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Day of the Week Variation in Emergency Department
Arrivals, Chest Pain, and Acute Myocardial Infarction
Throughout 2016—2019

Elnaz Ebrahimihoor*, Mitchell Karpman, Jennifer Grover, Nargiz Muganlinskaya

Luminis Health Anne Arundel Medical Center, Annapolis, MD, USA

Abstract

Overcrowding in the Emergency department (ED) necessitates a major challenge in delivering high-quality care in
acute settings. This study presents a novel approach to modeling the relationship between the day of the week, ED
arrivals, chest pain (CP), and acute myocardial infarction (AMI) using regression analysis. We analyzed data from 2016 to
2019 across three platforms: a nationwide representative sample (NHAMCS), a federated data network (TriNetX), and a
regional medical center. For the stated three outcomes, the number of patients in that category on each day of the week
was calculated; these were then calculated separately for each year, as well as across all four years. In line with prior
studies, this study demonstrates the highest percentage of ED arrival on Mondays and the lowest on the weekends.

Similarly, chest pain was more prevalent on Mondays, with similar patterns for TriNetX and the regional medical
center. Analyzing NHAMCS data demonstrated Wednesdays as the busiest day for AMI-related ED arrivals, although
this observation was not statistically significant. This knowledge will better aid us in resource allocation and system
awareness, paving a path toward better patient care, improving disease management, and reducing healthcare costs.

Keywords: Chest pain, Emergency department arrival, Acute myocardial infarction rates

1. Introduction

mergency departments (EDs) are the gateway
for patient flow into the hospital and play a
crucial role in the chain of care. The goal of any
emergency department is to provide high-quality
medical treatment in an efficient environment
wherein maximum productivity is achieved with
minimal wasted effort and expense. Overcrowding
in the ED is a major concern, negatively impacting
patient satisfaction and the overall health system.’
Theory suggests that EDs become overcrowded as
the result of input (demand), throughput (conges-
tion and queuing within the ED), and output (re-
sources needed to transition the patients to the next
level of care) imbalance.” Unless all components are
available at the same time, ED overcrowding is
inevitable, leading to delays in treatment. Yet,
despite having conceptual knowledge of the cause,
healthcare systems across the United States still face

difficulty in combining knowledge with action. Ac-
cording to the CDC, approximately 50% of EDs
across the U.S. face overcrowding.’

Over the past several years, researchers have
become interested in patterns of ED arrival. Prior
studies suggest emergency departments encounter
a significantly higher volume of patients on Mon-
days, with the least volume on weekends."”

Among many others, chest pain (CP) is reported
as one of the most common symptoms prompting
patients to present to the ED.’ Though it may stem
from less severe maladies, chest pain could signal
that the patient is experiencing an acute myocardial
infarction (AMI). Every 40 s in the U.S., one person
suffers from an AML’

Previously several studies reported a relatively
consistent circadian, septadian (day of the week),
and seasonal pattern for the development of an
AML®*" 1t has been observed that there is an
increased incidence of AMI in the morning
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compared to the night,'" in cold weather compared
to hot, and a marked excess incidence on Mondays
and a minimum on Saturdays."”

Although the exact etiology of these patterns re-
mains unclear, several hypotheses have been pro-
posed. Increased incidence of AMI in the mornings
was previously attributed to surges in blood pressure
and heart rate due to sudden activation of the sym-
pathetic nervous system.'” Greater incidence of AMIin
the cold months was attributed to increased inflam-
matory markers, such as C-reactive protein (CRP),
vasoconstriction, and increased blood pressure.'*

In 2005, the phenomenon of excess AMI on Mon-
days was re-examined and confirmed via a meta-
analysis of 28 articles from 16 countries; however, the
analysis also showed that the size of the Monday
effect differs widely across populations.”” Employ-
ment-related stress, inactivity, overconsumption of
alcoholic beverages, and registration error were
speculated to be key factors.'” Given that this phe-
nomenon varies across populations, additional
studies from different geographic regions would help
shed light on patterns of ED arrivals and cardiovas-
cular events. In this study, we aim to re-examine day
of the week variation for ED arrivals, CP, and AMI
using data from the Nationwide Hospital Ambula-
tory Medical Care Survey (NHAMCS), TriNetX, and
institutional data from a regional medical center
(AAMC) from 2016 to 2019. Our goal is to assess the
existence of meaningful patterns for the stated fac-
tors. If such patterns are uncovered, this knowledge
will better aid us in resource allocation and system
awareness, paving a path toward better patient care,
improving disease management, and reducing
healthcare costs.

2. Methods

Data from 2016 to 2019 was analyzed across three
platforms: a nationwide representative sample
(NHAMCS), a federated data network (TriNetX),
and a regional medical center. For each platform, we
considered adults who were in any of the following
categories: 1) patients arriving to the ED, 2) patients
arriving to the ED who was diagnosed with chest
pain (ICD10-R07.9), and 3) patients arriving at the
ED with acute myocardial infarction (AMI ICD10-
121). For each of these three outcomes, the number
of patients in that category on each day of the week
was calculated; these were then calculated sepa-
rately for each year, as well as across all four years.
The totals were then expressed as a percentage; for
example, at AAMC, 15.7% of all ED arrivals from
2016 to 2019 were presented on a Monday (see
Fig. 1).

NHAMCS is based on a national sample of visits
to EDs in non-institutional general and short-stay
hospitals (excluding federal, military, and Veterans
Administration hospitals) and is collected using a
three-stage probability sampling design. Each ED is
randomly assigned to a four-week reporting period,
during which a systematic random sample of visits
is obtained, including the patient's reason for the
visit and their diagnoses. Up to five (5) diagnoses
may be reported per encounter. NHAMCS requires
that data meet two reliability standards: the un-
weighted cell counts must be greater than 30, and
the relative standard error must be less than 0.3. To
meet these reliability standards, we used the latest
four years of available NHAMCS data (2016—2019).
To account for the complex sample design, Proc
SurveyFreq (SAS 9.4, Cary, NC) was used to
generate weighted totals and percentages, as well as
standard errors.

AAMC is a 389-bed regional medical center with
approximately 80,000 annual adult ED visits. Data
from a separate pediatric ED were excluded from
this study. TriNetX provides access to electronic
medical records, including diagnoses and proced-
ures, from approximately 17 million patients across
56 healthcare organizations. Because this study used
only de-identified patient records and did not
involve the collection, use, or transmittal of indi-
vidually identifiable data, this study was exempted
from Institutional Review Board approval. While
TriNetX offers users the ability to summarize in-
formation using their graphical user interface, we
received redacted data tables so that we could
determine the day of the week for each of our out-
comes of interest: 1) ED arrivals, 2) chest pain, and 3)
acute myocardial infarction. The TriNetX data used
in this study was collected on January 17, 2022.

Multiple regression analyses using Proc GLM
were used for generating both individual and
pooled estimates.

Limitations of the study regarding NHAMCS may
include only five (5) diagnoses and exclude federal
and military hospitals. Probably a consideration for
future initiatives is to include the impact of urgent
care centers which have increasingly been utilized
by patients with emergent needs. Many other socio-
demographic and economic factors, including
proximity to health care facilities, may also be
associated with outcome measures.

3. Results

Graphical and numeric values of ED arrivals ac-
cording to the day of the week demonstrate Monday
as the highest volume (AAMC 15.7%, NHAMCS
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Percentage ED arrivals by Three Platforms
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AAMC 157 14.7 142 140 14.1 138 137
NHAMCS 162 150 145 144 139 13.1 128
TriNetX 1565 1438 145 142 142 135 134

Fig. 1. Regression analysis, with the outcome as the dependent variable, the R? = 0.91 (p < 0.01). Demonstrating a downward trend in ED arrivals

beginning on Monday and ending on Sunday across all three platforms.

16.2% & TriNetX 15.5%). The amounts were aggre-
gated across all four years (2016—2019) and are
presented for each platform. The lowest percentages
of ED arrivals occurred over the weekend (all three
platforms less than 13.7%) displayed in Fig. 1.
Patients experiencing chest pain according to the
day of the week, Fig. 2 displays both graphical and

Percentage Chest Pain by Three Platforms

numeric. The counts were aggregated across all four
years (2016—2019) and are presented for each plat-
form. As with ED arrivals, chest pain was more
prevalent on Mondays, with TriNetX and AAMC
displaying similar patterns. NHAMCS data exhibi-
ted greater variability, with a decrease on Thursdays
and an increase on Fridays.
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TriNetX 16.1 15.2 150 147 14.2 12.3 125

Fig. 2. Beginning on Monday, there is a downward trend across days of the week for the outcome of chest pain. NHAMCS exhibits greater variability,

with a decrease on Thursdays and an increase on Fridays.
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Percentage AMI by Three Plaforms

184

percent

104

T T T
Monday Tuesday Wednesday

T T T T
Thursday Friday Saturday Sunday

[—— AAMC ———— NHAMCS — - — - TriNetX|
AAMC  16.0 192 13.7 14.5 12.4 13.6 16.5
NHAMCS 15.7 15.3 17.7 138 15.1 12.7 9.6
TriNetX 15.4 145 14.4 14.2 14.5 13.6 13.4

Fig. 3. TriNetX data displayed the least variability, with the largest percentage (15.4%) on Mondays and the smallest percentage (13.4%) on Sundays.
AAMC displayed moderate variability compared to TriNetX. NHAMCS exhibited the most variability, with the largest percentage (17.7%) on

Wednesdays and the smallest percentage (9.6%) on Sundays.

Patients experiencing acute myocardial infarction
according to the day of the week in both graphical
and numeric values are described in Fig. 3. The
counts were aggregated across all four years
(2016—2019) and are presented for each platform.
TriNetX data displayed the least variability, with the
largest percentage (15.4%) on Mondays and the
smallest percentage (13.4%) on Sundays. AAMC
displayed moderate variability compared to Tri-
NetX. NHAMCS exhibited the most variability, with
the largest percentage (17.7%) on Wednesdays and
the smallest percentage (9.6%) on Sundays.

Septadian patterns were assessed using multiple
regression analysis with day of the week and plat-
form as independent variables and one of the three

Table 1. General linear model effects.

outcomes (ED arrivals, chest pain, and AMI) as the
dependent variable (Table 1). The results use data
aggregated across all four years, as well as results
where years are treated individually. Thus, the
pooled results are based on 21 data points (three
platforms and seven days of the week), while non-
pooled results are based on 84 data points (three
platforms, seven days of the week, and four years).
The pooled and non-pooled results are similar: day
of the week is statistically significant (with Mondays
the highest and Sundays the lowest). The R? is 0.91
and 0.86 for the pooled and non-pooled analysis,
respectively. Moreover, the pattern of ED arrivals is
consistent between TriNetX and our regional med-
ical center, with NHAMCS having a significantly

Outcomes Group (ref = TriNetX) Day of Week * Group
R? Intercept Day of Week AAMC NHAMCS AAMC NHAMCS
ED Arrivals Pooled 0.91 15.2 -0.32 —0.08 0.59 0.02 —0.19
p-value p <0.01 p <0.01 p 0.77 p 0.05 p 0.72 p 0.02
ED Arrivals Separate 0.86 15.2 -0.31 —0.06 0.61 0.02 -0.2
p-value p <0.01 p <0.01 p 0.67 p <0.01 p 0.61 p <0.01
Chest Pain Pooled 0.78 16.1 —0.62 0.25 0.8 -0.09 -0.27
p-value p <0.01 p <0.01 p 0.77 p 038 p 0.73 p 0.29
Chest Pain Separate 0.61 16.1 —0.61 0.25 0.92 —0.08 —0.31
p-value p <0.01 p <0.01 p 0.67 p 0.13 p 0.62 p 0.07
AMI Pooled 0.47 15.2 -0.27 -0.92 1.99 0.3 —0.66
p-value p <0.01 p 0.33 p 0.51 p 0.16 p 0.42 p 0.10

Pooled df = 5,20; Separate df = 5,83
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percent

Monday Tuesday Wednesday

Thursday Friday Saturday Sunday
dayofweek

group AAMC

NHAMCS TriNetX

Fig. 4. Regression model based on Table 1 Pooled Results for ED arrivals.

higher slope. Fig. 4 depicts this effect for the pooled
results.

The outcome variable of chest pain also displayed
significant day of the week variation (with Mondays
the highest), the R*> was lower at 0.78 and 0.61 for the
pooled and non-pooled analysis, respectively.
Considering the third outcome measure, AMI
revealed a significant R* of 0.47 for pooled results.
Because NHAMCS requires at least 30 records for
each data point, we could not produce reliable
NHAMCS estimates of AMI by day of the week and
year; therefore, only pooled results for AMI are
presented. No significant effect was found for AMI
by either day of the week or platform.

4. Discussion

Our study demonstrates that in all three plat-
forms, the highest percentages of ED arrivals occur
on Mondays. There was a consistent downward
trend throughout the week, with the lowest ED ar-
rivals reported on weekends.

This observation could be partly due to the fresh
start effect. According to prior studies “Temporal
Landmarks Motivate Aspirational Behavior”,'® the
beginning of a new year, new month, or new week is
thought to provide a mental construct that helps
people to dissociate from their past imperfections
and start the new calendar cycle with a fresh and
health-orientated mindset.'® In 2014, Dai et al.
noticed that people tend to take health-related ini-
tiatives more seriously at the beginning of a new
calendar cycle.'® They realized that the number of

internet searches for the word “diet,” as well as the
number of gym visits, increased on Mondays.'®

Due to this phenomenon, we speculate that
overall healthcare utilization increases on Monday
simply in an attempt for many to live healthier. The
adoption of this mindset at the beginning of the
week could be fueled by a few theories.

Many people have a tendency to indulge and
make poor health-related choices over the weekend,
such as binge drinking or consuming foods that
conflict with their dietary restrictions. This may add
to their previously described sense of imperfection,
prompting them to schedule a checkup immediately
afterward to mentally disassociate themselves from
self-destructive behavior.

In this case, where the decision to seek medical
oversight is made in such a short time (over the
weekend), scheduling an appointment with a regu-
lar primary care provider may not be feasible,
leading to the utilization of the emergency depart-
ment as an alternative. Additionally, weekend in-
dulgences may increase the risk of injury or illness
in anything from an alcohol-related motor vehicle
accident to a gout flare-up after a heavy meal.

Socialization during the weekend may also raise
health awareness for an individual. For example, a
person being visited by a family member might be
asked if they have lost weight or be told that they
look unwell. This may prompt them to take action
on the following Monday.

Every day, a large portion of ED visits are classi-
fied as non-urgent encounters.'””'® For a non-life-
threatening malady, patients are often less likely to
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trade in a peaceful weekend for a long wait in an ED
waiting room. If lower volume over the weekends is
in fact, due to patients’ deliberate planning, then the
Monday excess phenomenon could be a repercus-
sion of lower weekend volume.

A true medical emergency is time sensitive. If an
illness could be held over to a desired day of the
week (in this case, Mondays) with no adverse con-
sequences, there is a higher likelihood of this illness
being a non-life-threatening condition. If this theory
is true, then Monday ED visitors are expected to be
less sick. One way to assess this theory is to look at
the variability of inpatient admission rate by day of
the week. People with less serious illnesses are less
likely to be admitted to the inpatient wards. Hence a
lower percentage of inpatient admissions following
an ED visit is expected for Mondays. We could not
explore this idea further due to resource limitations.

This theory should be approached very carefully
as there is a potential risk of underestimating the
severity of an illness. In fact, one study demon-
strated that patients who are denied ED care during
their initial encounter experience higher rates of
subsequent hospitalization."’

On the contrary, if a patient deliberately un-
derestimates symptoms of a severe illness to avoid
hospitalization over the weekend, a higher per-
centage of inpatient admissions is expected on the
following Monday. This is only true, however, if the
patient does not succumb to their illness prior to the
ED presentation.

Additionally, the lower volume of patients over
the weekend could be explained by the widespread
fear of the “weekend effect. “This effect has been
described as a higher mortality rate for patients
admitted over the weekend compared to those
admitted on weekdays.”’

This data demonstrates little variability across
years for any given day (except for Saturday). From
2016 to 2019, there was a trend of Saturday ED ar-
rivals decreasing by approximately 0.4 percent each
year. This might be due to the increased use of ur-
gent care centers, as the statistics from the Urgent
Care Association website (gathered by the year of
urgent care usage) shows an upward trend during
the years of our study.

Similar to our finding with ED arrivals, chest pain
was more prevalent on Mondays, with very similar
patterns for TriNetX and our regional medical center.

Chest pain is a generic symptom with a broad
range of differential diagnosis. Chest pain could be
a manifestation of a benign condition, such as acid
reflux, or it could be the harbinger of a life-threat-
ening condition, such as angina and myocardial

infarction. A high index of suspicion is always
required to identify cardiac etiologies since pain
arising from heart disease could be highly variable
in its characteristics.”'

Chest pain is one of the most common chief
complaints in the emergency department.”**; thus,
it is not unexpected that there would be an
increased prevalence of such a complaint on an ED's
busiest day.

Certain weekend activities may involve a sudden
shift in one's diet and lifestyle, which can inherently
promote cardiac and non-cardiac chest pain. Orga-
nizations such as the Centers for Disease Control
(CDC) and the American Heart Association (AHA)
are making ongoing efforts to promote awareness of
the preceding signs and symptoms of AMIL”
Therefore, we believe that many patients take
symptoms of chest pain seriously and act upon it in
a timely fashion.

For the outcome of chest pain, more variability
was displayed for NHAMCS, with a decrease on
Thursdays and an increase on Fridays. We speculate
that as the work week comes to an end, with
deadlines looming, an individual can become more
stressed and may ignore any health-related red
flags. These individuals may then compensate by
increasing their work hours, causing them to be less
focused on their physical and mental well-being.
This rushed attempt to accomplish their tasks can
heighten anxiety levels. This scenario resembles the
Venturi effect; in this case, pressure builds due to
high anxiety levels from heavy workloads and
impending time constraints, and pressure is
released upon completion of work the following
day. This effect was first described in the 18th cen-
tury by an Italian physicist, Giovanni Battista
Venturi, in the context of fluid dynamics.*

For the diagnosis of AMI, analysis of TriNetX data
displayed the least day-of-the-week variability, with
the largest percentages occurring on Mondays and
the smallest on Sundays. Our regional medical
center displayed moderate variability compared to
TriNetX. For NHAMCS data, Wednesdays appear to
overtake Mondays as the busiest day for AMI-
related ED arrivals, although this result is not sta-
tistically significant.

As previously described, certain weekend activ-
ities can precipitate cardiac events. An AMI can in
turn promote the development of fatal tachyar-
rhythmias such as ventricular fibrillation (VF).27%8

Post—MI arrhythmias are the leading cause of
sudden cardiac death (SCD) following an AML>30
These may occur at any time, from minutes or days
(acute) to months or years after the event (subacute
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and chronic, respectively).”’® Polymorphic ven-
tricular tachycardia and VF are the most common
causes of out-of-hospital sudden death (SCD)
following an ischemic event.”*** Possibly a portion
of the patients who develop an extensive AMI over
the weekend may never reach the hospital, as they
have already succumbed to the illness due to an
acute and lethal arrhythmia. The remainder of AMI
survivors (likely those with a less extensive
myocardial injury) and typical angina will likely
present to the ED on the following Monday, which
could again explain the high prevalence of chest
pain on Mondays. Although chest pain is the most
common symptom of ML*® up to 80% of patients
with transient cardiac ischemia never experience
chest pain. This is known as silent ischemia, where
the commonly known signs and symptoms of an MI
are absent.”” Thus, a portion of MI sufferers never
experience any chest pain and therefore, never seek
medical care. There is an area of concern for such
patients, particularly in the setting of a non-ST
segment elevation MI (NSTEMI). The ECG inter-
pretation is often contextualized, and these patients’
symptoms may not be taken seriously when ST-
segment elevation is not present.”®

It has been observed that out of all patients who
present to the ED with the chief complaint of chest
pain, 31% were found to have acute coronary syn-
drome.”” Additionally, nonspecific chest discomfort
is one of the most common causes of treat-and-
release ED visits.*

We postulate that this subgroup of patients is
perhaps those who return to the emergency
department with full-blown myocardial infarction
or recurrent MI after being released following the
initial encounter. Moreover, despite the multidisci-
plinary efforts of various health organizations to
raise awareness for MI,* societal and demographic
knowledge gaps are still present.’ Suboptimal
insight into the disease process may play a signifi-
cant role in patients’ delayed presentation, leading
to an undesirable outcome immediately or within
the next few days.

Our observation demonstrated a higher rate of ED
utilization and CP diagnosis at the beginning of the
week. Future studies can evaluate the severity of
illness in the patient population by septadian pat-
terns addressing inpatient admission status. This
information can improve system awareness and
resource allocation with better preparedness and
potentially prevent ED overcrowding. Our data at
the time of extraction and analysis is limited to pre-
SARS-CoV-2 pandemic time. Future initiatives may
consider if differences exist in the outcome

measures for pre and post-SARS-CoV-2 pandemic
time frames.
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