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Abstract

Objective—This aim of this study was to characterize trends in alcohol-related hospital 

admissions among middle-aged and older adults from 1993 to 2010 in relation to age, gender, 

race, and cohort membership.

Method—This study utilized repeated cross-sectional data from the Nationwide Inpatient 

Sample. Using alcohol-related classified admissions, yearly rates and longitudinal trends of 

alcohol-related inpatient hospitalizations based on age, period, birth cohort, gender, and race were 

estimated.

Results—Among those aged 45 and older, admissions rose from an estimated 610,634 to more 

than 1,134,876, and rates of any alcohol-related diagnosis also increased from 1993 to 2010. Rates 

for men were consistently higher than women, and rates for Blacks were higher than Whites. Age 

was associated with decreasing rates, but post–World War II cohorts displayed higher rates over 

time.

Discussion—Rates of alcohol-related admissions are increasing among adults above age 45, 

which may be a function of cohort effects. Training the health care workforce is crucial to respond 

to this trend.
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Introduction

Substance use disorders (Han, Gfroerer, Colliver, & Penne, 2009; Patterson & Jeste, 1999) 

and treatment need (Gfroerer, Penne, Pemberton, & Folsom, 2003; Substance Abuse and 

Mental Health Services Administration, 2011) among older adults are growing and expected 

to increase in coming years as members of the baby boom generation (born between 1946 

and 1964) and subsequent cohorts reach old age. The post–World War II generation is 

unique in its size and in the fact that it experienced emerging adulthood during a period of 

more permissive attitudes regarding the use of substances, including alcohol (Johnson & 

Gerstein, 2000). The period of the 1960s and 1970s was also distinctive for high prevalence 

of alcohol and drug use in our nation’s history. Forty years later, this generation and those 

that have followed are reaching old age. Despite the demographic importance of the baby 

boomer generation and its potential for elevated risk of alcohol use disorders, there has been 

little research disentangling the effect of age and cohort on alcohol-related morbidity and 

consequential acute care hospital use.

Unhealthy alcohol use can lead to hospitalization among older adults through two pathways. 

Chronic heavy alcohol use has direct detrimental effects on health in the form of alcohol-

related conditions (e.g., alcoholic cirrhosis) and diseases known to be associated with 

alcohol use including various cancers, hemorrhagic stroke, and chronic pancreatitis (Rehm 

et al., 2003). Alcohol use also leads to hospitalizations of older adults through its acute 

effects such as medication interactions (Moore, Whiteman, & Ward, 2007), alcohol-

associated injury (Sorock, Chen, Gonzalgo, & Baker, 2006), and alcohol-involved suicidal 

behavior (Blow, Brockmann, & Barry, 2004; Rehm et al., 2003)

Research specific to alcohol-related hospitalization among older adults is scant. The 

preponderance of studies conducted in this area has explored the impact of alcohol use on 

specific illnesses among older adults or overall hospitalizations attributable to alcohol, but 

not both. An early study was conducted by Adams, Zhong, Barboriak, and Rimm (1993) 

using Medicare claims data from 1989. The study is notable for estimating rates of alcohol-

related hospitalization among those aged 65 and older that were similar to rates for 

myocardial infarction (54.7 per 10,000 for men, 14.8 per 10,000 for women).

More recent research has examined rates of alcohol-related admission using data from the 

National Hospital Discharge Survey (NHDS) from 1988 to 2007. For “first listed” diagnosis, 

researchers estimated a rate increase from 26.3 to 31.8 per 10,000 for those 45 to 64 and a 

decrease from 15.8 to 12.5 for those 65 and older. Conversely, rates increased from 69.3 to 

104 (ages 45–64) and 57.1 to 70 (65+) for “all-listed” diagnoses. These results suggest that 

rates have increased over time (Chen & Yi, 2010). However, these studies have not 

separated the effects of age, period, and cohort necessary to understand potential changes in 

service use demand.

Existing evidence indicates that rates of substance use disorder (Han et al., 2009), treatment 

need (Gfroerer et al., 2003), and services use (Sacco, Kuerbis, Goge, & Bucholz, 2013; 

Substance Abuse and Mental Health Services Administration, 2011) are increasing among 

older adults. Although recent studies suggest that older adults are presenting for treatment 
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with multiple substances of use, alcohol remains the most commonly used drug among older 

adults (Moore et al., 2009). This growing population of older adults with substance use 

disorders may be at higher risk of chronic and acute alcohol-related health consequences 

(Durnas, Loi, & Cusack, 1990), putting them at risk of alcohol-related hospitalization.

This is the first study that we are aware of that uses a longer term (18 years) nationally 

representative all-payer hospital sample to characterize trends in rates of alcohol-related 

hospitalizations and to disentangle the effects of the time period, age of individuals, and 

birth cohort effects. We hypothesize that the increase in rates of alcohol-related 

hospitalizations among older adults observed by other studies will be confirmed, and that 

baby boomer cohorts will have an elevated risk of hospitalization compared with previous 

generations.

Method

Sample

Data for this analysis come from the Nationwide Inpatient Sample (NIS), part of the 

Healthcare Cost and Utilization Project (HCUP) created by the Agency for Healthcare 

Research and Quality (AHRQ; HCUP, 2012). The NIS is an approximately 20% national 

probability sample of short stay (average < 30 days) community hospitals in the United 

States, including short-term general and specialty hospitals, public hospitals, and academic 

medical centers. These data are unique for their size and organization. The sample contains 

between 6.5 and 8 million discharges per year and utilizes a sampling design that allows for 

the estimation of population estimates for each year and over time (HCUP, 2012). We used 

the 1993 through 2010 NIS trends files to estimate the total number of alcohol-related 

hospitalizations in the United States during those years. Data were analyzed longitudinally 

beginning with the 1993 sample because of changes in the sample make comparisons to data 

before 1993 problematic (HCUP, 1993–2010). Using U.S. Census data on the total 

population, we estimated yearly rates of alcohol-related hospitalization.

Variables

Cases of alcohol-related admissions were coded using AHRQ Clinical Classification 

Software (CCS) for the International Classification of Diseases, Version 9 (ICD-9) codes, 

which are included in the billing records reported by participating states to the NIS 

(Elixhauser & McCarthy, 1996). We coded alcohol-related hospitalization variables as any 

alcohol-related admission. Alcohol-related admission included alcohol withdrawal, 

including delirium tremens, alcohol intoxication, alcohol-related psychosis and 

hallucinations, alcohol abuse, alcohol dependence, alcohol-related liver disease, and alcohol-

related dementia. An admission was considered an alcohol-related admission if any 1 of the 

15 alcohol-related diagnoses or alcohol-related procedures were coded on discharge.

The gender and race of the person admitted were coded using categories developed by the 

HCUP study group and were used in this analysis to identify gender and race differences in 

trends of alcohol-related admission. Racial categories provided by HCUP are as follows: 

White, Black, Hispanic, Asian or Pacific Islander, and Native American. Individuals coded 
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as “other” in the NIS data and data for years before 2000 were excluded from this analysis 

as specific population denominator data were not available from the census bureau with 

which to derive rates. SAS Software Version 9.2 (SAS Institute Inc, 2008) was used to code 

the data. Finally, a variable for age of the person admitted to hospital and the survey year to 

quantify the patient age and period of the admission. By subtracting the age from the year, 

we estimated the rate by 5-year birth cohort.

Analysis

For the analysis of trends in the demographics of alcohol-related admission, SAS PROC 

SURVEYFREQ was used to estimate the number of admissions adjusting the estimates for 

the sampling design using weights, strata, and sampling units. SAS PROC GLM was used to 

analyze trends using two constructed data sets of rates, one by year stratified by ages and 

gender (n = 36) and the other by year stratified by age and race/ethnicity (n = 55). To assess 

gender differences in time trends, models were estimated using time coded in years, female 

gender, and the interaction of linear time coded by year and gender. We conducted a similar 

analysis for race in which we dummy-coded racial categories and estimated models that 

included time in years, racial categories, and an interaction term between race and time. 

These models were conducted for the two age groups, middle-aged and older adult based on 

rates of alcohol-related admission.

Then, age, period, cohort (APC) analysis was conducted to understand the effects of these 

parameters on alcohol-related admissions. For APC, we utilized the intrinsic estimator (IE; 

Yang, Schulhofer-Wohl, Fu, & Land, 2008) method, which is implemented as a statistical 

add-on in Stata (Statacorp, 2013). In APC, there is an inherent linear dependency between 

age, period, and cohort, that is, Period = Age + Cohort, also known as the identification 

problem. Simply put, when APC are entered into a single regression model, it is not possible 

to derive unique coefficient estimates. In the past, researchers have addressed this problem 

by imposing constraints to allow for identifiability, but these constraints are problematic in 

that estimates may vary based on the type of constraint chosen (Keyes & Miech, 2013; Yang 

et al., 2008). IE addresses the collinearity between age, period, and cohort effects without 

introducing bias in model parameter estimates. The IE method is a special form of principal 

component estimator, but one in which the coefficients of the principal components are not 

directly interpreted as the effects on the parameters. An extra step of inverse orthonormal 

transformation brings the coefficient estimates to the original space of age, period, and 

cohort variables.

Results

Age Trends

Figure 1 displays the age distribution among those 45 years and older for 1995, 2000, 2005, 

and 2010 as well as rates by cohorts at different ages. Each cell reports the rate per 10,000 

people in the U.S. population based on census estimates. For alcohol-related admissions, the 

distribution of rates appears to change, with a growth in rates of admissions among middle-

aged and young-old under age 60. Looking at cohort differences in Figure 1, rates of 
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alcohol-related admissions show increases for each subsequent cohort when they reach the 

same age.

Gender and Race Differences

Rates of alcohol-related admission among men and women displayed increasing trends over 

time. Figure 2 provides a graphical display of trends divided by gender and age group (45–

64 and 65+). To test for linear trends and gender differences, we estimated regression 

models using time (years) and gender and their interaction as independent variable of rates. 

Among those 45–64 and 65+, rates of alcohol-related admissions were significantly lower in 

women than men (See Table 1). The trends for alcohol-related admission were notable as 

they increased over time among those 45 to 64 years old (b = 3.25; t = 15.87; p < .001) and 

65+ years old (b = 0.88; t = 8.84; p < .001), although this increasing time trend was steeper 

in the middle-aged admission rate. Using an interaction term, we tested for differences in 

linear trends in rate between men and women. For rates of alcohol-related admission, there 

was a slower increase among women than men for rates among those 45 to 64 (b = −1.79; t 

= −6.18; p < .001) and among those 65+ (b = −0.68; t = −4.82; p < .001).

Figure 3 displays trends in alcohol-related admissions for different racial categories. For 

race groups, we derived rates by age for 2000–2010, as population denominator data were 

not available from the Census Bureau stratified by age and race. Results of the models 

examining time (years), race, and race by time on admissions over time are reported in Table 

1. Consistent with the gender models, there was an increasing linear trend rate of alcohol-

related admissions among race groups within both age groups.

Racial differences were pronounced for alcohol-related admissions (see Table 1). Rates 

among African Americans (b = 62.87; t = 7.40; p < .001) and Hispanics (b = 22.30; t = 2.63; 

p = .012) were significantly higher than among Whites for those in the 45 to 64 age group. 

Rates among Asian/Pacific Islanders were lower (b = −34.84; t = −4.10; p < .001) within 

this same age group. Although there was no difference in the rate of alcohol-related 

admission between Whites and Native Americans, rates increased at a faster rate at ages 45 

to 64 (b = 3.15; t = 2.20; p = .033). Among those aged 65 and older, rates were higher 

among African Americans (b = 21.40; t = 5.30; p < .001) and Hispanic individuals (b = 

14.99; t = 3.71; p < .001), but lower in Asian/Pacific Islanders (b = −22.60; t = −5.60; p < .

001) and Native Americans (b = −.44; t = 3.74; p < .001). Whereas there was a positive 

trend for alcohol-related admission among American Indians aged 45 to 64 years old, we 

found a slightly slower rate of increase in rates among American Indians aged 65 and older 

(b = −.04; t = 4.18; p < .001).

APC Model

Using rates for Years 1995, 2000, 2005, and 2010, we estimated APC models for alcohol-

related admissions. These models were able to parse out the contributions of cohort 

membership, age, and time period in rates. Figure 4 provides graphical display of linear 

regression coefficients by age, period, and cohort. Model estimates are linear regression 

coefficients of rates, and the reference group for each variable (age, period, and cohort) is 
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the mean for that variable. For instance, the reference category for age group would be the 

mean value across age categories.

Age effects for alcohol-related admissions were also present. Age groups under age 65 

demonstrated significantly higher rates of alcohol-related admission, and age groups above 

70 demonstrated significantly lower rates. We also found a positive cohort effect for 

alcohol-related admission, as individuals in later post-war cohorts (1950–1954–1955–1959, 

and 1960–1964) showed significantly higher rates of admission, and those born in prewar 

and World War II cohorts (1920–1924–1925–1929–1930–1934–1935–1939–1940–1944) 

had significantly lower rates. Alcohol-related admission rates displayed a positive time 

trend, with the Years 1995 and 2000 significantly lower than the mean rate and 2010 

significantly greater than the mean rate.

Discussion

This study adds to evidence that younger cohorts who are aging may have greater morbidity 

related to alcohol and other substance use and provides support for the notion that increasing 

disorder and service use are not simply a function of growing numbers of older adults, but of 

the rate of diagnosis in the population. Rates of alcohol-related hospitalizations were higher 

among individuals born in later cohorts (i.e., baby boom) and lower than average among 

individuals during World War II or before (1945 or earlier). Age effects were present with 

rates of hospitalizations decreasing in older age groups, consistent with longitudinal research 

on heavy episodic drinking (Keyes & Miech, 2013) and cross-sectional surveys (Moore et 

al., 2009). Among middle-aged and older adults, we found evidence for period effects in 

alcohol-related admissions. An increasing period effect was present, in that estimates of 

period effect went from negative for 1995 and 2000 to positive for 2010 (see Figure 4).

Cohort Effects

Our findings dovetail with research focused on increased diagnosis of substance use disorder 

(Han et al., 2009) and need for services (Gfroerer et al., 2003) among cohorts reaching older 

adulthood in coming years. Research by Keyes and colleagues (Keyes, Li, & Hasin, 2011) 

concluded that post–World War II generations are more likely to drink heavily and develop 

alcohol disorders. Evidence from this study suggests this pattern is present for alcohol-

related hospitalizations as well. This is especially troublesome given the unprecedented 

numbers of people in the baby boom generation that may strain the health care system.

These ballooning rates add to a sense of urgency to prepare the mental health and substance 

abuse workforce to meet the needs of older adults (Eden, Maslow, Le, & Blazer, 2012; 

Institute of Medicine, 2008) and to support geriatric service providers in developing 

competency (Jeste et al., 1999) in working with patients for whom alcohol or other 

substances may be a critical aspect of their health. Such effort may be aided by the diffusion 

of evidence-based practices (e.g., Screening, Brief Intervention, and Referral for Treatment 

[SBIRT]; Schonfeld et al., 2009) aimed at identifying and treating older adults at risk of 

alcohol-related harm. Given the solid body of evidence suggesting that older adults achieve 

gains in treatment that are similar to younger groups (Kuerbis & Sacco, 2013), these efforts 

may have a positive impact on the health and well-being of aging Americans.
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Race and Gender Differences

Our estimates of race and gender differences are in line with current understanding of 

alcohol-related problems from other data sources, including the National Hospital Discharge 

Survey (Chen & Yi, 2010, 2014). Specifically, rates of alcohol-related admissions were 

higher among middle-aged and older adult men than women in the same age groups. Among 

racial groups, rates of alcohol-related disorders were significantly higher among Blacks than 

Whites and lower among Asians than Whites. Still, we did not identify large differences in 

the trend of alcohol-related admissions by gender or racial group as measured by time by 

race interaction terms, suggesting little differences in trend based on gender and race.

Data from this study also shed light on racial disparities in alcohol-related hospital 

admissions. Rates of admission were significantly higher among middle-aged and older 

adult African Americans, and were also higher among middle-aged Hispanics. Asian 

American middle-aged and older adults had consistently lower rates. These findings are 

congruent with those of McDonald, Wang, and Camargo (2004), who identified higher rates 

of alcohol-related admissions to the emergency department among Blacks compared with 

Whites between the years 1992 and 2000. Similarly, a review by Keyes and colleagues 

(2011) concluded that rates of alcohol-attributable injury were high for both Blacks and 

Hispanics in relation to estimates of use. Blacks and Hispanics display greater risk of 

specific alcohol-related conditions (Chartier & Caetano, 2010) including liver disease 

(Flores et al., 2008), cirrhosis (Stinson, Grant, & Dufour, 2001; Yoon, Yi, & Grant, 2008), 

and alcohol-related cancers (Polednak, 2007). Racial/ethnic differences in rates could also 

be a result of differences in life course trajectories related to alcohol use by race (Caetano & 

Clark, 1998).

Although this study benefits from the comprehensiveness of the NIS data, it has several 

limitations. The accuracy of administrative data is reliant on documentation of alcohol-

related conditions for billing purposes. It is possible that diagnosis of alcohol-related 

conditions was not documented in the NIS, or that trends in alcohol-related admissions are a 

function of improved detection through uptake of interventions such as SBIRT. Moreover, 

diagnostic codes may be influenced by confounding changes in reimbursement, such as the 

addition of new reimbursement codes. The sampling frame of the NIS is limited to 

community hospitals, so conclusions may not be generalizable to other settings, such as 

Veterans Administration hospitals or Federal hospitals. APC analysis is limited by the 

number of time points (1995, 2000, 2005, and 2010) used in the analysis and limited number 

of measurements for the youngest and oldest age groups.

In the interest of clinical practice, future research should explore potential changes in the 

profile of alcohol-related hospital admissions with a focus on comorbid conditions and older 

adult populations at high risk. Future research should consider the impact of alcohol-related 

diagnosis on morbidity and mortality to provide insights into the impact of alcohol-related 

conditions on clinical outcomes for older adults. Recent research also suggests that the 

substance use profile of older adults is moving away from alcohol alone and will include 

greater use of illicit and prescription drugs (Lay, King, & Rangel, 2008; Lofwall, Schuster, 

& Strain, 2008; Sacco et al., 2013). This may contribute to the hospitalization of older adults 

for substance-related conditions other than alcohol, and as such, more knowledge is needed 
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about co-morbidity and mortality related to those substances as well. This research adds to 

the evidence that training of health care professionals who care for older adults should 

include an understanding of alcohol-related conditions and their treatment. From the 

standpoint of specialty care providers, addiction treatment needs to become aging-informed, 

as the demographic make-up of unhealthy drinkers reflects the graying of our nation.
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Figure 1. 
Age and cohort distribution of alcohol-related admissions, 1995, 2000, 2005, and 2010.
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Figure 2. 
Rates of alcohol-related diagnoses by gender 1993–2010.
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Figure 3. 
Rates of alcohol-related diagnoses by race and age group 2000–2010.
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Figure 4. 
Age–period–cohort model.

Note. The reference group for age, period, and cohort coefficients is the mean rate of age, 

period, and cohort, respectively.

Sacco et al. Page 14

J Aging Health. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sacco et al. Page 15

Table 1

Statistical Tests of Trend by Gender and Race/Ethnicity.

Rate of any alcohol-related diagnosis

b SE t p

Gender, n = 36a

 45–64b

  Time     3.25 0.205   15.87 <.001

  Female −72.44 2.89 −25.04 <.001

  Time × Female   −1.79 0.29   −6.18 <.001

 65+b

  Time     0.88 0.09     8.84 <.001

  Female −57.28 1.40 −40.94 <.001

  Time × Female   −0.68 0.14   −4.82 <.001

Race/ethnicity, n = 55c

 45–64b

  Time     3.83 1.01     3.78 <.001

  Black   62.87 8.49     7.40 <.001

  Hispanic   22.30 8.49     2.63   .012

  Asian/PI −34.84 8.49   −4.10 <.001

  Native Amer.   −8.22 8.49   −0.97   .338

  Time × Black     0.46 1.44     0.32   .74

  Time × Hispanic   −2.65 1.44   −1.85   .071

  Time × Asian/PI   −3.10 1.44   −2.16   .036

  Time × Native     3.15 1.44     2.20   .033

 65+b

  Time     1.29 2.85   11.07 <.001

  Black   21.40 4.04     5.30 <.001

  Hispanic   14.99 4.04     3.71 <.001

  Asian/PI −22.60 4.04   −5.60 <.001

  Native Amer.   −0.44 4.04   −3.74 <.001

  Time × Black   −0.16 0.68     0.23   .882

  Time × Hispanic   −0.45 0.68   −1.31   .1977

  Time × Asian/PI   −0.44 0.68   −1.44   .1566

  Time × Native   −0.04 0.68     4.18 <.001

Note. SE = standard error; PI = Pacific Islander.

a
Sample is based on rate above 18 years (1993–2010) for each gender.

b
Models are stratified and run separately by age group.
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