
Introduction
On December 30, 2019, the World Health Organization 
(WHO) received an epidemic report related to a 
pneumonia-like disease in Wuhan, China, and on 
January 7, it was recognized as the COVID-19 by the 
Chinese authorities. The Director General of the WHO 
announced the emergence of a new disease on January 30, 
2020. In Iran, the Ministry of Health on February 19, 2020 
announced that the preliminary test results of 2 suspected 
cases of COVID-19 infection in Qom city were positive, 
which confirmed of the spread of the COVID-19 in Iran 
(1,2). The spread of COVID-19 was an emergency and 
dangerous situation for public health worldwide (3). The 
new coronavirus belonged to a large family of viruses that 
caused symptoms similar to colds to severe respiratory 
diseases (pneumonia) and had not been detected in 
humans before. After the epidemic, almost all countries 
planned to prevent and control this disease (4).

Hospitals are the most important pillars of the country’s 
health system in providing services to people, especially 

when facing crises and infectious outbreaks. Providing 
the necessary infrastructure in medical centers to deal 
with epidemics and life-threatening crises is one of the 
most important goals of the country’s health system. 
In the meantime, provision of specialist and support 
human resource to provide health and medical services 
which facing crisis is one of the most important tasks 
of the hospital (5). Providing necessary and effective 
resources, facilities, medical and non-medical equipment, 
protective equipment and medications, especially during 
an epidemic caused by newly emerging diseases, is one 
of the important elements of facing and preparing for 
a crisis (6). The optimal use of these resources and the 
preparation of hospitals in crisis, including epidemics 
is of great importance (3,7). Hospitals as the largest and 
most expensive parts of the health and treatment system 
are of special importance in critical situations and are 
highly responsible in providing health and treatment 
services (8).

Efficiency is considered the most important and 
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common mechanism for evaluating and measuring the 
performance of an economic enterprise, including a 
hospital; therefore, the optimal management of hospitals 
as the most important centers for providing healthcare 
services has always been considered by relevant decision 
makers and policymakers (9). Hospital performance is 
one of the criteria for determining their efficiency and 
effectiveness regarding using hospital resources (10). 
Therefore, it is crucial to evaluate the performance 
indicators of hospitals, especially during the COVID-19 
pandemic. Following the COVID-19 pandemic, 
changes were made in the use of healthcare in hospitals, 
including no selective admissions and procedures and 
giving priority to hospital resources for the treatment of 
COVID-19 patients (11-13), leading to disruption in the 
care of non-COVID-19 patients (11). So far, few studies 
have been conducted on the effect of COVID-19 on the 
use of healthcare and the performance of hospitals in Iran 
(14,15).

Accordingly, we investigated the impact of the 
COVID-19 pandemic on the performance indicators of 
hospitals in West Azerbaijan province in 2019, including 
bed occupancy rate (the ratio of occupied daily beds to 
active daily beds, in a certain period), average patient 
stay (average length of hospitalization or stay of patients 
discharged from the hospital, in a certain period), and the 
bed turnover rate (the number of times a hospital bed is 
used by hospitalized patients in a certain period) in all 
selected hospitals in in 2019 (before COVID-19) and 
2020 (during COVID-19). The obtained results can be 
used for future studies and upgrading the infrastructures 
and beds to prepare as many hospitals as possible during 
epidemics can be considered to minimize the damage and 
casualties of the disease.

Methods 
The present descriptive-analytical study was conducted in 
2019 (before COVID-19) and 2020 (during COVID-19) 
on 30 hospitals of West Azerbaijan province (22 academic 
hospitals and 8 non-academic hospitals), including all 
government (educational and non-educational), private, 
military, social security and charity hospitals selected by 
census. A standard checklist of the Ministry of Health 
(form No. 201 of the new statistical system) was used, 
whose content validity was confirmed by the Ministry 
of Health and the experts. This checklist is based on the 
performance indicators of the hospital, including the 
bed occupancy rate, the average patient stay, and the bed 
turnover rate. First, the data related to before and after 
the COVID-19 were collected from the statistics and 
information department of the relevant hospitals and the 
vice president of medical affairs of the university. Then, 
the value and trend of the mentioned indicators were 
calculated based the extracted data from the hospitals of 
West Azarbaijan province during the considered period. 

Finally, the repeated-measures analysis of variance 
(ANOVA) was used to assess the difference between the 
mean scores and the effect of the COVID-19 pandemic 
on the performance indicators of the hospitals of West 
Azarbaijan province.

Statistical analysis was done using SPSS16 software. 
Then, the presuppositions of repeated-measures ANOVA 
were checked. The normal distribution of data was assessed 
by the Shapiro-Wilk test, which confirmed the normal 
distribution of data regarding the performance indicators 
of the hospitals before and during the COVID-19 
pandemic (P < 0.05). Before repeated-measures ANOVA, 
in order to comply with the presuppositions, the results 
of the Mauchly’s sphericity and Levene’s tests were 
conducted. The Levene’s test showed non-significance of 
the indices, thereby indicating the assumption of equality 
of variances between groups (P < 0.05). The results of the 
Box’s M test also indicated the equality of the observed 
covariance matrix among the hospitals (P < 0.05). The 
Mauchly’s sphericity test showed significant results for the 
research variables; therefore, the assumption of sphericity 
was not met (P < 0.05). Therefore, according to the epsilon 
value, Greenhouse-Geisser correction indices were used 
in order to check the between- and within-group results. 
By rejecting the null hypothesis, it was concluded that the 
bed occupancy rate, the average patient stay, and the bed 
turnover rate had significant changes over time in both 
groups regardless of the type of hospitals (P < 0.05).

All ethical considerations were observed regarding 
research design, conducting the research, and publishing 
the results and the study protocol was approved by 
the Ethics Committee of Urmia University of Medical 
Sciences (IR.UMSU.REC.1401.202). Also, all the 
information remained anonymous.

Results
Based on the descriptive findings, the average bed 
occupancy rate in academic hospitals decreased from 
59.27 (15.16) in 2019 to 44.45 (16.97) in 2020, whereas 
this parameter showed the opposite result in non-
academic hospitals and increased from 56.56 (17.59) in 
2019 to 46.59 (15.17) in 2020. The average patient stay in 
academic hospitals increased from 3.54 (3.47) in 2019 to 
3.81 (3.55) in 2020 and in non-academic hospitals from 
2.30 (0.81) in 2019 to 2.37 (0.94) in 2020. Also, during 
the COVID-19 pandemic, the average bed turnover rate 
decreased from 66.54 (12.95) to 59.30 (10.79) in academic 
hospitals and from 82.77 (14.82) to 73.23 (15.45) in non-
academic hospitals (Table 1).

According to Table 2, the effect of time (coronavirus) 
on bed occupancy rate was significant (η2 = 0.24, P = 0.006 
and F = (1,28) = 8.77). Therefore, regardless of the type 
of hospitals, there was a significant difference between 
the average bed occupancy rate before and after the 
COVID-19. Also, the interaction between time and 
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group (hospitals) indicated that the bed occupancy rate 
decreased in academic hospitals and increased in non-
academic hospitals. The bed occupancy rate was different 
before and after the COVID-19 pandemic in academic 
and non-academic hospitals so that after COVID-19, the 
mean bed occupancy rate in academic hospitals was lower 
than in non-academic hospitals, while before COVID-19, 
this rate in academic hospitals was about 3% higher 
than in non-academic hospitals (η2 = 0.40, P < 0.001 
and F = (1,28) = 18.404). However, the effect of type of 
hospitals on bed occupancy rate was not significant.

Figure 1 shows the effect of the COVID-19 pandemic on 
bed occupancy in academic and non-academic hospitals. 
After the COVID-19 pandemic, the bed occupancy rate 
decreased in academic hospitals and increased in non-
academic hospitals.

Also, the effect of COVID-19 on the average 
patient stay was significant (η2 = 0.47, P < 0.001 and 
F = (1.28) = 24.673). Therefore, regardless of the type 
of hospitals, there was a significant difference between 
the average patient stay before and after the COVID-19 
pandemic. On the other hand, the interaction between the 
effect of COVID-19 pandemic and the type of hospitals, 
as well as the effect of the type of hospitals on the average 
patient stay, was not significant. Figure 2 also shows the 
effect of the COVID-19 pandemic on the average patient 

stay in academic and non-academic hospitals. The average 
patient stay increased due to the effect of COVID-19 in 
both academic and non-academic hospitals.

Another result of the present study that the significant 
effect of COVID-19 on bed turnover rate (η2 = 0.32, 
P = 0.001 and F = (1.28) = 13.281). Thus, regardless of the 
hospital type, there was a significant difference between 
the average bed turnover rate before and after the 
COVID-19 pandemic. Despite no significant interaction 
between the effect of COVID-19 and the hospital type, 
the effect of hospital type on the bed turnover rate was 
significant (η2 = 0.27, P < 0.001 and F = (1.28) = 10.328). 
Therefore, regardless of the effect of COVID-19, there 
was a significant difference between the average bed 
turnover rate in academic and non-academic hospitals. 
Figure 3 shows the effect of the COVID-19 pandemic on 
bed turnover in academic and non-academic hospitals, 
which showed a decrease in both types of hospitals.

Discussion 
The aim of the present study was to investigate the 
effect of the COVID-19 pandemic on the performance 
indicators of academic and non-academic hospitals in 
West Azarbaijan province in 2020. The results showed 
that the significant effect of COVID-19 pandemic 
on bed occupancy so that it decreased in academic 
hospitals, whereas opposite results were observed in non-
academic hospitals. Also, the COVID-19 pandemic had 
a significant effect on the average patient stay in hospital 
and increased this parameter in academic and non-
academic hospitals during the pandemic. Also, the results 
showed the significant effect of COVID-19 pandemic on 
the bed turnover rate, which decreased in both types of 
hospitals.

One of the most important results of this study was 
a decrease and an increase in bed occupancy rate in 
academic and non-academic hospitals, respectively, 
which is consistent with the results of other studies. In a 
study on the impact of the COVID-19 pandemic on the 
workload of orthopedic services in a general hospital in 
the United Kingdom, the average number of weekly visits 

Table 1. Mean score of performance indicators of hospitals in West Azerbaijan 
province before (2019) and during (2020) the COVID-19 pandemic

Variable 
Academic hospitals 

(n = 22)
Non-Academic 
hospitals (n = 8)

Bed occupancy rate

Before COVID-19 59.27 ± 15.16 56.56 ± 17.59

During COVID-19 44.45 ± 16.97 59.46 ± 15.17

Average patient stay

Before COVID-19 3.54 ± 3.47 2.30 ± 0.81

During COVID-19 3.81 ± 3.55 2.37 ± 0.94

Bed turnover ratio

Before COVID-19 66.54 ± 12.95 82.77 ± 14.82

During COVID-19 59.30 ± 10.79 73.23 ± 15.45

Table 2. Results of repeated-measures analysis of variance on the effect of COVID-19 pandemic on performance indicators among hospitals

Index Source 
Sum of 
squares

Degree of 
freedom 

Mean of 
squares

F P value Effect size Test power 

Bed occupancy 
rate

Within-group Time 362.13 1 362.13 8.77 0.006 0.239 0.816

Time × group 759.74 1 759.74 18.404  < 0.001 0.397 0.985

Between-group Group 569.34 1 569.34 1.18 0.286 0.040 0.138

Average patient 
stay

Within-group Time 0.050 1 266.567 24.673  < 0.001 0.468 0.998

Time × group 0.010 1 0.010 5.055 0.063 153/0 0.584

Between-group Group 0.035 1 0.035 0.678 0.417 0.024 0.125

Bed turnover 
ratio

Within-group Time 924.181 1 924.181 1.2813 0.001 0.322 0.940

Time × group 15.614 1 15.614 224/0 0.639 0.008 0.074

Between-group Group 2666.567 1 2666.567 10.328  < 0.001 0.269 0.873
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to the hospital after the confirmation of the COVID-19 
pandemic was decreased by 33%. Also, the number 
of surgeries performed per week decreased by 26%. 
There was also a significant decrease in the number of 
referrals for simple fractures, joint dislocations, wounds, 
and soft tissue injuries (16). Other studies showed that 
acute trauma referrals in the post-COVID-19 period, 
compared to 2019, decreased by almost half, the referrals 
of adult patients and children requiring admission 
decreased by 19%, and the total number of operations 
during the outbreak of COVID-19 reduced to one-third 
(16,17). academic hospitals almost refused to accept non-
coronavirus patients in the first year of the COVID-19 
pandemic, i.e. in 2019, due to the large number of 
these patients and especially during the peaks of this 
pandemic. It can be argued that during the first year of 
the COVID-19 outbreak (2020), academic hospitals were 
reluctant to admit non-coronavirus patients, particularly 
during the peaks of the pandemic. This was due to the high 
number of COVID-19 patients, and different hospital 
wards were designated for their treatment. Despite the 
large number of hospitalizations of COVID-19 patients, 
bed occupancy in academic hospitals decreased by 25%. 
However, according to the findings, this index increased 

by 5% in non-academic hospitals. Because academic 
hospitals did not accept non- COVID-19 patients, 
they were all admitted to non-academic hospitals. In 
general and considering all disease types, due to the 
observance of health protocols, the fear of contracting 
COVID-19, staying at home and postponing unnecessary 
hospitalizations, especially in 2020, the number of 
hospitalized patients and consequently bed occupancy 
rate decreased in 2020.

Another result of the current research was that 
significant effect of the COVID-19 pandemic on 
average patient stay, which increased during COVID-19 
pandemic in both types of hospitals. This parameter 
showed a 7% increase in academic hospitals; therefore, 
average patient stay moved away from the optimal status 
range and was at a moderate level. This parameter showed 
a 3% increase in non-academic hospitals and showed the 
optimal status. It should be noted that the average patient 
stay of less than 3.5 days is favorable, between 3.5 and 4 
days is moderate, and more than 4 days is unfavorable 
(18). This increase in the average patient stay in academic 
hospitals that accepted most COVID-19 patients in 2020 
was due to the acute conditions of these patients who 
needed long-term hospitalization. Also, the average 
patient stay increased slightly in non-academic hospitals, 
where most non-COVID-19 patients were admitted 
and most cases had special condition and could not be 
refused. Consistent with these results, other studies also 
showed that the average patient stay increased during the 
COVID-19 pandemic era (19-22).

Also, the findings showed that bed turnover decreased 
by 11% and 12% respectively in 2020 in academic and 
non-academic hospitals, which is consistent with the 
increase in the average patient stay results. Consistent 
with our results, a study entitled “The effects of 
COVID-19 on the quality of healthcare in tertiary medical 
centers (a retrospective study)” on clinical performance 
indicators in Taiwan showed that the unplanned return 
of emergency patients within 72 hours after discharge, 

Figure 1. Effect of COVID-19 on bed occupancy rate by academic and 
non-academic hospitals

Figure 2. Effect of COVID-19 on the average patient stay by academic and 
non-academic hospitals

Figure 3. Effect of COVID-19 on bed turnover rate by academic and non-
academic hospitals
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Figure 2. Effect of COVID-19 on the average patient stay by academic and non-academic 
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Figure 3. Effect of COVID-19 on bed turnover rate by academic and non-academic hospitals. 
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the unplanned return of hospitalized patients within 
14 days after discharge, and the unplanned return of 
patients receiving surgery to the operating room during 
hospitalization, decreased during the prevalence of 
COVID-19 (23).

One of the most important limitations of this study 
was the exclusion of hospitals of Khoy city from the study 
because they are under the supervision of Khoy Medical 
Sciences Faculty. Thus, the results of this study should be 
cautiously generalized to the entire province and country.

Conclusion 
The results showed that the high responsibility of academic 
hospitals in facing epidemics and crises, especially in 
the early period of epidemics when the government 
is facing a decrease in income, especially a decrease 
in tax revenues. Therefore, scientific and principled 
infrastructures and planning and policies should be more 
considered. However, in such situations, non-academic 
hospitals accepting most non-infectious patients should 
also be taken into consideration along with the necessary 
management measures. It should be noted that due to 
the financial burden of some diseases, even in epidemics, 
academic hospitals should be prepared to accept non-
infectious patients and support them, and on the other 
hand, in order to reduce the number of patients visiting 
academic hospitals, non-academic hospitals should also 
be prepared. Because this study assessed the effects of 
COVID-19 pandemic during the epidemic, other effects 
of COVID-19 pandemic as well as its adverse effects after 
the end of the epidemic and on the indicators should be 
assessed in future studies; for example, the damages and 
losses that some patients will suffer due to postponing 
their treatment due to the epidemic, or its adverse effects 
on social and economic issues.

Acknowledgments 
We are grateful to all the patients, employees, and respected 
officials of the studied hospitals, as well as the respected faculty 
and vice president of research and technology of Urmia University 
of Medical Sciences, who provided the utmost cooperation and 
assistance in conducting this research.

Authors’ Contribution
Conceptualization: Majid Babaei.
Data curation: Majid Babaei, Yaghoub Yousefi.
Formal analysis: Shila Hasanzadeh.
Funding acquisition: Majid Babaei.
Investigation: Majid Babaei, Shila Hasanzadeh, Yaghoub Yousefi, 
Mohammadreza Pashaei.
Methodology: Shila Hasanzadeh.
Project administration: Majid Babaei.
Resources: Majid Babaei.
Software: Shila Hasanzadeh.
Supervision: Majid Babaei, Mohammadreza Pashaei.
Validation: Majid Babaei.
Visualization: Shila Hasanzadeh.
Writing–original draft: Majid Babaei, Shila Hasanzadeh.
Writing–review & editing: Majid Babaei, Shila Hasanzadeh.

Funding
This study was supported by a grant from Urmia University of 
Medical Sciences (IR.UMSU.REC.1401.202).

References 
1. Doshmangir L, Mahbub Ahari A, Qolipour K, Azami S, 

Kalankesh L, Doshmangir P, et al. East Asia’s strategies for 
effective response to COVID-19: lessons learned for Iran. 
Management Strategies in Health System. 2020;4(4):370-3. 
doi: 10.18502/mshsj.v4i4.2542. [Persian].

2. Aghaali M, Kolifarhood G, Nikbakht R, Mozafar Saadati H, 
Hashemi Nazari SS. Estimation of the serial interval and basic 
reproduction number of COVID-19 in Qom, Iran, and three 
other countries: a data-driven analysis in the early phase of 
the outbreak. Transbound Emerg Dis. 2020;67(6):2860-8. 
doi: 10.1111/tbed.13656.

3. World Health Organization (WHO). Hospital Preparedness 
for Epidemics. WHO; 2020.

4. Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus 
infections and immune responses. J Med Virol. 
2020;92(4):424-32. doi: 10.1002/jmv.25685.

5. Mohammadbeig A, Anbari Z, Hemmati M, Rahbar A, 
Mohammad Salehi N, Eslami Moghaddam F. Efficacy analysis 
using Pabon Lasso Model and comparing with national 
standards of educational hospitals affiliate to Qom University 
of Medical Sciences. Journal of Hospital. 2015;14(3):111-8. 
[Persian].

6. Mirzaei S, Dehghan Chenari H, Gholi Nataj M, Norouzinia 
R, Nasiriani K, Eftekhari A, et al. The readiness of hospitals 
affiliated to Yazd University of Medical Sciences after the 
third peak of COVID-19 in Iran. J Mar Med. 2021;3(4):34-40. 
doi: 10.30491/3.4.34. [Persian].

7. Babaei M, Hasanzadeh S, Pirnejad H, Mohebbi I, Hoseini 
R, Niazkhani Z. Socioeconomic status and severity of traffic 
accident injuries: a cross-sectional study. Iran Occupational 
Health. 2023;19(1):380-92. doi: 10.52547/ioh.19.1.380. 
[Persian].

8. Wiese M, Daver N. Unmet clinical needs and economic 
burden of disease in the treatment landscape of acute myeloid 
leukemia. Am J Manag Care. 2018;24(16 Suppl):S347-55.

9. Babaei M, Pashaei M, Yousefi Y, Sheikhy-Chaman M, Hoseini 
R. Investigating performance indicators of hospitals in West 
Azerbaijan province, Iran in 2019. Payesh. 2023;22(1):19-28. 
doi: 10.52547/payesh.22.1.19. [Persian ].

10. Toroski M, Golmakani E, Sodagar H, Hosseini SH, Rajabzadeh 
R, Borhaninejad VR, et al. Survey of bed efficiency for 
hospitals of North Khorasan University of Medical Sciences 
by using standard functional criteria of the ministry of health. 
J North Khorasan Univ Med Sci. 2014;6(3):637-44. doi: 
10.29252/jnkums.6.3.637. [Persian].

11. Hossein Ahmadi Z, Mousavizadeh M, Nikpajouh A, Bahsir 
M, Hosseini S. COVID-19: a perspective from Iran. J Card 
Surg. 2021;36(5):1672-6. doi: 10.1111/jocs.15054.

12. Kalantar S, Farhoud A, Mortazavi J. Lockdown of an orthopedic 
department during COVID-19 epidemics, our experience in a 
general hospital. Arch Bone Jt Surg. 2020;8(Suppl 1):235-41. 
doi: 10.22038/abjs.2020.47834.2362.

13. Babaei M, Hasanzadeh S, Rezaei S, Alirezazadeh Sadaghiani 
D, Sheikhy-Chaman M. The impact of the COVID-19 
pandemic on the tax revenues of West Azerbaijan province. 
Payavard Salamat. 2023;17(2):134-44. [Persian].

14. Behzadifar M, Aalipour A, Kehsvari M, Darvishi Teli B, 
Ghanbari MK, Abolghasem Gorji H, et al. The effect of 
COVID-19 on public hospital revenues in Iran: an interrupted 
time-series analysis. PLoS One. 2022;17(3):e0266343. doi: 
10.1371/journal.pone.0266343.

https://doi.org/10.18502/mshsj.v4i4.2542
https://doi.org/10.1111/tbed.13656
https://doi.org/10.1002/jmv.25685
https://doi.org/10.30491/3.4.34
https://doi.org/10.52547/ioh.19.1.380
https://doi.org/10.52547/payesh.22.1.19
https://doi.org/10.29252/jnkums.6.3.637
https://doi.org/10.1111/jocs.15054
https://doi.org/10.22038/abjs.2020.47834.2362
https://doi.org/10.1371/journal.pone.0266343


Babaei et al

Health and Development Journal. Volume 13, Number 1, 202422

15. Rezapour R, Dorosti AA, Farahbakhsh M, Azami-Aghdash S, 
Iranzad I. The impact of the COVID-19 pandemic on primary 
health care utilization: an experience from Iran. BMC Health 
Serv Res. 2022;22(1):404. doi: 10.1186/s12913-022-07753-
5.

16. Murphy T, Akehurst H, Mutimer J. Impact of the 2020 
COVID-19 pandemic on the workload of the orthopaedic 
service in a busy UK district general hospital. Injury. 
2020;51(10):2142-7. doi: 10.1016/j.injury.2020.07.001.

17. Park C, Sugand K, Nathwani D, Bhattacharya R, Sarraf 
KM. Impact of the COVID-19 pandemic on orthopedic 
trauma workload in a London level 1 trauma center: the 
“golden month”. Acta Orthop. 2020;91(5):556-61. doi: 
10.1080/17453674.2020.1783621.

18. Asadi H, Soola AH, Hamidi R, Rezapour A, Ershadifard S, 
Davari M. Performance indicators of hospitals affiliated to 
Ardabil University of Medical Sciences in 2019. Journal of the 
Iranian Institute for Health Sciences Research. 2021;20(3):285-
93. doi: 10.52547/payesh.20.3.285. [Persian ].

19. Adeli M, Gholami Fesharaki M. Evaluation of COVID-19 
treatment outcomes in a military hospital and its comparison 

with a nonmilitary hospital. J Mil Med. 2022;23(8):675-83. 
doi: 10.30491/jmm.23.8.675. [Persian].

20. Najafi S, Meshkani Z, Poursmad A, Barouni M. Evaluation 
of technical efficiency of hospitals during COVID-19 crisis: 
a case study of Kohgiloyeh and Boyer-Ahmad hospitals. 
Management Strategies in Health System. 2022;7(2):113-24. 
doi: 10.18502/mshsj.v7i2.10676. [Persian].

21. Murai IH, Fernandes AL, Sales LP, Pinto AJ, Goessler KF, 
Duran CSC, et al. Effect of a single high dose of vitamin 
D3 on hospital length of stay in patients with moderate 
to severe COVID-19: a randomized clinical trial. JAMA. 
2021;325(11):1053-60. doi: 10.1001/jama.2020.26848.

22. Vong T, Yanek LR, Wang L, Yu H, Fan C, Zhou E, et al. 
Malnutrition increases hospital length of stay and mortality 
among adult inpatients with COVID-19. Nutrients. 
2022;14(6):1310. doi: 10.3390/nu14061310.

23. Liu SA, Wu CL, Chou IJ, Wang PC, Hsu CL, Chen CP. The 
impacts of COVID-19 on healthcare quality in tertiary medical 
centers-a retrospective study on data from Taiwan clinical 
performance indicators system. Int J Environ Res Public 
Health. 2022;19(4):2278. doi: 10.3390/ijerph19042278.

https://doi.org/10.1186/s12913-022-07753-5
https://doi.org/10.1186/s12913-022-07753-5
https://doi.org/10.1016/j.injury.2020.07.001
https://doi.org/10.1080/17453674.2020.1783621
https://doi.org/10.52547/payesh.20.3.285
https://doi.org/10.30491/jmm.23.8.675
https://doi.org/10.18502/mshsj.v7i2.10676
https://doi.org/10.1001/jama.2020.26848
https://doi.org/10.3390/nu14061310
https://doi.org/10.3390/ijerph19042278

