substances (not included in other groups) 46 (1.2) 30 (1.3) 16 (1.0) 0.341
Unknown substance 178 (4.5) 117 (5.1) 61 (3.7) 0.041

Symptomatology in the ED
Agitation /aggressive behaviour 1137 (29.2) 32 (0.8) 722 (31.7) 415 (25.7) <0.001
Anxiety 1022 (26.3) 32 (0.8) 556 (24.4) 466 (28.9) 0.002
Reduction of consciousness 716 (19.0) 155 (3.9) 503 (22.9) 213 (13.6) <0.001
Palpitations 647 (16.6) 34 (0.9) 379 (16.6) 268 (16.6) 0.985
Vomiting 477 (12.3) 32 (0.8) 265 (11.6) 212 (13.1) 0.158
Psychotic symptoms 374 (9.6) 33 (0.8) 187 (8.2) 187 (11.6) <0.001
Chest pain 343 (8.9) 68 (1.7) 172 (7.6) 171 (10.7) 0.001
Hallucinations 305 (7.8) 34 (0.9) 153 (6.7) 152 (9.4) 0.002
Coma 222 (5.9) 155 (3.9) 158 (7.2) 64 (4.1) <0.001
Hypertension (SBP > 180 mmHg) 207 (5.4) 98 (2.5) 103 (4.6) 104 (6.5) 0.009
Seizures 203 (5.2) 33 (0.8) 100 (4.4) 103 (6.4) 0.006
Headache 162 (4.2) 33 (0.8) 86 (3.8) 76 (4.7) 0.149
Arrhythmias 118 (3.1) 139 (3.5) 66 (3.0) 52 (3.3) 0.564
Hypotension (SBP < 80 mmHg) 89 (2.3) 98 (2.5) 54 (2.4) 35 (2.2) 0.667
Extreme tachycardia (>150 bpm) 54 (1.6) 465 (11.8) 34 (1.7) 20 (1.4) 0.576
Extreme tachypnoea (>30 rpm) 24 (3.4) 3212 (81.8) 15 (3.3) 9 (3.5) 0.915
Hypothermia (<34 °C) 8 (0.3) 1425 (36.3) 6 (0.4) 2 (0.2) 0.487
Cerebellous symptomatology 7 (0.2) 48 (1.2) 5 (0.2) 2 (0.1) 0.707
Hyperthermia (>40 °C) 5 (0.2) 1425 (36.3) 3 (0.2) 2 (0.2) 1.000
Extreme bradycardia(<40 bpm) 4 (0.1) 465 (11.8) 2 (0.1) 2 (0.1) 1.000
Extreme bradypnoea (<8 rpm) 2 (0.3) 3212 (81.8) 1 (0.2) 2 (0.4) 1.000

p values in bold denote statistical significance (p < 0.05).
SBP: systolic blood pressure; ED: emergency department; SD: standard deviation; rpm: respirations per minute; bpm: beats per minute.
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ethanol in patients with cocaine intoxication was very high. This could
be explained in that these drugs are often consumed in leisure settings
with a high consumption of alcohol, in agreement with our results
showing that intoxications attended in EDs in zones of high leisure ac-
tivity presented the greatest association of co-ingestion of illicit drugs
and alcohol.

In relation to the clinical course, few studies have evaluated the ef-
fects of alcohol on illicit drug intoxications. Joint consumption of cocaine
and ethanol is associated with greater severity due to the formation of
the cocaethylenemetabolite [13]. This metabolite enhances the hepato-
toxic [22], cardiotoxic and neurotoxic effects of cocaine [23]. Rhabdo-
myolysis and renal insufficiency produced by cocaine can also worsen
with the presence of alcohol [24]. After adjustment for age, sex and
co-ingestion of other drugs, our study showed a greater frequency of re-
duction of consciousness in cases of co-ingestion of cocaine and ethanol,
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but a lower association with cases of symptomatic hypertension and
anxiety. Although the lower frequency of cases with anxiety could be
due to the sedative effects of ethanol, we have no explanation for the
lower frequency of hypertension since cocaethylene has vasoconstrictor
effects. This finding should be considered with caution since quantifica-
tion of the toxic substances was not available for corroboration, and
therefore, further studies are needed in this regard.

The joint consumption of ethanol and cannabis was related to a
reduction in the level of consciousness and agitation as well as a lower
frequency of psychotic symptoms and chest pain. Alcohol intake in-
duces a more rapid and longer lasting appearance of the effects of can-
nabis and increases the plasma levels of tetrahydrocannabinol [25].
Since these two substances have effects on the central nervous system,
combined consumption produces a sum of effects on this system
as demonstrated in vehicle drivers [26]. The greater appearance of



Fig. 1. Analysis adjusted for age and sex of the association of each of the drugs included with co-ingestion of alcohol.
Values in bold denote statistical significance (p < 0.05).
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reduction of consciousness or agitation may be related to the dose con-
sumedof both substances. As commented previously, this fact cannot be
reliably concluded in our study, because these data were not collected
beyond being a criteria of a case.

Another drug analysed was GHB and its precursor gamma-
butyrolactone (GBL) [14]. Among the consumers of these drugs, co-
ingestion of alcohol was observed in younger patients andwas associated
with a greater reduction in consciousness, use of sedatives and admission
to intensive care. The global analysis of the patients showedno increase in
the severity of patients presenting co-ingestion of GHB and alcohol in our
series. Thismay be due to the relatively small number of cases of GHB and
derivative intake included in the study, which contributed little to the
Fig. 2. Analysis adjusted for age, sex and type of drug of the symptomatology presented by the
Values in bold denote statistical significance (p < 0.05).
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overall effect, and in addition, did not allow separate analysis of the effects
of this drug and co-ingestion of alcohol.

Lastly, although co-ingestion of ethanol is associated with different
clinical effects, its consequences are not relevant from the point of
view of the severity of intoxication. There were no differences in the
incidence of cardiorespiratory arrest, the need for intubation, admission
to intensive care units or in the number of deaths. It is likely that the
scarce number of patients with some of these criteria did not allow
differences in the severity of the episodes, making studies with large
sample sizes and with analytical determinations necessary.

The limitations of the study include the fact that the diagnosis of the
type of drug involved was based on the clinical history or identification
patients based on whether there was co-ingestion of alcohol.



Fig. 3. Symptomatology modified by the co-ingestion of alcohol in the analysis adjusted for age and sex of the patients attended for pure intoxication of cocaine (814 patients), cannabis
(906 patients) or amphetamines (299 patients) alone.
Values in bold denote statistical significance (p < 0.05).
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by enzyme immunoassay. Thus, some substance may not have been
identified by the patient or by the analysis, or could have been a false
positive. In addition, the substance described by the patient may not
have been the real substance consumed, with other drugs having been
used as cutting substances of the drug [27]. Nonetheless, the grade of
knowledge of the limitations of these tests by professionals [28,29],
together with the elevated number of patients included in the analysis
Table 2
Markers of primary and secondary severity of the patients and comparison based on co-ingest

Total
N = 3925 n (%)

Missing
data n (%)

With eth
co-ingest
N = 229

Primary objective
Combined adverse event 114 (2.9) 44 (1.1) 71 (3.1)

Secondary objectives
Need for intubation 65 (1.7) 38 (1.0) 42 (1.8)
Initial cardiorespiratory arrest 10 (0.3) 0 7 (0.3)
Need for hospitalisation in intensive care 80 (2.1) 27 (0.7) 49 (2.2)
Death during the episode 11 (0.3) 0 6 (0.3)

CI: confidence interval.
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make the overall results obtained reliable. Another limitation is the
relatively small number of cases of some types of drugs (GHB, ketamine
or LSD) which could have influenced the lack of statistical significance
in the severity of intoxication in association with ethanol. Finally, not
having collected alcoholemia in the case of co-ingestion is also a
limitation. In many cases attended in the ED analytical confirmation of
alcohol intake is not requested, and the inclusion of only analytically
ion of ehtanol

anol
ion
0 n (%)

Without ethanol
co-ingestion
N = 1635 n (%)

p Crude odds
ratio (95%CI)

Adjusted odds
ratio (95% CI)

43 (2.7) 0.417 1.172 (0.798–1.721) 1.107 (0.744–1.649)

23 (1.4) 0.317 1.298 (0.778–2.167) 1.113 (0.657–1.883)
3 (0.2) 0.454 1.668 (0.431–6.460) 1.372 (0.337–5.583)
31 (1.9) 0.610 1.126 (0.715–1.773) 1.103 (0.688–1.770)
5 (0.3) 0.798 0.798 (0.261–2.811) 0.737 (0.218–2.495)
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confirmed cases would have induced an important limitation in the
sample size.

In summary, co-ingestion of alcohol is more frequent among
patients intoxicated by cocaine and amphetamine derivatives and influ-
ences the clinical presentation of intoxications by illicit drugs of abuse.
We found a higher percentage of episodes of a reduction of conscious-
ness, although this did not influence the severity of the intoxication
episode.
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