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Effect of alcohol intake on the severity
of injuries caused by slipping down
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Objective Alcohol consumption is associated with an increased risk of injuries. However, its ef-
fects on injury severity and mortality remain unclear. Specifically, the effects of alcohol intake
on the severity of slip injuries have not been thoroughly investigated. Therefore, our study aimed
to investigate the effects of alcohol intake on injury patterns and severity in patients experienc-
ing slip injuries.

Methods Emergency department surveillance data collected from 2011 to 2016 were analyzed
for this study. Among patients aged 15 and older who were admitted for slip injuries, we com-
pared the type and severity of injuries between the alcohol-intake group and the no-alcohol-in-
take group. Injury severity was classified as non-severe and severe based on the excess mortality
ratio-adjusted injury severity score.

Results In total, 227,548 (alcohol-intake, n=48,581; no-alcohol-intake, n=178,967) patients
were included. After adjusting for age, time of injury, use of public ambulance, and season, mul-
tivariate logistic regression analysis showed that injuries were more likely to be severe in the al-
cohol-intake group than in the no-alcohol-intake group (odds ratio, 1.60; 95% confidence inter-
val, 1.47-1.75). In addition, male gender and alcohol consumption had a greater synergistic ef-
fect on injury severity than the mere sum of each effect of these factors (odds ratio, 2.65; 95%
confidence interval, 2.53-2.78).

Conclusion Assessment of the patients influenced by alcohol was a challenge in the emergency
department due to altered mental status. We suggest a considerate approach in testing and as-
sessing male patients who slipped after alcohol-intake in the emergency department.

Keywords Alcohol drinking; Accidental falls; Trauma severity indices

What is already known

It is known that alcohol consumption is an important risk factor for injuries be-
cause drinking alcohol leads to a decrease in body maneuverability and a de-
crease in the body’s ability to withstand injuries.

Capsule
Summary

What is new in the current study

The severity of an injury can be increased in patients who slip after drinking al-
cohol. In addition, male gender and alcohol-intake might show a synergistic ef-
fect greater than the mere sum of their effects on the severity of injuries. Our
study suggests the need for more thorough examinations and careful testing
among male patients drinking alcohol presenting to the emergency department
after slipping down.
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INTRODUCTION

More than 70% of South Korea's population consumes alcohol,
and alcohol-related costs have been increasing annually. As of
2015, costs were estimated to be 9.45 trillion Korean won."? Be-
yond these costs, alcohol-related injuries present major societal
challenges. Drinking leads to a decrease in body maneuverability
as well as decreased ability to withstand injuries. Several studies
have that alcohol consumption was an important risk factor for
injuries, and it has been reported that almost 50% of trauma pa-
tients are injured while under the influence of alcohol.>”

Many studies have examined the effects of alcohol on injury
severity and mortality across various groups of injured patients. '
However, none of these studies focused solely on the mechanism
of injuries due to slips. We have thought that patients with slip
injuries, who are commonly seen in emergency departments (EDs),
tend to be less thoroughly examined than those experiencing
traffic accidents or accidents involving a fall. Moreover, patients
who experience slips after alcohol intake experience an altered
mental state, which makes it difficult to conduct medical history
reviews and physical examination. Because the evaluation of inju-
ry severity is challenging in these patients, it is difficult to decide
the type of examination and treatment required.

Given these challenges, this study aimed to investigate the ef-
fects of alcohol intake on injury patterns and severity in patients
experiencing slip injuries.

METHODS

Data collection

This was a retrospective cohort study, performed using data avail-
able in the Emergency Department-based Injury In-depth Surveil-
lance (EDIIS) database, which is collected and managed by the Ko-
rea Centers for Disease Prevention and Control. The EDIIS is a na-
tional prospective database containing information from injured
patients presenting to an ED, in which injury-related data are col-
lected to aid in devising injury-related national policies. Twenty-
three hospitals nationwide currently supply information to this da-
tabase. This database was developed based on the International
Classification of External Causes of Injuries by the World Health
Organization. The database contains information about patients’
demographic characteristics, injury, emergency care records, ED di-
agnosis, ED treatment, discharge, and hospital admission, and pa-
tient outcomes after hospital admission. The data are collected by
ED physicians and/or emergency medical technicians, and the col-
lected data are supervised and corrected by a skilled research co-
ordinator in charge of the EDIIS. The research coordinator, who
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completed a relevant education program prior to participating in
the project, inputs the collected data into the web-based database
system. The Quality Control Committee reviews the database and
periodically provides feedback to the EDIIS participants.

Participants

We utilized EDIIS data from January 1, 2011 to December 31, 2016.
The study participants were patients aged 15 years or older who
presented to the ED of one of the study hospitals for an injury
after slipping, and not a fall-down injury. Patients suspected of
visiting the ED after visiting a previous hospital and not immedi-
ately visiting the ED after injury were excluded from the study.
Patients conducting self-harm/violence were also excluded to al-
low for the selection of patients in whom the slip injuries were
not intentional. Patients lacking data important for the study,
such as injury severity, were also excluded.

Definition of variables
Patients' sex, age, time of injury, methods of hospital transport,
and other information were collected. We confirmed sex and age
distribution in relation to alcohol intake. Time of injury was clas-
sified into day (=08:00, < 16:00), evening (> 16:00, < 24:00),
and night (= 00:00, <08:00). Methods of hospital transport were
classified into the use of a public ambulance and non-use of pub-
lic ambulance. Next, we confirmed how specific seasons and lo-
cations affected the occurrence of slip injuries in relation to alco-
hol intake. To determine whether there were differences in the
anatomic region affected between the alcohol-intake and no-al-
cohol-intake groups, the frequency of injuries to the head and neck,
chest, abdomen, and pelvis, and extremities was documented.

Injury severity was classified as non-severe and severe based on
the excess mortality ratio-adjusted injury severity score (EMR-ISS).
The EMR-ISS is a system for assessing injury severities based on
the International Statistical Classification of Diseases and Related
Health Problems 10th revision (ICD-10). With this method, the ex-
cess mortality ratio is computed for all ICD-10 codes in the Korean
National Injury Database to classify the ICD-10 codes into grades
1 to 5, and the EMR-ISS is calculated by summing the squares of
the three highest severity scores.”*'® Based on the total EMR-ISS
score, injuries are classified into mild (1-8), moderate (9-24), se-
vere (25-74), and critical (= 75). Patients with an EMR-ISS classi-
fication of mild and moderate are usually included in the non-se-
vere group, while those with an EMR-ISS classification of severe
and critical are included in the severe group.'®"

Finally, in our study, patient prognosis was assessed based on
the outcomes of ED treatment (discharge, transfer, admission, or
death) and mortality.
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Statistical analysis

The differences in characteristics between the alcohol-intake and
no-alcohol-intake groups were assessed using chi-square tests
and the Mann-Whitney U-test. To identify the risk factors for se-
vere injuries, covariates with a P-value <0.1 in the univariate
analysis and clinically important covariates were entered into a
multivariate logistic regression with backward stepwise elimina-
tion. Data were analyzed using the Stata ver. 13.1 (StataCorp.,
College Station, TX, USA). When sex and alcohol-intake factors
were involved, analysis for identifying the interaction effects be-
tween these factors was performed. The assessment was con-
ducted by calculating relative excess risk caused by interaction
(RERI) using the Anderson algorithm. RERI was obtained by sub-
tracting the values of the odds ratio for female sex and alcohol
intake and the odds ratio for male sex and no alcohol intake from
the value of the odds ratio for the simultaneous presence of both
risk factors and adding 1.

Ethics statement

The present study was reviewed and approved by the institutional
review board of Gachon University Gil Medical Center (GCIRB2016-
242). The institutional review board waived the requirement for
obtaining a signed informed consent because it was a retrospective
study where personal information could not be verified.

RESULTS

In total, 365,979 patients were examined; following the applica-
tion of exclusion criteria, 227,548 patients were included in the

365,979 Slip patients

Exclusion criteria
114,911 Age <15 years
1,526 Self-injury, violence, and
unknown
19,445 Referred from other hospital
2,469 Non EMR-ISS data

A4

\4
’ 227,548 Enrolled patients ‘

' !

48,581 Alcohol- 178,967 No-
intake patients alcohol-intake
(21.3%) patients (78.7%)

Fig. 1. Flow chart of patient selection. EMR-ISS, excess mortality ratio-
adjusted injury severity score.
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final analysis. Of the included patients, 48,581 (21.3%) and 178,967
(78.7%) were classified into the alcohol-intake group and no-al-
cohol-intake group, respectively (Fig. 1).

The alcohol-intake group was younger and had a higher pro-
portion of males (P<0.001) than the no-alcohol-intake group. A

Table 1. Baseline characteristics of patients experiencing slips

Variable No-alcohol-intake ~ Alcohol-intake ~ P-value
Total 178,967 48,581

Age (yr) 54.0 (34.0-71.0) 440 (31.0-55.0) <0.001
Sex, male 78,914 (44.1) 36,105 (74.3) <0.001
Time of injury (hr) <0.001

>00:00, <08:00
>08:00, < 16:00
>16:00, <24:00

38,961 (21.8)
70,266 (39.3)
68,438 (38.2)

22,249 (45.8)
3,699 (7.6)
22,316 (45.9)

Injury circumstance <0.001
Work 33,775 (18.9) 8,556 (17.6)
Activities of daily living 139,335 (77.9) 38,270 (78.8)
Miscellaneous (travel, other) 5,389 (3.3) 1,755 (3.6)

Transportation to the emergency department <0.001
Public ambulance 47,506 (26.5) 21,664 (44.6)

Season <0.001
Spring 41,488 (23.2) 12,490 (25.7)
Summer 41,144 (23.0) 10,289 (21.2)
Autumn 44,131 (24.7) 12,077 (24.9)
Winter 52,166 (29.1) 13,687 (28.2)

Location <0.001
Indoor 83,915 (46.9) 16,562 (34.1)
Outdoor 93,596 (52.3) 31,561 (65.0)
Unknown 1,456 (0.8) 458 (0.9)

Values are presented as number, median (interquartile range), or number (%).

Table 2. Injury characteristics of patients experiencing slips

Characteristics No-alcohol-intake  Alcohol-intake P-value

Total 178,967 48,581

EMR-ISS <0.001
Non-severe (1<, <25) 168,190 (94.0) 44,034 (90.6)
Moderate (25 <, <75) 10,777 (6.0) 4,547 (9.4)

Affected area

Head and neck 76,910 (42.9) 37,398 (77.0) <0.001

Chest 9,093 (5.1) 1,309 (2.7) <0.001
Abdomen and pelvis 12,035 (6.7) 940 (1.9) <0.001
Extremities 82,728 (46.2) 8,675 (17.9) <0.001
ED outcome <0.001
Discharge 141,455 (79.0) 43,040 (88.6)
Transfer 5,690 (3.2) 1,063 (2.2)
Admission 31,475 (17.6) 4,156 (8.6)
Death in the ED 109 (0.7) 29 (0.7)
Total no. of deaths 878 (0.5) 142 (0.3) <0.001

Values are presented as number or number (%).
EMR-ISS, excess mortality ratio-adjusted injury severity score; ED, emergency
department.
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Table 3. Effect of the interaction between alcohol intake and sex on the risk of severe injury

No-alcohol-intake

Alcohol-intake OR? (95% CI) for alcohol

No. of cases/controls OR? (95% CI)

intake based on sex

No. of cases/controls OR? (95% CI)

Female 5,101/94,952 Reference
Male 5,676/73,238

OR? (95% Cl) for sex-dependent
strata of alcohol intake

1.80 (1.72-1.87)
1.80 (1.72-1.87)

696/11,780
3,851/32,254

1.60 (1.47-1.74)
2.65 (2.53-2.78)
1.65 (1.52-1.80)

1.60 (1.47-1.75)
1.48 (1.41-1.55)

Measure of interaction on an additive scale (95% Cl)=0.25 (0.09-0.41); Measure of interaction on a multiplicative scale (95% Cl)=0.92 (0.83-1.01).

OR, odds ratio; Cl, confidence interval.
?ORs are adjusted for age, injury time, use of ambulance, and season.

significantly higher proportion of injuries in the alcohol-intake
occurred during the evening (= 16:00, < 24:00) and night (> 00:00,
<08:00) than during the daytime (>08:00, < 16:00) (P<0.001).
The rate of public ambulance usage and proportion of injuries
sustained outdoors was also higher in the alcohol-intake group
than in the no-alcohol-intake group (Table 1).

When the severity of injuries was classified according to the
EMR-ISS, the proportion of patients with severe injuries in the
no-alcohol-intake and alcohol-intake groups was 6.0% and 9.4%,
respectively (P<0.001) (Table 2). The alcohol-intake group had a
lower frequency of injuries to the extremities than the no-alco-
hol-intake group, but a higher frequency of head injuries (P<0.001)
(Table 2).

After adjusting for age, time of injury, use of a public ambu-
lance, and season, multivariate logistic regression analysis showed
that injuries were more likely to be severe in the alcohol-intake
group than in the no-alcohol-intake group (odds ratio [OR], 1.60;
95% confidence interval [Cl], 1.47-1.75) (Table 3). RERI assess-
ment demonstrated interaction effects between male sex and al-
cohol intake (RERI, 0.25; 95% Cl, 0.09-0.41). Therefore, male gen-
der and alcohol intake had an additive interaction effect that was
greater than the sum of the independent effects of these factors
on injury severity (OR, 2.65; 95% Cl, 2.53-2.78).

DISCUSSION

In our study of patients experiencing slips, the alcohol-intake group
experienced more severe injuries than the no-alcohol-intake group
(OR, 1.60; 95% Cl, 1.47-1.75). A prior study that utilized ordinal
logistic regression with an EMR-ISS-based five-group classifica-
tion also showed that the alcohol-intake group was more likely
to experience severe injuries, although the effect reported in this
previous study was much stronger (OR, 2.27; 95% Cl, 1.40-3.68).
However, this study focused on bicycle-related injuries only and
included only 689 patients.” Another study reported more severe
injuries and higher mortality rates in trauma patients who tested
positive for alcohol in the blood. However, this study included all
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patients who required hospitalization owing to various traumas,
the number of patients in the study was relatively small (361 pa-
tients), and multivariate analysis was not performed.’

One study involving patients admitted to multiple trauma cen-
ters reported that there were no significant differences in mortal-
ity between those with blood alcohol concentrations of <0.1%
and >0.1%. However, this study only focused on deaths and not
the mechanism or severity of injury.’® Another study also reported
no significant difference between injuries due to road traffic ac-
cidents, crashes, and falls between patients who had consumed al-
cohol and those who had not."> However, this study focused only
on patients at a local emergency medical center and the results
reflected this specific setting.

In contrast, the present study used a unique and novel approach
by examining the effect of alcohol intake on the severity of inju-
ries due to slipping down and found a correlation between alco-
hol intake and increased injury severity. The results confirm that
alcohol intake is associated with an increased risk of injury, and
in the case of slips, alcohol may also lead to more severe injuries.
This information suggests the need for more comprehensive test-
ing and treatment for alcohol-related injuries due to slipping.

In our study, we found that there was significantly higher per-
centage of males in the alcohol-intake group than in the no-al-
cohol-intake group, consistent with data from prior studies show-
ing that alcohol-induced injuries are more common in males than
in females.>™'2819 |n the case of slips, our study showed that
males were more likely to experience severe injuries than females
(OR, 1.80; 95% Cl, 1.72-1.87). Additional interaction effects be-
tween male sex and alcohol intake on injury severity were also
observed (OR, 2.65; 95% Cl, 2.53-2.78). This may be because even
among those who consumed alcohol, male patients showed more
patterns of heavy drinking than female. Given these results, more
active examinations and treatments should be considered for male
drinkers, with a focus on visits to the ED after injuries from slip-
ping.

The alcohol-intake group was more likely to visit to the ED in
the early morning (= 00:00, < 08:00), reflecting that early-morn-
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ing drinking is more common than drinking during other times.
Another study on traumatic brain injury reported that patients
who had consumed alcohol were more likely to report in the night
(00:00-08:00) (52.1%) than the no-alcohol-intake group (24.8%).
The proportion of patients who visited the clinic from 20:00 to
8:00 on the next day for the examination of blunt-force injuries
was 77.7% among the alcohol-intake group, and 62% in the no-
alcohol-intake group."'> While we did not examine the geogra-
phic locations where injuries occurred in our study, we hypothe-
size that if a patient who has consumed alcohol slips, this slip is
likely to occur in a dark place, and patients are more likely to be
discovered late in the night-time than at other times.

Hundreds of diagnostic ICD-10 codes currently exist, making it
difficult to individually identify the distribution of a particular
code. Thus, we categorized injury codes based on four anatomical
areas and examined the related frequency. The alcohol-intake
group had a lower frequency of injury to the extremities than the
no-alcohol-intake group, but exhibited a higher frequency of head
injuries, increasing the severity of alcohol-intake-related injuries.

In our study, the alcohol-intake group showed higher injury
severity, higher discharge rate, and lower admission and transfer
rates than the no-alcohol-intake group. These results can be ex-
plained by the correlation between alcohol intake and socioeco-
nomic status. A study of 8,000 adult men and women reported
that lower educational levels increased the prevalence of alcohol-
related problems by three- or four-fold, and another study found
that alcohol abuse or dependence increased a few years after job
loss. Taken in the context of these findings, our results suggest
that patients experiencing slips in the alcohol-intake group were
socioeconomically more vulnerable than those in the no-alcohol-
intake group. This could lead to a drop in their ED admission rate,
irrespective of injury severity.”*'

Although our study was performed across several hospital sites
and indications, it is not without limitations. First, this study could
not include comorbidities as a variable in the multivariate analy-
sis because this information could only be collected from 7 of the
23 hospitals (resulting in a 60%-70% miss rate). Second, the
present study classified a patient into the alcohol-intake group
when the patient admitted to drinking or when the examiner sus-
pected alcohol intake after a physical examination. However, blood
alcohol concentration was not measured. Due to a lack of appro-
priate equipment, legal, and ethical limitations, assessment of
blood alcohol concentration was difficult in many cases. More-
over, the self-report method of alcohol intake has frequently been
used in other injury studies and has shown high sensitivity and
specificity comparable to that of the measurement of blood alco-
hol concentration.???® Therefore, the reliability of the results of
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the present study is considered acceptable. Third, the EMR-ISS is
based on a patient's diagnosis, calculates the excess mortality ra-
tio of the patient based on the diagnosis, and indicates the trau-
ma severity for each diagnosis. The values are calculated based
on the diagnosis recorded on the acquired data and may lead to
lowered objectivity, possibly contributing to the differences in
prognosis noted in comparison with other studies using EMR-ISS.

In summary, in this study using ED-based data on patients ex-
periencing slips, we found that injury severity was higher among
those consuming alcohol. Considering the difficulty in ED assess-
ments for patients who have consumed alcohol, the results of the
present study underline the need for more thorough examina-
tions and careful testing, especially among male patients experi-
encing slips after alcohol intake.
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