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ABSTRACT

The aim: To establish that there are differences in the density trends of surgeons in some European countries and 16 OECD countries and to compare the trends of the density
of surgeons in some European countries and 16 OECD member countries, 2005 — 2018.

Materials and methods: The study is based on data of the Centre for Medical Statistics of the Ministry of Health of Ukraine obtained during 2005-2020 and OECD data obtained
during 2005-2018. The Difference-in-Differences method has been used to determine the density trends differences, the regression analysis method — to predict the number
of surgeons in 2020.

Results: In 2020, there were 28,559 surgeons (0.687 per 1,000) in Ukraine, which is by 17.7% less than in 2005. From 2005 to 2018, the density of surgeons per 1000 in
Ukraine and the United States decreased (-7.45% and -2.5%). In Korea (+ 78.38%), Greece (+ 65.52%), Lithuania (+ 58.57%), Slovenia (+ 45.65%) and other 11 countries
the surgeon’s density increased. In 2030, Ukraine is predicted to significantly reduce the number of surgeons, general surgeons, ophthalmologists and urologists; as well as
to increase the number of cardiovascular surgeons. The number of proctologists, oncologists-surgeons, neurosurgeons, thoracic surgeons, orthopaedists-traumatologists and
anaesthesiologists will not change significantly.

Conclusions: It is possible to state the availability of surgical care according to the density of surgeons in Ukraine, similar to the level of OECD countries. In 2030, the number
of surgeons is projected to decrease, with the exception of cardiovascular surgeons.
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INTRODUCTION

In 2015 the World Health Assembly adopted Resolution
WHAG68.15, in which surgical and anaesthesia care are
recognized as the most important components of overall
health coverage [1]. The goal of sustainable development
of the United Nations are high-priority public investments
in surgery, aiming to create sustainable health care systems
with public access to comprehensive surgical care [2].

Safe and affordable surgical care, including anaesthesia,
obstetrics and trauma care, is an important component of
the health care system. However, in many countries global-
ly, especially in those with below-average and low incomes,
surgical care remains inaccessible to the population [3].

Lack of affordable surgical care leads to premature
death and disabilities, which places a burden on country’s
economies. This global crisis is worsened by a lack of data
on limited surgical infrastructure and manpower in many
low- and middle-income countries [4].

Ukraine is a country with a per capita income below the
World Bank’s average ($ 3,540 per capita in 2020). Ukraine
spent 3.2% of gross national product on health care in 2019
[5, 6]. Despite insufficient state funding of the health care
system, Ukraine has a significant number of hospitals, beds
and doctors. According to the data of Centre for Medical
Statistics of the Ministry of Health of Ukraine in 2020, the
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health care system included 1186 hospitals (institutions),
232393 beds (5.58 beds per 1000), 123645 practitioners
(2.96 per 1000) [7]. Physicians’ density in Ukraine in 2020
was higher than that of some countries with high per capita
incomes. According to the Organization for Economic
Co-operation and Development (OECD), the physicians’
density in Ukraine was higher than that of Japan (2.49 per
1,000) and Korea (2.39 per 1,000) in 2018.

In 2015, the Lancet Commission on Global Surgery
(LCoGS) identified 6 indicators for assessment of the
availability, safety, timeliness of surgical and anaesthesia
care and the goal of developing surgical care by 2030
[2]. The indicators identified access to timely necessary
surgical care, medical density of doctors per 100,000, the
volume (extent) of surgery, 30-day mortality, protection
against impoverishment and catastrophic costs of surgical
treatment. By 2030, it is planned to provide 20 doctors
(surgeons, obstetricians, anaesthesiologists) per 100,000
population worldwide.

So, the issue relevance of studying the achievement of
the United Nations Sustainable Development Goals in
Ukraine, as a representative of the countries with GNI
per capita below average, and the availability of surgical
care by the indicator of medical density of doctors in the
surgical group is evident.
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THE AIM

The aim of the study was to establish that there are differ-
ences in the density trends of surgeons in some European
countries and 16 OECD countries, to compare the trends
in density of surgeons in some European countries and 16
OECD member countries during 2005-2018.

MATERIALS AND METHODS

The study used data from the reporting form Ne 17 «Medi-
cal Staff Report» (http://medstat.gov.ua/ukr/statdan.html)
of the Centre for Medical Statistics of the Ministry of Health
of Ukraine for 2005-2020 and data from the Organization
for Economic Co-operation and Development (OECD)
for 2005-2018 [8].

The density of surgeons per 1,000 population for Ukraine
and 16 OECD member countries (Canada, Estonia, France,
Germany, Greece, Israel, Italy, Korea, Latvia, Lithuania,
Norway, Poland, Portugal, Slovenia, USA) was calculated.
These countries had complete data for the period of 2005-
2018, except for Poland (data only for period of 2008-2017
was available) and were included in the group of high-in-
come countries according to GNI per capita. Ukraine is
in the group of countries with income below the GNI per
capita average.

According to the OECD website, the specialists termed
as surgeons include general surgeons, proctologists, oncol-
ogists, neurosurgeons, thoracic surgeons, cardiovascular
surgeons, orthopaedists, traumatologists, anaesthesiolo-
gists, ophthalmologists, urologists, and emergency phy-
sicians.

The density of surgeons in Ukraine and 16 OECD coun-
tries was analyzed. Differences in the density trends of this
group in Ukraine and 16 OECD countries in the period of
2005-2018 were determined using the statistical method
Difference-in-Differences (DID). This study design is used
to estimate the magnitude of the effect of an event in a study
group compared to a control group (not subject to that
effect) when observing groups over a period of time [9, 10].

The study group is subject to interference at some (but
not initial) point of observation, while the control group is
not subject to intervention at any point of time. The mag-
nitude of the effect of the event is estimated by subtracting
changes in the control group from the effects in the study
group. Thus, DID design will eliminate the impact of trends
and persistent differences between the two groups and
correctly assess the effect of the intervention.

ATT (Average Time Treatment Effect) is the difference
between the change, which took place under the influence
of the event (2014 year), in Y (density of doctors in surgical
group) since 2014 by the timepoint we are interested in, in
the study group (Ukraine) and the control group (OECD
countries):

ATT=(-0

This method was used to assess the differences between
trends in the period from 2005 to 2013 and in the period
from 2014 to 2018 for Ukraine and OECD countries.
In 2014, an extraordinary event took place in Ukraine,

which affected population and doctors. This year, a part
of Ukraine, along with the population and doctors, was
occupied by Russia.

For each specialty of surgical profile in Ukraine, the
growth rate was calculated using the method of regres-
sion analysis; and the estimated density for 2030 was
determined.

Data analysis was performed using the license analysis
package MedCalc v.19.4.1 (MedCalc Software Inc, Broek-
straat, Belgium, 1993-2020) and statistical software EZR
v. 1.54 (graphical user interface for R statistical software
version 4.0.3, R Foundation for Statistical Computing,
Vienna, Austria) [11].

RESULTS
In 2020, 28,559 surgeons worked in health care insti-
tutions of Ukraine (0.687 per 1,000 population or 68.7
per 100,000), which is by 17.7% less than in 2005 (34691
surgeons (0.736 per 1000 population or 73.6 per 100,000)
(Figure 1).

In terms of the surgeon’s density (0.74 per 1000), Ukraine
ranked the 4th among 15 OECD countries in 2005 after
Germany, Greece, Italy, and in 2018 ranked the 8th (0.68
per 1000) after Greece, Germany, Lithuania, Italy, Estonia,
United Kingdom, Portugal, Latvia (Figure 2).

In the period from 2005 to 2018, the dynamics of sur-
geons density in Ukraine, as in the United States, had a
downward trend (-7.45% and -2.5% growth rate, respec-
tively). In the other 15 OECD countries, the density of
surgical group doctors during this period had a positive
trend (Figure 3).

During this period, the largest rate of increase in sur-
geon’s density was in Korea (+ 78.38%), Greece (+ 65.52%),
Lithuania (+ 58.57%), Slovenia (+ 45.65%), Portugal
(40.74%) (Figure 4).

In Ukraine, the density of surgeons in the period from
2005 to 2020 was described by 2 trends: positive trend from
2005 to 2013 (from 0.74 to 0.77 per 1000) and negative
trend from 2014 to 2020 (from 0.69 to 0.68 per 1000) (Chart
1).In 2014, a part of Ukraine, together with the population
and doctors, was occupied by Russia. This extraordinary
event affected the population and the density of surgeons.

Using the DID method, we compared density of surgeon’s
trends in Ukraine and 16 OECD countries from 2005 to
2013 and from 2014 to 2018. For the DID method, surgeon’s
density indicators in Ukraine were included in the study
group indicators, and the density indicators of 16 OECD
countries were included in the control group indicators.
Initially, differences in surgeon’s density trends up to 2014
between the study group (Ukraine) and the control group
(OECD countries) were clarified. No significant differenc-
es in trends during this period between Ukraine and 16
OECD countries were found (p-value for pre-test of parallel
trends assumption: 0.9864).

The results of determining the differences in the change
of the indicator (A = ATT) in the period from 2005 to 2018,
i.e., the differences in the change in the density of surgeons
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in Ukraine and OECD countries are presented in Figure 5.

And if prior to 2014 there were practically no differenc-
es between the two groups - in 2013 A = - 0.020 (95%
CI - 0.036 - - 0.004) Units, there was indeed a difference
in 2014 between the change in the density of doctors of
surgical group in Ukraine and OECD countries, A = -0.107
(95% VI - 0.176 — — 0.038 Units. The difference has been
growing since 2014, by an average of 0.015 Units per year
and in 2018 reached A =-0.165 (95% CI - 0.239 — - 0.090)
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Units. DID-method confirms the significant impact of the
events of 2014 on the dynamics of the density of surgeons
in Ukraine. Therefore, the forecast of surgeon’s density can
be calculated only in the period from 2014 to 2020. The
surgeons include 11 specialties (general surgeons, proc-
tologists, oncologists-surgeons, neurosurgeons, thoracic
surgeons, cardiovascular surgeons, orthopaedists-trauma-
tologists, anaesthesiologists, ophthalmologists, urologists,
emergency physicians).



THE TRENDS OF THE DENSITY OF SURGEONS IN SOME EUROPEAN COUNTRIES AND 16 OECD COUNTRIES...

ey
(¥ o Wby
os :::unm
Fartugal
L
02 rndted Stabr
. reai 1054 By Hai e File FIEE ¥y BL1E ) BELE FLER Y FoLE bR L Fig 4. DenSity dynamlcs Of Surgeons In
Ukraine and OECD countries, 2005-2018
A 11
[V 4 e
1 |1}
=010 1
0151 1
=020
Fig 5. The results of determining the
Y S S R e ey o differencesin the change of the indicator
2006 200 2008 2009 2010 2011 2012 2013 2014 2015 2016 201 2018 (A:ATT(g,t)), 0 _ there areno diﬁerenc-
es, 1 — differences are identified.
[ ingd
i T T B
wona .l"\_‘ P
.\‘-\.
00 %
LY 15,00
e N i
e TR T
B0 S 3000
oo K‘xn_w
] Bt = i 107 an LT} [.TL] e
, = pa o o om  owm [ W,
f P f i f m‘f e
Fad # aﬁﬁ’f ff} gff y‘r i
/ i <5
i i Fig 6. The qu.ant.ity .and deqsity of.sur-
geons by specialties in 2020 in Ukraine

The number and density of surgeons per 1000 population
by specialties in Ukraine in 2020 is presented in Figure 6.

Using the method of regression analysis, we identified
trends in the number of surgeons by specialty based on the
indicators of 2014-2020. This period was chosen due to the
change in the trend of surgeon’s density in 2014. We found
no significant dynamics of changes in the number of proc-
tologists (R2 = 0.47, p = 0.0874), oncology surgeons (R2 =

0.53, p = 0.0653), neurosurgeons (R2 = 0, 52, p = 0.0676),
thoracic surgeons (R2 = 0.30, p = 0.20), orthopaedist and
traumatologists (R2 = 0.38, p = 0.1432), anaesthesiolo-
gists (R2 = 0.52, p = 0.0690) during the period. For these
specialties, the correlation of the change in the number
of surgeons and the year in Ukraine is not defined (p>
0.05). The number of surgeons and the number of general
surgeons, cardiovascular surgeons, ophthalmologists,
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Table I. The quantity of the surgeons by specialties is projected in 2030

Name of specialty Coefficient of

The actual quantity

Estimated number Growth rate from

determination R2 of surgeons in 2020 of surgeons in 2030 2020 to 2030,%
surgeons (all 0,9598 0,0001 28559 26520 -7,69
specialties)
General surgeons 0,9427 0,0003 7068 5817 -21,51
Cardiovascular 0,9447 0,0002 492 630 +21,90
surgeons
Ophthalmologists 0,9953 <0,0001 2780 2111 -31,69
Urologists 0,8741 0,002 1554 1451 -7,09
L. 3719
Emergency physicians 0,7812 0,0083 3154 -17,91

urologists, doctors of the Ministry of Emergencies in the
period from 2014 to 2020 shows a significant correlation
with the year (p <0,05). For this group, using the method
of regression analysis, we calculated their probable number
in 2030. (Table I).

Therefore, in 2030 in Ukraine the number of cardiovascu-
lar surgeons is projected to increase, the number of doctors
of surgical group, general surgeons, ophthalmologists,
urologists, MOE doctors will decrease and the number
of proctologists, oncologists-surgeons, neurosurgeons
orthopaedists-traumatologists, anaesthesiologists will
remain unchanged.

DISCUSSION

Based on the results of the study, Ukraine has reached the
Lancet Commission on Global Surgery (LCoGS) recom-
mended by 2030 target for the development of surgical care
in countries with low and below average GNI per capita: by
the surgeon’s density per 100,000 population indicator in
2020, even without obstetricians and gynaecologists [2]. This
figure in Ukraine is 68 per 100,000, which is three times more
than the recommended indicator. The density of surgeons
in Ukraine in 2017-2018 was higher than in high-income
countries (Korea, Israel, France, Canada, Slovenia, USA,
Norway, Poland). Thus, per surgeon’s density indicator,
Ukraine has already made partial progress in universal
coverage of available surgical care. However, it is known
that the key factor for achieving total universal coverage of
health services is public funding, and, in particular, funding
from national revenues. World experience has shown that
the countries closest to the goals of universal coverage of
health services, spend more than 80% of resources on health
care from public sources [12]. Countries with GNI per capita
with below average income, in particular Ukraine, spend
on average only 40% of public funds [13]. The share of out-
of-pocket expenditures on medical care in Ukraine in 2016
was 52.3%. [12]. This indicator leads to limited access to
surgical care and impoverishment of the households, when
it is necessary to receive surgical care.
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It is known that in countries with below-average and
low-income incomes, increasing health care costs will in-
crease investment in facilities and human resources [14].
In Ukraine, it is not enough to increase funding for health
care, it is necessary to optimize assets and human resources.
As per the joint report made by the WHO European Bu-
reau and the World Bank, only 24% of cases in Ukrainian
hospitals are accompanied by surgery, compared to 70%
in other countries [12].

In the period from 2005 to 2020 in Ukraine there has
been an increase in per capita income from $ 1829.2 (2005)
to 3725.6% (2020) [15]. At the same time, in contrast to
OECD countries, there is a decrease in the density of
surgeons (-7.45%), due to the surplus of these doctors in
Ukraine.

In 2030, Ukraine is expected to reduce the number of
surgeons, with the exception of cardiovascular surgeons.
It is known that in high-income countries the density of
cardiac surgeons is 7.15 surgeons per million population,
and in low-income countries only 0.04 per million [16].
In Ukraine in 2020, the rate of cardiovascular surgeons
was 12 per million population. However, this group of
doctors includes vascular surgeons and cardiac surgeons.
In Ukraine, the group of cardiac surgeons was not reported
separately [17]. Therefore, we can only talk about a cer-
tain trend of growth within number of cardiac surgeons
as well. The growth of this group is relevant against the
background of the need to develop reperfusion centres in
Ukraine for surgical care of patients with acute myocardial
infarction [12].

CONCLUSIONS

In Ukraine, the availability of surgical care is ensured as an
indicator of the density of surgeons at the level of OECD
countries. In 2030, the number of surgeons is projected to
decrease, with the exception of cardiovascular surgeons. At
the same time, regarding Ukraine, it is necessary to ensure
the availability, timeliness, safety of surgical care as indi-
cators of prevention of catastrophic household payments.
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