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Abstract

Background: Clinical experience suggests an increased hospitali-
zation rate for alcohol-related hepatitis (AH) in the winter months; 
however, seasonal variations in the prevalence of hospitalizations for 
AH have not been described previously. We hypothesized that AH 
hospitalizations would be higher in the winter months due to the holi-
day season and increased alcohol sales.

Methods: Patients with primary or secondary discharge diagnosis of 
AH were included in the study (International Classification of Dis-
eases, Clinical Modification-10th Revision codes K70.4 and K70.1) 
between January 2016 and December 2019. The primary outcome 
measure for this study was daily hospitalizations by each month of 
the year. Secondary outcome measures included the rate of in-hospital 
mortality associated with AH, for each month.

Results: The highest number of AH-related admissions was reported 
in July (n = 56,800; 9%), followed by August (n = 55,700; 8.8%) 
and May (n = 54,865; 8.7%). February had the lowest number of 
admissions (n = 46,550; 7.37%). The adjusted mortality was high-
est in December (overall mortality: 9.6%; adjusted odds ratio: 1.29; 
95% confidence interval: 1.142 - 1.461; P < 0.0001) and lowest in 
May (overall mortality rate: 7.7%). No difference was noted between 
length of stay and total hospitalization cost between months.

Conclusion: Our findings demonstrate that seasonal variations in 
hospitalizations related to AH do exist across the United States. Re-

gional differences also exist and follow unique patterns. The increase 
in admissions for AH is in line with other studies suggesting that 
heavy drinking happens during the warm season. Hospital adminis-
trators and other stewards of healthcare resources can use seasonal 
patterns to guide allocation of resources.
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Introduction

Alcohol consumption has been engraved into American culture 
and slices across racial, socio-economic, and geographical lines. 
Based on the DSM-5 criteria, 12-month and lifetime prevalences 
of alcohol use disorder were 13.9% and 29.1%, respectively [1]. 
Excessive alcohol intake is the third leading preventable cause 
of mortality in the United States with alcohol-related liver dis-
ease being the most common etiology of alcohol-related deaths 
[2]. Persistent and excessive intake of alcohol leads to cirrho-
sis in majority of cases but acute development of inflammatory 
changes in the liver can lead to the development of alcohol-re-
lated hepatitis (AH) which has grave consequences. AH is a syn-
drome characterized by jaundice and liver failure occurring after 
years of heavy alcohol consumption. A study conducted in Den-
mark concluded a 28-day mortality rate of 14-24% in patients 
with AH, reinforcing the grim prognosis the disease holds [3]. 
The severity of symptoms leads most patients to inpatient hospi-
tal care adding to the burden of the US healthcare expenditure. 
In a survey conducted in 2017, the USA encountered 56,000 
cases of AH hospitalizations with an average cost of $37,769 
per hospitalization [4].

Clinical experience suggests an increased hospitalization 
rate for AH in the winter months; however, seasonal variations 
in the prevalence of hospitalizations for AH have not been 
described previously. There are data suggesting that heavy 
alcohol use happens in summer while the winter months in 
the USA are marked by a period of holidays including but not 
limited to Thanksgiving, Christmas, and New Year’s. Alcohol 
consumption has been shown to increase during the holidays 
and special occasions also [5]. Additionally, data from national 
alcohol sales reveal significantly increased consumption of 
alcoholic beverages in the winter months [6, 7]. We hypoth-
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esized that this behavior would lead to an increase in AH hos-
pitalizations in the winter months.

Materials and Methods

Data source

Nationwide Inpatient Sample (NIS) database is the largest 
openly accessible all-payer inpatient healthcare database in the 
United States [8]. The NIS database was created by the Health-
care Cost and Utilization Project (HCUP) and is used to frame 
health policies at the federal, state, and county levels. The 
HCUP is a program developed by the Agency for Healthcare 
Research and Quality. It comprises de-identified hospitaliza-
tion records for more than 7 million unweighted annual hospi-
tal stays and 35 million weighted annual hospitalizations in the 
USA. The NIS records 7 - 8 million hospitalizations annually 
in an unweighted fashion. However, by applying weights we 
can extrapolate the data to provide information on all hospitali-
zations in United States. We included data for hospitalizations 
from 2016 to 2019. IRB approval was not required as the data 
are de-identified. This study was conducted in compliance with 
the ethical standards of the responsible institution on human 
subjects as well as with the Helsinki Declaration.

Study population

Patients from the dataset were selected based on International 
Classification of Diseases, Clinical Modification-10th Revi-
sion (ICD-10-CM) codes. Cases hospitalized with primary 
or secondary discharge diagnosis of AH were included in the 
study (ICD-10-CM codes K70.4 and K70.1). Patients with 
missing data on admission month or mortality were excluded.

Study outcomes and variables

The primary outcome measure for this study was the frequency 
of daily hospitalizations by each month of the year. Compari-
sons of the primary outcome were made between each month 
of the year. Average daily admissions were compared to account 
for months having different number of days. For example, Janu-
ary has 31 days, so total cases were divided by 124 days to ad-
just for differences in the days between each month. Secondary 
outcome measures included the rate of in-hospital mortality as-
sociated with AH. These variables served as surrogate markers 
for the severity of AH. Average daily mortality rates were used 
to account for differing lengths of months as above.

We performed pre-specified subgroup analyses for ad-
mission and in-hospital mortality rates for each geographic 
region in the USA. HCUP divides the regions into northeast, 
mid-west, south and west. The list of states included in each 
region is submitted in the Supplementary Material 1 (www.
gastrores.org). Mortality rates were also compared after ad-
justing for potential confounders and covariates in a multi-
variate regression analysis, including age, sex, race, comor-

bidities (by Charlson Comorbidity Index) [9], length of stay, 
admission status, and hospital characteristics (location and 
teaching status).

Statistical analysis

Demographics are presented in tabular format. The incidence 
rate ratio was calculated for the months using Poisson regres-
sion analysis while adjusting for patient demographics, hospi-
tal characteristics, and Charlson Comorbidity Index. Multivar-
iable regression analysis was done to calculate the mortality 
for each month while adjusting for patient demographics, hos-
pital characteristics, and Charlson comorbidities. All statisti-
cal analyses were performed using STATA, version 17.0 (Stata 
Corp., College Station, TX, USA).

Results

Demographics

Between 2016 and 2019, a total of 631,070 hospitalizations for 
AH were included in the study sample. The mean age of the 
study population was 49.5 years, with the age group of 45 - 65 
years constituting 56.3% of all hospitalizations. Men comprised 
67% of cases, with the most common race being White (70.1%), 
followed by Hispanic (13.2%), and Black (10%) (Table 1).

Hospitalization volume

The highest number of AH-related admissions was reported in 
July (n = 56,800; 9%), followed by August (n = 55,700; 8.8%) 
and May (n = 54,865; 8.7%). February had the lowest number 
of admissions (n = 46,550; 7.37%). Table 2 summarizes the 
total number of hospitalizations for each month.

We further compared the months based on average daily 
hospitalizations. January had the fewest number of hospitali-
zations of AH per day (410.4 admissions per day) in contrast to 
July which had the highest daily admission rate (458.1 admis-
sions per day) (Table 2 and Fig. 1).

Mortality

The highest and lowest in-hospital mortality rates occurred in 
December (27.4 per day) and May (22.4 per day), respectively 
(Table 2 and Fig. 2). In-hospital mortality was further com-
pared for each month by adjusting for various confounding 
factors in the regression analysis with May as the reference 
month. The regression analysis adjusted for age, sex, race, 
comorbidities (Charlson Comorbidity Index), length of stay, 
elective/non-elective admission status, hospital location and 
hospital teaching status. The adjusted mortality was highest in 
December (overall mortality: 9.6%, adjusted odds ratio: 1.29; 
95% confidence interval: 1.142 - 1.461; P < 0.0001) and low-
est in May (overall mortality rate: 7.7%) (Table 3).
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US regional analysis

In the pre-specified regional analysis, the overall rates of hos-
pitalization for acute AH were higher in hospitals located in 
the south. This was followed by hospitals in the west and mid-
west while the northeast had the lowest number of hospitaliza-
tions (Fig. 3). Across all four geographical areas, there was an 
increase in AH hospitalizations in July and August. All-cause 
in-hospital mortality associated with AH for each region is 
summarized in Figure 4. In-hospital mortality was relatively 
higher in winter months in the south, mid-west, and west re-
gions. However, the mortality rate was relatively stable in the 
northeast region.

Discussion

AH is one of the most florid manifestations of alcohol-induced 
liver injury and leads to significant morbidity, mortality, and 
financial burden. In this study, we report specific key findings 

on the effect of seasonality on hospitalization for AH.
July and August are months with the highest number of 

average daily hospital admissions. January had the lowest 
number of average daily hospital admissions. Our study shows 
a rise in the number of cases for AH as we approach June fol-
lowed by a downtrend. To the best of our knowledge, this is 
the first study looking at the impact of seasonality on AH in the 
United States. A study of AH hospitalizations in Canada reports 
that 28% of all hospitalizations occurred in the spring season, 
followed by the fall (26%) [10]. A related study conducted on 
patients with alcoholic and biliary pancreatitis in the United 
States revealed that alcohol-related pancreatitis was also asso-
ciated with seasonality. This study also showed higher admis-
sion during the summer (June - September) [11]. Along with 
our data, these studies do not support the hypothesis that the 
hospitalizations for alcohol-related diseases are highest dur-
ing the holiday season despite the peak in alcohol sales. This 
increase in AH can be attributed to heavy drinking in summer 
which was mentioned in a study done on seasonal variation in 
alcohol use [12]. As per the study, majority of the population 
drinks in winter but heavy drinking is seen generally in sum-
mer which leads to AH and alcohol-related pancreatitis.

The highest national in-hospital mortality rates occurred 
in November and December while the lowest national in-pa-
tient mortality was noted to be in May. This may be due to the 
strain that our health system faces during the holiday season. 
The holiday season is associated with closed primary care of-
fices and decreased workforce on consultative services such 
as hepatology which may lead to patients not receiving appro-
priate intervention promptly. In contrast, there are relatively 
few holidays in April and May (except for Memorial Day and 
Easter). A similar seasonal trend in mortality can also be seen 
in other conditions such as heart failure [13] and coronary ar-
tery disease [14]. Hospitals are also overwhelmed during the 

Table 1.  Characteristic of Patients Admitted With Alcohol-Re-
lated Hepatitis

Variables N (%)
Mean age (years) 49.5 (49.45 - 49.62)
Age
  18 - 44 217,500 (34.47%)
  45 - 65 355,575 (56.34%)
  > 65 57,975 (9.19%)
Sex
  Males 423,785 (67.16%)
  Females 207,215 (32.84%)
Race
  White 427,630 (70.1%)
  Black 60,780 (10%)
  Hispanic 80,720 (13.2%)
  Asian/Pacific Islander 7,260 (1.19%)
  Native American 15,630 (2.56%)
  Other 17,440 (2.86%)
Hospital location/teaching
  Rural 45,590 (7.22%)
  Urban non-teaching 142,475 (22.58%)
  Urban teaching 443,005 (70.2%)
Hospital size
  Small 132,755 (21.04%)
  Medium 188,235 (29.83%)
  Large 310,080 (49.14%)
Length of stay 6.42 (6.37 - 6.49)
Total hospitalization charges 65,070.4 (63,828.1 - 66,312.7)

Table 2.  Incidence Risk Ratio of Alcohol-Related Hepatitis for 
Each Month

Month Incidence 
risk ratio

95% confi-
dence interval P-value

January Reference
February 0.99 0.97 - 1.03 0.702
March 1.03 1.02 - 1.06 0.034
April 1.08 1.05 - 1.11 < 0.001
May 1.10 1.07 - 1.13 < 0.001
June 1.09 1.06 - 1.12 < 0.001
July 1.15 1.12 - 1.18 < 0.001
August 1.10 1.07 - 1.14 < 0.001
September 1.10 1.07 - 1.14 < 0.001
October 1.07 1.05 - 1.11 < 0.001
November 1.06 1.03 - 1.09 < 0.001
December 1.04 1.01 - 1.07 0.013

July was noted to have highest incidence of alcohol-related hepatitis 
as compared to January. The results were adjusted for patient demo-
graphics, hospital characteristics and Charlson comorbidities.
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winter season with patients being admitted for influenza caus-
ing further strain on the healthcare resources. There was also a 
difference in mortality by seasons in various regions. A higher 
mortality rate was seen in the south, west and mid-west in 
months of November and December (Fig. 3). It is pertinent to 
note that HCUP includes 14 states in the south and 12 states in 
the west, which might be responsible for the higher mortality 
rates (Supplementary Material 1, www.gastrores.org). Further 
research is required to study the impact of climate or other 
confounding factors in the differences among the mortality 

rates in various regions. The overall rate of hospitalization for 
AH was highest in hospitals located in the south (Fig. 4). The 
lowest hospitalizations were in northeast. We found that in 
every region, more patients were admitted with AH during 
the summer months. Further studies with propensity matching 
will be required to study if there are regional differences in 
admissions for AH.

These findings could be used to help in health planning to 
prepare for seasons or months in certain geographical areas. To 
get the most out of state and federal funds, looking at trends in 

Figure 2. Daily mortality for alcohol-related hepatitis based on each month. December was noted to have the highest number of 
daily mortality.

Figure 1. Daily admission for alcohol-related hepatitis based on each month. July was noted to have the highest number of daily 
admissions for alcohol-related hepatitis in the country.
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geography and time can be beneficial in terms of hospitaliza-
tion for AH. According to previous studies, the 30-day mortal-
ity for AH is high and recently we have seen an increase in 
the use of liver transplantation as early therapy for AH [15]. 
Since AH hospitalization costs are on the rise, early cessation 
programs for persons at risk of chronic alcohol use and binge 
drinking are crucial [16].

We believe this study has significant clinical and econom-
ic implications. Primary care physicians can screen patients 
who are at risk of alcohol use disorder and its complications 
specifically before these months. Allocating more resources 
such as timely education and appropriate education during this 

high-risk period of increased hospitalizations can lead to im-
proved healthcare.

Our study has several limitations. This study relied on a 
large nationwide database and is subject to the limitations of 
observational data. Individual chart review was not possible. 
The monetary burden of AH-related hospitalizations is likely 
underestimated as it does not include indirect costs such as lost 
workdays, long-term care costs of rehabilitation facilities and 
subsequent outpatient encounters. This study also relied heav-
ily on the accuracy of the ICD-10 codes entered at the time 
of discharge from the hospital. Although various practitioners 
will have different thresholds for coding AH as a diagnosis, 
we believe that it captured most of the patients who had al-
cohol-induced liver damage. Finally, Maddrey’s discriminant 
function and MELD score could not be calculated from the 
variables available in the database. NIS database takes into 
account one admission and as a result patients with multiple 
admissions could not be differentiated.

Our findings demonstrate that seasonal variations in hos-
pitalizations related to AH do exist across the United States. 
Most of the cases occur in July and August, yet mortality is 
higher in the winter. Hospital administrators and other stew-
ards of healthcare resources can use seasonal patterns to guide 
allocation of resources.

Supplementary Material

Suppl 1. States in Each Region, Specific by Healthcare Cost 
and Utilization Project.
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Table 3.  Adjusted Odds Ratio for Each Month With May as a 
Reference Month

Month Odds ratio 95% confidence interval P-value
January 1.19 1.05 - 1.35 0.01
February 1.12 0.99 - 1.28 0.08
March 1.12 0.99 - 1.26 0.09
April 1.05 0.92 - 1.19 0.49
May Reference
June 1.11 0.98 - 1.26 0.10
July 1.11 0.98 - 1.25 0.10
August 1.08 0.96 - 1.22 0.22
September 1.10 0.97 - 1.24 0.16
October 1.08 0.95 - 1.22 0.24
November 1.23 1.09 - 1.40 0.00
December 1.29 1.14 - 1.46 0.00

It is noted that November, December and January have the highest 
mortality rates after adjusting for confounding factors.

Figure 3. Regional differences in daily admissions for alcohol-related hepatitis.
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