Chang et al. BMC Geriatrics (2023) 23:490 BMC Geriatrics
https://doi.org/10.1186/512877-023-04164-x

The impact of COVID-19 epidemic @
on emergency department visits of older
patients in Taiwan

Hao-Ming Chang1, Chih-Chen Chang% Pei'YiI’]g Lm]SI Yi-Chen Leez, Hsien-Hao Huang““* and
David Hung-Tsang Yen'#4>¢*

Abstract

Background The number of emergency department (ED) visits has significantly declined since the COVID-19
pandemic. In Taiwan, an aged society, it is unknown whether older adults are accessing emergency care during the
COVID-19 epidemic. Therefore, this study aimed to investigate the impact of COVID-19 on the ED visits and triage,
admission, and intensive care unit (ICU) hospitalization of the geriatric population in a COVID-19-dedicated medical
center throughout various periods of the epidemic.

Methods A retrospective chart review of ED medical records from April 9 to August 31, 2021 were conducted, and
demographic information was obtained from the hospital’s computer database. The period was divided into pre-,
early-, peak-, late-, and post-epidemic stages. For statistical analysis, one-way analysis of variance followed by multiple
comparison tests (Bonferroni correction) were used.

Results A statistically significant decrease in the total number of patients attending the ED was noted during the
peak-, late-, and post-epidemic stages. In the post-epidemic stage, the number of older patients visiting ED was
nearly to that of the pre-epidemic stage, indicating that older adults tend to seek care at the ED earlier than the
general population. Throughout the entire epidemic period, there was no statistically significant reduction in the
number of the triage 1& 2 patients seeking medical attention at the emergency department. In the entire duration of
the epidemic, there was no observed reduction in the admission of elderly patients to our hospital or ICU through the
ED. However, a statistically significant decrease was observed in the admission of the general population during the
peak epidemic stage.

Conclusions During the peak of COVID-19 outbreak, the number of ED visits was significantly affected. However, it is
noteworthy that as the epidemic was gradually controlled, the older patients resumed their ED visits earlier that the
general population as indicated by the surge in their number. Additionally, in the patient group of triage 1& 2, which
represents a true emergency, the number did not show a drastic change.
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Background

Coronavirus disease 2019 (COVID-19) was first reported
in Wuhan, China [1]. Since then, it has spread to multi-
ple countries within months [2, 3]. On March 11, 2020,
the World Health Organization officially declared the
COVID-19 outbreak a global pandemic [4]. To date, this
novel virus has caused more than 760 million confirmed
cases and 6.8 million deaths worldwide.

As an island nation, Taiwan has an inherent advan-
tage when it comes to border control management [5].
Methods including real-time surveillance with rapid
risk assessment, laboratory capacity building, extensive
case detection, rigorous contact tracing, and daily moni-
tored mandated quarantines with a people-centered
approach have successfully curbed community spread,
while schools and businesses remain open [6—-8]. In Tai-
wan, since the start of the COVID-19 pandemic, there
have been only few sporadic COVID-19 confirmed cases
in the first half of 2020; thus, it has been considered
highly successful in the initial rapid containment of the
COVID-19 pandemic [9]. There were even 222 consecu-
tive days without a locally transmitted case from April 12
to November 21, 2020 [10]. However, sporadic cases of
COVID-19 began to appear in late April, 2021. The first
case was a cargo flight pilot from Indonesia who had con-
tracted the virus with only mild symptoms of an itchy
throat after flying to Australia on April 20, 2021. The
Central Epidemic Command Center (CECC) immedi-
ately started an investigating the pilot’s history of activ-
ity in Taiwan and identified individuals who had come
into contact with him. Of the identified cases, two tested
positive and their COVID-19 diagnosis was confirmed
on April 23, 2021. The CECC subsequently launched an
investigation to look for further potential indigenous
cases and implemented a “Clearing Plan” for China Air-
lines. Unfortunately, this outbreak escalated into the larg-
est COVID-19 outbreak in Taiwan since the start of the
epidemic, with seven more indigenous cases reported
on May 11, 2021, six of which had no known sources of
infection. To prevent wider community transmission, the
CECC raised the epidemic warning to level 2 and imple-
mented several related restrictions and measures on the
same day.

Generally, regional infectious disease outbreaks or nat-
ural disasters are associated with noticeable changes in
the number of emergency department (ED) visits, espe-
cially for non-COVID-19 visits [11, 12]. In 2003, severe
acute respiratory syndrome (SARS) outbreak affected
the medical service system and it might be associated
with a 40% reduction in visits to the ED [13]. Similar to
that of SARS outbreak, people became reluctant to hos-
pitals due to panic and fear of contracting COVID-19
[14, 15]. Relative to the pre-pandemic period, the delay
in treatment from symptom onset to hospital arrival is
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common during a pandemic, resulting in worse progno-
ses and more urgent clinical conditions of patients; thus,
ultimately increasing morbidity and mortality associ-
ated with both chronic and acute health conditions [16].
Conversely, the CECC introduced prevention programs
that could help decrease the spread of communicable
disease, including wearing the surgical mask at all times
while outside, practicing appropriate social distancing at
restaurants and department stores, and washing hands
regularly [17, 18].

Recent studies have shown a significant reduction in
ED visits over the first weeks of the pandemic [11, 19].
The reasons might be that either patients avoided hospi-
tal visits due to fear of contracting COVID-19 or trans-
mission of certain communicable diseases had slowed
because of fewer human contact [14, 17, 20]. However,
these studies did not assess changes in clinical charac-
teristics, emergency status, and admission rate among
ED attendees. Additionally, they only investigated the
early phase of pandemic and during lockdown, without
assessing the change in trends during the different types
of lockdown. Moreover, Taiwan had more than 7% of
its population aged>65 years, becoming an “aging soci-
ety” in 1993 and the proportion exceeded 14% in 2006,
so Taiwan officially entered a new era, an “aged society”
[21]. The proportion has already exceeded 20% in 2018.
The rapid increase in the proportion of elderly people is
a situation that we must take it seriously. Taipei Veterans
General Hospital (TVGH) mainly serves older patients.
The impact of the COVID-19 epidemic on the geriatric
population needing emergency services was not fully
recognized.

This study aimed to investigate the impact of COVID-
19 on ED visits and triage, admission, and intensive care
unit (ICU) hospitalization of the geriatric population in a
COVID-19-dedicated medical center throughout various
periods of the epidemic.

Methods

COVID-19 epidemiology

TVGH is a tertiary referral and teaching medical center
in northern Taiwan with 2,700 beds. From 2018 to 2020,
the ED of the hospital handled an average of 80,791 vis-
its yearly. There have been only a few sporadic outbreaks
in Taiwan since the COVID-19 pandemic began. TVGH,
one of the designated COVID-19 hospitals in Taiwan,
was established for identifying potential patients with
COVD-19 in the ED and had more than 100 isolation
beds for COVID-19 patient care during the outbreak
period in mid-2021. Data on all patients including the
number of ED visits, age, services provided, triage cat-
egories, and admission to ward and ICU were retrieved
from the hospital computer database for analysis.
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Study population and protocol

We defined the pre-epidemic stage as the month prior
to May 9, 2021 and the early epidemic stage as period
from May 10 to May 18, due to May 10 being the day
when CECC confirmed the presence of several indig-
enous cases and suspected the community spread. The
peak-epidemic stage was the period from May 19 to
June 24, when CECC raised epidemic warnings to Level
3 nationwide. Since June 25, the CECC daily confirmed
indigenous COVID-19 cases down to 76 patients and
continuously decreased. The period from June 25 to
July 26 was defined as the late-epidemic stage. The post-
epidemic stage was from July 27 to August 31, the time
when the CECC announced a lower epidemic alert level
of Level 2 and a similar time interval as the pre-epidemic
stage.

A retrospective chart review of ED medical records was
conducted and demographic information was obtained
from the hospital’s computer database. Patient data were
collected on alternate days throughout the study duration
and 23,691 patients were recruited. Patient information
that was reviewed, analyzed, and compared for different
stages of the COVID-19 epidemic with the general and
older groups (aged=>65 years) included the total num-
ber of visits, age, triage category, ED visit for trauma and
non-trauma, and status after the ED visit. The triage cat-
egory was defined as follows: category 1: true emergency,
life-threatening if not treated immediately; category 2:
emergency, moderate abnormal vital signs; category 3:
urgent, emergency condition but not serious enough for
category 2; category 4: non-urgent, not an emergency
condition or possibly an acute condition without the
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need for laboratory tests or minor symptoms with an
obvious diagnosis; and category 5: not urgent. The num-
ber of daily laboratory-confirmed COVID-19 cases was
collected from the Taiwan Centers for Disease Control.

Statistical analysis

Data were presented as meanzstandard deviation or
mean with 95% confidence interval (CIs). SPSS version
10.0 for Windows (SPSS Inc., Chicago, IL, USA) was used
for data analysis. One-way ANOVA was used for statisti-
cal analysis, followed by multiple comparison tests (Bon-
ferroni correction). There was total 35 comparisons in
our figure, so a P-value of <0.0014 (0.05/35) was consid-
ered statistically significant.

Results

In 2021, from January to August, the ED handled a total
of 43,272 visits, an 8.5% (n=47,298) and 25% (n=57,730)
decrease from 2020 to 2019, respectively. During the
early-epidemic stage, from May 10 to May 18, there was
a marked surge in the number of confirmed COVID-19
cases (Fig. 1). Most of these cases are concentrated in
northern Taiwan, and a significant number of these cases
were treated at TVGH, a medical center located in Taipei
City. The average daily ED visits in the TVGH during the
different stages of epidemic are shown in Fig. 2A. Dur-
ing the pre-epidemic and early-epidemic stages, the total
number of patients visiting the ED remained relatively
stable (201.8+16.7 and 203.2%37.3, respectively). On
May 19, the CECC raised the epidemic warnings to Level
3 nationwide. The total number of patients visiting the
ED daily significantly decreased to 125.2+19.4 (p<0.001)

600

6/27

e COVID-18 daily confirmed cases

Fig. 1 Daily ED visits and number of COVI-19 daily confirmed cases. Total number of emergency department visits and number of COVID-19 daily con-
firmed cases in the pre-epidemic, early-epidemic, peak-epidemic, late-epidemic, and post-epidemic stages during local transmission in Taiwan between

April and August 2021
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Fig.2 Comparison by emergency department visits and patient triage category. Comparison between all patients and patients aged > 65 years in emer-
gency department visits (A), patient triage category 1&2 (B) and 3, 4&5 (C) in the pre-epidemic, early-epidemic, peak-epidemic, late-epidemic, and post-
epidemic stages during local transmission in Taiwan between April and August 2021. (Values are presented as mean + standard deviation. *p <0.0014,

compared with the pre-epidemic stage)

in the peak epidemic stage, 151.7+20.4 (p<0.001) in
late-epidemic stage, and 175.7+£18.2 (p<0.001) in post-
epidemic stage, as compared with that in pre-epidemic
stage. However, we observed a significant decrease in
the number of elderly patients visiting the ED in peak-
epidemic stage (57.9+£10.6, p<0.001), and late-epidemic
stage (71.7£12.6, p<0.001), respectively, but had no sig-
nificant differences in post-epidemic stage (80.2+8.6,
p>0.0014), as compared with the pre-epidemic period
(87.2+10.0) (Fig. 2A). Additionally, we found that elderly
patients showed an earlier increase in ER visits in the
post-epidemic stage compared to the general population.
These findings suggest a higher demand for emergency
services among elderly patients compared to the general
population.

The triages 1 and 2 (Fig. 2B), which indicated that the
patient was in a true emergency or in an emergency with
abnormal vital signs, noted no significantly difference in
patient number during the COVID-19 epidemic, in both
the general (26.8+4.8, 29.1+8.2, 24.8+4.5, 26.3+5.3, and
28.4+8.6) and older population (15.7%£3.5, 18.8+5.1,
16.6%+3.5, 17.6%4.5, and 18.3+3.8). However, for the tri-
ages 3, 4, and 5 (Fig. 2C), which correspond to less severe
conditions, there was a statistically significant decrease
in patient numbers during the peak-, late-, and post-
epidemic stage, in the general population (100.3+17.3,

125.3+17.3, 147.3+17.1, respectively), compared to the
pre-epidemic stage (175.0£15.9). In the older population,
there was also a statistically significant decrease during
the peak- and late-epidemic stage (41.2+9.1, 54.2+9.9,
respectively), but in the post-epidemic stage, there was
no significant differences (61.9+7.6, p>0.0014), com-
pared to the pre-epidemic stage (71.5+8.8).

In non-trauma cases (Fig. 3A), both the total num-
ber of patients and older patients showed a signifi-
cantly decrease during the peak- (93.8%+15.1, p<0.001
and 49.4110.1, p<0.001) and late-epidemic stages
(111.2%+17.7, p<0.001 and 60.4£11.7, p=0.001, respec-
tively), compared to the pre-epidemic stage (138.5+12.9,
and 71.7£8.5). However, in the post-epidemic stage,
there were no significant differences in the total number
of patients and older patients visiting the ED compared
to the pre-epidemic stage.

In trauma cases (Fig. 3B), there was a statistically sig-
nificant reduction in the total number of patients dur-
ing the early-, peak-, late-, and post-epidemic stages
(34.3£104, 22.4+58, 312154, and 36.9t8.6, all
p<0.001, respectively) compared to the pre-epidemic
stage (47.518.6). Among elderly patients, there was a sta-
tistically significant reduction during the peak-epidemic
and post-epidemic stages (8.5+2.7 and 11.3+£2.9, both
p<0.001, respectively), while no significant reduction
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Fig. 3 Comparison by non-trauma and trauma category. Comparison between all patients and patients aged > 65 years in non-trauma (A) and trauma
(B) category in the pre-epidemic, early-epidemic, peak-epidemic, late-epidemic, and post-epidemic stages during local transmission in Taiwan between
April and August 2021. (Values are presented as mean + standard deviation. *p <0.0014, compared with the pre-epidemic stage)
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Fig. 4 Comparison by admission and intensive care unit category. Comparison between all patients and patients aged > 65 years in admission (A) and
intensive care unit (ICU) (B) category in the pre-epidemic, early-epidemic, peak-epidemic, late-epidemic, and post-epidemic stages during local transmis-
sion in Taiwan between April and August 2021. (Values are presented as mean + standard deviation. *p <0.0014, compared with the pre-epidemic stage)

was observed in the early-epidemic and post-epidemic  Discussion
stages (11.8+3.6 and 14.0%4.5, respectively), compared As an island country, Taiwan has the advantage of not
to the pre-epidemic stage (15.5+3.6). These findings sug-  sharing borders with any other country. This geographi-
gested that the ED visits of elderly trauma patients were  cal advantage played a significant role in Taiwan’s suc-
not affected during early- and post-epidemic stage. cessful COVID-19 prevention strategy. Unlike many
Regarding admission (Fig. 4A), the total number of countries worldwide, Taiwan managed to prevent exten-
admissions in the general population showed a signifi- sive community transmission of the virus, earning praise
cantly decrease during the peak- (48.3+8.5, p<0.001), from numerous countries [10, 18]. Taiwan’s effective han-
compared to the pre-epidemic stage (60.3+8.0). But in  dling of the pandemic can be attributed to the lessons
the older population, the total number of admissions learned from the SARS outbreak in 2003. Following the
noted no difference during the COVID-19 epidemic. SARS outbreak, Taiwan implemented various measures,
Regarding ICU hospitalization (Fig. 4B), the total num-  such as governmental reorganization, preparedness for
ber of ICU admissions in the general population and medical care systems, and public engagement [22]. These
older population showed no significantly decrease during actions provided valuable experience and knowledge that
the COVID-19 epidemic, in both the general (9.7£1.9, Taiwan utilized in its response to the COVID-19 crisis.
9.0+5.3,6.9+1.9, 7.5£2.8, and 8.3+£2.6) and older popu- In this study, we demonstrated that the COVID-19
lation (6.5+1.9, 6.1+4.0,4.8+2.0,4.9%+2.2, and 5.8+1.9). epidemic was associated with a significant reduction in
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ED visits, affecting both traumatic and non-traumatic
patients, which is consistent with findings from a pre-
vious study conducted in Thailand [23]. Despite over-
all the decline in ED visits during the peak phase of the
epidemic, we observed that the older patients returned
to our ED shortly after the epidemic subsided, in both
traumatic and non-traumatic cases. Notably, during the
entire period of the epidemic, there was no decrease in
the number of admissions among the elderly population,
which was different from the general population, sug-
gesting that the older population had an immediate and
ongoing need for emergency medical services. Addition-
ally, we observed that the number of patients categorized
as triages 1 and 2, indicating a true emergency or an
emergency with abnormal vital signs, remained relatively
stable throughout all stages of the COVID-19 epidemic.
These findings align with a previous study conducted in
Italy [24].

The transmission of SARS-associated coronavirus
(SARS-CoV) and Middle East respiratory syndrome
(MERS) among individuals has been characterized by
efficient spread in healthcare facilities, highlighting the
vulnerability of our modern healthcare system to noso-
comial infection [25]. The aggregation of a large number
of sick individuals without proper protection can sig-
nificantly amplify transmission within hospitals [26]. In
contrast to SARS-COV, SARS-COV-2 exhibits high viral
shedding in the upper respiratory tract during the early
stage of infection. Additionally, a substantial portion of
individuals capable of transmitting the virus may be pre-
symptomatic, asymptomatic, or only experience mildly
symptomatic. These characteristics played a crucial role
in facilitating the transmission of COVID-19 primar-
ily within the community during the epidemic. This may
help explain the difference in the magnitude of decline
between the SARS-CoV and SARS-CoV-2 outbreaks [25].

However, in May 2021, Taiwan faced a concerning situ-
ation as it experienced its first significant community
spread of COVID-19. There were several domestic cases
reported, but only a few could be linked to the initial
pilot, while the majority had unknown sources of infec-
tion, marking the beginning of community transmission
in the country. This outbreak posed the most significant
public healthcare crisis that Taiwan experienced since the
onset of COVID-19 pandemic. Therefore, understanding
the pandemic influence on the ED attendance and utility
is important for future health and pandemic planning.

During the first eight months of 2021, when Taiwan
experienced its most severe community outbreak, the
number of patients visiting our ED was 43,270. This
represents an 8.5% reduction compared to the previous
year and a marked 25% decrease compared to the num-
ber of visits in 2019, just one year before the epidemic
was declared. While this decline is already remarkable,
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it falls short in comparison to the 37-65% reductions
reported in studies conducted in other countries [11, 19,
27-30]. In 2002, during the peak of the SARS epidemic
in Taiwan, the daily ED visits experienced a reduction of
44-52% compared to the pre-epidemic numbers, which
is consistent with the data observed worldwide during
the COVID-19 pandemic [31, 32].

The coronavirus pandemic had a significant impact not
only on older adults who were infected but also on those
who did not have infection. Generally, it is more com-
mon for older than younger persons to be characterized
by multimorbidity, including hypertension, diabetes mel-
litus, and malignancy and older persons with these con-
ditions can develop medical complications that require
ED visits [33]. Moreover, older adults are at a higher risk
of functional decline and may require access to health-
care and supportive services for their chronic conditions.
Previous studies have shown that older adults were more
likely to cancel or postpone medical appointments dur-
ing the pandemic [34]. Our study revealed that ED vis-
its by older patients decreased during the peak- and late
stages of epidemic but returned to the levels during the
post-epidemic stages as pre- and early-epidemic stages.
This pattern was not observed in the general popula-
tion (Fig. 2A). Older patient with chronic respiratory
and cardiovascular diseases require close collaboration
with healthcare providers and inadequate management
of these conditions at home during the lockdown period
may put frail older individuals at a higher risk [35]. Fur-
thermore, social isolation and loneliness experienced
during lockdown measures had a significant impact on
their health [36]. Many individuals deferred seeking
medical attention for non-COVID-19 conditions dur-
ing the pandemic due to concerns about contracting the
virus, resulting in reduced visit the ED unless necessary.
This poses a significant and often underestimated health
risk for geriatric population, including both community-
dwelling older adults and nursing home residents [37,
38]. The provision of acute care is crucial for this vul-
nerable population, particularly during the COVID-19
pandemic. However, it is important to note that not all
visits to the ED are true emergencies, and inappropri-
ate utilization to ED service is a well-known issue. This
may explain the greater decline in ED visits categorized
as triages 3, 4, and 5 during the pandemic, as observed in
numerous other studies [39-41].

After successfully flattening the curve and lower-
ing the epidemic alert to Level 2, the total number of
patients visiting the ED swiftly increased, but still lower
than that in the pre-epidemic stage. However, the num-
ber of older patients who sought emergency care for both
trauma and non-trauma condition in the post-epidemic
stage did not differ significantly from the pre-epidemic
stage. To the best of our knowledge, this is the first study
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demonstrating older patients returning to the ED early
when the pandemic slowed down and reached pre-epi-
demic levels. This observation can be attributed to the
higher vulnerability of this patient group to diseases and
their urgent need of emergency medical services. Indeed,
older adults have concerns about visiting hospitals during
the pandemic, but they also prioritize the management
of their chronic disease. Factors such as accessibility
to comprehensive care, availability, quality of care, and
positive past experiences play a crucial role in their deci-
sion to seek treatment of non-urgent concerns [42].
In Taiwan, the accessibility and convenience of medi-
cal services are well-regarded [43]. Moreover, Taiwan
implemented effective control measures to combat the
COVID-19 epidemic, which led to quick containment in
a few months [44]. These factors likely contribute to the
older population’s confidence in seeking medical care and
their willingness to return to the ED as the epidemic situ-
ation improved. The observed trend of older individuals
quickly seeking emergency medical services as the epi-
demic slowed down can be attributed to factors such as
advanced age, higher comorbidity burden, and a greater
need for medical care. Older adults are generally more
vulnerable and have a higher demand for healthcare
services due to their age-related health conditions. In
contrast, studies conducted in the UK and US hospitals
reported a significant reduction in medical admissions
among the oldest age group, possibly due to concerns
about acquiring COVID-19 in the hospital or perceived
the futility of admission [27, 45]. In the general adult
group, there was a gradual increase in ED visits since the
late-epidemic stage, but it did not reach the pre-epidemic
level once the lockdown measures were lifted. This differ-
ence in behavior can be attributed to variations in health
behaviors between older and middle-aged adults.

During the peak of the community outbreak in Taiwan,
there was a significant increase in the number of newly
diagnosed COVID-19 cases on a daily basis. This had a
profound impact on the community as the number of
infected individuals grew rapidly, posing a risk to public
health and straining healthcare resources. At that time,
our government also declared a national level 3 epidemic
alert, imposing strict lockdown measures and restrictions
in an effort to reduce community transmission. These
measures included requiring facial coverings in public
spaces, banning all social gatherings indoors, and remov-
ing all indoor dining by food and beverage vendors.
These restrictions were in place to encourage people to
stay at home, thus helping to reduce the rate of commu-
nity transmission with collateral benefits [46]. Our study
demonstrated a marked decrease in the number of visit-
ing patients across all groups, including older patient;
patients in triage categories 3, 4, or 5; patients visiting for
trauma or non-trauma.
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However, our study found that the number of patients
in triages 1 and 2, representing emergent and urgent con-
ditions, remained unchanged throughout the entire epi-
demic, which was different from that of some previous
studies, which demonstrated a significant decline in the
number of older adults for acute unscheduled care [23,
47, 48]. And interestingly, even in the older age group,
there was a slight increase in the number of patients
since the onset of the epidemic. This discrepancy in find-
ings suggests that the volume of highest-acuity patients,
including older adults, either had the smallest reduction
or did not decrease during the pandemic, unlike other
patient groups [49, 50]. In Saudi Arabia, which imple-
mented a curfew, a more restrictive measure to control
virus transmission, patients presenting to the ED during
the pandemic were more likely to have a higher level of
urgency and acuity [51]. The change in acuity levels of
non-COVID-19 ED visits varied across different coun-
tries and cities. Emergent and urgent conditions, such
as stroke, cardiac problems, and sepsis require immedi-
ate attention. In view of stroke, studies have indicated a
decline in the volume of admissions for ischemic stroke/
TIA admission, overall stroke admission, and mechanical
thrombectomy procedures during the COVID-19 pan-
demic [52, 53]. The reluctance of patients to seek medical
attention due to the fear of contracting COVID-19 was
considered a possible reason for the decline in admis-
sions for milder stroke cases. Additionally, physical dis-
tancing measures may have prevented patients from
witnessing stroke symptoms in themselves or others in
a timely manner. Acute myocardial infarction was also
an emergent condition. Recent studies have reported a
significant reduction in admission for ST-elevation myo-
cardial infarction in the United States and Europe during
the COVID-19 pandemic [54, 55]. However, in Taiwan,
there was no observed reduction in ST-elevation myo-
cardial infarction admissions from February 1 to April
30, 2020 [56]. Theoretically, the actual number of emer-
gent and urgent conditions should remain unchanged
during the COVID-19 pandemic. However, the number
of patients who had emergent and urgent conditions and
visited the ED would be influenced by many factors. In
our study, we found that the numbers of patients in tri-
ages 1 and 2 remained consistent throughout the entire
epidemic. This suggests that the demand for true emer-
gency medical services was resilient and less affected by
the magnitude of the COVID-19 community outbreak.
These findings highlight the importance of adequate pub-
lic health strategies and accessible medical care in ensur-
ing that individuals with emergent and urgent conditions
receive timely and necessary medical attention during a
pandemic.

While the COVID-19 pandemic is beginning to ease,
there is no telling whether other infectious diseases may
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emerge in the future. Our investigation might be useful
to understand both the population reaction and health-
care system response at different phases of the pandemic
in terms of reduced demand for care and systems capa-
bility in intercepting it, especially in geriatrics.

Limitations

Our study has several limitations. First, it was a retro-
spective analysis conducted at a single center, which may
limit the generalizability of the findings to other health-
care settings or regions. Although our center is the sec-
ond largest hospital in Taipei, it may not fully represent
the experiences of all patients in the country. Second,
we only investigated several months during the domes-
tic epidemic and could not predict the effects of a lon-
ger COVID-19 epidemic, involving a larger number of
patients, on the duration or amplitude of decreases in ED
attendance or on further changes in ED disease patterns.
Third, the study focused on a COVID-19-dedicated ter-
tiary medical center that primarily serves the geriatric
population, which could introduce selection bias and
limit the ability to generalize the findings to other health-
care facilities or age groups. The effects of the COVID-19
outbreak on different types of medical centers, non-
COVID-19-dedicated medical centers, community hos-
pitals, and private hospitals or clinics or in other cities
were not assessed. This could have caused a selection
bias. Despite these limitations, the study contributes to
our understanding of the impact of COVID-19 on older
patients and provides valuable insights into their health-
care utilization during the epidemic.

This study provides invaluable information for the
design of new schedules for emergency medical services,
workforces of emergency physicians and other special-
ists, and hospital admission and management systems,
which will help medical workers better prepare for any
future infectious outbreaks, such as the COVID-19 epi-
demic. We would also like to emphasize the importance
of not overlooking the healthcare needs of the elderly
population during the pandemic period, particularly with
regard to emergency medical care.

Conclusion

During the peak of the COVID-19 outbreak, the num-
ber of ED visits was significantly affected. However, it
is worth noting that, as the epidemic was gradually sta-
bilized, the number of elderly patients is returning to
pre-epidemic levels sooner than the general population.
Additionally, in the patient group of triage 1&2, which
represents a true emergency, the number did not show a
drastic change.

List of abbreviations
CECC Central Epidemic Command Center
COVID-19 coronavirus disease 2019
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Acknowledgements

This research received no funding, and there are no conflicts of interest to
declare. This research was supported by the Taipei Veterans General Hospital.
We are thankful to our colleagues, who provided their expertise, which greatly
assisted the research.

Authors’ contributions

Hao-Ming Chang; Chih-Chen Chang; Pei-Ying Lin; Yi-Chen Lee; Hsien-Hao
Huang; David Hung-Tsang YenConceptualization, Hao-Ming Chang, Hsien-Hao
Huang and David Hung-Tsang Yen; investigation, Hao-Ming Chang, Hsien-Hao
Huang and David Hung-Tsang Yen; project administration: Chih-Chen Chang,
Pei-Ying Lin, and Yi-Chen Lee;writing—original draft: Hao-Ming Chang and
Hsien-Hao Huang; writing—review and editing: Hao-Ming Chang, Hsien-Hao
Huang and David Hung-Tsang Yen. All authors reviewed and approved the
manuscript.

Funding

This study was supported by grants from the Ministry of Science

and Technology, Taiwan (MOST107-2314-B-075-053 and MOST108-
2314-B-075-034), grants from the Veterans Affairs Council, Taiwan (107VACS-
002, T08VACS-002, 109VACS-002, 110VACS-009), Veterans General Hospitals
and University System of Taiwan Joint Research Program (VGHUST 110-G7-6-
2, 112-G7-2-2), and intramural grants from Taipei Veterans General Hospital,
Taiwan (V108C-123,V111C-195,V112C-061).

Data availability

The raw data analyzed during the current study are not publicly available to
avoid any possibility of identifying local patients, but aggregated or limited
data may be available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol underwent comprehensive evaluation and obtained the
necessary endorsement from the Ethics Committee of Taipei Veterans General
Hospital, being assigned the approval number 2022-06-001CC. All procedures
carried out within studies involving human participants were conducted in
strict adherence to the ethical principles set forth by the institutional research
committee, as well as in compliance with the 1964 Declaration of Helsinki and
its subsequent revisions. As this observational study entailed no direct patient
involvement and was deemed to pose minimal risk to human subjects,

the requirement for informed consent was deemed unnecessary and was
therefore waived by the Ethics Committee of Taipei Veterans General Hospital.

Consent for publication
Not Applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Emergency Medicine, Taipei Veterans General Hospital,
No. 201, Section 2, Shih-Pai Road, Taipei 112, Taiwan

’Department of Emergency Medicine, Taoyuan Branch, Taipei Veterans
General Hospital, Taoyuan 330, Taiwan

*Faculty of Medicine, National Yang Ming Chiao Tung University,
Taipei 112, Taiwan

“Institute of Emergency and Critical Medicine, School of Medicine,
National Yang Ming Chiao Tung University, Taipei 112, Taiwan

5Chamg Bing Show-Chwan Memorial Hospital, Changhua 505, Taiwan
Department of Nursing, Yuanpei University of Medical Technology,
Hsinchu 300, Taiwan

Received: 27 April 2022 / Accepted: 11 July 2023
Published online: 14 August 2023



Chang et al. BMC Geriatrics

(2023) 23:490

References

1.

2.

20.

21.

22.

23.

24,

Liu YC, Kuo RL, Shih SR. COVID-19: the first documented coronavirus pan-
demic in history. Biomed J. 2020;43(4):328-33.

Zavascki AP, Falci DR. Clinical characteristics of Covid-19 in China. N Engl J
Med. 2020;382(19):1859-9.

Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-19): the
epidemic and the challenges. Int J Antimicrob Agents. 2020;55(3):9.
Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic. Acta Biomed.
2020,91(1):157-60.

Lai CC, Yu WL. The COVID-19 pandemic and tuberculosis in Taiwan. J Infect.
2020,81(2):159-61.

Lin C, Mullen J, Braund WE, Tu P, Auerbach J. Reopening safely - Lessons from
Taiwan's COVID-19 response. J Glob Health. 2020;10(2):020318.

Cheng HY, Jian SW, Liu DP, Ng TC, Huang WT, Lin HH. Contact tracing Assess-
ment of COVID-19 Transmission Dynamics in Taiwan and Risk at different
exposure periods before and after Symptom Onset. JAMA Intern Med.
2020;180(9):1156-63.

Cheng SY, Wang CJ, Shen AC, Chang SC. How to safely reopen Colleges and
Universities during COVID-19: experiences from Taiwan. Ann Intern Med.
2020;173(8):638-41.

Yang P, Huang LK. Successful prevention of COVID-19 outbreak at elderly care
institutions in Taiwan. J Formos Med Assoc. 2020;119(8):1249-50.

Dai CY, Dai TH, Sheng WH, Ho CK. 222 days without COVID in Taiwan: what
are the reasons for this success? J Travel Med 2021, 28(2).

Hartnett KP, Kite-Powell A, DeVies J, Coletta MA, Boehmer TK, Adjemian J,
Gundlapalli AV. Impact of the COVID-19 pandemic on Emergency Depart-
ment visits - United States, January 1,2019-May 30, 2020. MMWR Morb
Mortal Wkly Rep. 2020,69(23):699-704.

Chambers KA, Husain |, Chathampally Y, Vierling A, Cardenas-Turanzas M,
Cardenas F, Sharma K, Prater S, Rogg J. Impact of Hurricane Harvey on Health-
care utilization and Emergency Department Operations. West J Emerg Med.
2020;21(3):586-94.

Chen TA, Lai KH, Chang HT. Impact of a severe acute respiratory syndrome
outbreak in the emergency department: an experience in Taiwan. Emerg
Med J. 2004,21(6):660-2.

Karalius VP, Kaskar SB, Levine DA, Darling TA, Loftus TM, McCarthy DM. Emer-
gency Department patient Experiences during the COVID-19 pandemic. J
Patient Experience. 2021;8:23743735211033752.

Mantica G, Riccardi N, Terrone C, Gratarola A. Non-COVID-19 visits to emer-
gency departments during the pandemic: the impact of fear. Public Health.
2020;183:40-1.

Czeisler M, Marynak K, Clarke KE, Salah Z, Shakya I, Thierry JM, Ali N, McMil-
lan H, Wiley JF, Weaver MD. Delay or avoidance of medical care because of
COVID-19-related concerns—United States, June 2020. Morb Mortal Wkly
Rep. 2020,69(36):1250.

Galvin CJ, Li YJ, Malwade S, Syed-Abdul S. COVID-19 preventive measures
showing an unintended decline in infectious diseases in Taiwan. Int J Infect
Dis. 2020;98:18-20.

Chen CC, Tseng CY, Choi WM, Lee YC, SuTH, Hsieh CY, Chang CM, Weng

SL, Liu PH, Tai YL, et al. Taiwan Government-Guided strategies contributed

to Combating and Controlling COVID-19 pandemic. Front Public Health.
2020;8:547423.

Souza JL Jr, Teich VD, Dantas ACB, Malheiro DT, Oliveira MA, Mello ES, Cen-
doroglo Neto M. Impact of the COVID-19 pandemic on emergency depart-
ment visits: experience of a brazilian reference center. Einstein (Sao Paulo).
2021;19:eA06467.

Rotulo GA, Percivale B, Molteni M, Naim A, Brisca G, Piccotti E, Castagnola E.
The impact of COVID-19 lockdown on infectious diseases epidemiology: the
experience of a tertiary italian Pediatric Emergency Department. Am J Emerg
Med. 2021;43:115-7.

Lin H, Chou M-Y, Liang C-k, Peng L-N, Chen L-K. Population aging and its
impacts: strategies of the health-care system in Taipei. Ageing Res Rev.
2010,9(Suppl 1):23-7.

Lee WC. Taiwan's experience in pandemic control: drawing the right lessons
from SARS outbreak. J Chin Med Assoc. 2020;83(7):622-3.

Janke AT, Jain S, Hwang U, Rosenberg M, Biese K, Schneider S, Goyal P,
Venkatesh AK. Emergency department visits for emergent conditions
among older adults during the COVID-19 pandemic. J Am Geriatr Soc.
2021,69(7):1713-21.

Giostra F, Mirarchi M, Farina G, Paolillo C, Sepe C, Benedusi F, Bellone A, Ghiad-
oni L, Barbieri G, Santini M et al. Impact of COVID-19 pandemic and lockdown

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

Page 9 of 10

on emergency room access in Northern and Central Italy. Emerg Care J 2021,
17.

Liu J, Xie W, Wang Y, Xiong Y, Chen S, Han J, Wu Q. A comparative overview of
COVID-19, MERS and SARS: review article. Int J Surg. 2020;81:1-8.
Gopalakrishna G, Choo P, Leo YS, Tay BK, Lim YT, Khan AS, Tan CC. SARS trans-
mission and hospital containment. Emerg Infect Dis. 2004;10(3):395-400.
Reschen ME, Bowen J, Novak A, Giles M, Singh S, Lasserson D, O'Callaghan CA.
Impact of the COVID-19 pandemic on emergency department attendances
and acute medical admissions. BMC Emerg Med. 2021;21(1):143.

Boserup B, McKenney M, Elkbuli A. The impact of the COVID-19 pandemic on
emergency department visits and patient safety in the United States. Am J
Emerg Med. 2020;38(9):1732-6.

Jeffery MM, D'Onofrio G, Paek H, Platts-Mills TF, Soares WE, Hoppe Ill, Genes
JA, Nath N, Melnick B. Trends in Emergency Department visits and Hospital
admissions in Health Care Systems in 5 states in the first months of the
COVID-19 pandemic in the US. JAMA Intern Med. 2020;180(10):1328-33.
Barbieri G, Spinelli S, Filippi M, Foltran F, Giraldi M, Martino MC, Cipriano A,
Cinotti F, Santini M, Ghiadoni L. COVID-19 pandemic management at the
Emergency Department: the changing scenario at the University Hospital of
Pisa. Emerg Care J 2020, 16.

Huang HH, Yen DH, Kao WF, Wang LM, Huang CI, Lee CH. Declining emer-
gency department visits and costs during the severe acute respiratory
syndrome (SARS) outbreak. J Formos Med Assoc. 2006;105(1):31-7.

Huang CC, Yen DH, Huang HH, Kao WF, Wang LM, Huang Cl, Lee CH. Impact
of severe acute respiratory syndrome (SARS) outbreaks on the use of emer-
gency department medical resources. J Chin Med Assoc. 2005;68(6):254-9.
Deschodt M, Devriendt E, Sabbe M, Knockaert D, Deboutte P, Boonen

S, Flamaing J, Milisen K. Characteristics of older adults admitted to the
emergency department (ED) and their risk factors for ED readmission based
on comprehensive geriatric assessment: a prospective cohort study. BMC
Geriatr. 2015;15:54.

al, RDWle. The impact of COVID-19 on older adults: findings from the 2021
International Health Policy Survey of older adults. Commonw Fund 2021.
Rizzi A, Mammarella L, Necozione S, Bocale R, Grassi D, Ferri C, Desideri G.
Looking at intra-hospital non COVID-19 mortality among elderly patients
during COVID-19 pandemic. Arch Gerontol Geriatr. 2020;90:104173.

Wu B. Social isolation and loneliness among older adults in the context of
COVID-19: a global challenge. Glob Health Res Policy. 2020;5:27.

Courtin E, Knapp M. Social isolation, loneliness and health in old age: a scop-
ing review. Health Soc Care Community. 2017,25(3):799-812.

McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M, Schwartz NG,

Lewis J, Baer A, Kawakami V, Lukoff MD, et al. Epidemiology of Covid-19

in a long-term care facility in King County, Washington. N Engl J Med.
2020;382(21):2005-11.

Sung CW, LuTC, Fang CC, Huang CH, Chen WJ, Chen SC, Tsai CL. Impact of
COVID-19 pandemic on emergency department services acuity and possible
collateral damage. Resuscitation. 2020;153:185-6.

Alharthi S, Al-Moteri M, Plummer V, Al Thobiaty A. The impact of COVID-19 on
the service of Emergency Department. Healthc (Basel) 2021, 9(10).

Ferron R, Agarwal G, Cooper R, Munkley D. The effect of COVID-19 on
emergency medical service call volumes and patient acuity: a cross-sectional
study in Niagara, Ontario. BMC Emerg Med. 2021,21(1):39.

Goodridge D, Stempien J. Understanding why older adults choose to seek
non-urgent care in the emergency department: the patient’s perspective.
Cjem. 2019;21(2):243-8.

Lin MH, Chang HT, Chen TJ, Hwang SJ. Why people select the outpatient
clinic of medical centers: a nationwide analysis in Taiwan. Peer)J. 2020;8:€9829.
Chen SC. Taiwan's experience in fighting COVID-19. Nat Immunol.
2021;22(4):393-4.

Birkmeyer JD, Barnato A, Birkmeyer N, Bessler R, Skinner J. The impact of the
COVID-19 pandemic on hospital admissions in the United States. Health Aff
(Millwood). 2020;39(11):2010-7.

Lai CC, Chen SY, Yen MY, Lee PI, Ko WC, Hsueh PR. The impact of COVID-19
preventative measures on airborne/droplet-transmitted infectious diseases in
Taiwan. J Infect. 2021;82(3):30-1.

Howley F, Lavan A, Connolly E, McMahon G, Mehmood M, Briggs R. Trends in
emergency department use by older people during the COVID-19 pandemic.
Eur Geriatr Med. 2021;12(6):1159-67.

Butt AA, Azad AM, Kartha AB, Masoodi NA, Bertollini R, Abou-Samra AB. Vol-
ume and acuity of Emergency Department visits prior to and after COVID-19.
J Emerg Med. 2020;59(5):730-4.



Chang et al. BMC Geriatrics (2023) 23:490

49.

50.

52.

53.

54.

Lee DD, Jung H, Lou W, Rauchwerger D, Chartier LB, Masood S, Sathiaseelan
S, Taher AK. The impact of COVID-19 on a large, Canadian Community Emer-
gency Department. West J Emerg Med. 2021,22(3):572-9.

Yu J,Hammond G, Waken RJ, Fox D, Joynt Maddox KE. Changes in Non-
COVID-19 Emergency Department visits by acuity and insurance Status
during the COVID-19 pandemic. Health Aff (Millwood). 2021;40(6):896-903.
Alotaibi R, Alahmari A, Ababtain I, Altamimi A, Alkhaldi A, Alhelail M, Alsala-
mah M. The effect of COVID-19 on the characteristics of adult emergency
department visits: a retrospective cohort tertiary hospital experience in
Riyadh. J Infect Public Health. 2022;15(1):132-7.

Markus HS, Brainin M. COVID-19 and stroke-A global World Stroke Organiza-
tion perspective. Int J Stroke. 2020;15(4):361-4.

Nogueira RG, Abdalkader M, Qureshi MM, Frankel MR, Mansour QY, Yamagami
H, Qiu Z, Farhoudi M, Siegler JE, Yaghi S, et al. Global impact of COVID-19 on
stroke care. Int J Stroke. 2021;16(5):573-84.

De Rosa S, Spaccarotella C, Basso C, Calabro MP, Curcio A, Filardi

PP, Mancone M, Mercuro G, Muscoli S, Nodari S, et al. Reduction of

Page 10 of 10

hospitalizations for myocardial infarction in Italy in the COVID-19 era. Eur
Heart J. 2020;41(22):2083-8.

55.  Solomon MD, McNulty EJ, Rana JS, Leong TK, Lee C, Sung SH, Ambrosy AP,
Sidney S, Go AS. The Covid-19 pandemic and the incidence of Acute myocar-
dial infarction. N Engl J Med. 2020;383(7):691-3.

56. LiYH, Huang WC, Hwang JJ. No reduction of ST-segment elevation myo-
cardial infarction admission in Taiwan during Coronavirus Pandemic. Am J
Cardiol. 2020;131:133-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The impact of COVID-19 epidemic on emergency department visits of older patients in Taiwan
	﻿Abstract
	﻿Background
	﻿Methods
	﻿COVID-19 epidemiology
	﻿Study population and protocol
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations
	﻿Conclusion
	﻿References


