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Abstract

Study objective: The aim of this study was to examine the epidemiology of alcohol-associated 

fall injuries among older adults aged ≥65 years in the United States.

Methods: We included emergency department (ED) visits for unintentional fall injuries by 

adults from the National Electronic Injury Surveillance System-All Injury Program during 2011 

to 2020. We estimated the annual national rate of ED visits for alcohol-associated falls and the 

proportion of these falls among older adults’ fall-related ED visits using demographic and clinical 

characteristics. Joinpoint regression was performed to examine trends in alcohol-associated ED 
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fall visits between 2011 and 2019 among older adult age subgroups and to compare these trends 

with those of younger adults.

Results: There were 9,657 (weighted national estimate: 618,099) ED visits for alcohol-

associated falls, representing 2.2% of ED fall visits during 2011 to 2020 among older adults. 

The proportion of fall-related ED visits that were alcohol-associated was higher among men than 

among women (adjusted prevalence ratio [aPR]=3.6, 95% confidence interval [CI] 2.9 to 4.5). 

The head and face were the most commonly injured body parts, and internal injury was the most 

common diagnosis for alcohol-associated falls. From 2011 to 2019, the annual rate of ED visits 

for alcohol-associated falls increased (annual percent change 7.5, 95% CI 6.1 to 8.9) among older 

adults. Adults aged 55 to 64 years had a similar increase; a sustained increase was not detected in 

younger age groups.

Conclusion: Our findings highlight the rising rates of ED visits for alcohol-associated falls 

among older adults during the study period. Health care providers in the ED can screen older 

adults for fall risk and assess for modifiable risk factors such as alcohol use to help identify those 

who could benefit from interventions to reduce their risk.

INTRODUCTION

Background

Falls disproportionately affect adults aged 65 years and older. In the United States, more 

than 1 in 4 older adults report a fall each year.1 There were 36.7 million falls and 8.9 million 

fall-related injuries reported in 2020.1 Annually, older adult fall injuries account for more 

than 3 million emergency department (ED) visits and cost the US health care system $50 

billion with 2 publicly funded payors, Medicare and Medicaid, paying three quarters of the 

cost.2,3 The US older adult population is expected to increase from 59 million in 2020 to 

74 million by 2030, resulting in an estimated 52 million falls and 12 million fall-related 

injuries.4,5

Gait and balance disorders and the use of medications that affect cognition and physical 

function are associated with a higher risk of falling or with sustaining an injury from a fall 

among older adults.6 Additionally, alcohol consumption may contribute to fall risk as it can 

lead to gait and balance impairments and cognitive changes.7 Physiologic changes that occur 

with advancing age (such as reduced liver function and reduced total body water) make 

older adults more susceptible to adverse events from substances including medications and 

alcohol.8

Importance

Alcohol use among older adults is increasing. A meta-analysis found that average annual 

percentage increases in the prevalence of alcohol use and binge drinking (4 or more drinks 

for women and 5 or more drinks for men on an occasion) were nearly 1% and 3.4% per 

year, respectively, among adults aged ≥65 years between 2000 and 2016.9 More recent 

literature suggest that the prevalence of binge drinking among older men continued to 

increase significantly from 12.8% in 2015 to 15.7% in 2019 but remained stable for older 

women (7.6% to 7.3%).10 Despite the potential effects on physical and cognitive function, 
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the association of alcohol consumption with fall risk among older adults remains unclear. 

This uncertainty is due to mixed research findings, limited study on older adults, and the 

challenges in measuring alcohol consumption prior to a fall.11–14 However, recent studies on 

fall injuries among older adults showed an association between the risk of a fall injury and 

drinking to the point of intoxication,11 and more head injuries when alcohol is involved in 

the fall.15,16 Many studies have looked at the relationship between alcohol consumption and 

falls in the overall population. A meta-analysis showed that the odds of a fall-related injury 

increased by 1.25 with every 10-g increase in alcohol consumption.17 A study using ED data 

from 18 countries showed a similar dose-response relationship.18

Goals of This Investigation

We examined fall-related ED visits using demographic and injury characteristics from 

2011 to 2020 and categorized the ED visits for alcohol-associated falls to improve our 

understanding of the attributes of older adults with alcohol-associated fall-related injuries. 

We also examined trends in the crude rates of ED visits for alcohol-associated falls from 

2011 to 2019 among older adults compared with younger adult age groups. We excluded 

2020 data from the trend analysis owing to the effect of the coronavirus disease 2019 

pandemic and reduced access to and use of EDs.19,20 Understanding alcohol use as a 

potential contributor to fall injuries among older adults can better inform prevention efforts.

MATERIALS AND METHODS

Study Design and Setting

We used data for this cross-sectional study from the National Electronic Injury Surveillance 

System-All Injury Program (NEISS-AIP). The US Consumer Product Safety Commission 

operates the system in collaboration with the Centers for Disease Control and Prevention 

(CDC). NEISS-AIP collects data on all first-time visits for nonfatal injuries treated in a 

sample of US hospital EDs. The NEISS-AIP sample contains 65 hospitals, a stratified 

random sample from a pool of around 5,000 hospitals across the United States. Data are 

weighted by the inverse of the probability of selection to produce national estimates.21 

Trained onsite hospital coders collect data for injury-related ED cases from medical records 

at NEISS-AIP sample hospitals. Key variables are coded and these data, as well as a brief 

narrative that summarizes information about how the injury was sustained, are entered 

into a computer and electronically transmitted to Consumer Product Safety Commission. 

NEISS-AIP quality assurance coders at the Consumer Product Safety Commission review all 

data elements and narratives, then classify the cause of injury for each case.

Selection of Participants

We included ED visits among patients aged 21 years (the minimum legal drinking age 

in the United States22) and older with unintentional fall injuries from January 1, 2011, 

through December 31, 2020. Older adults were defined as patients who were 65 years of 

age or older. A fall-related ED visit was considered alcohol-associated if the visit narrative 

included terms such as alcohol, drinking, blood alcohol concentration, ethanol, intoxication, 

alcohol on breath, or if the name of any type of alcoholic beverage was mentioned.16 All 

fall-related visits among older adults in the 2015 NEISS-AIP data set were identified in 
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a previously published study (n=38,654) and the narratives were manually reviewed by 4 

scientists for any mention of alcohol consumption; detailed methodology on manual coding 

and codebook development were previously described by Shakya et al.16 We used this 

previously coded data set as the ground-truth data set and developed a hybrid approach that 

combined a machine learning model and a rule-based natural language processing tool to 

extract information.

The machine learning model architecture was based on DistilBERT,23 a lighter and 

faster version of BERT (Bidirectional Encoder Representations from Transformers),24 a 

transformer-based pretrained natural language model that encodes both semantics learning 

model and the rich latent structure of sentences and has documented performance on 

subtle classification tasks.25,26 We fine-tuned the DistilBERT model by training it on the 

ground-truth data set and then used it to predict alcohol involvement for all other fall injury 

narratives from the 2011 to 2020 data.

We developed the rule-based tool using a regular expression syntax that was based on 

both subject matter expert input and a manual review of the ground-truth data set for 

fall-related visits. The set of rules included terms that represent alcohol in the text (eg, 

alcohol and ethanol) and the negation patterns that exclude the case (eg, deny alcohol 

and quit drinking). The full set of rules is described in Appendix E1 (available at http://

www.annemergmed.com). We applied both models to all narratives for fall-related visits. 

All conflicting results between the rule-based model and the machine learning model were 

manually reviewed by 4 scientists. Disagreements between reviewers were resolved by 

consensus. We performed error analyses and iteratively revised and reran both models to 

improve classification accuracy.

NEISS-AIP assigns up to 3 product codes per case. As a final validation step, we compared 

our hybrid model results with the product code “1903” (alcoholic beverage) to verify alcohol 

involvement. Of the 910,357 fall-related ED visits, there were 2,053 (0.2%) conflicting 

cases between our model results and product code. Two scientists manually reviewed each 

conflicting case. One hundred ninety-four (194/2,053=9.4%) model results were changed 

after the review.

Outcome Measures and Variables

The outcomes of interest were the annual national crude rates of ED visits for alcohol-

associated falls over the study period (2011 to 2020) and the changes in this rate annually 

from 2011 to 2019 by age group and sex. We excluded 2020 data from the trend analysis 

owing to the effect of coronavirus disease 2019 pandemic on health care access and 

utilization.19,20 We also assessed the proportion of alcohol-associated falls among older 

adults, fall-related ED visits by demographic characteristics (age group and sex), the time of 

visit (day and season of treatment), injury characteristics (diagnosis, the primary body part 

injured, and traumatic brain injury), and the disposition of patients.

Treatment date was grouped by season and treatment day (weekdays and weekends). Injury 

diagnosis and the primary body part injured were grouped using the modified Barell Matrix, 

which classifies injuries based on body region.27 The injury diagnosis was regrouped as 
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internal injury (including injuries to the brain, abdominal organs, and thoracic organs that 

are not due to aspiration or ingestion), flesh wound injury (laceration, puncture wound, and 

avulsion), superficial injury (contusion, abrasion, and hematoma), fracture/dislocation, and 

other (strain/sprain, burn, amputation, foreign body, nerve damage, and dental injury). The 

primary body part injured was regrouped as the head, face (including eyeballs, the mouth, 

and ears), upper extremity (including shoulders, upper arms, elbows, lower arms, wrists, 

hands, and fingers), lower extremity (including upper and lower legs, knees, ankles, feet, 

and toes), upper trunk (including the neck), lower trunk (including the pubic region, which 

would contain pelvis and hip), and other (including internal, 25% to 50% of the body, 

and all parts of the body). A case was considered a possible traumatic brain injury if the 

primary body part injured was the head and the diagnosis was internal injury or concussion, 

as the definition of traumatic brain injury varies in the literature.28,29 Patient disposition 

categories were regrouped as treated and released, transferred/hospitalized, and other (held 

for observation, left without being seen).

Analysis

We used Python version 3.8 (Python Software Foundation) to develop the machine 

learning model and rule-based regular expression algorithms to identify ED visits for 

alcohol-associated falls. We conducted statistical analyses using SAS-callable SUDAAN, 

version 11.0.3 (RTI International), accounting for sample weights and the NEISS-AIP 

complex survey design. Unweighted counts, weighted national estimates, percentages, 

and 95% confidence intervals (CIs) were calculated to describe demographic and injury 

characteristics of the study sample. We used the SUDAAN RLOGIST procedure to estimate 

adjusted prevalence ratios (aPRs) with CIs to assess the proportion of ED fall visits that were 

alcohol-associated in each demographic and injury characteristic category, divided by the 

proportion in the referent group, adjusted for sex and age group.

For the trend analysis, we reported rates during 2011 to 2019. We used US Census 

Bureau population estimates as the denominator to calculate age-specific rates per 100,000 

population.30 Trends in ED visits for alcohol-associated falls were assessed using the 

Joinpoint regression software, version 4.9.0.0 (National Cancer Institute). Joinpoint allows 

the user to test whether an apparent change in trend is statistically significant.31 The annual 

percent change was estimated for each trend segment to indicate the magnitude and direction 

of trends. All tests of significance were 2 tailed, with the level of significance set at 0.05. 

This activity was reviewed by CDC and was conducted consistent with the applicable 

federal law and CDC policy.32

RESULTS

Characteristics of Older Adult Study Participants (65+ Years)

From January 1, 2011, to December 31, 2020, an estimated 28,299,259 older adults visited 

the ED for fall-related injuries. Approximately 2.2% (95% CI 1.7% to 2.8%) or 618,099 

of these ED visits were alcohol-associated (Table 1). Among these, 68.1% were men (95% 

CI 62.5% to 73.2%) and 42.9% were aged 65 to 69 years (95% CI 39.6% to 46.3%). The 

most frequent injury diagnosis was internal injury (31.8%, 95% CI 27.6% to 36.4%). The 
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head was the most frequently injured primary body part (44.4%, 95% CI 39.7% to 49.1%), 

followed by the face (20.2%, 95% CI 18.1% to 22.5%).

The proportion of fall-related ED visits that were alcohol-associated was higher among men 

than among women (4.3% versus 1.1%, aPR=3.6, 95% CI 2.9 to 4.5). The proportion of ED 

fall visits that were alcohol-associated decreased significantly with advancing age (P<.05) 

as follows: 5.6% for those aged 65 to 69 years, 3.4% for those aged 70 to 74 years, 2.1% 

for those aged 75 to 79 years, and 0.7% for those aged ≥80 years. A higher proportion 

of alcohol-associated falls among fall-related ED visits happened in summer months (June, 

July, and August) than in winter months (December, January, and February) (2.3% versus 

2.1%, aPR 1.14, 95% CI 1.01 to 1.28) and during weekends than during weekdays (2.6% 

versus 2.0%, aPR 1.3, 95% CI 1.2 to 1.4). Compared with fractures/dislocations, internal 

injury (3.5% versus 1.4%, aPR 2.2, 95% CI 1.8 to 2.6) and flesh wound injury (3.5% versus 

1.4%, aPR 2.2, 95% CI 2.0 to 2.4) occurred with a greater proportion of ED fall visits that 

were linked to alcohol. Compared with the lower trunk, the head (3.5% versus 0.8%, aPR 

3.4, 95% CI 2.8 to 4.1) and face (3.9% versus 0.8%, aPR 3.6, 95% CI 3.1 to 4.2) were more 

likely to be associated with alcohol involvement. Traumatic brain injuries were documented 

with a higher proportion of fall-related ED visits that were alcohol-associated compared 

with ED visits with non-traumatic brain injuries (3.5% versus 1.9%, aPR 1.8, 95% CI 1.6 

to 2.1). The percentage of ED visits requiring hospitalization/transfer increased from 29.0% 

(CI 25.6% to 32.6%) for those aged 65 to 69 years to 33.1% (CI 29.4% to 37.1%), 34.1% 

(CI 29.7% to 38.8%), and 38.5% (CI 34.9% to 42.2%) for those aged 70 to 74, 75 to 79, and 

85 years or older, respectively (Table 2).

Trends in ED Visits for Alcohol-Associated Falls (All Adult Ages)

Annual crude rates of ED visits for alcohol-associated falls for older adults (ie, 65+ years) 

and those aged <65 years (ie, 21 to 34, 35 to 54, and 55 to 64 years) are shown in Figure 

1. Joinpoint analysis showed that between 2011 and 2019, the rates for older adults aged 

≥65 years increased from 90.6 per 100,000 population to 156.6 with an annual percent 

change of 7.5% (95% CI 6.1% to 8.9%), and from 142.4 to 262.4 with an annual percent 

change of 8.2% (95% CI 7.2% to 9.1%) for adults aged 55 to 64 years. In contrast, 

ED visits for alcohol-associated falls for adults aged 21 to 34 years and 35 to 54 years 

increased by 1.4% (95% CI 0.1% to 2.6%) and 3.8% (95% CI 2.7% to 5.0%) per year, 

respectively, from 2011 to 2017, and then stabilized from 2017 to 2019. Annual crude rate 

values and rate differences between 2011 and 2019 are included in Table E1 (available at 

http://www.annemergmed.com).

For men aged ≥65 years, ED visits for alcohol-associated falls increased among all age 

subgroups, with the annual percent change ranging from 4.9% (95% CI 1.6% to 8.2%) for 

those aged 75 to 79 years to 9.7% (95% CI 4.6% to 15.1%) for those aged ≥80 years (Figure 

2A). For women aged ≥65 years, rates increased significantly from 2011 to 2019 for all age 

subgroups except for those aged ≥80 years. Notably, rates increased most among women 

aged 70 to 74 years with an annual percent change of 15.3% (95% CI 8.4% to 22.5%) 

(Figure 2B).
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LIMITATIONS

This study has several limitations. First, we used the NEISS-AIP narratives to identify ED 

visits for alcohol-associated falls. This method may underestimate the number of ED visits 

related to alcohol use because of the following aspects: (1) unless there is evidence of 

noticeable intoxication, EDs do not routinely screen patients for alcohol use upon admission; 

and (2) patients may not share their alcohol use with their health care providers.16 Second, 

NEISS-AIP only includes injuries treated in hospital EDs; it does not include those treated 

at homes, physician’s offices, urgent care centers, or in outpatient clinics. Therefore, the 

effect of alcohol consumption on fall risk among older adults may be underestimated. Third, 

because NEISS-AIP does not include International Classification of Diseases 10 coding, 

we used the principal diagnosis and primary body part to define a traumatic brain injury 

case for a consistent definition over the 10-year study period. Some cases may have been 

missed when traumatic brain injury was a secondary diagnosis. Finally, despite our methods 

achieving higher accuracy than the standard NEISS-AIP product code variable for alcohol, 

the lack of a gold standard to validate our methods for identifying alcohol involvement from 

narratives is another limitation.

DISCUSSION

Overview of Results

More than 600,000 ED visits for alcohol-associated falls occurred among older US adults 

between 2011 and 2020. Our analysis used both machine learning and a rule-based approach 

to identify ED visits for alcohol-associated falls from the NEISS-AIP data set during 2011 to 

2020 and found alcohol-associated with 2.2% of all older adult ED visits for a fall, which is 

consistent with an earlier study that used 1 year of manually coded NEISS-AIP ED data.16 

We found that the overall number of fall-related ED visits among older adults is higher 

among women than men in this age group; however, older men had a greater proportion of 

fall-related visits that were alcohol-associated. Among older adults, the proportion of all fall 

ED visits that were alcohol-associated declined as age increased. The head and face were 

the most commonly injured body parts and internal injury was the most common diagnosis 

among older adult alcohol-associated falls. A potential explanation is that alcohol reduces 

self-protective reflexes, and as a result, older adults land on their head and face instead of 

using their arms and hands to stop the fall.33,34

We found that the rate of ED visits for alcohol-associated falls among adults aged 65 

years and older increased from 2011 to 2019. One third of alcohol-associated ED visit 

injuries resulted in a traumatic brain injury. Consequences of traumatic brain injuries include 

prolonged motor and cognitive deficits, and older adults are more likely to experience 

prolonged sequelae from the injury owing to underlying chronic conditions or anticoagulant 

use.35–38

The trend in ED visits for alcohol-associated falls was different among younger age groups 

during the study period. From 2011 to 2019, the rate of ED visits for alcohol-associated 

falls increased among adults aged 55 to 64 years. However, the rate of this type of ED 

visit began a stable trend in 2017 for adults aged 21 to 34 years and 35 to 54 years. The 
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increase from 2011 to 2017 coincides with increases in the total annual number of binge 

drinks consumed per middle aged and older adult (≥35 years).39 However, the reasons for 

these diverging trends since 2017 remain unclear. The annual percent change of ED visits 

for alcohol-involved falls was highest for adults aged 55 to 64 years with an annual percent 

change of 8.2. Therefore, adults aged 55 to 64 years may be an important age group for 

which to target fall prevention efforts, including assessing for alcohol consumption as a 

modifiable risk factor, as they will soon move into the older adult age group (65+ years), 

placing them at an increased risk of falls. Among older adult subgroups, differences in 

disposition after ED visits for alcohol-associated falls were similar to those in previous 

reports for fall-related ED visits (without regard to alcohol associated) using the same 

data set.40 Advancing age was associated with increased disposition for additional care (ie, 

transfer to another care facility or hospitalization).

Differences in the trend of ED visits for alcohol-associated falls by sex and age subgroup 

(ie, 65 to 69, 70 to 74, 75 to 79, and 80+ years) occurred among adults aged 65 years and 

older. Adult men aged 80 years and older had the highest annual percent change in the rate 

of ED visits for alcohol-associated falls between 2011 and 2019. For older women, the rate 

increased for most age subgroups, with the highest annual percent change for the 70 to 74 

year age group. These gender differences may be partially explained by the drinking patterns 

of older men and women. For example, one study showed that binge drinking increased 

among older men from 2015 to 2019, whereas it remained stable among older women.10

Although the occurrence of alcohol-associated falls among men is well known, the 

contribution of alcohol to fall risk among women should not be overlooked. Although 

previous studies showed that older women consume alcohol less frequently and in lower 

amounts than men, physiologic factors such as less lean muscle mass make them susceptible 

to the negative effects of alcohol.11,41,42 Older women are also more likely to take 

medications that may increase fall risk such as benzodiazepines and antidepressants,43,44 

making them more susceptible to alcohol-drug interactions. Additionally, falls among older 

women are more likely to result in hip and pelvis fractures than those among older men45,46 

even after accounting for age and body size.47,48 This may be due to postmenopausal 

changes in women, resulting in a higher prevalence of osteoporosis compared with older 

men.49 Therefore, assessing alcohol use and fall risk among all older adults is an important 

component of fall risk screening.

Our findings indicate a higher proportion of alcohol-associated falls among fall-related ED 

visits during summer months, than in winter months, and during the weekend days, than 

during weekdays. Similar to our findings, a previous study reported on daily fluctuations 

of alcohol consumption, with an increase in alcohol consumption during weekend days 

among adults aged 22 to 74 years.50 Possible explanations for these diurnal variations 

can be attributed to socially and culturally accepted norms of alcohol consumption and 

the increased flexibility of weekends than weekdays.51,52 The cause of seasonal variation 

in alcohol consumption is not conclusive. Some studies have linked the variation to 

mood changes or seasonal affective disorders.53,54 Others have reported racial and ethnic 

differences in the seasonal variation of self-reported alcohol consumption.55
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Innovative Study Design

Extracting information from clinical narratives is a fundamental task that enables many 

downstream research activities. Approaches can be grouped into the following 4 categories: 

(1) rule-based (eg, regular expressions), (2) traditional machine learning (non–deep 

learning variants), (3) deep learning, and (4) hybrid approaches.56 BERT and BERT-based 

approaches as a deep learning model have achieved state-of-the-art performance for several 

natural language processing benchmarks including clinical information extraction.57 The 

advantage of a rules-based approach is that its inputs and outputs are predictable and 

interpretable. Domain knowledge can be leveraged simply and effectively, and rules can 

be improved through manual inspection by subject matter experts. However, rules-based 

methods tend to ignore the context of words and the relationships between them. As an 

example, the BERT model successfully found relationships between the words “water” 

and “drink” for the narrative “patient left to get water and rest, while drinking felt dizzy 

and fell,” which would be challenging for a rules-based approach. The BERT model also 

accurately captured new keywords such as specific alcohol beverage brand names and new 

negation patterns such as “alcohol liver disease.” These words were not included in the 

training data set. The model being pretrained on a large text corpus for general purpose 

language understanding supports the generalizability. However, a machine learning model 

needs a sufficient amount of training cases to perform well on new data, which is commonly 

understood. The BERT model failed to capture “alcohol withdrawal” as a negation pattern. 

Very few “alcohol withdrawal” cases in the training data set may be a reason.

We leveraged the advantages of both approaches by proposing a combination of traditional 

rule-based methods and the state-of-the-art BERT model to build a reliable algorithm. 

This methodology innovation allowed for efficient and accurate information extraction from 

about a million narratives.

Clinical Implications

Older adult falls pose a burden to health care systems, individuals, and their caregivers. 

Severe injuries from falls such as traumatic brain injuries and hip fractures often require 

prolonged specialized care and placement in long-term care or nursing homes.40,46,58 Falls 

are preventable by targeting modifiable risk factors such as strength and balance issues, and 

medication use.59,60 Alcohol use may be an additional, potentially modifiable, contributor to 

an increased risk of falls among older adults. Our study identifies subgroups of older adults 

with the highest rates of ED visits for alcohol-associated falls and increasing annual percent 

changes. This highlights the importance of tailoring primary fall prevention, including 

screening for alcohol use, to these groups.

The American College of Emergency Physicians developed Geriatric Emergency 

Department Guidelines with the goal of providing guidelines for emergency physicians and 

staff that are feasible to implement in the ED and would improve emergency care for older 

adults.61 One of the recommended policies for a geriatric ED is fall risk assessment for older 

adult patients. According to the guidelines, appropriate fall treatment requires assessing 

for injury from the fall, determining the risk factors that caused the fall, and estimating 
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future risk of falling. The guidelines recommend using an appropriate tool for screening and 

assessing fall risk.

CDC developed the Stopping Elderly Accidents, Deaths, and Injuries (STEADI) initiative to 

offer health care providers, in various clinical settings, tools and resources for screening and 

assessing for fall risk to assist with fall prevention efforts (www.cdc.gov/steadi). STEADI 

has the following 3 core components: (1) screen older adults for fall risk, (2) assess at-risk 

older adults for modifiable fall risk factors, and (3) intervene to reduce the identified 

fall risk. Although initially developed for an outpatient setting, tools and resources can 

be adapted to different clinical settings, including for use by emergency physicians for 

all prevention with older adults visiting the ED for treatment. Common ways to assess 

fall risk factors include evaluating gait, strength, and balance, identifying medications that 

increase fall risk, and checking the home for potential home hazards. Alcohol use can 

be an additional component for older adult screening during fall risk assessment in the 

ED and is recommended by the Geriatric Emergency Department Guidelines. In addition, 

building on the Community Preventive Services Task Force recommendation,62 CDC 

also developed an alcohol electronic screening and brief intervention (https://www.cdc.gov/

alcohol/CheckYourDrinking) for adults to check their alcohol consumption, identify barriers 

and motivators for limiting their alcohol consumption, and make a personalized plan for 

drinking less.

In conclusion, although ED visits for alcohol-associated falls did not account for many 

overall fall-related ED visits among older adults, the upward trend in these visits during 

2011 to 2019 is of concern. Older adults born between 1946 and 1964 (Baby Boomers 

who moved into the 65-year and older age group in 2011) have a higher reported alcohol 

use than previous generations.63 Alcohol use may be a stronger risk factor for falls among 

older adults given the physiologic changes that can exacerbate its effects with advancing 

age. Alcohol-associated falls were associated with more frequent head injuries and internal 

injuries indicative of traumatic brain injuries, a particular concern in older adults owing to 

complications and consequences of these injuries. Fall prevention efforts can benefit from 

expanding into assessing older adults routinely for alcohol use using validated screening 

practices and educating older adults about the potential risks of alcohol use and falling as 

they age.64 In addition, states and communities can create environments that reduce the 

availability of and access to alcohol through evidence-based alcohol policies (eg, increasing 

alcohol taxes, regulating alcohol outlet density) to decrease alcohol use and its associated 

falls.
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Editor’s Capsule Summary

What is already known on this topic

Among older adults, falls result in more than 3 million US emergency department (ED) 

visits annually. Alcohol use among US older adults has increased in the past decade.

What question this study addressed

Has the rate of ED visits for alcohol-associated falls changed for older adults from 2011 

to 2020?

What this study adds to our knowledge

Based on national survey data, among adults aged 55 to 64 years and aged 65 years and 

older, ED visits for alcohol-associated falls increased from 142 to 262 and from 91 to 157 

per 100,000, respectively.

How this is relevant to clinical practice

Among older ED patients, attention to alcohol use may improve fall prevention efforts.
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Figure 1. 
The annual crude rate of ED visits for alcohol-associated falls among adults aged ≥21 years, 

by age group, National Electronic Injury Surveillance System-All Injury Program, United 

States, 2011 to 2019. Crude rate calculation: ED visits for alcohol-associated falls were used 

as the numerator. Bridged-race vintage census population estimates (https://wonder.cdc.gov/

bridged-race-population.html) were used as the denominator. Trends were assessed using 

Joinpoint regression. Data markers represent observed rates and lines are fitted rates based 

on Joinpoint analysis. APCs are only presented for trends if the 95% confidence interval 

excluded 0. APC, annual percent change.
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Figure 2. 
The crude rate of ED visits for alcohol-associated falls among adults aged ≥65 years, by sex 

and age group, National Electronic Injury Surveillance System-All Injury Program, United 

States, 2011 to 2019.Crude rate calculation: ED visits for alcohol-associated falls were used 

as the numerator. Bridged-race vintage census population estimates (https://wonder.cdc.gov/

bridged-race-population.html) were used as the denominator. The trends were assessed using 

Joinpoint regression. Data markers represent observed rates and lines are fitted rates based 

on Joinpoint analysis. APCs are only presented for trends if the 95% confidence interval 

excluded 0.

Yuan et al. Page 17

Ann Emerg Med. Author manuscript; available in PMC 2024 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://wonder.cdc.gov/bridged-race-population.html
https://wonder.cdc.gov/bridged-race-population.html


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yuan et al. Page 18

Ta
b

le
 1

.

A
ll 

fa
ll-

re
la

te
d 

an
d 

al
co

ho
l-

as
so

ci
at

ed
 f

al
l i

nj
ur

ie
s 

tr
ea

te
d 

in
 th

e 
E

D
 f

or
 a

du
lts

 a
ge

d 
≥6

5 
ye

ar
s,

 b
y 

de
m

og
ra

ph
ic

 a
nd

 in
ju

ry
 c

ha
ra

ct
er

is
tic

s,
 N

at
io

na
l 

E
le

ct
ro

ni
c 

In
ju

ry
 S

ur
ve

ill
an

ce
 S

ys
te

m
-A

ll 
In

ju
ry

 P
ro

gr
am

, U
ni

te
d 

St
at

es
, 2

01
1 

to
 2

02
0.

C
ha

ra
ct

er
is

ti
cs

E
D

 V
is

it
s 

fo
r 

A
ll 

F
al

ls
E

D
 V

is
it

s 
fo

r 
A

lc
oh

ol
-A

ss
oc

ia
te

d 
F

al
ls

A
lc

oh
ol

-A
ss

oc
ia

te
d 

F
al

l/E
D

 
V

is
it

s 
fo

r 
A

ll 
F

al
ls

A
dj

us
te

d 
P

re
va

le
nc

e 
R

at
io

*

U
nw

ei
gh

te
d 

N
o.

N
at

io
na

l 
E

st
im

at
es

 N
o.

U
nw

ei
gh

te
d 

N
o.

N
at

io
na

l 
E

st
im

at
es

 N
o.

C
ol

um
n 

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

aP
R

 (
95

%
 C

I)

To
ta

l
39

0,
68

9
28

,2
99

,2
59

9,
65

7
61

8,
09

9
2.

2
(1

.7
–2

.8
)

Se
x

 
M

al
e

13
6,

63
1

9,
81

7,
00

0
6,

68
5

42
0,

65
5

68
.1

(6
2.

5–
73

.2
)

4.
3

(3
.2

–5
.8

)
3.

6
(2

.9
–4

.5
)

 
Fe

m
al

e
25

4,
05

8
18

,4
82

,2
59

2,
97

2
19

7,
44

5
31

.9
(2

6.
8–

37
.5

)
1.

1
(0

.9
–1

.3
)

R
ef

A
ge

 g
ro

up
 (

y)

 
65

–6
9

67
,5

73
4,

74
1,

46
2

4,
25

8
26

5,
26

9
42

.9
(3

9.
6–

46
.3

)
5.

6
(4

.2
–7

.3
)

7.
6

(6
.4

–8
.9

)

 
70

–7
4

64
,8

82
4,

64
0,

27
2

2,
48

5
15

9,
89

8
25

.9
(2

4.
6–

27
.2

)
3.

4
(2

.6
–4

.5
)

4.
8

(4
.0

–5
.6

)

 
75

–7
9

64
,1

57
4,

68
7,

10
1

1,
50

0
98

,4
60

15
.9

(1
4.

3–
17

.7
)

2.
1

(1
.7

–2
.7

)
3.

0
(2

.6
–3

.4
)

 
80

+
19

4,
07

7
14

,2
30

,4
25

1,
41

4
94

,4
72

15
.3

(1
2.

8–
18

.1
)

0.
7

(0
.5

–0
.8

)
R

ef

T
re

at
m

en
t 

se
as

on
 †

 
Sp

ri
ng

96
,5

37
6,

82
3,

22
8

2,
39

2
14

9,
32

5
24

.2
(2

3.
0–

25
.4

)
2.

2
(1

.7
–2

.8
)

1.
09

(1
.0

2–
1.

18
)

 
Su

m
m

er
96

,6
80

7,
01

3,
52

8
2,

56
9

16
1,

78
0

26
.2

(2
4.

0–
28

.5
)

2.
3

(1
.7

–3
.1

)
1.

14
(1

.0
1–

1.
28

)

 
A

ut
um

n
96

,9
55

7,
12

2,
07

3
2,

39
3

15
6,

18
1

25
.3

(2
4.

1–
26

.5
)

2.
2

(1
.7

–2
.9

)
1.

09
(1

.0
0–

1.
19

)

 
W

in
te

r
10

0,
51

7
7,

34
0,

43
1

2,
30

3
15

0,
81

3
24

.4
(2

2.
3–

26
.7

)
2.

1
(1

.6
–2

.6
)

R
ef

T
re

at
m

en
t 

da
y 

‡

 
W

ee
ke

nd
10

9,
52

2
7,

98
8,

19
8

3,
23

6
20

8,
22

8
33

.7
(3

2.
1–

35
.3

)
2.

6
(2

.0
–3

.4
)

1.
3

(1
.2

–1
.4

)

 
W

ee
kd

ay
28

1,
16

7
20

,3
11

,0
62

6,
42

1
40

9,
87

2
66

.3
(6

4.
7–

67
.9

)
2.

0
(1

.6
–2

.6
)

R
ef

In
ju

ry
 d

ia
gn

os
is

 §

 
In

te
rn

al
 in

ju
ry

86
,8

64
5,

69
2,

41
7

3,
33

8
19

6,
84

6
31

.8
(2

7.
6–

36
.4

)
3.

5
(2

.5
–4

.8
)

2.
2

(1
.8

–2
.6

)

 
Fl

es
h 

w
ou

nd
 in

ju
ry

49
,1

70
3,

66
8,

95
7

1,
88

8
12

8,
58

7
20

.8
(1

8.
7–

23
.1

)
3.

5
(2

.7
–4

.5
)

2.
2

(2
.0

–2
.4

)

 
Su

pe
rf

ic
ia

l i
nj

ur
y

87
,8

62
6,

76
4,

91
2

1,
74

4
11

6,
58

3
18

.9
(1

6.
6–

21
.3

)
1.

7
(1

.3
–2

.3
)

1.
1

(0
.9

–1
.3

)

 
Fr

ac
tu

re
/d

is
lo

ca
tio

n
13

3,
23

3
9,

64
6,

38
5

2,
09

0
13

6,
92

4
22

.2
(1

9.
2–

25
.4

)
1.

4
(1

.2
–1

.7
)

R
ef

 
O

th
er

33
,5

60
2,

52
6,

58
7

59
7

39
,1

59
6.

3
(4

.8
–8

.3
)

1.
5

(1
.2

–1
.9

)
0.

8
(0

.6
–0

.9
)

P
ri

m
ar

y 
bo

dy
 p

ar
t 

in
ju

re
d 

|

Ann Emerg Med. Author manuscript; available in PMC 2024 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yuan et al. Page 19

C
ha

ra
ct

er
is

ti
cs

E
D

 V
is

it
s 

fo
r 

A
ll 

F
al

ls
E

D
 V

is
it

s 
fo

r 
A

lc
oh

ol
-A

ss
oc

ia
te

d 
F

al
ls

A
lc

oh
ol

-A
ss

oc
ia

te
d 

F
al

l/E
D

 
V

is
it

s 
fo

r 
A

ll 
F

al
ls

A
dj

us
te

d 
P

re
va

le
nc

e 
R

at
io

*

U
nw

ei
gh

te
d 

N
o.

N
at

io
na

l 
E

st
im

at
es

 N
o.

U
nw

ei
gh

te
d 

N
o.

N
at

io
na

l 
E

st
im

at
es

 N
o.

C
ol

um
n 

%
 (

95
%

 C
I)

%
 (

95
%

 C
I)

aP
R

 (
95

%
 C

I)

 
H

ea
d

11
7,

28
2

7,
92

8,
82

6
4,

50
8

27
4,

25
4

44
.4

(3
9.

7–
49

.1
)

3.
5

(2
.5

–4
.8

)
3.

4
(2

.8
–4

.1
)

 
Fa

ce
44

,5
48

3,
21

1,
44

9
1,

92
5

12
4,

98
6

20
.2

(1
8.

1–
22

.5
)

3.
9

(2
.9

–5
.2

)
3.

6
(3

.1
–4

.2
)

 
U

pp
er

 e
xt

re
m

ity
69

,9
41

5,
31

1,
63

4
1,

05
2

70
,7

76
11

.5
(1

0.
0–

13
.1

)
1.

3
(1

.1
–1

.6
)

1.
2

(1
.1

–1
.4

)

 
L

ow
er

 e
xt

re
m

ity
52

,3
04

3,
88

6,
71

7
55

3
37

,7
87

6.
1

(5
.2

–7
.2

)
1.

0
(0

.8
–1

.2
)

0.
9

(0
.7

–1
.0

)

 
U

pp
er

 tr
un

k
36

,0
67

2,
70

2,
24

0
71

5
46

,6
77

7.
6

(6
.2

–9
.1

)
1.

7
(1

.4
–2

.1
)

1.
5

(1
.2

–1
.7

)

 
L

ow
er

 tr
un

k
68

,2
23

5,
09

1,
78

8
58

8
40

,7
57

6.
6

(5
.1

–8
.4

)
0.

8
(0

.7
–1

.0
)

R
ef

 
O

th
er

1,
07

7
76

,6
73

28
4

20
,5

79
3.

3
(2

.2
–5

.0
)

26
.8

(2
0.

0–
34

.9
)

19
.1

(1
3.

9–
26

.2
)

T
ra

um
at

ic
 b

ra
in

 in
ju

ry
 ¶

 
Y

es
85

,6
99

5,
62

0,
35

4
3,

29
9

19
4,

97
2

31
.5

(2
7.

3–
36

.1
)

3.
5

(2
.5

–4
.8

)
1.

8
(1

.6
–2

.1
)

 
N

o
30

4,
99

0
22

,6
78

,9
05

6,
35

8
42

3,
12

7
68

.5
(6

3.
9–

72
.7

)
1.

9
(1

.5
–2

.3
)

R
ef

D
is

po
si

ti
on

 #

 
T

re
at

ed
 a

nd
 r

el
ea

se
d

25
5,

12
1

19
,0

42
,8

60
5,

82
1

38
0,

78
0

61
.6

(5
6.

8–
66

.2
)

2.
0

(1
.6

–2
.5

)
R

ef

 
T

ra
ns

fe
rr

ed
/h

os
pi

ta
liz

ed
12

8,
38

8
8,

74
9,

75
2

3,
29

2
19

9,
82

6
32

.3
(2

9.
1–

35
.7

)
2.

3
(1

.8
–2

.9
)

1.
4

(1
.2

–1
.5

)

 
O

th
er

7,
16

2
50

5,
73

7
54

3
37

,4
70

6.
1

(2
.4

–1
4.

5)
7.

4
(2

.9
–1

7.
9)

3.
4

(1
.8

–6
.3

)

aP
R

, a
dj

us
te

d 
pr

ev
al

en
ce

 r
at

io
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; E
D

, e
m

er
ge

nc
y 

de
pa

rt
m

en
t; 

R
ef

, r
ef

er
en

ce
 g

ro
up

.

* A
dj

us
te

d 
pr

ev
al

en
ce

 r
at

io
 w

as
 e

st
im

at
ed

 to
 a

ss
es

s 
th

e 
pr

op
or

tio
n 

of
 E

D
 f

al
l v

is
its

 th
at

 w
er

e 
al

co
ho

l-
as

so
ci

at
ed

 in
 e

ac
h 

ca
te

go
ry

, d
iv

id
ed

 b
y 

th
e 

pr
op

or
tio

n 
of

 E
D

 f
al

l v
is

its
 th

at
 w

er
e 

al
co

ho
l-

as
so

ci
at

ed
 in

 
th

e 
re

fe
re

nt
 g

ro
up

. P
re

va
le

nc
e 

ra
tio

 f
or

 s
ex

 a
dj

us
te

d 
by

 a
ge

 g
ro

up
, a

ge
 g

ro
up

 a
dj

us
te

d 
by

 s
ex

, a
nd

 a
ll 

th
e 

ot
he

r 
va

ri
ab

le
s 

ad
ju

st
ed

 b
y 

bo
th

 s
ex

 a
nd

 a
ge

 g
ro

up
.

† Sp
ri

ng
: M

ar
ch

-M
ay

; s
um

m
er

: J
un

e-
A

ug
us

t; 
au

tu
m

n:
 S

ep
te

m
be

r-
N

ov
em

be
r;

 w
in

te
r:

 D
ec

em
be

r-
Fe

br
ua

ry
.

‡ W
ee

ke
nd

s:
 S

at
ur

da
ys

 a
nd

 S
un

da
ys

; w
ee

kd
ay

s:
 M

on
da

y-
Fr

id
ay

.

§ In
ju

ry
 d

ia
gn

os
is

 w
as

 g
ro

up
ed

 in
to

 (
1)

 in
te

rn
al

 in
ju

ry
 (

in
cl

ud
in

g 
in

ju
ri

es
 to

 th
e 

br
ai

n,
 a

bd
om

in
al

 o
rg

an
s,

 a
nd

 th
or

ac
ic

 o
rg

an
s 

th
at

 a
re

 n
ot

 d
ue

 to
 a

sp
ir

at
io

n,
 o

r 
in

ge
st

io
n)

; (
2)

 f
le

sh
 w

ou
nd

 in
ju

ry
 (

in
cl

ud
in

g 
la

ce
ra

tio
n,

 p
un

ct
ur

e 
w

ou
nd

, a
nd

 a
vu

ls
io

n)
; (

3)
 s

up
er

fi
ci

al
 in

ju
ry

 (
in

cl
ud

in
g 

co
nt

us
io

n,
 a

br
as

io
n,

 a
nd

 h
em

at
om

a)
; (

4)
 f

ra
ct

ur
e/

di
sl

oc
at

io
n;

 a
nd

 (
5)

 o
th

er
 (

st
ra

in
/s

pr
ai

n,
 h

em
or

rh
ag

e,
 b

ur
n,

 a
m

pu
ta

tio
n,

 f
or

ei
gn

 
bo

dy
, n

er
ve

 d
am

ag
e,

 d
en

ta
l i

nj
ur

y,
 a

nd
 s

o 
on

.)

| Pr
im

ar
y 

bo
dy

 p
ar

ts
 in

cl
ud

e 
(1

) 
th

e 
he

ad
; (

2)
 th

e 
fa

ce
 (

in
cl

ud
in

g 
th

e 
fa

ce
, e

ye
ba

lls
, t

he
 m

ou
th

, a
nd

 e
ar

s)
; (

3)
 u

pp
er

 e
xt

re
m

ity
 (

in
cl

ud
in

g 
th

e 
sh

ou
ld

er
, u

pp
er

 a
rm

s,
 e

lb
ow

s,
 lo

w
er

 a
rm

s,
 w

ri
st

s,
 h

an
ds

, a
nd

 
fi

ng
er

s)
; (

4)
 lo

w
er

 e
xt

re
m

ity
 (

in
cl

ud
in

g 
up

pe
r 

le
gs

, k
ne

es
, l

ow
er

 le
gs

, a
nk

le
s,

 f
ee

t, 
an

d 
to

es
);

 (
5)

 u
pp

er
 tr

un
k 

(i
nc

lu
di

ng
 th

e 
ne

ck
);

 (
6)

 lo
w

er
 tr

un
k 

(i
nc

lu
di

ng
 th

e 
pu

bi
c 

re
gi

on
);

 a
nd

 (
7)

 o
th

er
 (

in
cl

ud
in

g 
in

te
rn

al
, 2

5%
−

50
%

 o
f 

bo
dy

, a
ll 

pa
rt

s 
of

 b
od

y)
. C

ol
um

n 
pe

rc
en

ta
ge

s 
do

 n
ot

 a
dd

 u
p 

to
 1

00
%

 d
ue

 to
 3

2 
vi

si
ts

 (
0.

4%
) 

w
ith

 a
n 

un
kn

ow
n 

pr
im

ar
y 

bo
dy

 p
ar

t.

¶ T
ra

um
at

ic
 b

ra
in

 in
ju

ry
: t

he
 p

ri
m

ar
y 

bo
dy

 p
ar

t i
s 

he
ad

 a
nd

 th
e 

pr
im

ar
y 

in
ju

ry
 d

ia
gn

os
is

 is
 in

te
rn

al
 in

ju
ry

 o
r 

co
nc

us
si

on
.

# T
ra

ns
fe

rr
ed

: t
re

at
ed

 a
nd

 tr
an

sf
er

re
d 

to
 a

no
th

er
 h

os
pi

ta
l; 

ho
sp

ita
liz

ed
: t

re
at

ed
 a

nd
 a

dm
itt

ed
 f

or
 h

os
pi

ta
liz

at
io

n 
w

ith
in

 th
e 

sa
m

e 
fa

ci
lit

y;
 o

th
er

: i
nc

lu
de

s 
he

ld
 f

or
 o

bs
er

va
tio

n 
w

ith
ou

t t
re

at
m

en
t i

nv
ol

ve
d,

 le
ft

 
w

ith
ou

t b
ei

ng
 s

ee
n.

Ann Emerg Med. Author manuscript; available in PMC 2024 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yuan et al. Page 20

Ta
b

le
 2

.

A
lc

oh
ol

-a
ss

oc
ia

te
d 

fa
ll 

in
ju

ri
es

 tr
ea

te
d 

in
 th

e 
E

D
 f

or
 a

du
lts

 a
ge

d 
≥6

5 
ye

ar
s,

 p
er

ce
nt

ag
e 

of
 d

is
po

si
tio

n 
by

 a
ge

 g
ro

up
, N

at
io

na
l E

le
ct

ro
ni

c 
In

ju
ry

 

Su
rv

ei
lla

nc
e 

Sy
st

em
-A

ll 
In

ju
ry

 P
ro

gr
am

, U
ni

te
d 

St
at

es
, 2

01
1 

to
 2

02
0.

A
ge

 G
ro

up
 (

y)

D
is

po
si

ti
on

, c
ol

um
n 

%
 (

95
%

 C
I)

65
–6

9
70

–7
4

75
–7

9
80

 +

T
re

at
ed

 a
nd

 r
el

ea
se

d
64

.4
 (

58
.2

–7
0.

2)
60

.0
 (

56
.2

–6
3.

6)
61

.0
 (

54
.8

–6
6.

8)
57

.1
 (

52
.4

–6
1.

7)

T
ra

ns
fe

rr
ed

/h
os

pi
ta

liz
ed

*
29

.0
 (

25
.6

–3
2.

6)
33

.1
 (

29
.4

–3
7.

1)
34

.1
 (

29
.7

–3
8.

8)
38

.5
 (

34
.9

–4
2.

2)

O
th

er
†

6.
6 

(2
.4

–1
7.

0)
6.

9 
(3

.1
–1

4.
6)

4.
9 

(1
.7

–1
3.

6)
4.

4 
(2

.2
–8

.9
)

* T
ra

ns
fe

rr
ed

: t
re

at
ed

 a
nd

 tr
an

sf
er

re
d 

to
 a

no
th

er
 h

os
pi

ta
l; 

ho
sp

ita
liz

ed
: t

re
at

ed
 a

nd
 a

dm
itt

ed
 f

or
 h

os
pi

ta
liz

at
io

n 
w

ith
in

 th
e 

sa
m

e 
fa

ci
lit

y.

† O
th

er
: i

nc
lu

de
s 

he
ld

 f
or

 o
bs

er
va

tio
n 

w
ith

ou
t t

re
at

m
en

t i
nv

ol
ve

d,
 le

ft
 w

ith
ou

t b
ei

ng
 s

ee
n.

Ann Emerg Med. Author manuscript; available in PMC 2024 December 01.


	Abstract
	INTRODUCTION
	Background
	Importance
	Goals of This Investigation

	MATERIALS AND METHODS
	Study Design and Setting
	Selection of Participants
	Outcome Measures and Variables
	Analysis

	RESULTS
	Characteristics of Older Adult Study Participants (65+ Years)
	Trends in ED Visits for Alcohol-Associated Falls (All Adult Ages)

	LIMITATIONS
	DISCUSSION
	Overview of Results
	Innovative Study Design
	Clinical Implications

	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

