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Abstract
The Covid-19 pandemic has had serious medical, administrative and financial effects on the health system and hospitals around the world. In Türkiye, compared to 2019 realizations, in 2020 and 2021 respectively there were 39% and 21% decrease in the number of outpatient services and 29% and 17% decline in total inpatient services of public hospitals. The main subject of this research is how the pandemic period affects the Turkish public hospitals’ efficiency. We have measured the technical efficiency of outpatient and inpatient care services of Turkish public hospitals using Stochastic Frontier Analysis (SFA). The dataset includes 563 hospitals for the years 2015 through 2021. Inputs of number of physicians, nurses and other medical staff, and number of beds and their interactions with each other are introduced to the SFA models of outputs of outpatient visits and inpatient discharges adjusted with case mix index are derived. Firstly, we found that the years associated with Covid-19 have a significant negative impact on the inpatient service efficiency. Training and Research and City Hospitals have low efficiency scores in outpatient services but high efficiency scores in inpatient services. In addition, the regions with high population rates have positive impact in outpatient efficiency and negative impact in inpatient efficiency. During the pandemic, city hospitals, have received large investments, gained a key role by increasing both the patient load and their efficiency. Future reforms can be guided by taking advantage of the efficiency differences of hospitals in different environmental factors.
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Introduction
Covid-19, a novel coronavirus, has promptly disseminated all around the world after first detection in Wuhan-China in December 2019 [1] and not yet come to end as of December, 1, 2022 there were 640,071,389 total confirmed cases and 6,617,605 total deaths worldwide [2]. As highly contagious Covid-19 were spreading vastly, even the strongest health systems in the world were struggling to deal with Covid-19 cases and providing routine of non-Covid-19 healthcare. Over 90% of the countries reported disruptions in vital health services during 2020 [3]. Consequently, healthcare providers have been reorganized in order to tackle the impacts of pandemic, health authorities have called for reduction of hospital admissions except for urgent needs [4]. Many elective surgical procedures were postponed, the routine followed up and treatment of patients with chronic diseases were suspended, medical resources were redistributed, intensive care units, ventilators, healthcare personnel of other services were reassigned to Covid-19 patients during the pandemic [5, 6]. Indeed, telemedicine applications served to support outpatient services and manage healthcare organizations were useful to delivery of healthcare but also were responsible of for further reductions in service access [7, 8]. Moreover, the fear of infection of Covid-19, socio-economic barriers set by the pandemic, like curfews, stay at home orders, loss of jobs or income, were decreasing the demand and rising the unmet needs [8–10].
These factors caused huge reductions in policlinic visits, emergency department visits, inpatient admissions and hospitalization rate in all over the world [11–13]. For instance, there were more than a 40% decrease in emergency department patient volume in the USA [13]. American Hospital Association reports on average declines of 19.5% in inpatient volume and 34.5% in outpatient volume during 2020 relative to 2019’s baseline levels [14]. In Portugal, there were 48% reductions in emergency department visits in March 2020 and 57% in all hospitalizations from March to May 2020 [15, 16], and in Croatia 21% decrease in the total number of admissions [17]. These significant reductions in hospital services volumes caused severe decrease in revenues that could even affect hospitals’ and health systems’ abilities to serve their communities [14]. Moreover, the increased demand and broken supply chain led shortages for many drugs and hiked the prices of critical pharmaceuticals and thus further increased overall costs for hospitals [18].
Although Covid-19 began as a health crisis, pandemic worsen the preexisting economic fragilities both for advanced and emerging economies and become a primary economic crisis for many countries [19]. This situation restricted relief funds for hospitals and health systems. According to Devex’s funding platform as of June 27, 2020 the global funding dedicated to combating the Covid-19 exceeded $21.7 trillion, but only 1.3% were clearly related to health objectives while 0.8% were for vaccines and treatment, and 86% were to mitigate the economic impacts of the crisis [2]. As pandemic changed hospital’s organization, healthcare resource allocation both changes in the delivery of the healthcare along with demand sided changes and induced financial stress would have medium and long run effects on healthcare systems [5]. Therefore, evaluating the impact of the Covid-19 on hospitals efficiency is vital in order to reveal the pandemic’s effect on hospital sector and shed light to policy makers and hospital managers to employ wise strategies to deal with the inefficiencies and ensure the effective production and supply of healthcare [20]. At this point, our study contributes to literature by examining the technical efficiency of outpatient and inpatient care of public hospitals in Türkiye via SFA during the 2015–2021 period. The input–output data set of 563 public hospitals was gathered form the Ministry of Health (MoH) of Türkiye. We aim to evaluate the distribution of hospital efficiency scores by years, hospital types and socio-economic factors. Consequently, we compare the hospitals’ performances during the Covid-19 pandemic years to the pre-pandemic period trend.
In literature, there is no study examining impact of the pandemic on Turkish public hospitals efficiencies. Indeed, studies regarding Covid-19 impact on hospitals efficiency at micro level is less than a fingers of hand: Kamel and Mousa [20] for Egypt, Nepomuceno et al. [21] for Brazil, Caunic et al. [22] for Romania, and Henriques and Gouveia [23] for Portugal. Most of concurrent studies investigate country wise or state wise efficiencies of the health systems under Covid-19 at macro level such as: Kaye et al. [5], Xu et al. [24], Klumpp et al. [25], Breitenbach et al. [26]. Thus, our study offers a benchmark for future research and makes important contribution to literature examining Turkish public hospitals experience at micro level. In literature, prior to Covid-19 pandemic, there was a vast number of studies examining hospital efficiency commonly employing SFA and/or data envelopment approach as well documented [7, 27, 28]. Both methodologies have their advantages and disadvantages [29]. In this study, we prefer to apply SFA, as this econometric model introduces a term representing noise, measurement error, and exogenous shocks beyond the control of the production unit, this would be more convenient to study of unexpected Covid-19 pandemic’s effects on hospitals.
The rest of our study was organized as follows: first, Turkish hospital sector dynamics under the pressure of Covid-19 pandemic and Turkish health sector reforms for the 2000–2021 period has been discussed. Second, the SFA methodology is established and the data set has been introduced via basic descriptive analysis. Third, the findings obtained from SFA have been presented in the empirical findings section. Thereafter assessment of the findings has been discussed and the study is concluded.
Turkish hospital sector under Covid-19 pandemic
In Türkiye, the first Covid-19 case was seen on March 11, 2020, there have been 16,919,638 total confirmed cases and 101,203 total deaths as of December, 1, 2022 [2]. In Türkiye, decisions to control the pandemic were given by central authority under the recommendations of scientific committees and WHO’s global guidance with the preliminary preparation of the Ministry of Health and the will of the Presidential Cabinet [30, 31]. After outbreak of pandemic healthcare delivery practices started to change with the increase in the demand for the care of the Covid-19. During the March–May 2020 period, the spread of diagnostic laboratories, early diagnosis and treatment, contact tracing and the management of medication and protective materials took place [31]. 794 hospitals, among a total of 1524 hospitals, were assigned as pandemic hospitals and 11,269 hospital beds were designated as isolation beds and field hospitals were established at the border gates [30]. Elective surgical procedures have been postponed to curb the spread of the disease and prioritize Covid-19 care. Healthcare via telemedicine have gained a place in daily practice to reduce the admission of patients [6, 32]. Moreover, pandemic control strategies like curfews, 'stay at home' campaigns and fear of infection have reduced hospital admissions. Consequently, the decrease in patient volume had negative effects on the income-expenditure balance of hospitals [33]. While outpatient and inpatient revenues of public hospitals decreased, their total expenses increased. The Turkish government has supported public hospitals through the global budget in 2021–2022. Social security institution contributed to the financial sustainability of all hospitals by providing intensive care and pandemic care reimbursement support. In Türkiye, total health expenditure increased by 41.6% in 2021 compared to the previous year and reached 353 billion 941 million TRY [34]. A phased reopening of the country taken place from May to June. In June, 2020 most of the Covid-19 related restrictions have been lifted in Türkiye including the resumption of healthcare [30, 35]. Since June 2020, most of the hospitals’ routine outpatient services and surgeries have been taking place. Moreover, Türkiye's Covid-19 vaccination program began in January, 2021, besides primary health care organizations, public and private hospitals offered vaccination service. Hence, the program was successfully implemented as more than 72% of the adult population have received their first dose [36]. At the beginning of July 2021, the MoH had been offering a third booster dose to the risk groups [37].
Though Türkiye has been considered as one of the most disciplined countries in fighting against Covid-19 [38, 39], hospital sector’s country-wise performance during the pandemic has not been examined yet, only some case reports on specific healthcare facilities exist such as Güleşen et al. [32]. Public hospitals have a very important place in the delivery of health care in Türkiye. In 2021, beds in public hospitals constituted 62% of the total number of hospital beds. In terms of health manpower, 58% of total doctors, 67% of nurses and 58% of health personnel are employed in public hospitals. When we look at the number of medical devices, 35% of the number of MRI devices, 55% of the number of CT and 60% of the number of Doppler USG are in public hospitals [40]. In this context, a better understanding of the technical efficiency of public hospitals is important in shaping national health policy.

Turkish health sector reforms: 2000–2021
In Türkiye, Health Transformation Program (HTP) was initiated by the MoH in 2003. Since 2003, HTP has contributed to health access, improved health service delivery, better financial protection, and increased patient satisfaction. Within the framework of the autonomous public enterprises’ strategy gathered under a single roof, social security institution’s hospitals and hospitals affiliated to other public institutions and organizations were transferred to the MoH. The performance-based supplementary payment was put into practice in order to ensure that the restructured health organization is embraced by health personnel, especially physicians, and to increase their motivations. Since Jan, 2012 the Universal Health Insurance Law has become fully effective and general health insurance system has increased the population coverage from 80 to 87% [41]. Consequently, the number of physician visits per capita more than doubled, from 3.1 annually in 2002 to 8.0 in 2021. Infant mortality rates fell by almost a third, from 26 to 9.1 per 1000 births, and life expectancy grew to 78.6 [42].
Public hospital unions (PHUs) were established in 2012, and the public hospitals affiliated were reorganized as autonomous under the umbrella of PHUs. However, since PHUs were not well managed and multi-headedness emerged [43], they were abolished by a decree law in 2017, and hospitals were reassigned to provincial health directorates. Other regulations implemented within the scope of HTP were the "integrated health campuses" and "city hospitals" projects based on the public–private partnership model. While the financing of these projects, physical equipment, maintenance, repair and renewal works are provided by the private sector; health service delivery and customer guarantee in the project contract are provided by the state. It is a matter of interest how the city hospitals, which replaced the old established hospitals, changed the efficiency of the health system. Between 2017 and 2021, 13 city hospitals were opened and the construction process of 5 city hospitals have been continuing.


Methods
Stochastic frontier analysis
The stochastic frontier production models, first presented in the Cobb–Douglas form by Aigner et al. [44] and Meeusen and Broeck [45], are very well known and widely applied technique in the literature of hospital efficiency. In our study, by using the Turkish public hospitals data for the period of (2015, 2021), we apply the translog generation function, which is a generalization of the Cobb–Douglas function and is a flexible functional form that provides a quadratic approximation as follows:[image: $${\mathrm{lny}}_{\mathrm{it}}={\upbeta }_{0}+\sum_{\mathrm{j}=1}^{\mathrm{h}}{\upbeta }_{\mathrm{j}}{\mathrm{lnx}}_{\mathrm{jit}}+\frac{1}{2}\sum_{\mathrm{j}=1}^{\mathrm{h}}\sum_{\mathrm{k}=1}^{\mathrm{h}}{\upbeta }_{\mathrm{jk}}{\mathrm{lnx}}_{\mathrm{jit}}{\mathrm{lnx}}_{\mathrm{kit}}+\sum_{\uptau =2016}^{2021}{\upphi }_{\uptau }{\mathrm{D}}_{\uptau }+({\mathrm{v}}_{\mathrm{it}}- {\mathrm{u}}_{\mathrm{it}})$$]

 (1)


where [image: $$\mathrm{i}=1,\dots .,\mathrm{n}$$], is the index for the hospital identity and both [image: $$\mathrm{j}=1,\dots ,\mathrm{h}$$], and [image: $$\mathrm{k}=1,\dots ,\mathrm{h}$$] for the input types, t = 2015, …, 2021 for the year. In Eq. (1) [image: $${\mathrm{y}}_{\mathrm{it}}$$] is ith hospital’s output production in time period t, [image: $${\mathrm{x}}_{\mathrm{jit}}$$] is jth type input amount of the ith hospital in time period t, [image: $${\mathrm{D}}_{\uptau }$$] is dummy variable based on year such as it takes 1 if t = τ and zero otherwise here and τ = 2016, …, 2021 for the year effects with 2015 providing the reference, [image: $${\mathrm{u}}_{\mathrm{it}}$$] is an inefficiency component with half normal distribution such as [image: $${\mathrm{u}}_{\mathrm{i}}\sim {\mathrm{N}}^{+}(0,{\upsigma }_{\mathrm{u}}^{2})$$] and finally [image: $${\mathrm{v}}_{\mathrm{it}}$$] is a random error term coming from [image: $${\mathrm{v}}_{\mathrm{i}}\sim \mathrm{ N }(0,{\upsigma }_{\mathrm{v}}^{2})$$]. In this model, [image: $${\mathrm{u}}_{\mathrm{it}}$$] inefficiency term indicates the quantity that is less than the maximum feasible production frontier, while the [image: $${\mathrm{v}}_{\mathrm{it}}$$] term captures random variation between units across time. [image: $${\mathrm{v}}_{\mathrm{it}}$$] terms may result from measurement error or omitted factors [46]. It is assumed that the composite error term [image: $$({\mathrm{v}}_{\mathrm{it}}- {\mathrm{u}}_{\mathrm{it}})$$] is skewed to the left [47]. In the model, [image: $${\mathrm{lnx}}_{\mathrm{jit}}{\mathrm{lnx}}_{\mathrm{kit}}$$] term, is the quadratic term when j = k and cross product when j ≠ k, helps to gain more degrees of freedom [27]. Also, Chirikos and Sear [48] states that cross products included in the translog function increase the average efficiency scores due to the increased flexibility of the function.
In the SFA, the problem of heteroscedasticity in error components introduced in Eq. (1) is used to address the extrinsic determinants of inefficiency [49, 50]. In Eq. (2) inefficiency effects model for panel data is defined as.[image: $${\mathrm{u}}_{\mathrm{it}}={\updelta }_{\mathrm{m}} {\mathrm{z}}_{\mathrm{mi}}+{\mathrm{w}}_{\mathrm{it}},$$]

 (2)


where [image: $${\mathrm{z}}_{\mathrm{mi}}$$] is explanatory variables associated with inefficiency; [image: $${\updelta }_{\mathrm{m}}$$] is unknown parameters to be estimated; and [image: $${\mathrm{w}}_{\mathrm{it}}$$] are unobservable random variables assumed to be independently distributed, obtained by truncation of normal distribution with mean zero and unknown variance [51]. These [image: $${\mathrm{z}}_{\mathrm{mi}}$$] terms are also called as inefficiency factors (or external factors) as if their coefficients are positive (negative) which means that they correlate positively (negatively) with the inefficiency component ([image: $${\mathrm{u}}_{\mathrm{it}}$$]) in Eq. (2) and thus have negative (positive) effect on the efficiency of the hospitals in Eq. (1). These external factors, [image: $${\mathrm{z}}_{\mathrm{mi}}$$], on the production function are not under control of the hospital management such as: government intervention in the market in which the firm produces, type of ownership of the firm, age of the workforce, as well as unpredictable stochastic variables related to production risks such as natural events, luck, strike, accident [46].
In our study, we pooled the panel data and use it as cross-sectional data. Pooled data technique allows time-varying inefficiency such that the random error and inefficiency components are independently and identically distributed or they can be heteroscedastic [52]. Thus, temporal variation in inefficiency, that is not possible in panel data, can be recorded by introducing a time trend variable or time dummies [50].
In SFA, primarily the production frontier is estimated by using the maximum estimation method for the regression. Then deviations from the limit are estimated. Technical efficiency measures the ratio of the observed output amount of the ith hospital to its potential output relative to the relevant input amount. Output-oriented technical efficiency can be written as follows:[image: $${\mathrm{TE}}_{\mathrm{it}}=\mathrm{exp}\left(-{\mathrm{u}}_{\mathrm{it}}\right)$$]

 (3)



This measure of technical efficiency takes a value between zero and one, efficiency improves as [image: $${\mathrm{TE}}_{\mathrm{it}}$$] converges to 1.
The output elasticities of each of the input variables, [image: $${\mathrm{x}}_{\mathrm{j}}$$], at their mean are formulated in Eq. (4) as:[image: $${\mathrm{e}}_{\mathrm{j}}=\frac{\partial \mathrm{lny}}{\partial {\mathrm{lnx}}_{\mathrm{j}}}={\upbeta }_{\mathrm{j}}+\sum_{\mathrm{j}}{\upbeta }_{\mathrm{jk}}{\mathrm{lnx}}_{\mathrm{j}}$$]

 (4)


that shows the estimated response of the outputs against a unit change in the inputs, here [image: $${\upbeta }_{\mathrm{j}}$$] represents the direct effect of input [image: $${\mathrm{x}}_{\mathrm{j}}$$] on the production and [image: $$\sum_{\mathrm{j}}{\upbeta }_{\mathrm{jk}}{\mathrm{lnx}}_{\mathrm{j}}$$] represents total indirect effect comes from the interaction of input [image: $${\mathrm{x}}_{\mathrm{j}}$$] with itself i.e. quadratic terms and with other input variables i.e. cross product terms. In our study, “returns to scale” (RTS) that refers to how well a hospital is producing its products is also calculated for outpatient and inpatient production of hospitals. There are three types of returns to scales: Constant when the output rises in exactly same proportion when all the inputs increase proportionately, increasing if the output rises more than proportionately, decreasing if the output rises less than proportionately [53]. In this study, returns to scales are calculated as the sum of the input elasticities as following the formulation given below:[image: $$\mathrm{RTS}=\sum_{\mathrm{j}}{\mathrm{e}}_{\mathrm{j}}.$$]

 (5)



Depending on whether this estimate is more than, equal to, or less than one, the RTS will either be increasing, constant, or decreasing, respectively.
In literature, SFA and/or data envelopment approach (DEA) are the most common methodologies applied to measure hospital efficiencies [27, 28]. The DEA is a nonparametric method that creates an envelopment surface over the data points so that all observed input–output combinations fall on or below the frontier of production possibilities; and the technical efficiency is measured relative to the highest observed performance that lie on the frontier [54]. Both SFA and DEA approaches have different strengths and weaknesses. First, in order to apply the SFA method, the firm's production function, i.e. its functional form must be known. This situation that the functional form cannot be determined exactly raises the risk. But, as DEA is a nonparametric method, there is no need for such an assumption in DEA. While DEA can be used in cases where there is more than one firm output, the SFA method does not allow more than one output in technical efficiency measurement [29]. On the other hand, the main advantage of SFA over DEA is that it can distinguish factors beyond the hospital's control, such as exogenous shocks and measurement error, and express it as random error. In case of missing and erroneous data, reliability of DEA results becomes questionable [55]. Another weakness of DEA is that it is not based on any economic theory containing hypotheses. As a result, the unexpected effects of Covid-19 on hospitals data indicate that SFA would be more appropriate. In our study, we aim to determine a functional form and to reveal the effects of this period with hypothesis tests.

Data set
Our study includes 563 public hospitals serving in Türkiye during the period of 2015–2021. Universities and private hospitals are not included in the study. In addition, in order to ensure the homogeneity of the data, we exclude the branch hospitals and E group hospitals with less than 25 beds. As a result, 478 general hospitals, 13 City Hospitals and 72 Training and Research Hospitals exist in our sample which is denoted %63 of total public hospitals in Türkiye [56]. The data is obtained from the General Directorate of Public Hospitals of MoH. Table 1 introduces the variables and presents the descriptive statistics of pooled data set.Table 1Variables and descriptive statistics, pooled data, 2015–2021


	Variable
	Definition
	Mean
	SD
	Min
	Max

	Outputs

	 Outpatient
	Outpatient
	569,947.2
	610,541.3
	12,458
	4,348,969

	 InpatientxCMI
	Inpatient adjusted by CMI
	12,122.5
	17,984.1
	0.7
	306,377.4

	Inputs

	 Physician
	Physician
	101.8
	175.8
	3
	3219

	 Nurse
	Nurse
	173.2
	221.5
	10
	2735

	 OtherMedStaff
	Other medical staff
	157.6
	173.8
	12
	2011

	 Bed
	Bed
	225.9
	296.3
	25
	4881

	 Year dummies from D2016 to D2021
	Takes 1 if the year is the matched one like for D2016 = 1 if the year t = 2016 and so on
	 	 	 	 
	Inefficiency variables

	 TRH
	Training and research status
	0.11
	0.31
	0
	1

	 CITY
	City hospital status
	0.01
	0.12
	0
	1

	 POP
	Population ratio (%)
	0.03
	0.05
	0.00
	0.19

	 RATE
	Exchange rate
	5.15
	2.12
	2.72
	8.98


Covid-outbreak D2020 takes one if the year is 2020
Covid-pandemic D2021 takes one if the year is 2021
Total Number of Observations: 3679
Total Number of Hospital: 563 (13 City Hospital, 72 Training and Research Hospital)



In our data set, the outputs include total outpatient services, as summation of the emergency department and policlinic visits, and total number of inpatients adjusted by case-mix index (CMI), whereas the inputs include total number of physicians, nurses, and other medical staffs employed, and total number of beds within the hospital ready for use. In literature, patient activities are commonly measured by discharge outputs in the recent line of research. However, since the dramatic variations of resource consumptions between patients’ classification, adjustment by a hospital service complexity-based index has become widespread in hospital efficiency analyses [54]. Rosko [57] adjusted discharge with case mix index in order to reflect cost variations associated with case-mix complexity. In this context, Ferreira and Marques [56] concluded that CMI does not change efficiency scores and ranking of hospitals remarkably, but it generates efficiencies with higher consistency. In our study, CMI values used for inpatient services of each hospital were gathered from the MoH. The index is based on treatment resources spent in cases [59].1
In addition, in our analysis, the time dummy variables are introduced as input variables. They capture technical change based on year, represents a trend towards quality improvements that account for differences in the production structure. Quality improvement trend is defined for the increasing trend. This can be explained by the advancement of medical technology, evidence-based guidelines for care delivery, or health policy changes [60].
Moreover, beyond the input–output mechanism, healthcare facilities’ (in)efficiencies might depend on their inherent characteristics and inhabited environment. In our study, we introduced Training and Research Status, City Hospital Status, Population Ratio, Dollar Exchange Rate and the 2020/21 year dummies of as external inefficiency factors. First of all, the 2020 and 2021 year dummies respectively [image: $${\mathrm{D}}_{2020}$$] and [image: $${\mathrm{D}}_{2021}$$] are introduced in order to capture the Covid-19 outbreak and the pandemic’s impact on the hospitals’ production. As well as economy, health system and all aspects of human life have been jeopardized due to Covid-19 pandemic in Türkiye [35], therefore the pandemic has inevitable effects on inherent characteristics and inhabited environment of hospitals. Second of all, hospital type is accepted as a very important determinant of efficiency [61]. Training and research hospitals tend to present a high-quality service structure that provides specialized care, management, and resource organization compared to general public hospitals, this situation might have either positive or negative effects on efficiency. Moreover, as mentioned before, city hospitals projects, one of the latest reforms of the Health Transformation Program, have been implemented with the public private partnership (PPP) since 2017. Private sector management skills are expected to be used to improve the technical quality and productive efficiency of city hospitals, each of which are built with an average of 1500 beds. With the PPP model, it was aimed to provide access to private finance for capital investments and to overcome constraints on public sector budgets for capital expenditures and/or recurrent expenditures [62].
Furthermore, as commonly used as external factor, population density is significantly correlated with hospital efficiency scores and one of the most important drivers of higher Covid-19 infection rates [63, 64]. We introduced the population ratio (POP) which is calculated as the ratio of the current population in that province to the total population of Türkiye. The data obtained from the Turkish Statistical Institute has sensitivity according to years by the address-based registration system [65]. The population density directly affects the demand for the healthcare services as population grows the healthcare needs also rise [66]. Moreover, also the population density would be the good proxy to measure the development level of the provinces that the health facility locates. As we may incorporate the higher development level of the cities with higher GDP per capita income levels and better social economic conditions [67, 68].
Finally, we introduced USD Dollar/TRY exchange rate (RATE) as an important external variable. In Türkiye, since 2018, there has been a currency crisis which deepened with the Covid-19 outbreak [69]. Indeed, pharmaceutical and medical products supply heavily depends on imports, as Türkiye has been among the top 25 importers of pharmaceutical products by 2020 and expected to be 10th as of 2023 [70]. Turkish lira’s depreciation and loss in purchasing power made financing of healthcare costlier for the hospitals and for every agent in economy from households to social security institution.
As we have introduced our data set, now we briefly consider the trends in the hospital sector production under the effect of the Covid-19 pandemic. Total number of outpatients service as summation of policlinic and emergency department visits and total number of inpatient services along with the case mix index are given in Fig. 1 from 2015 to 2021.[image: ]
Fig. 1Total number of healthcare services and case-mix index (CMI): 2015–2021


As seen in the Fig. 1, the increasing trend in the total number of outpatient and inpatient services was broken in 2020. Although services provided for the Covid-19 cases were included in both accounts, there were dramatic decreases with the outbreak of the pandemic. Compared to 2019 realizations, in 2020 and 2021 respectively there were 39% and 21% decrease in the number of outpatient services and 29% and 17% decline in total inpatient services. The provided healthcare have not bounced back their pre-pandemic levels even after establishment of controlled normal life since June 2020 with removal of the most Covid-19 measurements and successfully implementation of Covid-19 vaccination program since January, 2021. On the other hand, mean of the case-mix index measuring the severity of the inpatient services sharply increased by 8.79% from 0.91 in 2019 to 0.99 level in 2020. It can be deduced that it is the result of giving priority to more severe cases as a policy of the MoH during the pandemic.


Findings
Firstly, we applied Likelihood Ratio (LR) test to select the proper model to use for our data. The LR results presented in Table 2 indicate that the stochastic frontier estimation procedure is more appropriate than ordinary least square method. Then, the stochastic generation model described in methodology section was established separately considering the outpatient and inpatient care services as output ([image: $${\mathrm{y}}_{\mathrm{it}}$$]) in Eq. (1). The estimated parameters of frontier production function and inefficiency effects with p-values are presented in Table 2. For all calculations in this study, we benefited STATA 16 and specific source codes for SFA which is provided by Kumbhakar et al. [50].Table 2Estimation of parameters


	 	Outpatient
	InpatientxCMI

	Constant
	6.70 (0.000)***
	 − 0.08 (0.725)

	Inputs [image: $$({x}_{j})$$]
	 	 
	 Physician
	0.54 (0.000)***
	0.08 (0.600)

	 Nurse
	0.88 (0.000)***
	0.76 (0.005)***

	 OtherMedStaff
	0.61 (0.000)***
	0.37 (0.109)

	 Bed
	 	1.48 (0.000)***

	Quadratic terms [image: $$({{x}_{j}}^{2})$$]
	 	 
	 Physicianxphysician
	 − 0.10 (0.043)**
	 − 0.26 (0.001)***

	 Nursexnurse
	 − 0.05 (0.653)
	 − 0.90 (0.001)***

	 OtherMedStaffxotherMedStaff
	 − 0.27 (0.033)**
	 − 0.22 (0.262)

	 Bedxbed
	 	 − 0.07 (0.649)

	Cross products [image: $$(x_j$$], [image: $$x_k )$$]
	 	 
	 Physicianxnurse
	 − 0.11 (0.071)*
	0.39 (0.001)***

	 PhysicianxotherMedStaff
	0.20 (0.001)***
	 − 0.01 (0.872)

	 NursexotherMedStaff
	0.01 (0.913)
	0.36 (0.043)**

	 Bedxphysician
	 	 − 0.13 (0.129)

	 Bedxnurse
	 	0.14 (0.417)

	 BedxotherMedStaff
	 	 − 0.16 (0.214)

	Year dummies
	 	 
	 D2016
	0.05 (0.004)***
	0.00 (0.908)

	 D2017
	 − 0.03 (0.134)
	 − 0.06 (0.026)**

	 D2018
	 − 0.02 (0.315)
	 − 0.10 (0.001)***

	 D2019
	 − 0.06 (0.017)**
	 − 0.15 (0.000)***

	 D2020
	 − 0.56 (0.000)***
	 − 0.49 (0.000)***

	 D2011
	 − 0.37 (0.000)***
	 − 0.35 (0.000)***

	Inefficieny effects
	 	 
	 Constant
	 − 3.05 (0.000)***
	 − 1.02 (0.000)***

	 TRH
	1.33 (0.000)***
	 − 1.73 (0.000)***

	 CITY
	0.87 (0.001)***
	 − 1.86 (0.000)***

	 POP
	 − 6.43 (0.000)***
	5.27 (0.000)***

	 RATE
	0.00 (0.994)
	0.04 (0.224)

	 D2020
	0.21 (0.336)
	0.25 (0.083)*

	 D2021
	0.24 (0.441)
	0.69 (0.001)***

	 Log Likelihood
	 − 734.15
	 − 2535.13

	 LR Test
	238***
	864***


*** Significant at the 0.01 level, ** significant at the 0.05 level, * significant at the 0.10 level



First, as explained in methodology section, the [image: $${\upbeta }_{\mathrm{j}}$$] coefficient of [image: $${\mathrm{x}}_{\mathrm{j}}$$] input variable indicates the direct effect of that input on the examined output. As seen in Table 2, all health personnel including physicians, nurses and other medical staffs have positive and statistically significant direct effects (with p-values < 0.01) on production of outpatients. For the production of inpatient services, even though each type of health personnel has positive direct effect, the contribution of nurses significantly stands out. Moreover, the bed size was considered as an input only for examining the inpatient services and its positive significant direct effect is measured as [image: $$\left( {{{{\hat{\beta }}}}_{{\text{Bed}}} = 1.48, p{\text{ - value}} &lt; 0.01} \right)$$].
The coefficients of quadratic terms show the responses of the input to the scale information. Accordingly, although their direct effects were positive, high increases in the volume of health personnel may have a negative effect on the number of services produced in hospitals. As seen in Table 2, all physicianxphysician, nursexnurse, and otherMedStaffxotherMedStaff quadratic terms have negative coefficients for both the outpatient and inpatient services production, thus the law of diminishing marginal productivity applies in Turkish public health sector. Indeed, these quadratic terms are significant at 5% level, except nursexnurse for the outpatient services and otherMedStaffxotherMedStaff for the inpatient services.
The cross-interaction coefficients indicate the complementarity or substitutability between the input variables. When we consider the outpatient services production, it is understood that 1% increase in the number of physicians reduces the need for nurses by − 0.11% (p-value = 0.071) and increases the need for other medical staff by 0.20% (p-value = 0.001). On the other side, they are physicians and nurses who are complementary of each other for the production of inpatient services as 1% rise in the physicians’ numbers requires 0.39% (p-value = 0.001) increase in the size of the nurses; and further nurses and other medical staff are also complementary of each other as 1% increase in nurses requires 0.36% (p-value = 0.043) increase in other staff. Furthermore, although not statistically significant, increase in bed size requires more nurses but not physicians.
In both productions of outpatient and inpatient services, the coefficients of the year dummy variables have negative trends. Compared to 2015, from 2017 to 2019 there were slight but increasing inefficiencies. However, this inefficiency trend became very severe with the hit of Covid-19 during the pandemic years of 2020 and 2021. Since negative year effect keep increasing, the models have created production limits that shift inward over the years.
Subsequently, we consider the effects of the inefficiency factors on hospital production. As explained in detail in the methodology section for SFA, when inefficiency factors are positively correlated with inefficiency component ([image: $${\mathrm{u}}_{\mathrm{it}}$$]) in Eq. (2), they decrease the efficiency of the hospitals in Eq. (1). Thus, as Training and Research Hospital (TRH) status is positive significant factor of inefficiency [with coefficient 1.33(p-value < 0.01)], it has negative effect on hospital outpatient services production efficiency, on contrast TRH has positive effect on inpatient services production efficiency. Furthermore, the type of hospital has significant effects on production efficiency. Firstly, being city hospital is negatively associated with the inefficiencies in inpatient services (− 1.86, p-value < 0.01), so it increases efficiency of production of inpatient services. On contrary, the situation is the opposite for outpatient services as being city hospital rises the inefficiencies.
Provincial population ratio (POP) creates different effects on outpatient and inpatient services. In provinces with a large population, the efficiency of outpatient services is high, but the efficiency of inpatient services is low. Additionally, exchange rate did not have any significant effect on either of the health services production process.
The dummy variables of years ([image: $${\text{D}}_{2020}$$], [image: $${\text{D}}_{2021}$$]) have been introduced to capture the pandemic effect on hospital’s inefficiencies. It was observed that, the year dummies do not have a significant impact on the efficiency of outpatient service. On the other hand, they tend to decrease inpatient service efficiency. The magnitude of the negative impact of 2021 is greater than that of 2020. Furthermore, when we classify the efficiency scores according to the years as in Table 4, we observed that the mean of scores decrease in pandemic years.
In Table 3, we measured the returns to scales (RTS) as following the formula given in Eq. (5) as the sum of the input elasticities, that were calculated following Eq. (4), for both outpatient and inpatient production. According to the output elasticities, the most important factor in outpatient service is the physicians with elasticity of 0.57 whereas the most important factor in inpatient service is the bed size with elasticity of 0.53. The sum of the outpatient elasticity coefficients is equal to 1.02, which shows that the production process has almost constant return to scale, that if we increase all inputs by 1%, the number of outpatient services increase by 1.02%. On the other hand, the inpatient production process has increasing returns to scale such that in the case all inputs rise by 1%, the number of inpatient services increase by 1.35%.Table 3Output elasticities of input variables


	Inputs
	Outpatient
	InpatientxCMI

	Physician
	0.57
	0.18

	Nurse
	0.27
	0.47

	OtherMedStaff
	0.18
	0.17

	Bed
	 	0.53

	Summation: RTS
	1.02
	1.35




Finally, in Table 4 the efficiency scores distributions of public hospitals are summarized regarding to outpatient and inpatient services.Table 4Efficiency scores


	 	Outpatient
	InpatientxCMI

	Mean
	SD
	Mean
	SD

	All sample
	0.78
	0.11
	0.63
	0.19

	Year

	 2015
	0.78
	0.10
	0.66
	0.15

	 2016
	0.78
	0.11
	0.66
	0.17

	 2017
	0.79
	0.10
	0.66
	0.16

	 2018
	0.79
	0.11
	0.66
	0.17

	 2019
	0.79
	0.10
	0.65
	0.18

	 2020
	0.76
	0.11
	0.61
	0.20

	 2021
	0.76
	0.11
	0.54
	0.22

	Hospital type

	 TRH
	0.68
	0.14
	0.76
	0.09

	 City
	0.72
	0.15
	0.80
	0.10

	 Other
	0.79
	0.10
	0.62
	0.19

	Regions

	 Mediterranean
	0.78
	0.10
	0.65
	0.19

	 East Anatolia
	0.76
	0.11
	0.62
	0.19

	 Aegean
	0.78
	0.10
	0.61
	0.17

	 Southeast Anatolia
	0.80
	0.10
	0.71
	0.15

	 Central Anatolia
	0.76
	0.12
	0.59
	0.21

	 Black Sea
	0.75
	0.12
	0.65
	0.18

	 Marmara
	0.81
	0.09
	0.64
	0.17


Here TRH denotes Training and Research Hospitals



Actually, Table 4 allow us to double check our findings we obtained from the parameter estimations of the stochastic frontier models. Accordingly, for inpatient services similar score averages have been obtained for the years from 2015 to 2019 until 2020, where there has been a decrease in efficiency of health services due to the pandemic. It is a striking result that the inpatient efficiency in 2021 is lower than in 2020 despite the increase in the amount of output. When we made a detailed examination, there was a significant decrease in the inpatient efficiency of small-scale hospitals in 2021.2 For the outpatient services, we observe very slight decreasing effect of the Covid-19 on efficiency scores. Training and Research and City Hospitals have a low efficiency score in outpatient services and a high efficiency score in inpatient services. In this case, Training and Research Hospitals and City Hospitals focus on inpatient services with high case mix index levels. In the detailed analysis, we determine that the newly opened city hospitals have steadily increased their efficiency scores over the years. Moreover, when we look at the efficiency scores of geographical regions, we can deduce that regions with high population rates like Marmara have high scores in outpatient efficiency but low scores in inpatient efficiency.3

Discussion
This study assesses the impact of the Covid-19 pandemic on the efficiency of the public MoH hospitals via SFA examining pre-pandemic and pandemic periods comparatively during the 2015–2021. Both outpatient and inpatient services production process are considered driving translog generation functions with input variables of total number of health personnel, hospital size and year dummies. Consequently, the elasticities of hospital production regarding to inputs are estimated, scales to returns are calculated and distribution of the technical efficiencies are obtained separately for outpatient and inpatient services.
First of all, it is observed that all health personnel including physicians, nurses and other medical staffs have positive and statistically significant direct effects on production of outpatients and inpatient services. Similar results were obtained in SFA efficiency analyzes conducted in hospitals in countries such as the USA, Germany, and Iran [71]. Indeed, contribution of nurses was prominent for the inpatient services. While examining the squared input variables, i.e. the quadratic terms, it is figured out that law of diminishing marginal productivity applies in Turkish public health sector. The physicians and the nurses are found as complementary of each other for the production of inpatient services. On the other hand, since the effect of nurses is also important in the production of outpatients, as Butler et al. [72] discussed, the substitution of nurses for doctors in some outpatient clinics like rheumatology clinics may be suggested. The replacement of physicians with nurses could help address physician shortages and lighten physician workload [73]. In addition, increase in bed size requires more nurses but not physicians. Besides, we revealed that inpatient services production was more productive than the outpatient services while the outpatient production has constant returns to scale, the inpatient production process has increasing returns to scale.
It can be seen that there were contractions in the limits of the stochastic frontier curves of production of out(in)patient services throughout years, that deepened severely with the hit of Covid-19 in 2020 and 2021. For the inpatient services the magnitude of the negative impact of 2021 is greater than that of 2020. Likewise, it can be seen that for inpatient services there was a decrease in efficiency of healthcare due to the pandemic in 2020 and 2021. Indeed, it is remarkable to see that although the amount of production was increased, the inpatient efficiency in 2021 was even lower than in 2020. Similarly, the outpatient services efficiency of hospitals decreased with the hit of Covid-19. As a result of the decrease in visits, especially in 2021, when doctors started to examine through the Central Physician Appointment System, outpatient efficiency in hospitals decreased. As of mid-2020, designated “pandemic hospitals” were usually TRH and city hospitals. In addition, while more outpatients were cared for, especially in small-scale hospitals, the number of inpatients decreased due to reasons such as postponing surgeries and decreasing hospitalizations because of the risk of infection. Due to the increase in exchange rate and inflation in 2021, problems arose in the purchase of medicines, medical devices and materials [33]. As a result, the number of hospitalized patients and surgeries decreased. In addition, with the decrease in the number of patients in small-scale hospitals, their incomes decreased and therefore physicians and health personnel began to be unable to receive performance based supplementary payment. Therefore, the work motivation of the health workers decreased and this situation negatively affected the service production capacities of the hospitals. As can be seen from the efficiency scores, while outpatient efficiency was higher in small-scale hospitals, inpatient efficiency was quite low.
Moreover, we can see that being TRH or City Hospital have negative effect on hospital outpatient services production efficiency, but positive effect on inpatient services production efficiency. In Türkiye, 50% of beds in hospitals affiliated to the MoH and 75% of intensive care beds are in TRH, and in 2021 almost 75% of the inpatients and surgical procedures were performed in TRH [74]. Thus, TRH’s higher efficiencies in inpatient services is consistent with previous studies [75–77]. Indeed, city hospitals alleviated the burden of the pandemic with the number of beds and intensive care units. Due to the increasing Covid-19 cases, city hospitals served inpatients as reference hospitals, as their physical infrastructure and status of medical devices were sufficient. Since the high number of inpatients for the treatment of Covid-19 disease, the inpatient efficiency was higher than other public hospitals.
In addition, we found that inpatient services efficiency was negatively affected by being located in crowded cities, while outpatient efficiency was fostering. The MoH hospitals with the highest outpatient efficiency scores were in Southeastern Anatolia and Marmara regions. The hospital efficiency in the Black Sea region remained relatively lower because of the low population density. These findings show a similar trend with previous studies [77, 78]. The high efficiency of total in the Southeastern Anatolia region is due to the fact that the number of private hospitals is few and the socio-economic status of the region is low, so patients prefer public hospitals more. It is also the region with the youngest population and with a high fertility rate. This is a factor that increases the number and efficiency of outpatients rather than inpatients. On the contrary, the high number of private hospitals in the Marmara region has relatively reduced inpatient efficiency. For example, while 51.9% of the total inpatients were in MoH hospitals in 2020, the lowest rate was in Istanbul with 44%. This rate was higher in the Black Sea (60.5%) and eastern and Southeastern Anatolia (56%) regions, where the number of private hospitals is relatively lower [56]. Finally, we can see that exchange rate has significant inefficiency effect neither on outpatient nor inpatient services production. Thus, during the examined period health system has been successfully protected from the vulnerability of the Turkish currency. In Türkiye, the MoH set the fixed exchange rate periodically for the imported drugs, such as in 2021, even though the realized average rate was 10.47 €/TRY, the set rate was 4.58€/TRY [79]. This policy was successful during the 2015–2021 period, however as the gap between the realized and the fixed value widens, problem of drug shortages in domestic market is taken place currently; thus, medium and long run sustainability of fixed exchange rate should be carefully investigated in future studies.
This study was conducted under some limitations. First, the study was limited to only measuring the efficiency of MoH public hospitals during 2015–2021. Therefore, future studies should be conducted to measure the efficiency of private and university hospitals. In addition, the validated simulation model can be run to prove the impact of Covid-19 on the clinical and financial situation of hospitals. As our study is the first examining impact of the pandemic on Turkish public hospitals efficiencies, we believe our findings will be benchmark and provide important feedback to policymakers and the researchers. Especially after the Covid-19 pandemic, hospital efficiency has become a greater focus of policymakers and researchers both nationally and internationally. The use of evidence-based recommendation in this study can guide policymakers in improving their response to the pandemic and help researchers develop new insights in the context of the pandemic.

Acknowledgements
The first draft of our paper has been presented at VI. Health Economics Congress of TED University, Ankara, Türkiye, December 2022, and it has been awarded with best oral presentation certificate. Also, it has been presented at the 9th Annual Koç University Healthcare Operations Workshop, İstanbul, Türkiye, June 2023. We would like to thank to all congress and workshop participants for their valuable comments.

Author contributions
All authors approved the final version of the manuscript that was submitted. Individual contributions are detailed in the following: SNS contributed to conception or design of the work, data analysis and interpretation, drafting of the article and critical revision of the article. AM contributed to conception or design of the work, data collection, data analysis and interpretation. AK contributed to data collection, drafting of the article and critical revision of the article and critical revision of the article.

Funding
Not applicable. No funding has been received to conduct this study.

Availability of data and materials
The authors used the Turkish public hospitals’ data for the years 2015–2021 with official permission from the Ministry of Health of Türkiye that prohibits the sharing of the data with the third parties. The public hospitals data cannot be copied or released to any other person or organization.

Declarations
Ethics approval and consent to participate
Not applicable. No ethical approval was required for this study.

Competing of interests
Not applicable. There are no competing interests.


References
	1.
WHO. Archived: WHO timeline—COVID-19. Geneva: World Health Organization; 2020. https://​www.​who.​int/​news-room/​detail/​27-04-2020-who-timeline---covid-19. Accessed 02 October 2022.

	2.
WHO. WHO Coronavirus (COVID-19) Dashboard. Geneva: World Health Organization; 2022a. https://​covid19.​who. Accessed 01 December 2022.

	3.
WHO. COVID-19 continues to disrupt essential health services in 90% of countries. Geneva: World Health Organization; 2021. https://​www.​who.​int/​News/​Item/​23-04-2021-Covid-19-Continues-To-Disrupt-Essential-Health-Services-In-90-Of-Countries. Accessed 11 October 2022.

	4.
WHO. Addressing backlogs and managing waiting lists during and beyond the COVID-19 pandemic. Geneva: World Health Organization; 2022b. https://​eurohealthobserv​atory.​who.​int/​publications/​i/​addressing-backlogs-and-managing-waiting-lists-during-and-beyond-the-covid-19-pandemic. Accessed 02 December 2022.

	5.
Kaye AD, Okeagu CN, Pham AD, et al. Economic impact Of COVID-19 pandemic on healthcare facilities and systems: international perspectives. Best Pract Res Clin Anaesthesiol. 2021;35:293–306. https://​doi.​org/​10.​1016/​j.​bpa.​2020.​11.​009.CrossrefPubMed

	6.
Oruc Z, Kaplan MA, Isikdogan A. Changes in medical oncology practice due to the COVID-19 pandemic in turkey, and the risk of neglect of cancer patients. Dicle Med J. 2021;48:881–8. https://​doi.​org/​10.​5798/​dicletip.​1037904.Crossref

	7.
Nepomuceno TCC, Piubello O, De Carvalho VDH, et al. The core of healthcare efficiency: a comprehensive bibliometric review on frontier analysis of hospitals. Healthcare. 2022;10:1316. https://​doi.​org/​10.​3390/​healthcare100713​16.CrossrefPubMedPubMedCentral

	8.
Soares P, Leite A, Esteves S, et al. Factors associated with the patient’s decision to avoid healthcare during the COVID-19 pandemic. Int J Environ Res Public Health. 2021;18:13239. https://​doi.​org/​10.​3390/​ijerph182413239.CrossrefPubMedPubMedCentral

	9.
Ahorsu DK, Lin CY, Imani V, et al. The fear of COVID-19 scale: development and initial validation. Int J Ment Health Addict. 2022;20:1537–45. https://​doi.​org/​10.​1007/​s11469-020-00270-8.CrossrefPubMed

	10.
Acar AC, Er AG, Burduroğlu HC, et al. Projecting the course of COVID-19 in Turkey: a probabilistic modeling approach. Turk J Med Sci. 2021;51:16–27. https://​doi.​org/​10.​3906/​sag-2005-378.CrossrefPubMedPubMedCentral

	11.
Kendzerska T, Zhu DT, Gershon AS, et al. The effects of the health system response to the COVID-19 pandemic on chronic disease management: a narrative review. Risk Manag Healthc Policy. 2021;14:575–84. https://​doi.​org/​10.​2147/​RMHP.​S293471.CrossrefPubMedPubMedCentral

	12.
Fekadu G, Bekele F, Tolossa T, et al. Impact of COVID-19 pandemic on chronic diseases care follow-up and current perspectives in low resource settings: a narrative review. Int J Physiol Pathophysiol Pharmacol. 2021;13:86–93.PubMedPubMedCentral

	13.
Mann E, Swedien D, Hansen J, et al. Reduction in emergency department presentations in a regional health system during the Covid-19 pandemic. West J Emerg Med. 2021;22:842–50. https://​doi.​org/​10.​5811/​westjem.​2020.​10.​49759.CrossrefPubMedPubMedCentral

	14.
AHA. Hospitals and health systems face unprecedented financial pressures due to COVID-19. Chicago and Washington: American Hospital Association; 2020. https://​www.​aha.​org/​system/​files/​media/​file/​2020/​05/​aha-covid19-financial-impact-0520-FINAL.​pdf. Accessed 01 December 2022.

	15.
Santana R, Sousa JS, Soares P, et al. The demand for hospital emergency services: trends during the first month of COVID-19 response. Port J Public Health. 2020;38:30–6. https://​doi.​org/​10.​1159/​000507764.Crossref

	16.
Rocha J, Soares P, Filipe C, et al. Inpatient hospitalizations during the first wave of COVID-19 in Portugal. Port J Public Health. 2020;38:11–7. https://​doi.​org/​10.​1159/​000514163.Crossref

	17.
Kalanj K, Marshall R, Karol K, et al. The impact of COVID-19 on hospital admissions in Croatia. Front Public Health. 2021;9:720948. https://​doi.​org/​10.​3389/​fpubh.​2021.​720948.CrossrefPubMedPubMedCentral

	18.
Pharmaceutical Technology. Prices of essential COVID-19 medicines have increased 4% globally since February; 2020. https://​www.​pharmaceutical-technology.​com/​pricing-and-market-access/​prices-essential-covid19-medicines-increased-4-percent-globally-html. Accessed 15 November 2022.

	19.
Foroni C, Marcellino M, Stevanovic D. Forecasting the Covid-19 recession and recovery: lessons from the financial crisis. Int J Forecast. 2022;38(2):596–612. https://​doi.​org/​10.​1016/​j.​ijforecast.​2020.​12.​005.CrossrefPubMed

	20.
Kamel MA, Mousa ME. Measuring operational efficiency of isolation hospitals during COVID-19 pandemic using data envelopment analysis: a case of Egypt. Benchmark Int J. 2021;28:2178–201. https://​doi.​org/​10.​1108/​BIJ-09-2020-0481.Crossref

	21.
Nepomuceno TCC, Silva WMN, Nepomuceno KTC, et al. A DEA-based complexity of needs approach for hospital beds evacuation during the COVID-19 outbreak. J Healthc Eng. 2020;2020:8857553. https://​doi.​org/​10.​1155/​2020/​8857553.CrossrefPubMedPubMedCentral

	22.
Caunic RE, Laura A, Maria V, et al. A data envelopment analysis of the response of healthcare facilities to coronavirus pandemic: evidence from romania, assessing the EU’s actorness in the Eastern Neighbourhood. Eastern J Eur Stud. 2021;13:54–76.

	23.
Henriques CO, Gouveia MC. Assessing the impact of COVID-19 on the efficiency of Portuguese state-owned enterprise hospitals. Socioecon Plann Sci. 2022;31:101387. https://​doi.​org/​10.​1016/​j.​seps.​2022.​101387.Crossref

	24.
Xu Y, Park YS, Park JD. Measuring the response performance of US States against COVID-19 using an integrated DEA, CART, and logistic regression approach. Healthcare. 2021;9:268. https://​doi.​org/​10.​3390/​healthcare903026​8.CrossrefPubMedPubMedCentral

	25.
Klumpp M, Loske D, Bicciato S. COVID-19 health policy evaluation: integrating health and economic perspectives with a data envelopment analysis approach. Eur J Health Econ. 2022;23:1263–85. https://​doi.​org/​10.​1007/​s10198-021-01425-7.CrossrefPubMedPubMedCentral

	26.
Breitenbach MC, Ngobeni V, Aye GC. Global healthcare resource efficiency in the management of COVID-19 death and infection prevalence rates. Front Public Health. 2021;9:638481. https://​doi.​org/​10.​3389/​fpubh.​2021.​638481.CrossrefPubMedPubMedCentral

	27.
Rosko MD, Mutter RL. Stochastic frontier analysis of hospital inefficiency: a review of empirical issues and an assessment of robustness. Med Care Res Rev. 2008;65:131–66. https://​doi.​org/​10.​1177/​1077558707307580​.CrossrefPubMed

	28.
Emrouznejad A, Yang GL. A survey and analysis of the first 40 years of scholarly literature in DEA: 1978–2016. Socioecon Plann Sci. 2018;61:4–8. https://​doi.​org/​10.​1016/​j.​seps.​2017.​01.​008.Crossref

	29.
Jacobs R. Alternative methods to examine hospital efficiency: data envelopment analysis and stochastic frontier analysis. Health Care Manag Sci. 2001;4:103–15. https://​doi.​org/​10.​1023/​a:​1011453526849.CrossrefPubMed

	30.
Koca F. Turkey’s management of COVID-19: measures and strategies of health policies. Insight Turkey. 2020;22:55–65. https://​doi.​org/​10.​1016/​10.​25253/​99.​2020223.​04.Crossref

	31.
TGA. Fighting against COVID-19 in Türkiye. İstanbul: Türkiye Tourism Promotion and Development Agency; 2020. https://​www.​tga.​gov.​tr/​fight-against-covid-19-in-turkey. Accessed 22 November 2022.

	32.
Güleşen IA, Karakaya S, Karadag I, Ceken S, Oksuzoglu B. Evaluation of Sars-Cov-2 infection in cancer patients: single-center experience from Turkey. Acta Oncologica Turcica. 2020;53:441–7. https://​doi.​org/​10.​5505/​aot.​2020.​79664.Crossref

	33.
Küçük A. Financial impacts of Covid-19 pandemic for Turkish public hospitals. Süleyman Demirel Univ Vis J. 2022;13:354–63. https://​doi.​org/​10.​21076/​vizyoner.​993956.Crossref

	34.
TURKSTAT. Health expenditure statistics, 2021. Ankara: Turkish Statistical Institute; 2022. https://​data.​tuik.​gov.​tr/​Bulten/​Index?​p=​Saglik-Harcamalari-Istatistikleri-2021-45728. Accessed 01 December 2022.

	35.
Sülkü S, Coşar K, Tokatlıoğlu Y (2021) COVİD-19 Süreci: Türkiye Deneyimi. Sosyoekonomi 29/49:345–372. https://​doi.​org/​10.​17233/​sosyoekonomi.​2021.​03.​18

	36.
Uzun O, Akpolat T, Varol A, et al. COVID-19: vaccination versus hospitalization. Infection. 2022;50:747–52. https://​doi.​org/​10.​1007/​s15010-021-01751-1.CrossrefPubMedPubMedCentral

	37.
MoH. Sağlık Bakanlığı Covid-19 Bilgilendirme Platformu; 2021. https://​covid19.​saglik.​gov.​tr. Accessed 01 September 2022.

	38.
Öncü MA, Yıldırım S, Bostancı S, et al. The effect of COVID-19 pandemic on health management and health services: a case of Turkey. Duzce Med J. 2021;23(Special Issue):61–70. https://​doi.​org/​10.​18678/​dtfd.​860733.Crossref

	39.
Ateş H, Kırılmaz H. An evaluation of the performance of the Turkish health system in the COVID-19 pandemic. Duzce Med J. 2021;23(Special Issue):30–7. https://​doi.​org/​10.​18678/​dtfd.​896469.Crossref

	40.
MoH. Sağlık İstatistikleri Yıllığı Haber Bülteni 2021. Ankara: Ministry of Health; 2022. https://​sbsgm.​saglik.​gov.​tr/​TR-92604/​saglik-istatistikleri-yilligi-2021-haber-bulteni-yayimlanmistir.​html. Accessed 21 November 2022.

	41.
SGK. 2021 Yılı İdari Faaliyet Raporu. Ankara: Sosyal Güvenlik Kurumu; 2022. https://​www.​sgk.​gov.​tr/​Duyuru/​Detay/​2021-Yili-Sosyal-Guvenlik-Kurumu-Faaliyet-Raporu-2022-05-13-11-42-10. Accessed 01 December 2022.

	42.
TURKSTAT. Statistics on child, 2020. Ankara: Turkish Statistical Institute; 2021. https://​data.​tuik.​gov.​tr/​Bulten/​Index?​p=​Statistics-on-Child-2020-37228&​dil=​2. Accessed 02 November 2022.

	43.
Bostan S, Ağaç G. Kamu hastaneler birliğinin yapılmasının sağlık hizmeti sunu süreçlerine etkisinin yönetici ve çalışanlar açısından değerlendirmesi. İşletme Bilimi Dergisi, 2019;7:153–67. https://​doi.​org/​10.​22139/​jobs.​483566.​

	44.
Aigner D, Lovell CK, Schmidt P. Formulation and estimation of stochastic frontier production function models. J Econ. 1977;6:21–37. https://​doi.​org/​10.​1016/​0304-4076(77)90052-5.Crossref

	45.
Meeusen W, Broeck J. Efficiency estimation from Cobb–Douglas production functions with composed error. Int Econ Rev. 1977;2:435–44. https://​doi.​org/​10.​2307/​2525757.Crossref

	46.
Coelli TJ, Rao DSP, O’Donnell CJ, et al. An introduction to efficiency and productivity analysis. 2nd ed. New York: Springer; 2005.

	47.
Greene WH. The econometric approach to efficiency analysis. In: Fried H, Lovell C, Schmidt S, editors. The measurement of productivity efficiency and productivity change. Oxford: Oxford Scolarship Online; 2008. p. 92–250.Crossref

	48.
Chirikos TN, Sear GS. Measuring hospital efficiency: a comparison of two approaches. Health Serv Res. 2000;34:1389–408.PubMedPubMedCentral

	49.
Kumbhakar SC, Lovell K. Stochastic frontier analysis. Cambridge: Cambridge University Press; 2000.Crossref

	50.
Kumbhakar SC, Wang H, Horncastle AP. A practitioner’s guide to stochastic frontier analysis using stata. Cambridge: Cambridge University Press; 2015.Crossref

	51.
Battese G, Coelli T. A model for technical inefficiency effects in a stochastic frontier production function for panel data. Empir Econ. 1995;20:325–32. https://​doi.​org/​10.​1007/​BF01205442.Crossref

	52.
Zhang M. The comparison of stochastic frontier analysis with panel data models. Dissertation, Loughborough University School of Business and Economics, Leicestershire, United Kingdom; 2012.

	53.
Case KE, Fair RC. Principles of economics, Tenth Global Edition, pp 229–232, Pearson: England; 2012.

	54.
Sulku SN. The health sector reforms and the efficiency of public hospitals in Turkey: provincial markets. Eur J Public Health. 2012;22(5):634–8. https://​doi.​org/​10.​1093/​eurpub/​ckr163.CrossrefPubMed

	55.
Worthington A. Frontier efficiency measurement in health care: a review of empirical techniques and selected applications. Med Care Res Rev. 2004;61:135–70.CrossrefPubMed

	56.
MoH. Health statistics yearbook 2020. Ankara: Ministry of Health; 2022. https://​sbsgm.​saglik.​gov.​tr/​Eklenti/​43400/​0/​siy2020-eng-26052022pdf.​pdf. Accessed 22 November 2022.

	57.
Rosko MD. Cost efficiency of US hospitals: a stochastic frontier approach. Health Econ. 2001;10:539–51. https://​doi.​org/​10.​1002/​hec.​607.CrossrefPubMed

	58.
Ferreira DC, Marques RC. Should inpatients be adjusted by their complexity and severity for efficiency assessment? Evidence from Portugal. Health Care Manag Sci. 2016;19:43–57. https://​doi.​org/​10.​1007/​s10729-014-9286-y.CrossrefPubMed

	59.
MoH. Teşhis İlişkili Gruplar Bilgilendirme Rehberi, Ankara: Ministry of Health; 2014. https://​shgmsgudb.​saglik.​gov.​tr/​Eklenti/​3292/​0/​teshis-iliskili-gruplar-bilgilendirme-rehberi.​pdf. Accessed 02 December 2022.

	60.
Pross C, Strumann C, Geissler A, et al. Quality and resource efficiency in hospital service provision: a geoadditive stochastic frontier analysis of stroke quality of care in Germany. PLoS ONE. 2018;13:e0203017. https://​doi.​org/​10.​1371/​journal.​pone.​0203017.CrossrefPubMedPubMedCentral

	61.
Vitaliano D, Toren M. Hospital cost and efficiency in a regime of stringent regulation. East Econ J. 1996;22:161–75.

	62.
WHO. Public–private partnerships for health care infrastructure and services: considerations for policy makers in Ukraine. Copenhagen: WHO Regional Office for Europe; 2022.

	63.
Baser O. Population density index and its use for distribution of Covid-19: a case study using Turkish data. Health Policy. 2021;125:148–54. https://​doi.​org/​10.​1016/​j.​healthpol.​2020.​10.​003.CrossrefPubMed

	64.
Fujita M, Hamaguchi N, Kameyama Y. Building back better to overcome the COVID-19 pandemic and the great East Japan Earthquake. In: Spatial economics for building back better (Economics, Law, and Institutions in Asia Pacific). Singapore: Springer; 2021. p. 235–81.Crossref

	65.
TURKSTAT. The results of address based population registration system. Ankara: Turkish Statistical Institute; 2021. https://​data.​tuik.​gov.​tr/​Bulten/​Index?​p=​45500. Accessed 01 December 2022.

	66.
Perrott GS, Holland DF. Population trends and problems of public health. Milbank Q. 2005;83:569–608. https://​doi.​org/​10.​1111/​j.​1468-0009.​2005.​00393.​x.CrossrefPubMedPubMedCentral

	67.
Ünsal A, Sülkü SN. Bölgeler Arası Gelişmişlik Düzeylerinin Belirlenmesi ve Karşılaştırılması: Türkiye Örneği. Bilig. 2020;95:177–209. https://​doi.​org/​10.​12995/​bilig.​9508.

	68.
Mahtta R, Fragkias M, Güneralp B, et al. Urban land expansion: the role of population and economic growth for 300+ cities. NPJ Urban Sustain. 2022;2:5. https://​doi.​org/​10.​1038/​s42949-022-00048-y.Crossref

	69.
Yücel Y, Kabalay B. Suicidal economy of Turkey in times of crisis: 2018 crisis and beyond. Crit Sociol. 2022. https://​doi.​org/​10.​1177/​0896920522111307​2.Crossref

	70.
PRTIO. Pharmaceuticals industry report. Ankara: Presidency of the Republic of Türkiye, Investment Office; 2021. https://​www.​invest.​gov.​tr/​en/​library/​publications/​lists/​investpublicatio​ns/​pharmaceuticals-industry.​pdf. Accessed 10 November 2022.

	71.
Goudarzi R, Pourreza A, Shokoohi M, et al. Technical efficiency of teaching hospitals in Iran: the use of stochastic frontier analysis, 1999–2011. Int J Health Policy Manag. 2014;3:91–7.CrossrefPubMedPubMedCentral

	72.
Butler M, Schultz TJ, Drennan J. Substitution of nurses for physicians in the hospital setting for patient, process of care, and economic outcomes (Protocol). Cochrane Datab Syst Rev. 2020;5:CD013616. https://​doi.​org/​10.​1002/​14651858.​CD013616.Crossref

	73.
Rashidian A, Shakibazadeh E, Karimi-Shahanjarini A, et al. Barriers and facilitators to the implementation of doctor-nurse substitution strategies in primary care: qualitative evidence synthesis. Cochrane Datab Syst Rev. 2019;2:CD010412. https://​doi.​org/​10.​1002/​14651858.​CD010412.​pub2.Crossref

	74.
GDPH. Directorate General for Public Hospitals (2022) Kamu Hastane İstatistikleri; 2022. https://​rapor.​saglik.​gov.​tr/​1.​10.​2022. Accessed 05 January 2023.

	75.
Yildiz MS, Heboyan V, Khan MM. Estimating technical efficiency of Turkish hospitals: implications for hospital reform initiatives. BMC Health Serv Res. 2018;18:401. https://​doi.​org/​10.​1186/​s12913-018-3239-y.CrossrefPubMedPubMedCentral

	76.
Yildirim C, Kacak H, Yildirim S, et al. Comprehensive efficiency assessment of Turkish teaching hospitals: technical, pure technical and scale efficiencies with data envelopment analysis. J Appl Bus Econ. 2019;21:3. https://​doi.​org/​10.​33423/​jabe.​v21i3.​2087.Crossref

	77.
Küçük A, Özsoy VS, Balkan B. Assessment of technical efficiency of public hospitals in Turkey. Eur J Pub Health. 2020;30:230–5. https://​doi.​org/​10.​1093/​eurpub/​ckz143.Crossref

	78.
Atılgan E, Çalışkan Z. The cost efficiency of Turkish hospitals: a stochastic frontier analysis. Iktisat Isletme ve Finans, Bilgesel Yayincilik. 2015;30:9–30.

	79.
TISD. İlaç Fiyatlarında Uygulanan Dönemsel Avro Değeri Bilgileri. İstanbul and Ankara: Türkiye İlaç Sanayi Derneği; 2022. https://​www.​tisd.​org.​tr/​DAD.​aspx. Accessed 15 November 2022.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Footnotes
1The CMI calculation is included in the Ministry of Health Diagnostic Groups Information Guide [59].

 

2The efficiency scores for the anonymized public hospitals is available and can be given upon request to corresponding author.

 

3In Türkiye the regions from most to least crowded are: Marmara, Central Anatolia, Aegean, Mediterranean, Southeast Anatolia, Black Sea, and East Anatolia.
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