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Abstract

Global problems with a shortage of nurses and an increasing demand for nursing care raise questions about whether the
education system as the primary source of new nurses is in line with future demands. Despite the shortage, the situation
in the Czech Republic is not yet critical, but the analysis of the age structure and the small number of graduates indicates
a problem on the horizon of 15 to 20 years. The objective of the article is to present the methodology developed to esti-
mate the demand for the profession of a nurse to maintain a functional health care system according to demographic
changes and to propose the optimal number of students enrolled in the nursing study program. Authors created the
methodology as part of the project “Competent Nurse for the 21st Century: Analysis and proposal for optimisation of
nursing education and professional practice”, supported by the Czech Republic Technological Agency. The methodology
was certified by the Czech Republic Ministry of Health at the end of 2022.
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1 Introduction
1.1 The context of the nursing shortage issue and the purpose of creating the methodology

Along with midwives, general nurses' make up the largest professional group in healthcare [1]. In many countries, nurses
and midwives make up more than 50% of the national health workforce. According to a report prepared by the World
Health Organisation (WHO) in collaboration with the International Council of Nurses (ICN) and the global campaign
Nursing Now [2], the total number of nurses (data from 191 countries) is 27.9 million, representing approximately 59% of
the entire healthcare workforce. Among them, the number of professional nurses is 19.3 million, almost 70% of the total
[3]. Between 2013 and 2018, there was an increase of 4.7 million nurses worldwide, but a shortage persists worldwide
along with a growing future demand. The shortage differs in different countries depends on the level of development.
The main signal of the shortage is the number of. Nursing jobs available and the ability to employ new graduate nurses in
the health system [1]. The WHO [4], states a global shortage of approximately 6 million nurses and midwives, predicting
an increase to 7.6 million by 2030. In the United States, it is estimated that by 2025, there will be a shortage of 260,000
nurses [4]. In the Czech Republic (CR), there is currently a shortage of approximately 3,500 general nurses, and, similar to
the global trend, nurses represent the largest professional group in healthcare (42.6%), with 75,059 full-time equivalents
[5]. The shortage of nurses in CR is particularly evident in acute care. The high average age of CR nurses (46 years) is a
worrying factor (see Fig. 1), indicating a potential further increase in the shortage if older nurses retire without an influx
of younger replacements [6]. This unfavourable situation is being addressed by experts, policy makers, professionals,
and trade organisations at all levels, seeking causes, correlations, and suitable solutions to stabilise and retain nurses in
the profession [7]. A shortage of nurses can have a negative impact on public health and quality of life for individuals,
as reported by the WHO [1]. On the other hand, student recruitment alone does not guarantee the quality of care and is
not the only solution to the problem of quality of care and patient safety.

Insufficient staff levels create a burden on existing personnel, leading to increased workload, exhaustion, elevated
stress, and decreased job satisfaction and can even result in the departure of more nurses from the workplace or the
profession. Kretzchmer et al. [9] and Head, Middleton, and Zeigler [10] found that although two-thirds of nurses do not
plan to leave the profession in the next year, 48% are considering leaving at some point. Work overload and administra-
tive problems were identified as significant stressors by the nurses surveyed. In terms of CR, the studies by Gurkovd et al.
[11] and Vévoda et al. [12] have previously addressed the issue of nurse shortages and the associated intention to leave
the profession. Vévoda et al. [12] reported that 34.7% of general nurses working in Czech hospitals were determined to
leave their employer if a good opportunity arose, while only 42.3% were committed to staying and 23% were undecided.
Gurkova et al. [11] reported that 21.2% of nurses considered leaving their current position, 7.8% considered working
abroad, and 13.5% even considered changing professions.

A comprehensive survey of job satisfaction among non-physician healthcare professionals (15,432 respondents, general
nurses with more than 10 years of experience being the largest group) conducted by the CR Ministry of Health in 2018
revealed that 60% of healthcare workers did not plan to leave their jobs in the year given. In other words, 40% were consider-
ing leaving and 15% planned to leave the healthcare sector altogether. According to the Czech Republic Ministry of Health
the number of unsatisfied nurses increased [13].

The shortage of nurses is a strategic and tactical challenge for the management of healthcare systems and hospitals.
Therefore, the project“Competent Nurse for the 21st Century: Analysis and Proposal for the Optimization of Nursing Educa-
tion and Professional Practice of Nurses’, supported by the CR Technology Agency, focused on two main objectives: (1) the
development of a software application, competence manager, ensuring the management of key nursing competencies,
and (2) a certified methodology for estimating the required number of students and graduates in general nurse education
programs. A comprehensive survey preceding the creation of these outputs examined the satisfaction of nurses working

' In the Czech healthcare system, a nurse has an indispensable position, and the term "nurse" includes general, paediatric, and practical
nurses. A practical nurse, formerly known as a healthcare assistant, has lower competencies mainly after completing secondary medical
school. General and paediatric nurses possess specialised qualifications acquired through a three-year bachelor’s programme in General
Nursing or Paediatric Nursing, respectively, or through the Diploma in General Nursing programs at a higher medical school. These edu-
cational programs meet the requirements for the qualification of general nurses in accordance with Directive 36/2005/EC of the European
Parliament and of the Council and are aligned with the European education curriculum (11 years of general education +at least 3 years of
qualification education), as required by the Czech by relevant legislation. This article focusses on a group of nurses referred to as general
nurses, including paediatric nurses according to the Nursing concept, whose total number fluctuates around 80,000. These figures, along
with the number of midwives, are reported by the Ministry of Health to Eurostat [17]
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Fig. 1 Age structure of general nurses in czech health system. Source: Institute of Health Information and Statistics of the Czech Republic
[8]. Own calculations.

in Czech hospitals. The survey was designed to explore the experiences of general nurses in their profession, their working
conditions, and the negative influences and barriers they most commonly encounter. A sample of 2479 general nurses
confirmed a correlation between job satisfaction and a shortage of nurses in the workplace [14]. The concept of a certified
methodology was supported by the survey results. A shortage of general nurses is not only a barrier to job satisfaction, but
also a burden that contributes to more departures from the profession, thus exacerbating the shortage. General nurses play
a crucial role in ensuring healthcare care, and given demographic changes in the Czech Republic, it is important to address
optimal student intake numbers for the qualification study of general nursing programs in the coming years.

In the Czech Republic, there is currently a shortage of nurses, and the situation may worsen in the future due to the
retirement of a large number of nurses. According to information from the Institute of Healthcare Information of the Czech
Republic [8], approximately twelve thousand nurses, which is about fourteen percent of the total number, are already over
60 years old. In the coming years, it is expected that, after their retirement, there will be an even greater shortage of healthcare
workers. The age structure of nurses in the Czech healthcare system is shown in Fig. 1. It is important to focus attention on
this situation because nurses are a key component of the healthcare system, and their shortage can have serious implications
for the quality and availability of healthcare.

For the reasons mentioned above, one of the main goals of the project was to create a methodology for optimal planning
of the number of graduates of study programs for general nurses as a strategic tool for nursing staffing, and the aim of this
article is to present this methodology.

2 Methodology

For the system to be set up correctly to ensure a long-term balance, there must be a balance between the estimated number
of nurses needed in the future and, on the one hand, the current situation, which is increased by the increase due to new
graduates entering the labor market and reduced by the decrease due to exits from the labor market; on the other hand,

Stin & St + Petten) = Uttitan) (M
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where S/, is the estimated number of nurses at the end of period t+n, S, is the number of nurses in year t, ;... is the
total increase in the number of nurses due to entry into the labor market (more simply, graduates) over the period tto t+n
and U ., is the overall decrease in the number of general nurses due to exit from the labor market in the period tto t+n.

It is appropriate to adjust the left-hand side of the equation for an estimate of the expected increase in demand for health
care related, for example, to population aging.

Stn = St * kpy v
where S, is the estimated number of nurses at the end of period t +n, S, is the number of nurses in year t and kp, is the
coefficient of demand for health care in year t.

The total loss of nurses in the system in the following periods is based on the following relationship.

70 70-n
U(t;t+n) = Z xst - Z xst * xkn 3)
x=20 x=20

where U, is the overall decrease in the number of general nurses due to attrition from the labor market in the period
ttot+n,,S,is the number of nurses in year t in age category x and ,k,, is the attrition rate of general nurses in age group
x (in year t) in the following n years.

Estimates of the coefficient .k, must be performed on longitudinal data on nurses; the number of nurses in each age
group must go back several years.

The overall increase in the following period is slightly more complex (graduates aged > 20 to 45 are assumed):

45 n

Piten = Z ZA(t+i,t+i+1) @k ik, (4)
x=20 i=0

where P, is the total increase in the number of general nurses due to entry into the labor market over the period
ttot+n, Agyierivr is the number of graduates in period t+ito t+i+1, ,a is the proportion of graduates in the age
group X years (graduates are in different age groups), and ,k,,_; is the attrition rate of general nurses in the age group x
(inyeart) in the next n - i years. It is necessary to specifically estimate ,k, which is the coefficient of the share of gradu-
ates entering the labor market in the age group x years.

The final step in estimating the appropriate number of students to admit is to take into account the dropout rate.
The number of new admissions (or, better, the capacity of study programs) should be determined according to the

following relationship:
Ai3 = NE.(1 — DOR) (5)

where A3, is the number of graduates in year t + 3, NE, is the number of new admissions in year t and DOR is the
dropout rate.

3 Results

The basic results of the application of the methodology are demonstrated in the example of the Czech Republic.
Like other countries, the Czech Republic is currently under pressure from aging [15]. The evolution of demand for
healthcare is simulated on the basis of the indicator "intensity of hospital admissions". The intensity of hospitaliza-
tion has been decreasing in recent years, and the forecast of total demand until 2050 falls into two scenarios: in the
baseline (conservative) variant, the intensity of hospitalization is maintained at the current level of 2016-2018; and
in the dynamic variant, the rate of hospitalization will decrease according to the trend of 2006-2018. In the model
for estimating the demand for health care, data on hospitalizations by gender and age (in five-year age intervals)
were used. For each age group, a specific rate of hospitalization (index) was calculated and its trend over time was
evaluated. These rates were then linked to the population forecast (according to age and gender) and the total
demand for health care was estimated from these results. Figure 2 presents possible future trends in relative terms.
In the dynamic variant, which assumes a decline in the number of hospitalizations in the age groups, there will be
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Fig.2 Estimation of the number of hospital admissions by 2050; comparison of conservative, medium, and dynamic scenarios, 2018 =100%.
Source: Institute of Health Information and Statistics of the Czech Republic [17], own calculations.

an overall decline of 2% in hospitalization in 2030 compared to 2018, 3% in 2040 and 6% in 2050. In contrast, if the
current trend of decreasing specific hospitalization rates is stopped, there would be a 10% increase in hospitaliza-
tion in 2030, 16% increase in 2040 and 21% increase in 2050 compared to 2018 [16]. In addition to the change in the
number of hospital admissions, there will be a change in their age structure. To make the forecast of the number and
structure of hospital admissions more understandable, a medium variant of the hospital admission forecast is also
constructed as an arithmetic average of the dynamic and conservative variants described above.

The baseline scenario for estimating the number of nurses needed is based on the current situation; that is, it
assumes that the demand for the system is at the current level (less than 80,000 general nurses; this parameter is
optional, and the results of the individual scenarios will, of course, change according to it) and that the annual num-
ber of nurse graduates is approximately 1600 [18]. Figure 3 shows the evolution of the number and age structure of
general nurses up to 2050. With this number of graduates, there will already be 2.5 thousand fewer general nurses
in 2025 than in 2020; the difference will be more than 5 thousand in 2030, almost 20 thousand in 2040 and almost
30 thousand general nurses in 2050 (Fig. 4).

With an increase in the number of graduates to 2600 per year (Fig. 4), the number of general nurses in 2050 will
only be approximately 10,000 fewer than it is currently. Increasing the number of graduates to 3,000 per year then
leads to a status quo.

Figure 4 is based on the assumption of constant demand for general nurses, that is, without considering the aging
population or the increase in the demand for health care. Considering the increase in demand described above, an
annual figure of 3450 graduates is necessary to maintain the current number of general nurses (Fig. 5).

To complete the whole estimation, in terms of the number of students admitted (enrolled), it is necessary to use formulae
4 and 5.Then, keeping the dropout rate (the proportion of newly enrolled students who successfully completed their stud-
ies) in the field of general nursing at the current level of 33%, the required number of 3 450 graduates leads to the required
number of newly enrolled students being 5 200. Recall that we currently have approximately 1,600 graduates and 2600
newly enrolled students.
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Fig. 3 Evolution of the age distribution under the scenario of 1,600 graduates in 2020, 2030, 2040 and 2050. Source: Own calculations.
4 Discussion
The discussion on ensuring enough nurses must be focused on several key points, the main ones being the stabilisa-
tion of the current workforce through employers’ working conditions and timely replenishment with enough gradu-
ates. At the same time, the professional company has to go through discussions about ensuring complete care from
the entire team in terms of their competences and workload.

The methodology revealed that the current number of graduates will not even ensure basic nursing reproduction
in the healthcare sector, and a significant outflow of the nursing workforce is expected in the next 15 to 20 years. If
we do not address this problem, it will only worsen.
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Fig.4 Comparison of the shortage of general nurses for each forecast option compared to the current situation (80,000 nurses). Source:
Own calculations.
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Fig.5 Comparison of the shortage of nurses for the different forecast options compared to the estimated demand for nurses (due to popu-
lation aging). Source: Own calculations.

Support for increasing capacity for the education of general nurses is also hampered by arguments that keep
appearing in the Czech lay and professional society that the shortage is caused by the lengthy and complicated
education. Arguments that nursing education is too complicated and long are completely unfounded. Research such
as Aiken et al. [19] demonstrated that a higher level of nursing education reduces the risk of mortality in hospital-
ized patients. General nurses cannot be replaced or supplemented by staff other than educated general nurses. A
shortage of these devices disrupts the stability of existing medical personnel, increases their workload, and creates
another shortage. Along with increasing salaries, overworked nurses reduce their working hours and, at the same
time, reduce their commitment and interest [10].

In addition to increasing the number of graduates, it is also necessary to stabilize and support all nurses in the
system to prevent them from leaving. Nurses are exposed to stress due to the nature of their profession. For example,
a study of Lithuanian and Polish nurses [20] shows stress arising from work itself, interpersonal conflicts between
nurses and physicians, and mainly death and dying. Increasing the psychological burden on the patient can perpetu-
ate the situation, as overloaded nurses leave the system.

The All-Party Parliamentary Group on Global Health [7] highlights nurses’ dissatisfaction with the poor working
conditions caused by their shortage, which could be a reason for further departures. Nurses want to work on an
acceptable workload, which can be maintained mainly by adequate staffing, as evidenced by studies by [21].

The shortage of nurses and the growing risks associated with this shortage can jeopardise the quality of health-
care. The study of nurse staffing and education and hospital mortality in nine European countries: a retrospective
observational study conducted on a sample of data from nine countries provided evidence that reducing the number
of nurses or increasing the patient-to-nurse ratio increases the risk of death in surgical patients within 30 days after
admission. In contrast, a higher level of nursing education (completed by a bachelor’s degree program) reduces this
risk [22].

A shortage of nurses increases discomfort and the risk of burnout not only among nurses but also among physicians.
A sufficient number of nurses are perceived as a working condition established by the management, and physicians
prefer nursing staffing solutions over other interventions to strengthen their resilience, as demonstrated in the study
by Aiken et al. [21].

A systematic review by Lu et al. [23] found that job satisfaction influences turnover, as well as other factors that influ-
ence job satisfaction, such as working hours and management, staffing levels, remuneration, and others identified in a
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number of research studies. The job satisfaction of hospital nurses is, among other things, affected by the ratio of patient
to nurse.

The labour market has been entered by Generation Z, which is demographically much smaller compared to the previ-
ous strong generations X and Y, so generational factors also come into play and can require a larger number of nurses.
The emphasis on job satisfaction is more pronounced among Generation Y (born roughly between 1982 and 1995).
People who complain more frequently about stress and burnout syndrome report lower loyalty to work and leave work
more often than nurses of previous generations [24]. Generation Z (1996-2012) prioritizes work-life balance and personal
well-being at work much more than previous generations [25].

Therefore, some countries are helping increase the number of nurses by improving the prestige of this profession and
increasing the number of interested students [26]. However, in the Czech Republic the good news is that due to COVID,
there has been a significant increase in interest in studying in secondary medical schools. This should be followed by a
change being prepared at the Ministry of Health, which would increase the capacity to study capacity general nursing
and other nonphysicians healthcare workers at universities [27]. Despite discussions about the shortage of nurses in the
Czech Republic over the last 15 years, the system has not systematically addressed the increase in the number of nursing
students and graduates, except for a significant increase in salary; between 2017 and 2021, there was a 64% increase in
average earnings in acute care [8]. Since 2019, the Czech government has directly financially supported medical studies,
leading to an increase in the number of medical students. However, the number of general nursing studies or gradu-
ates has not increased, and in the context of the increasing number of medical studies, the ratio of nurses to physicians,
according to Health at Glance [28], continues to decrease in the Czech Republic. Compared to that in EU countries, the
production of general nurses per 100,000 inhabitants (14) is significantly lower than that in Austria (96), Slovakia, and
most European countries, even in comparison within OECD countries.

In its 2020 publication issued for the Year of Nurses and Midwives [29], maintaining and ensuring a qualified nursing
workforce is a fundamental premise for the provision of safe care. Aiken et al. [30] defined a safe and good environment for
patients and staff and addressed the workload of employees in proportion to their responsibilities. Her studies illustrate
that a good environment for care and a good working environment mean the same thing. She also showed that hospitals
where nurses are unhappy and often experience burnout have more unhappy patients and poorer clinical outcomes [31].

The report above emphasises that the education and preparation of nurses for professional practice and their life-
long learning are strategies to improve the quality of care in any area, from primary care to post-acute care. Ensuring an
adequate nursing workforce is an endless challenge, not only for healthcare, but also for society as a whole. In this context,
the certified methodology of the Ministry of Health [32] to optimise the number of trained nurses emerged as a signifi-
cant tool and in January 2024, the Minister of Health announced that he would strongly support the study of nursing.

In the context of a shortage of new general nurses entering the workforce and the need to alleviate the workload bur-
den on current nurses, it may also be necessary to consider redistributing responsibilities across the entire nursing team
in the future. The workload also exacerbates the shortage of less qualified nursing staff, which nurses often substitute, as
well as the demands of physicians to exceed nursing competencies. In the future, there will need to be a redistribution
of responsibilities within the nursing team and in collaboration with the physicians. This can have a crucial impact on
determining the number of nurses needed. The aim of the researchers was to create a methodology that, based on the
specified requirement of determining how many general nurses are needed for the Czech Healthcare system, would find
the optimal numbers of new graduates for this profession. The researchers did not intend in their project to determine
how many and what types of nurses are needed; that is the task of the Ministry of Health.

The methodology is constrained by some unavailable data, which prevents refining the calculations, but is certified
by the Ministry of Health, which requested it for use. It can be assumed that by supplementing current data, the meth-
odology will always provide calculations of the optimal number of graduates. Similarly, a limitation is that the Ministry of
Health currently does not have an exact estimate of the number and types of nurses it will need in the future. Therefore,
researchers assume that the current number of general nurses is at least necessary. Another limitation could be the
unpredictability of the political situation both domestically and internationally.

5 Conclusion
From 2018 to 2022, the number of nurses employed remained the same. However, the pandemic burdened the healthcare

system and caused some nurses to transfer to non-bedside roles [8]. At the same time, it highlighted the importance
and security of a job in the healthcare sector, which positively influenced interest in healthcare professions. Despite this
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increased interest, there were and are still insufficient educational capacities to accommodate the significant increase in
applicants for nursing studies. The authors of this article initiated a call to the Ministry of Health to increase the financial
support for nursing education. Even in this context, the methodology created proved to be a significant undertaking.

All of the above indicates that this shortage is a complex and complicated problem that does not have a simple solu-
tion, but threatens not only the Czech healthcare system, but the entire society. However, the methodology created is
only a small part of addressing this complex problem. It can definitely contribute to its solution within its limitations.

The Ministry of Health has the responsibility to specify the future demand for nurses and nursing staff, as well as the
required capacities. At this juncture, the methodology is constrained by the imprecise nature of the demand for these
numbers, as it can only rely on the assumption that all general nurses currently registered are necessary. However, the
production of new nurses is evidently low to sustain this amount.

In the Czech Republic, there is currently a shortage of more than two thousand general nurses, and many others will
gradually retire due to the ageing population. Therefore, the Ministry of Health is preparing changes in the number of
students studying general nursing, as well as other professions. The methodology was certified by the Czech Republic
Ministry of Health at the end of 2022 and finally this year announced that nursing studies will be financially supported
from the academic year 2025/26.

However, it is also important to stabilise current nurses in the system and continuously improve their working condi-
tions. At the same time, it is necessary to restructure the Czech healthcare system, which has an above-average number
of acute beds and a below-average number of beds in post-acute care. It is clear that today’s healthcare, mainly based
on the capacities of generations X and Y, cannot rely on natural turnover; the proportion of healthcare workers must be
increased, and every effort must be made to enable all those who wish to study healthcare fields to do so and subse-
quently work in healthcare.
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