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S ince the start of the COVID-19 pandemic, caused by SARS-CoV-2, 

many medical systems have been severely strained.1-3 Due 

to the rapid surge of COVID-19 confirmed cases that kept 

many hospitalized patients and health care workers in quarantine 

and isolation, the workforce shortage has compelled medical 

communities not only to enlist support from recent medical school 

graduates, physician interns, and retired medical personnel but 

also to share tasks to maintain the medical capacity to cope with 

this public health emergency while maintaining routine health 

care services.4,5 In addition to the shortage of medical capacity, 

the containment measures involved with nonpharmaceutical 

interventions (NPIs) can be barriers to medical access for the 

patients of medical systems. This may impede the provision of 

both routine medical care and also preventive services such as 

cancer screening and health checkups, which will further result in 

declines in early detection of diseases, including cancer.6 Moreover, 

the elevated risk of nosocomial COVID-19 infection7-9 and the high 

fatality rate due to COVID-19–related pneumonia in vulnerable 

groups, especially those with cancer and chronic diseases,10-12 may 

also deter these patients from seeking routine medical care. The 

medical community has emphasized the development of coping 

strategies to strengthen the health care workforce to maintain 

essential health care in the era of COVID-19.13-15

The primary medical services provided by community hospitals in 

the health care system in Taiwan include regular clinical surveillance 

that is supposed to prevent disease from progressing to advanced 

status, confirmatory diagnosis for suspected cases of disease in 

population-based screening programs, and the administration of 

seasonal prophylaxis services such as vaccination for influenza. 

As per the vertical integration of medical care providers in Taiwan, 

community hospitals play pivotal roles in admitting patients 

who have been referred from primary care clinics to provide 

more specialized medical care and hospitalization for surgical 

procedures; they also admit patients who have been treated for 

severe disease at regional hospitals to receive routine follow-up 

care.16,17 Given the compromised medical access due to the resurgent 

and long-lasting COVID-19 pandemic,18,19 community residents 
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ABSTRACT

OBJECTIVES: Whether and how the COVID-19 pandemic 
affected utilization of routine medical care in areas with 
low infection risk, such as Taiwan, has not been widely 
addressed. We aimed to evaluate the impact of the COVID-19 
pandemic on access to medical care.

STUDY DESIGN: Before and after exposure (COVID-19 
pandemic) design with a historical control group for 
comparison of clinical visits based on a retrospective cohort 
of 6722 customary patients of a community hospital in 
Zhunan, Taiwan.

METHODS: Repeated measurements of medical utilization 
in 4-month periods (January to April) of 2019 and 2020 in 
light of the emerging COVID-19 pandemic were collected. 
Access to medical care was defined as the mean frequencies 
of clinical visits. The impacts of the COVID-19 pandemic on 
access in the overall and specific groups were quantified 
with a multivariable Poisson regression model.

RESULTS: The overall outpatient visits per month declined 
by 39% (rate ratio [RR], 0.61; P < .0001) after adjusting for 
demographics. A notable reduction in visits was observed in 
foreign patients (RR, 0.50; P < .0001). The visits of the elderly 
(≥ 80 years) were the most frequent before the COVID-19 
pandemic but were reduced by 44% (RR, 0.56; P < .0001) after 
it began. Most disease categories revealed a declining trend, 
but the size of reduction varied by International Classification 
of Diseases codes.

CONCLUSIONS: The COVID-19 pandemic prevented some 
individuals from keeping regular medical appointments even 
in an area with a low infection risk. Our findings imply that 
more research is required to mitigate the effects of delayed 
medical care for patients who infrequently utilized medical 
care during and after the long-lasting pandemic period.
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with early-stage cancers could experience 

progression to advanced stages and might also 

be vulnerable to seasonal contagious diseases.

Although several studies have been 

conducted to highlight the impact of COVID-19 

containment measures on the provision of 

medical care for certain diseases,6,13,14 few have 

focused on the accessibility of routine medical 

care, particularly in an area with low COVID-19 

infection risk. The objective of this study is 

therefore to estimate the effect size of reduced 

access to routine medical care in Taiwan before 

and after the global COVID-19 pandemic. We further quantified the 

reduction among subgroups by demographic characteristics and 

also by disease-specific groups. Doing so enables us to identify the 

subpopulations vulnerable to low access to routine medical care 

under the threat of the COVID-19 pandemic.

MATERIALS AND METHODS
Medical Care System in Taiwan

The medical care system in Taiwan has been transformed into a 

single-payer system on a national level, supported by the National 

Health Insurance (NHI) program since 1995.16,20-22 This universal 

medical care system, which covers 99% of Taiwan’s population 

and all foreigners with resident permission issued by the National 

Immigration Agency of Taiwan, seeks to provide high-quality, 

efficiently accessed medical care.22,23 Under the universal coverage 

of NHI, medical care services have been delivered through the 

vertical integration of medical providers: the primary care unit, 

local hospital, regional hospital, and medical center.

Study Setting 

The community hospital for our study is located in Zhunan township, 

Miaoli County, Taiwan; Zhunan is the junction of the interior and 

coastal lines of the railroads in western Taiwan. Two industrial special 

districts, Zhunan Science Park and the National Health Research 

Institutes, are located within a 20-minute drive. For several reasons, 

this community hospital is the gateway to medical care from the 

township’s surrounding area. Many foreigners moved to the Zhunan 

area, attracted by the demand for a labor force, including in long-term 

care, the high-tech industry, projects to build the infrastructure, 

and the nearby Science Park. Outside the township, a resident may 

need to drive more than 1.5 hours to visit a medical center in their 

neighborhood metropolitan area. The provision of routine medical 

care and regular preventive services is therefore the major task of 

this hospital. This is also the only community-based facility in the 

township to care for patients of the Zhunan catchment area who 

have chronic disease, including arranging for routine follow-up and 

prescribing medications for disease control, at the hospital level.

In the Taiwanese medical care system, the main role of a local 

hospital, like the one in this study, is to act as a hub for primary care 

units (ie, clinics, local hospitals, and community health centers) 

and as the hinge to vertically integrate the primary care unit and 

regional hospital and medical centers. As such, medical care 

provided by our community hospital mainly includes preventive 

medicine services (with the International Classification of Diseases, 

Tenth Revision, Clinical Modification [ICD-10-CM] codes of Z00-Z99), 

care for chronic diseases (eg, diseases with the ICD-10-CM codes 

of E00-E89, I00-I99, and G00-G99), and care for acute medical 

and surgical conditions (eg, conditions with the ICD-10-CM 

codes of R00-R99, K00-K95, N00-N99, J00-J99, M00-M99, S00-T88, 

and L00-L99).

Study Subjects and Design 

We used a retrospective cohort of our patients—not only from 

the catchment area of nearby townships but also those who have 

been directed to seek medical services from our hospital—as the 

basis for our study’s before-and-after design, corresponding to the 

time periods before and after the start of the COVID-19 pandemic. 

The historical control before the COVID-19 pandemic forms the 

comparator for the exposed group after COVID-19 emerged. Such 

before-and-after designs have been widely used in the evaluation 

of the effectiveness of health care services (such as the mortality 

reduction of breast cancer screening as indicated by Baker et al24); 

the structures of a randomized controlled trial or a nonrandom-

ized study with a nonequivalent control group would have been 

impossible to adopt to evaluate the impact of COVID-19. The study 

cohort thus consisted of as many patients with customary visits 

as possible and did not exclude the community residents of our 

catchment area to ensure the representativeness of the study 

population. We identified 3 patterns of medical consultation for 

these customary patients: 

1. Community residents visiting for annual or biennial disease 

preventive services, such as cancer screening, or general health 

checkups; payment is either out of pocket or reimbursed by 

Taiwan’s national disease prevention policy 

2. Those with chronic diseases, such as hypertension and diabetes, 

visiting for disease monitoring and medication renewals/updates 

3. Community residents with symptoms of illness (even as minor 

as a cold) or who had an accidental or work-related injury

TAKEAWAY POINTS

Access to routine medical care in Taiwan decreased after the COVID-19 pandemic began.

 › Overall use declined by 39%.

 › The elderly (≥ 80 years) and non-Taiwanese reduced their visiting frequencies by 44% and 
50%, respectively, after the pandemic began. These 2 groups were vulnerable in both health 
status and medical care access.

 › Most disease categories showed a declining trend, but the size of the reduction varied by 
International Classification of Diseases categories.

 › Countermeasures to restore access to proactive routine medical care and to prepare clinical 
capacity in advance for unmet needs due to the pandemic should be considered.
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Of these 3 types of customary patients, the intervals between 

successive visits were expected to span across the unit of months to 

years. Following this rationale, customary patients of our hospital 

with at least 3 medical visits between January 1, 2015, and December 

31, 2019, were enrolled for analysis.

To assess the impact of COVID-19 on medical accessibility, we 

compared the frequencies of medical visits in 2 time periods: 

January 1 to April 30, 2019, and January 1 to April 30, 2020. We 

used a before-and-after design based on the previously mentioned 

retrospective cohort of customary patients with longitudinal 

follow-up to April 2020. The outsets of individuals’ follow-up 

person-month were assessed among the customary patients of 

our hospital (see eAppendix Figure for an illustration [eAppendix 

available at ajmc.com]).

We retrieved the data on medical visits from the hospital’s electronic 

health record. The mean number of clinical visits per month was 

used as a surrogate index of the intention to access medical service. 

The frequencies of clinical visits and the explanatory variables were 

treated and displayed under the data frame of repeated measure-

ment. A total of 106,810 medical visits for 6722 individuals 18 years 

and older with information on date of birth, gender, nationality, 

and the relevant details of medical visits were retrieved from this 

retrospective cohort of customary patients.

To assess the impact of the COVID-19 outbreak on medical utilization, 

an indicator variable was applied and defined as 1 if the outpatient 

visiting date occurred on or after January 1, 2020, and 0 otherwise. The 

episodic effect of the Chinese New Year holiday was also considered 

in the analysis due to its possible effect on the frequency of medical 

visits and its proximity to the onset of the pandemic in 2020. In 

addition, the residential areas of the study subjects were included 

in the analysis to have a proxy for the residents’ determination and 

intention to access medical care during the pandemic.

Statistical Analysis 

The primary outcome of interest was outpatient visit counts. The 

data collected for each visit included patient gender, age, resident 

area, nationality (foreigner or not), and date. Rate ratios (RRs) to 

compare the frequency of visits after vs before COVID-19 for the 

overall group and subgroups (eg, sex, nationality, age groups) were 

estimated by using a series of Poisson regression models wherein 

the generalized estimating equation (GEE) was used to calculate 

intraindividual correlation. Subgroup analysis by ICD diagnosis 

codes was applied to evaluate the reduction in medical accessibility 

in each category. Each patient could have more than 1 diagnosis 

code in a single visit, and in such a circumstance, more than 1 ICD 

category was used for the visit. The correlation structure due to 

multiple diagnosis codes used in a single visit for a patient was 

taken into account by using the Poisson regression model with GEE. 

By using such a disease group–based outcome measurement, the 

impact of the COVID-19 pandemic on medical utilization for each 

category of disease can be quantified.

RESULTS 
Of the 6722 individuals enrolled in the analysis, 63.97% were 

women; 2.32% were foreigners. All demographic measures, except 

for sex, were significantly associated with the visiting frequency. 

All demographic results are summarized in eAppendix Table 1. 

Figure 1 shows the estimated results on the frequencies and RRs 

of medical visits before and during the pandemic (see eAppendix 

Mean (95% CI) visiting frequencies per month Ratio of the means of visiting frequencies 
with the associated 95% CI2019 2020

Age in years    

18-39 0.13 (0.11-0.15) 0.07 (0.06-0.09)

40-59 0.24 (0.21-0.28) 0.16 (0.13-0.19)

60-79 0.35 (0.30-0.41) 0.24 (0.19-0.29)

≥ 80 0.35 (0.29-0.43)  0.20 (0.16-0.25)

Citizenship

Domestic 0.35 (0.32-0.37) 0.26 (0.24-0.28)

Foreigner 0.18 (0.14-0.23) 0.09 (0.06-0.13)

Sex    

Female 0.25 (0.22-0.29) 0.15 (0.12-0.19)

Male 0.27 (0.23-0.31)  0.16 (0.13-0.20)

Overall 0.25 (0.22-0.29) 0.15 (0.12- 0.19) 0.61 

0.65 

0.61 

0.50 

0.75 

0.57 

0.65 

0.67 

0.56 
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FIGURE 1. Monthly Mean Visiting Frequencies by Citizenship and Age Group Before and After COVID-19 Outbreak
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Table 2 and eAppendix Table 3 for descriptive statistics). The overall 

crude reduction of visiting frequency was 21% (RR, 0.79; 95% CI, 

0.77-0.83) (eAppendix Table 1). After adjusting for demographics, the 

reduction was elevated to 39% (RR, 0.61; 95% CI, 0.49-0.76) (Figure 1). 

Both genders showed significant reduction in the frequencies of 

outpatient visits after the pandemic had begun (declining from 

about 0.25 to about 0.15 times per month) (Figure 1).

Both foreigners and domestic residents reduced their visiting 

frequencies, foreigners significantly more so (50% and 25% reduc-

tions, respectively). All age groups significantly reduced their visiting 

frequencies after the COVID-19 outbreak. Notably, reductions were 

observed not only in the elderly group (≥ 80 years: 44% reduction; 

RR, 0.56; 95% CI, 0.43-0.74) but also in the youngest adults (≤ 40 

years: 43% reduction; RR, 0.57; 95% CI, 0.45-0.71).

Figure 2 shows the results of subgroup analysis for outpatient 

diagnosis by ICD classification. Compared with the 4-month period in 

2019, almost all of the disease classes showed a significant declining 

trend in clinic visiting frequencies (Figure 2 and eAppendix Table 4). 

The diagnosis subgroups of skin and subcutaneous tissue disorders 

(–62%) and respiratory system disorders (–56%) had the largest visit 

reductions. In contrast, the ICD classification groups of hypertension 

(–8%) and diabetes mellitus (–14%) had the least change.

DISCUSSION
The impact of COVID-19 on health equity and accessibility for vulner-

able groups6,14 and races25 has been addressed in recent studies. By 

using empirical data in an area with a low infection risk of COVID-19, 

our results show that the reduction in medical utilization attribut-

able to COVID-19 outbreak in community residents was substantial, 

regardless of demographics and the categories of clinical diagnosis. 

The vertical integration of medical care providers established by the 

NHI program in Taiwan guides the patient flow of medical utilization 

in the system. However, due to the consideration of accessibility 

and equity, the ultimate right to visit any medical institute in the 

NHI program has been preserved for the insured. Patients who seek 

medical care at community hospitals include community dwellers 

referred from primary care clinics and those being discharged from 

regional hospitals.16,17 The number of patients seeking care at the 

community hospital level is thus a key indicator of medical care 

accessibility, given the bidirectional patient flow both from primary 

care clinics and regional hospitals. Therefore, to evaluate the impact 

of the COVID-19 pandemic on overall medical care utilization in 

Taiwan’s NHI medical care system, evaluating the patterns of patient 

usage at a community-based hospital makes sense.

FIGURE 2.  Subgroup Analysis by ICD-10-CM Code Classes for the COVID-19 Outbreak Episode Effect on Community Hospital Visiting Frequencya

Circul, diseases of circulatory system (I00-I99); Digest, diseases of digestive system (K00-K95); EnMeta, endocrine, nutritional, and metabolic diseases (E00-E89); 
Genito, diseases of genitourinary system (N00-N99); HeServ, factors influencing health status and contact with health services (Z00-Z99); ICD-10-CM, International 
Classification of Diseases, Tenth Revision, Clinical Modification; InjExC, injury, poisoning, and certain other consequences of external causes (S00-T88); MsCTis, diseases 
of the musculoskeletal system and connective tissue (M00-M99); Neop, neoplasms (C00-D49); NervSe, diseases of nervous system and sense organs (G00-G99); 
NotCla, symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified (R00-R99); Respir, diseases of respiratory system (J00-J99); SkSTis, 
diseases of skin and subcutaneous tissue (L00-L99).
aICD code classes with more than 300 diagnoses are depicted. The numbers labeled on the bars for adjusted rates were the reduction percentages of the adjusted 
rates before and after the COVID-19 outbreak episode. All the reductions were significant, except for the diagnosis ICD code classes Neop, Circul, Genito, and HeServ 
(P = .7416, .5306, .3254, and .1277, respectively). The attributable proportions are the relative visiting rates weighted by the subject numbers of each subgroup. See 
eAppendix Table 4 for the numbers and visiting frequencies by subgroups. 
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To assess the impact of the COVID-19 pandemic on medical 

utilization, we used a retrospective study design to examine 

the cohort of customary patients in the catchment area of our 

community hospital, comparing the frequencies of medical 

visits to the hospital in two 4-month periods: January 1 to April 

30, 2019, and January 1 to April 30, 2020—namely, before and after 

the COVID-19 outbreak. Although the use of a historical control in 

such a before-and-after design may have other threats to internal 

validity, such as maturation (aging), regression toward the mean, 

history effect, and practice effect, these threats may be irrelevant 

to the exposure of the COVID-19 pandemic, and some of them can 

be ameliorated by Poisson regression analysis with adjustment for 

extraneous factors such as age, gender, nationality, and the type 

of medical visits. Because of the equal-length periods used for 

comparison, the exposed group would be rendered closer to the 

historical control except for the exposure to COVID-19, to remove 

other confounding factors such as maturation and seasonal variation 

in medical utilization. 

The compromised access to outpatient care in community 

hospitals in an area with a low COVID-19 infection rate, as observed 

in our study, could be the result of the psychosocial impact of the 

pandemic.18,19 The substantial decline in the frequency of medical visits 

for the elderly group could also result from the widely propagated 

messages regarding the high risk of being infected by SARS-CoV-2 

and the elevated odds of unfavorable outcomes for elderly patients 

with COVID-19.10 These messages were conveyed by mass media and 

transmitted through conventional and digital platforms, leading to 

the delays in seeking care by elderly individuals. This possibility, 

taking into account the highest visiting frequency for the elderly 

group before the COVID-19 outbreak, should be scrutinized for the 

risk of delayed and unmet medical needs in the pandemic and 

postpandemic period for this vulnerable group.

The decrease in access to health care services noted in foreign 

workers has been omnipresent worldwide,26,27 with the pandemic 

exacerbating the vulnerability in health equity of this marginalized 

group.28,29 The substandard living environment (eg, crowdedness, 

shared bedroom, poor hygiene), relatively closed social networks, 

economic vulnerability, and language barriers of foreign workers may 

preclude them from being updated on the pandemic’s local impact 

and on the NPIs implemented in the community, which can result 

in reduced medical access. Concerns around deportation, either 

as a result of being infected by SARS-CoV-2 or because of identity 

documents that have expired, can further impede their access to 

medical care. Furthermore, foreign workers living in dormitories 

provided by employers may be dissuaded from making visits to 

hospitals to prevent introducing this pathogen to their neighbors. 

These obstacles may jointly explain the decline in the frequency of 

medical visits in foreign workers to the level of near zero (0.09 per 

month) after the pandemic began, as observed in our study. More 

importantly, our finding shows the need to address the issue of 

medical accessibility for this marginalized population during the 

COVID-19 pandemic and also in the postpandemic era.

Although almost all of the ICD categories showed a decreasing 

trend in medical access after the outbreak of COVID-19, the ICD 

groups of diseases of skin and subcutaneous tissue, diseases of the 

respiratory system, and diseases of the digestive system were the 

most severely affected. In contrast, the subgroups associated with 

the chronic disease of hypertension and preventive medical services 

showed nonsignificant reductions and that of hyperlipidemia and 

diabetes showed modest reductions in the frequency of medical 

visits. Although hospital visits may increase the risk of contracting 

contagious diseases such as COVID-19, especially among patients 

with chronic diseases, an important issue for hospitals providing 

essential medical care to these subgroups during the pandemic 

has been to ensure the balance between harms and benefits for 

these high-risk patients.

The provision of routine medical services, including disease 

surveillance and preventive medicine, is among the major roles of 

community-based hospitals in the medical care system designed by 

NHI in Taiwan. As the pandemic persists, the reduction in access 

to routine medical care is expected and will affect both short- and 

long-term outcomes—for instance, unmonitored fluctuations in 

blood pressure could lead to subsequent end-organ damage due to 

compromised control of hypertension. Our results provide an insight 

into the groups who are the most vulnerable to and most affected 

by the reduced medical accessibility associated with the COVID-19 

outbreak: the elderly and foreigners. The second implication of 

our study is to recognize that there will likely be a resurgence in 

demand for routine medical services. As the pandemic ebbs, the 

surge in demand for services, due to needs that were left unmet 

during the pandemic, can pose a threat to medical care systems 

unless they are well prepared in advance.

In light of the possible emergence of contagious diseases with 

contact and airborne transmission modes30 and given the anticipa-

tion that COVID-19 will not be the last pandemic, 2 other issues are 

crucial for community hospitals to recognize. One is the urgent 

need for novel care modalities, such as remote consultation31 or 

home-based medical care and prescription; with these, patients who 

are at increased risk of being infected and having an unfavorable 

prognosis11,12 could reduce their frequency of visiting hospitals in 

person without compromising health care quality. The second 

pertains to nosocomial infection prevention.7-9 For patients who 

require essential in-hospital medical care, automated devices that 

can perform disinfection on a large scale can reduce their risk (and 

staff members’ risk) of being infected.32

The lack of direct and valid measurements of individuals’ intention 

to routinely access medical care is a study limitation. However, by 

comparing the frequencies of medical visits for the 4-month periods 

in 2019 and 2020 based on the cohort of customary patients of our 

hospital, we demonstrate that the reduction in medical visits can 

serve as a surrogate index for the intention to access medical care. 

Although the public policy decisions regarding the implementation 

of NPIs can be a reason for the decrease in the frequency of medical 

visits, the results in our study were less likely to be affected by this 
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factor because the risk of infection in the study area, unlike other 

regions worldwide, was so low as not to require strict containment 

strategies to bar medical visits in Taiwan, even for the elderly or those 

with chronic diseases. Another limitation is that our study is based on 

data from 1 hospital. Although similar results may be applied to the 

community hospitals of the same level in the NHI system in Taiwan, 

this can be validated by using empirical data from other hospitals. 

CONCLUSIONS
Although the COVID-19 pandemic is currently a global disaster, 

it will eventually be controlled with the effort of international 

research groups and organizations. As the postpandemic era 

approaches, most medical care systems will be confronted with not 

only the direct impacts resulting from the COVID-19 pandemic but 

also the sequelae of compromised access to routine medical care. 

Community hospitals can play a crucial role in this postpandemic 

phase. Given the characteristics of the universal health care system 

and the relatively low risk of COVID-19 infection during 2020 in 

Taiwan, our results on the variation of medical accessibility can 

inform the balance among needs, demands, and accessibility in 

the upcoming months and years when the COVID-19 pandemic 

will, presumably, be contained.

Furthermore, given how long the pandemic has lasted, our 

results provide even more insight as the decision makers of each 

country will need to monitor their populations’ medical needs and 

evaluate how to handle the medical care that patients, particularly 

those with chronic diseases, have delayed. n
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eAppendix Table 1. The demographics of study cohort 

 
Demographics n % P value 
Sex   0.232 

Female 4300 63.97  
Male 2422 36.03  

Nationality   <.0001 
Domestic 6566 97.68  
Foreigner 156 2.32  

Age, years   <.0001 
18-39 2047 30.45  
40-59 2956 43.98  
60-79 1501 22.33  
>=80 218 3.24  

Residential area   <.0001 
Townships in other counties 153 2.28  
Unknown 150 2.23  
Miaoli \ Houlong & Zaoqiao Township 257 3.82  
Miaoli \ Toufen Township 1331 19.8  
Miaoli \ Other Townships 90 1.34  
Hsinchu \ East District, North District & Baoshan Township 63 0.94  
Hsinchu \ Xiangshan District 87 1.29  
Hsinchu \ Other Townships 39 0.58  
Miaoli \ Zhunan, Sanwan & Nanzhuang Township 4552 67.72  

 
Note: The final column displayed the p values of testing for the association between demographics and visiting 
frequency. The evaluation was performed after adjusting for sex, resident area, yearly service volume, and the 
Chinese New Year festival week; see eAppendix Table 3 for other estimates. 
 
  



 
 

eAppendix Table 2. The visiting frequencies and total follow-up person-month by citizenship, age 
group, and the phase of SARS-CoV-2 outbreak. 

 
Summary 

statistics of 
outpatient 

visiting 

 Phases by COVID-19 outbreak  
RR of 

Rc 
 Before  After  

 Visiting 
frequencies 

Person-
month Rc  Visiting 

frequencies 
Person-
month Rc  

Overall  13965 33250 0.42  6657 20155 0.33  0.79 
Sex†           

Female  8744 21302 0.41  4239 12890 0.33  0.80 
Male  5221 11949 0.44  2418 7265 0.33  0.75 

Nationality           

Domestic  13874 32476 0.43  6634 19687 0.34  0.79 
Foreigner  91 774.5 0.12  23 468 0.05  0.42 

Age, years           

18-39  1558 7690 0.20  614 4449 0.14  0.70 
40-59  5772 14228 0.41  2613 8455 0.31  0.76 
60-79  5601 9498.5 0.59  2894 6004 0.48  0.81 
>=80  1034 1834 0.56  536 1247 0.43  0.77 

 
Note: Rc = The crude mean visiting frequency per month. RR= The ratio of Rcs after vs. before COVID-19 
outbreak. The number of people by age group were counted according to the age at visiting date. The phase 
“After” indexed the visiting occurred after February 2020 when news regarding COVID-19 cases spread out 
from Wuhan were started to be widely announced; phase “Before” indexed the visiting occurred before January 
2020. 

 
 
 

 
  



 
 

eAppendix Table 3. The estimated visiting rates of demographics subgroups and phases 
 

Demographics Ra 95%CI RR 95%CI P value 
Sex      

Female 0.20 (0.18, 0.23) 0.94 (0.89, 0.99) 0.028 
Male 0.21 (0.19, 0.24)    

Chinese New Year festival week      
Yes 0.20 (0.17, 0.22) 0.97 (0.94, 1.01) 0.1809 
No 0.20 (0.18, 0.23)    

COVID-19 outbreak effect      
After 0.18 (0.16, 0.2) 0.78 (0.75, 0.82) <.0001 
Before 0.23 (0.2, 0.26)    

Citizenship      
Domestic 0.30 (0.28, 0.32) 2.25 (1.8, 2.82) <.0001 
Foreigner 0.13 (0.11, 0.17)    

Age, years     <.0001 
18-<40 0.10 (0.09, 0.12)    

vs. [60,80)   0.23 (0.2, 0.26) <.0001 
vs. [40,60)   0.44 (0.35, 0.56) <.0001 

40-<60 0.20 (0.17, 0.23)    
60-<80 0.29 (0.26, 0.34)    

vs. [40,60)   0.13 (0.11, 0.17) <.0001 
>=80 0.27 (0.23, 0.32)    

vs. [18,40)   2.64 (2.35, 2.96) <.0001 
vs. [60,80)   0.92 (0.83, 1.03) 0.1501 
vs. [40,60)   1.37 (1.24, 1.53) <.0001 

Residential area     <.0001 
1. Townships in other counties 0.19 (0.15, 0.23)    
2. Unknown 0.15 (0.12, 0.19)    
3. Miaoli \ Houlong & Zaoqiao Township 0.18 (0.15, 0.22)    
4. Miaoli \ Toufen Township 0.25 (0.22, 0.29)    
5. Miaoli \ Other Townships 0.18 (0.15, 0.23)    
6. Hsinchu \ East District, North District & Baoshan 

Township 0.32 (0.25, 0.4)    

7. Hsinchu \ Xiangshan District 0.16 (0.12, 0.21)    
8. Hsinchu \ Other Townships 0.17 (0.13, 0.23)    
9. Miaoli \ Zhunan, Sanwan & Nanzhuang Township 0.25 (0.22, 0.28)    

1 vs. 2   1.21 (0.94, 1.55) 0.1444 
1 vs. 3   1.02 (0.83, 1.25) 0.847 
1 vs. 4   0.74 (0.62, 0.87) 0.0002 
1 vs. 5   1.00 (0.79, 1.28) 0.9714 
1 vs. 6   0.58 (0.46, 0.75) <.0001 
1 vs. 7   1.15 (0.86, 1.53) 0.3526 
1 vs. 8   1.06 (0.79, 1.44) 0.6848 
1 vs. 9   0.73 (0.62, 0.86) 0.0002 
2 vs. 3   0.85 (0.67, 1.07) 0.1591 
2 vs. 4   0.61 (0.5, 0.75) <.0001 
2 vs. 5   0.83 (0.63, 1.09) 0.1862 
2 vs. 6   0.48 (0.37, 0.64) <.0001 



 
 

Demographics Ra 95%CI RR 95%CI P value 
2 vs. 7   0.95 (0.7, 1.3) 0.753 
2 vs. 8   0.88 (0.64, 1.22) 0.4473 
2 vs. 9   0.61 (0.5, 0.74) <.0001 
3 vs. 4   0.72 (0.63, 0.82) <.0001 
3 vs. 5   0.98 (0.79, 1.23) 0.8938 
3 vs. 6   0.57 (0.45, 0.72) <.0001 
3 vs. 7   1.12 (0.85, 1.48) 0.4009 
3 vs. 8   1.04 (0.78, 1.39) 0.7705 
3 vs. 9   0.72 (0.63, 0.82) <.0001 
4 vs. 5   1.37 (1.13, 1.66) 0.0015 
4 vs. 6   0.79 (0.65, 0.97) 0.0231 
4 vs. 7   1.56 (1.22, 2) 0.0004 
4 vs. 8   1.45 (1.12, 1.88) 0.0054 
4 vs. 9   1.00 (0.94, 1.06) 0.9415 
5 vs. 6   0.58 (0.44, 0.76) <.0001 
5 vs. 7   1.14 (0.84, 1.55) 0.3959 
5 vs. 8   1.06 (0.77, 1.46) 0.7207 
5 vs. 9   0.73 (0.6, 0.88) 0.0012 
6 vs. 7   1.96 (1.44, 2.68) <.0001 
6 vs. 8   1.82 (1.32, 2.51) 0.0003 
6 vs. 9   1.26 (1.03, 1.53) 0.0227 
7 vs. 8   0.93 (0.65, 1.32) 0.6777 
7 vs. 9   0.64 (0.5, 0.82) 0.0004 
8 vs. 9   0.69 (0.53, 0.89) 0.0048 
Note: Ra = The average clinic visiting frequency per month after adjusting for all demographics and the COVID-19 outbreak episode. 

  



 
 

eAppendix Table 4. Subgroup analysis by ICD code classes for the COVID-19 outbreak episode 
effect on community hospital visiting rate. 
 

ICD class n  Before  After  Rc  Ra 
 fv P-M  fv P-M  Before After  Before After P value 

01 InfPar 207  889 826  792 828  1.08 0.96  - - - 
02 Neop 334  1197 1332  964 1340  0.9 0.72  0.50 0.42 0.7416 
03 BloImu 118  548 472  461 472  1.16 0.98  0.51 0.34 0.0002 
04 EnMeta 855  3887 3416.5  3386 3420  1.14 0.99  0.86 0.74 0.0014 
05 MentBe 286  1170 1140  1005 1144  1.03 0.88  - - - 
06 NervSe 623  2818 2487.5  2446 2492  1.13 0.98  0.79 0.6 <.0001 
07 EyeAdn 1  4 4  4 4  1 1  - - - 
08 EarMas 47  197 188  206 192  1.05 1.07  - - - 
09 Circul 1124  5049 4496  4529 4504  1.12 1.01  0.79 0.73 0.5306 
10 Respir 997  4348 3973  3459 3998.5  1.09 0.87  0.70 0.31 <.0001 
11 Digest 1228  5216 4902.5  4096 4919.5  1.06 0.83  0.69 0.32 0.0003 
12 SkSTis 346  1895 1382.5  1458 1384  1.37 1.05  0.83 0.31 0.0086 
13 MsCTis 1571  6378 6259.5  4886 6309  1.02 0.77  0.67 0.34 0.0163 
14 Genito 1290  3728 5139  3143 5175.5  0.73 0.61  0.58 0.46 0.3254 
15 PgChil 34  105 136  68 136  0.77 0.5  - - - 
16 Newbo 0  0 0  0 0  - -  - - - 
17 DfChro 2  2 8  4 8  0.25 0.5  - - - 
18 NotCla 1438  5371 5725  4378 5759  0.94 0.76  0.75 0.44 0.0008 
19 InjExC 634  2809 2520.5  2019 2541.5  1.11 0.79  0.52 0.32 <.0001 
20 ExtMob 11  33 43.5  29 44  0.76 0.66  - - - 
21 HeServ 662  2653 2633.5  2012 2655.5  1.01 0.76  0.68 0.39 0.1277 

Note: fv = Total frequencies of outpatient visiting. Rc = The averaged clinic visiting frequency per month. Ra = Averaged clinic visiting 
frequency per month after adjusting for all demographics and the COVID-19 outbreak episode. P-M = Person-month. 

The ICD codes included in each class label: 
1. InfPar: (A00-B99) Certain Infectious and Parasitic Diseases. 
2. Neop: (C00-D49) Neoplasms. 
3. BloImu: (D50-D89) Disease of the blood and blood- forming organs and certain disorders involving the immune mechanism. 
4. EnMeta: (E00-E89) Endocrine, Nutritional, and Metabolic disease. 
5. MentBe: (F01-F99) Mental and behavioral disorders. 
6. NervSe: (G00-G99) Diseases of Nervous System and Sense Organs. 
7. EyeAdn: (H00-H59) Diseases of Eye and Adnexa. 
8. EarMas: (H60-H95) Diseases of Ear and Mastoi Process. 
9. Circul: (I00-I99) Diseases of Circulatory System. 
10. Respir: (J00-J99) Diseases of Respiratory System. 
11. Digest: (K00-K95) Diseases of Digestive System. 
12. SkSTis: (L00-L99) Diseases of Skin and Subcutaneous Tissue. 
13. MsCTis: (M00-M99) Diseases of the Musculoskeletal System and Connective Tissue. 
14. Genito: (N00-N99) Diseases of Genitourinary System. 
15. PgChil: (O00-O9A) Pregnancy, Childbirth, and the Puerperium. 
16. Newbo: (P00-P96) Newborn (Perinatal) Guidelines. 
17. DfChro: (Q00-Q99) Congenital malformations, deformations, and chromosomal abnormalities. 
18. NotCla: (R00-R99) Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified.  
19. InjEx: (S00-T88) Injury, poisoning, and certain other consequences of external causes. 
20. ExtMob: (V00-Y99) External Causes of Morbidity. 
21. HeServ: (Z00-Z99) Factors influencing health status and contact with health services. 

  



 
 

eAppendix Figure. Illustration for the cohort subject inclusion and for the identification of 
accounted person-month 
 

 
 

The illustration displayed 7 patterns of clinic visiting, wherein a smile symbol indicates a visiting and the dotted 
lines indicated how person-month of each individual was counted. The study design aimed to keep visitors of 
types alike to cases 1, 2, 3, 4, 5 in the study sample as much as possible and exclude visitors of types alike to 
cases 6 and 7. 

Cases 1 to case 5 were included in the study cohort since the visiting frequencies in 2015-2019 were more than 3 
times. The follow-up time was accounted for both of the 4-month period (January to April) in 2019 and 2020.  

Cases 6 and 7 were excluded as they visited our hospital less than 3 times between 2015 and 2019. 
Following this scheme, only the customary clients who were recently active visitors such as cases 1 to case 5 

could possibly counted in the evaluation for the comparison between 2020 and 2019. 
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