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Abstract

capita.

prevention efforts.

Introduction This study examines the association between healthcare indicators and hospitalization rates in three
high-income European countries, namely Estonia, Latvia, and Lithuania, from 2015 to 2020.

Method We used a sex-stratified generalized additive model (GAM) to investigate the impact of select healthcare
indicators on hospitalization rates, adjusted by general economic status—i.e., gross domestic product (GDP) per

Results Our findings indicate a consistent decline in hospitalization rates over time for all three countries. The
proportion of health expenditure spent on hospitals, the number of physicians and nurses, and hospital beds were
not statistically significantly associated with hospitalization rates. However, changes in the number of employed
medical doctors per 10,000 population were statistically significantly associated with changes of hospitalization rates
in the same direction, with the effect being stronger for males. Additionally, higher GDP per capita was associated
with increased hospitalization rates for both males and females in all three countries and in all models.

Conclusions The relationship between healthcare spending and declining hospitalization rates was not statistically
significant, suggesting that the healthcare systems may be shifting towards primary care, outpatient care, and on
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Introduction

In the early 1990s, the three Baltic countries, Estonia,
Latvia and Lithuania, declared their independence and
chose a path that was distinct from the other states by
aligning with the goal of joining the European Union
(EU). Upon successfully becoming EU members in 2004,
their healthcare reforms were predominantly driven by a
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commitment to establishing a Western-oriented health-
care system, compatible with EU standards [1]. However,
despite facing the same major milestones (joining the EU,
experiencing an economic crisis between 2008 and 2010,
facing the COVID-19 pandemic in 2020), each of the
three countries still experienced healthcare reforms that
were unique in relation to one another [2, 3].

Within a healthcare system, costs for healthcare ser-
vices provided by hospitals contribute substantially to
overall healthcare costs [4], but their share of overall
health expenditure varies by country [4]. Thus, when a
healthcare system is being established it must be decided
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what role hospitals will play—that is, the extent to which
they will be used—and this decision has consequences
not only for the system itself, but also for population
health. For instance, if a country opts for hospitals to
play a much smaller role in the treatment and recovery
of those who are ill, then the onus ends up being placed
on outpatient care facilities, especially on family physi-
cians [5]. Countries with better access to non-hospital
healthcare services, measured by health expenditure,
or number of overall employed healthcare workers per
10,000 population, may experience lower hospitalization
rates, as timely and effective healthcare intervention can
prevent or manage health conditions before they become
severe.

The relationship between hospitalization rates and
hospital-specific indictors such as the number of hos-
pital physicians and nurses or the number of hospital
beds is complex and can by influenced by various fac-
tors. Roemer’s Law implies that the supply of hospital
beds increases hospitalization rates [6]. Some researchers
have found evidence of a statistically significant positive
relationship between hospital bed availability and patient
hospitalization rates [7], while other researchers have
reported contrasting results [8—10]. Moreover, improving
hospital care without taking into consideration the neces-
sary aftercare in the community post discharge may lead
to an increased risk of preventable re-hospitalizations for
chronic disease [11].

The association between healthcare indicators and
hospitalization rates is further complicated by economic
wealth of a country. A higher gross domestic prod-
uct (GDP) per capita can contribute to better access to
medical services, higher health expenditures, and bet-
ter healthcare infrastructure [12], potentially reducing
the overall need for hospitalization. On the other hand,
a wealthier population might have higher life expectancy
resulting in increases in hospital utilization [13]. Finally,
the distribution of wealth within a country may have an
effect as well [14].

In the current paper, we sought to evaluate the asso-
ciation between various indicators of healthcare spend-
ing and hospitalization rates in the Baltic countries from
2015 to 2020 (i.e., including the first year of the COVID—
19 pandemic period). By doing so, we aim to reconcile
conflicting results and enhance our comprehension of the
indicators influencing hospitalization rates.

We opted to model hospitalization rates by sex because,
even though the EU is recognized as having good health-
care coverage for its population [15], universal access to
healthcare services has not yet been achieved, and a sex
gap in favor of males in access to care has been noted
[16, 17]. Surprisingly, despite the lower life expectancy of
males, the advantage in life expectancy for females does
not translate into a higher number of healthier life years
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nor in a greater proportion of met medical needs (see
also [18]).

Methods

Outcome variable: hospitalization rates

A hospitalization is defined as a single inpatient episode
chosen based on the type of hospital discharge (i.e., dis-
charged or deceased, but not transferred). All acute,
planned, and long-term hospitalizations were included
in the analysis. They were calculated as the number of
residents from a defined country who were hospitalized,
divided by the total population for that country. The orig-
inal data from Lithuania were in the form of individual
entries for hospitalizations with detailed data on patient
age, hospital location, ICD codes associated with the
hospitalization, and unique patient as well as treatment
codes. We collapsed the individual entries based on age
and month of hospitalization as well as ICD code [19],
resulting in a monthly number of total hospitalizations.
This data was further aggregated into quarterly data. In
contrast, for Estonian and Latvian data, the total number
of quarterly hospitalizations were obtained from their
respective databases. We computed hospitalization rates
(per 100,000 population) by dividing the number of hos-
pitalizations by population, standardized according to
the 2013 European standard population. The hospitaliza-
tion rate is for patients aged 20 years and older. For Esto-
nia, data for the period from 2015 Q1 to 2020 Q4 was
obtained from Estonian Health Insurance Fund’s data-
base and processed by National Institute of Health Devel-
opment [20]. For Lithuania, data for the period from data
from 2015 Q1 to 2019 Q4 was obtained from the com-
pulsory health insurance information system “Sveidra” of
the National Health Insurance Fund under the Ministry
of Health via the Institute of Hygiene ( [21]; data pro-
vided upon request). For Latvia, the data for the period
of data from 2015 Q1 to 2020 Q4 was obtained from the
National Health Services (NHS) database, via the Health-
care Quality and Monitoring System, processed by the
Center for Disease Prevention and Control for Latvia (
[22].

Independent indicators

Hospital-specific indicators

Several hospital-specific indicators were examined,
including hospital beds per 1,000 population, hospital
percentage share of total current health expenditure,
number of physicians and nurses (full-time equivalent)
employed in hospitals per 100,000 population. The first
indicator came from the Global Burden of Disease (GBD)
study 2019 covariates [23], while the latter two were from
Eurostat [24] for the years 2015 to 2020. The term ‘hos-
pital beds’ includes beds in both general and specialized
hospitals and excludes beds in long-term care facilities.
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Specifically, it refers to beds that are regularly maintained
and staffed that are immediately available for use. Similar
to the previous health indicators, all statistics were year-
and country-specific.

Economic indicators

The general economic performance of an individual
country was measured by nominal GDP per capita in
USD, calculated by dividing the GDP of a country by its
population. It was extracted from the Organization for
Economic Co-operation and Development (OECD) data-
base for the year 2015 to 2020 [25].

We used population rates for all indicators as described
in the following. To improve the readability of the text,
we often use an abbreviated form such as medical doc-
tors to describe trends or correlation, but these always
refer to the rates listed below.

Health indicators

The following healthcare indicators were obtained from
the GBD Study 2019 covariates [23]: health expenditure
per capita (in 2018 USD), number of employed medi-
cal doctors per 10,000 population, number of employed
health workers (any specialty) per 10,000 population. In
addition, life expectancy from the World Bank [26] was
included as a measure of public health [27, 28], calcu-
lated based on age-specific mortality rates by construct-
ing life tables. All selected indicators were year- and
country-specific.

Statistical analysis

Correlation analysis

Hospital specific indicators are influenced by a myriad of
factors outside the role of hospitals in a healthcare sys-
tem, such as GDP per capita, overall health expenditure
per capita, overall number of employed medical doc-
tors per 10,000 population, and other factors. In order to
examine the associations among the indicators, correla-
tion analysis was applied, and Pearson’s correlation coef-
ficient was used to compare these continuous variables.
Indicators with high correlations were excluded from the
subsequent modelling process, as highly correlated vari-
ables violate the assumptions of the statistical models
employed. These correlated variables also do not provide
additional information, and only introduce complexity
into subsequent analyses. The rationale behind variable
selection is further elucidated in the Results section.

Statistical models

To test our hypothesis that selected health indicators had
an impact on hospitalization rates in the Baltic coun-
tries, we applied a generalized additive model (GAM)
for both males and females for each indicator, adjust-
ing for GDP per capita [29]. The mathematical form of
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the GAM model is provided in the Appendix. All three
countries were included in the analyses and were repre-
sented by a categorical variable with Latvia, the coun-
try with lowest average GDP per capita, serving as the
reference category. That is, the coefficients of country
effects should be interpreted with respect to Latvia. The
standardized hospitalization rates were approximately
normally distributed after log transformation, allowing
for the use of linear models. Seasonality was adjusted
for by adding smoothing splines representing the quar-
terly patterns. To examine the historical trends and the
impacts of general economic performance, we presented
four models, each of which included one health indictor
of interest, adjusted for by country and the interactions
between time and country, in addition to GDP per cap-
ita and the smooth terms. Akaike information criterion
(AIC) and R-squared values were used to assist in evalu-
ating the fitness of models [30]. The analyses were con-
ducted separately for each sex, resulting in four models
for each. Since the analyses incorporated data from the
year 2020, a period impacted by the COVID-19 pan-
demic with potential influences on hospital utilization, a
sensitive analysis was conducted using only the data from
the years 2015 to 20109. It is important to note that indica-
tors from the GBD database are available only up to the
year 2019; in such cases, the sensitivity analyses mirrored
the main analyses.

All analyses were performed using R version 4.2.1 [31].

Results

Figure 1 illustrates a general upward trend in most indi-
cators over time. However, some hospital-specific indi-
cators, such as the number of hospital beds and hospital
share of health expenditure, remained relatively constant
or decreased slightly during the study period.

Life expectancies for both males and females were
highly correlated (Table Al in Appendix) with each other
(Pearson’s R=0.98, p<0.01). Additionally, there was a
notable negative correlation with the number of hospi-
tal beds per 1,000 population for both sexes (Pearson’s
R =-0.85 and —0.81, p<0.01 and p<0.01), and a positive
correlation with the hospital percentage shares of total
current health expenditure (Pearson’s R=0.94 and 0.96,
»<0.01 and p<0.01). Therefore, as our primary inter-
est was in hospital-related indicators, life expectancies
were excluded from subsequent analyses. Similarly, the
numbers of employed health workers (any specialty) per
10,000 population showed a high correlation with the
number of physicians and nurses (full-time equivalent)
employed in hospitals per 100,000 population (Pearson’s
R=0.94, p<0.01), leading to their exclusion from fur-
ther statistical modelling. Consequently, the number of
physicians and nurses (full-time equivalent) employed
in hospitals per 100,000 population and the three
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Fig. 1 Temporal trends of selected health indicators in the Baltic countries, 2015-2020, including GDP per capita, health expenditure per capita (in 2018
USD), number of employed medical doctors per 10,000 population, number of employed health workers (any specialty) per 10,000 population, life expec-
tancy for males, life expectancy for females, hospital percentage share of total current health expenditure, hospital beds per 1,000 population, number
of physicians and nurses (full-time equivalent) employed in hospitals per 100,000 population. Source: data from the World Bank 2015-2020, Eurostat

2015-2020 and Global Burden of Disease (GBD) Study 2015-2019 covariates

hospital-specific indicators were investigated in the sub-
sequent GAM models after adjusting for GDP per capita.

Over the study period, standardized hospitalization
rates decreased in all three countries (Fig. 2). It is note-
worthy that the rates experienced a sudden decrease
since the start of the pandemic, around March 2020, in
Latvia and Estonia. The figure also depicts seasonal com-
plexities of a quarterly pattern. To separate time trends
and quarterly fluctuations, we introduced cubic smooth-
ing spline functions in the GAM models. Tables 1 and 2
showed the results of the male and female GAM mod-
els using 2015 to 2020 data, and the sensitivity analysis
using 2015-2019 data. The estimates of the smooth func-
tions and examples of model diagnoses can be found in

the Appendices 2—4. In all models and for both sexes,
the decline in hospitalization rates showed statistical
significance over time. Furthermore, the impact of GDP
per capita on hospitalization rates exhibited significance
across all models, with coefficients ranging from 0.02 to
0.04 in $1,000 (Tables 1 and 2); reflecting that for every
$1,000 increase in GDP per capita, the hospitaliza-
tion rates increased by 2—-4%. As the interaction effects
of country and time were statistically significant in the
majority of models, it can be concluded that the histori-
cal trends in countries generally exhibited a downward
trend, but with variations between countries over time.
For males (Table 1), after adjusting by GDP per capita,
the number of hospital beds was not statistically related
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Fig. 2 Hospitalization rates (per 100,000 people), age-standardized according to the European standard [1], 2015 g1-2020 g4. Source: Authors' calcula-
tions based on data from Estonia, Latvia, and Lithuania. See data sources for details

to the hospitalization rates (p=0.37), nor was it for the
hospital share of health expenditure (p=0.22) or for the
number of doctors and nurses employed in hospitals
(p=0.48). That is, there were no statistically significant
associations between any of the hospital indicators and
the hospitalization rates. However, the overall num-
ber of employed medical doctors per 10,000 popula-
tion was significantly related to the hospitalization rates
(p<0.001): every unit of increase in employed medical
doctors related to a 16% increase in hospitalization rate
(exp(0.15)-1).

Slightly different from what was observed for males,
after adjusting for GDP per capita, the number of hos-
pital beds was marginally related to the hospitalization
rates in females (p=0.07; Table 2), which indicated a
213.93% (exp(1.14)-1) increase for each unit of increase
in the number of hospital beds per 1,000 population.
In addition, the number of employed medical doctors
per 10,000 population was not statistically significantly
related to the outcome for females (p=0.09).

The sensitivity analyses used the same models with
data from the years 2015 to 2019 exclusively (Tables 1
and 2, right panel). The findings consistently support
those derived from the main analyses.

Discussion

The study found that standardized hospitalization rates
decreased in all three Baltic countries, with no statisti-
cally significant associations identified with any of the
available hospital indicators. The decreasing hospitaliza-
tion rates in the Baltic countries over the years can be
attributed to the policy trend to increase the capacity
of ambulatory services (e.g. a day surgery services etc.),
the push for greater efficiency, as well as a shift towards
providing a broader range of outpatient services [32—34].
The results suggest that healthcare systems develop with
similar trends but at different speeds in the three Baltic
countries, where hospitalization rates declined, a trend
which is typical for most countries of the EU [35].

Even though the utilization of hospitals is complex and
influenced by various factors, we found that GDP per
capita was significantly and consistently associated with
hospitalization rates in all models. Despite the assump-
tion that higher GDP per capita might provide better
access to healthcare services, thereby reducing the need
for hospitalization, higher GDP per capita was associ-
ated with a higher hospitalization rate in those countries.
This result was somewhat surprising, as there had been
evidence that in aging workforces such as in Europe,
negative effects on labor productivity have been observed
[36].
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Table 1 Effect of various indictors on hospitalization rates for males

Using 2015-2020 data Using 2015-2019 data

Estimate Std.Error Confidence Interval p-value Estimate Std.Error Confidence Interval p-value
Model 1 R-square=0.975 Same
Intercept 3911 4585 (-5.076, 12.898) 0.398
Time -0.017 0.003 (-0.023,-0.011) <0.001
Estonia 0.763 0.861 (-0.925,2.451) 0.38
Lithuania -0.269 0.586 (-1.418,0.880) 0.649
GDP 0.039 0.006 (0.027,0.051) <0.001
Hospital Bed 0.641 0.711 (-0.753, 2.035) 0.372
Time.Estonia** -0.007 0.003 (-0.013,-0.001) 0.046
Time.Lithuania -0.008 0.004 (-0.016, -0.000) 0.021
Model 2 R-square=0.939 R-square=0.976
Intercept 7467 0.370 (6.742,8.192) <0.001 7.728 0.230 (7.277,8.179) <0.001
Time -0.023 0.003 (-0.029,-0.017) <0.001 -0.017 0.003 (-0.023,-0.011) <0.001
Estonia -0.241 0.148 (-0.531,0.049) 0.109 -0.149 0.090 (-0.325,0.027) 0.106
Lithuania 0.176 0.047 (0.084,0.268) <0.001 0.225 0.030 (0.166, 0.284) <0.001
GDP 0.044 0.006 (0.032,0.056) <0.001 0.036 0.004 (0.028, 0.044) <0.001
Hospital Share 0.012 0.010 (-0.008, 0.032) 0.22 0.009 0.006 (-0.003, 0.021) 0.128
Time. Estonia -0.005 0.003 (-0.011,0.001) 0.048 -0.007 0.002 (-0.011,-0.003) <0.001
Time. Lithuania -0.009 0.003 (-0.015,-0.003) 0.001 -0.01 0.002 (-0.014, -0.006) <0.001
Model 3 R-square=0.723 R-square=0.854
Intercept 7.693 0.307 (7.091, 8.295) <0.001 7.961 0.205 (7.559,8.363) <0.001
Time -0.021 0.003 (-0.027,-0.015) <0.001 -0.016 0.002 (-0.020,-0.012) <0.001
Estonia -0.114 0.080 (-0.271,0.043) 0.157 -0.036 0.053 (-0.140, 0.068) 0.499
Lithuania 0.107 0.161 (-0.209, 0.423) 0.509 0.212 0.103 (0.010,0.414) 0.045
GDP 0.042 0.006 (0.030, 0.054) <0.001 0.035 0.005 (0.025,0.045) <0.001
Hospital doctor and nurse  0.001 0.002 (-0.003, 0.005) 0475 0.000 0.001 (-0.002, 0.002) 0.637
Time. Estonia -0.008 0.002 (-0.012,-0.004) <0.001 -0.009 0.001 (-0.011,-0.007) <0.001
Time. Lithuania -0.012 0.003 (-0.018,-0.006) <0.001 -0.012 0.002 (-0.016,-0.008) <0.001
Model 4 R-square =0.980
Intercept 3.969 1.059 (1.893, 6.045) <0.001
Time -0.025 0.003 (-0.031,-0.019) <0.001
Estonia 0.234 0.067 (0.103,0.365) 0.001
Lithuania 0.646 0.102 (0.446, 0.846) <0.001
GDP 0.019 0.006 (0.007,0.031) 0.002
Medical doctor 0.153 0.040 (0.075,0.231) <0.001
Time. Estonia 0.004 0.004 (-0.004,0.012) 0.245
Time. Lithuania -0.005 0.002 (-0.009,-0.001) 0.034

** |t means the interaction between time and country, reflecting distinct trends for various countries

Note: “Hospital bed” refers to the numbers of hospital beds per 1,000 population; “Hospital share” refers to the hospital percentage share of total current health
expenditure; “Hospital doctor and nurse” refers to number of physicians and nurses (full-time equivalent) employed in hospitals per 100,000 population; “Medical

doctor” refers to the number of employed medical doctors per 10,000 population

Lithuania seems to have a higher hospital bed capac-
ity and a higher number of healthcare workers compared
to other EU countries, while the hospital bed capacity in
Latvia and Estonia was around the EU average (4.41 hos-
pital beds per 1,000 population in 2020) or even lower.
However, this does not mean that life expectancy was the
highest in Lithuania. In fact, Estonia has had the high-
est life expectancy of the three Baltic countries since the
early years of the 21st century [26], which may indicate
that their overall healthcare system is better than the
other two (but healthcare systems only contribute to a
proportion of life expectancy [37]).

The interrelationships between the health indicators
investigated here were similar in all three Baltic coun-
tries. Firstly, hospitalization rates were not significantly
associated with hospital-specific indicators, including
hospital beds, hospital percentage of health expenditures,
and numbers of physicians and nurses working in hospi-
tals. More interestingly, there seems to be a very strong
relationship between the overall number of employed
medical doctors per 10,000 population and hospitaliza-
tion rates. In fact, given the economic pressure to reduce
costs, the number of hospital physicians and nurses
did not increase, but the number of medical doctors in
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Table 2 Effect of various indictors on hospitalization rates for females

Using 2015-2020 data

Using 2015-2019 data

Estimate Std.Error Confidence Interval p-value Estimate Std.Error Confidence Interval p-value
Model 1 R-square=0.989 Same
Intercept 0.591 3911 (-7.075,8.257) 0.880
Time -0.015 0.002 (-0.019,-0.011) <0.001
Estonia 1.463 0.735 (0.022,2.904) 0.052
Lithuania -0.567 0.500 (-1.547,0413) 0.262
GDP 0.033 0.005 (0.023,0.043) <0.001
Hospital Bed 1.144 0.607 (-0.046, 2.334) 0.065
Time.Estonia** -0.005 0.003 (-0.011,0.001) 0.083
Time.Lithuania -0.003 0.003 (-0.009, 0.003) 0332
Model 2 R-square=0.954 R-square=0.989
Intercept 7.265 0418 (6446, 8.084) <0.001 7.701 0.202 (7.305,8.097) <0.001
Time -0.025 0.004 (-0.033,-0.017) <0.001 -0.014 0.002 (-0.018,-0.010) <0.001
Estonia -0.166 0.167 (-0.493,0.161) 0.324 -0.036 0.079 (-0.191,0.119) 0.652
Lithuania 0.263 0.053 (0.159,0.367) <0.001 0.346 0.027 (0.293,0.399) <0.001
GDP 0.043 0.007 (0.029,0.057) <0001 0028 0.004 (0.020, 0.036) <0.001
Hospital Share 0.011 0.011 (-0.011,0.033) 033 0.008 0.005 (-0.002,0.018) 0.145
Time. Estonia -0.006 0.003 (-0.012,-0.000) 0.048 -0.008 0.002 (-0.012,-0.004) <0.001
Time. Lithuania -0.006 0.003 (-0.012,-0.000) 0.041 -0.007 0.002 (-0.011,-0.003) <0.001
Model 3 R-square=0.801 R-square=0.937
Intercept 7.509 0.346 (6.831,8.187) <0.001 8.032 0.18 (7679, 8.385) <0.001
Time -0.023 0.003 (-0.029,-0.017) <0001 -0013 0.002 (-0.017,-0.009) <0.001
Estonia -0.042 0.090 (-0.218,0.134) 0.641 0.096 0.046 (0.006, 0.186) 0.044
Lithuania 0.225 0.182 (-0.132,0.582) 0.222 0414 0.09 (0.238,0.590) <0.001
GDP 0.041 0.007 (0.027,0.055) <0.001 0.027 0.004 (0.019,0.035) <0.001
Hospital doctor and nurse  0.001 0.002 (-0.003, 0.005) 0.662 0 0.001 (-0.002, 0.002) 0.662
Time. Estonia -0.008 0.002 (-0.012,-0.004) <0001  -0.009 0.001 (-0.011,-0.007) <0.001
Time. Lithuania -0.009 0.004 (-0.017,-0.001) 0.016 -0.008 0.002 (-0.012,-0.004) <0.001
Model 4 R-square=0.989 Same
Intercept 6.209 1.027 (4.196, 8.222) <0.001
Time -0.017 0.003 (-0.023,-0.011) <0.001
Estonia 0.184 0.065 (0.057,0.311) 0.007
Lithuania 0.542 0.099 (0.348,0.736) <0.001
GDP 0.02 0.006 (0.008,0.032) 0.001
Medical doctor 0.066 0.038 (-0.008, 0.140) 0.092
Time. Estonia -0.004 0.004 (-0.012,0.004) 0317
Time. Lithuania -0.005 0.002 (-0.009,-0.001) 0.016

** |t means the interaction between time and country, reflecting distinct trends for various countries

Note: “Hospital bed” refers to the numbers of hospital beds per 1,000 population; “Hospital share” refers to the hospital percentage share of total current health
expenditure; “Hospital doctor and nurse” refers to number of physicians and nurses (full-time equivalent) employed in hospitals per 100,000 population; “Medical

doctor” refers to the number of employed medical doctors per 10,000 population

healthcare systems did increase in the Baltic countries
over time (see Fig. 1). Given the overall aging and shrink-
ing Baltic populations [38], there has been a shift towards
primary care and preventive measures in all three coun-
tries [33].

The association between the number of hospital beds
and hospitalization rates was more pronounced for
females than for males, which may be tied to the fact
that a greater proportion of females report experienc-
ing unmet healthcare needs [39]. If patients’ healthcare
needs are not met, their conditions may be more severe
when they present to hospital, and they may require

re-admission, potentially increasing the number of hos-
pital admissions.

We would like to point out some potential strengths
and limitations to this study. First, our analyses were
based on routine data, which are usually without much
bias, as hospitalization rates, number of hospital beds,
and overall health expenditures can be measured rela-
tively easily. Underlying definitions used for calculating
the rates of hospitalizations were similar in the collec-
tion of data, and for definitions of hospital beds and over-
all health expenditures, use of the GBD study data for
covariates ensured that comparable definitions were used
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as well [40]. The same applies for all the other covariates.
One potential limitation concerns the specification of the
statistical model. Of course, we cannot guarantee that we
did not miss important covariates, but the overall good-
ness of fit with more than 95% of variance explained in
both reduced models could be taken as a good indicator
that our variables were highly predictive. Another limi-
tation is that the overall sample size was relatively small
for the type of statistical analyses selected [29]. However,
since the main effects had low p-values and the overall
proportion of variance explained was high, we do not see
this as a major limitation.

In summary, we observed variations in hospitalization
rates among the Baltic countries, although there appears
to be some convergence in more recent years. However,
the relationships between various hospital-specific indi-
cators and hospitalization rates were not statistically
significant, suggesting that the healthcare systems may
be shifting towards primary care, outpatient care, and
on prevention efforts. The impact of GDP per capita on
hospitalization rates should be further explored. There
seem to be different underlying processes: while the
impact of aging populations, which are typical for high
income countries, would predict higher hospitalization
rates and negative impacts on GDP per capita, other
processes such as higher technological progression may
outweigh these population factors. In addition, the rela-
tionship between the overall number of employed medi-
cal doctors and hospitalization rates requires additional
clarification. Notably, we observed a more pronounced
association among males compared to females, despite a
greater proportion of females report experiencing unmet
healthcare needs [39]. Thus, future investigations could
explore gender disparities and formulating policies aimed
at addressing this difference.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12913-024-11119-4.

[ Supplementary Material 1 ]

Acknowledgements
The authors would like to thank Ms. Astrid Otto for copy-editing the text.

Author contributions

All authors read and approved the final manuscript. Conceptualization: all
authors; Data curation: IG, JP, RRE, RRA; Formal analysis: HJ; Funding acquisition:
MS, JR, JP, RRA, SL; Investigation: HJ, AT, SL, RRA, MS, JR; Methodology: HJ, JR;
Project administration: HJ, JR; Writing — original draft: HJ; Writing — review &
editing: HJ, AT, IG, JP, RRA, MS, RRE, SL, JR.

Funding

This study was funded by the US-based National Institute for Alcohol Abuse
and Alcoholism (grant number: TROTAA028224). This funding source had no
role in the design of this study during its execution, analyses, interpretation of
the data, or decision to submit results.

Page 8 of 9

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study is embedded in a larger research project for which ethics approval
050/2020 was obtained by the Centre for Addiction and Mental Health
Research Ethics Board on 17 April 2020.

Consent for publication
Not applicable.

Conflict of interest
The authors declare that they have no competing interests.

Author details

YInstitute for Mental Health Policy Research, Centre for Addiction and
Mental Health, 33 Ursula Franklin Street, T521, Toronto, ON

M5S 251, Canada

2Campbel\ Family Mental Health Research Institute, Centre for Addiction
and Mental Health, 250 College Street, Toronto, ON M5T 1R8, Canada
3Dalla Lana School of Public Health, Health Sciences Building, 155 College
Street, 6th floor, Toronto, ON M5T 3M7, Canada

“Department of Psychiatry, University of Toronto, 250 College Street, 8th
floor, Toronto, ON M5T 1R8, Canada

’Institute of Medical Science, Faculty of Medicine, University of Toronto,
Medical Sciences Building, 1 King's College Circle, Room 2374, Toronto,
ON M5S 1A8, Canada

SProgram on Substance Abuse, Public Health Agency of Catalonia, 81-95
Roc Boronat St, Barcelona 08005, Spain

’Center for Interdisciplinary Addiction Research (ZIS), Department of
Psychiatry and Psychotherapy, University Medical Center Hamburg-
Eppendorf (UKE), MartinistralBe 52, 20246 Hamburg, Germany
®Department of Public Health and Epidemiology, Riga Stradins University,
Kronvalda Boulevard 9, Riga LV-1010, Latvia

Health Research Institute, Faculty of Public Health, Lithuanian University
of Health Sciences, Tilzés str.18, Kaunas 47181, Lithuania

mDepartment of Preventive Medicine, Faculty of Public Health, Lithuanian
University of Health Sciences, Tilzés str.18, Kaunas 47181, Lithuania
""Department of Epidemiology and Biostatistics, National Institute for
Health Development, Paldiski mnt 80, Tallinn 10617, Estonia
"“Department of Environmental and Occupational Medicine, Faculty

of Public Health, Lithuanian University of Health Sciences, Tilzés str. 18,
Kaunas 47181, Lithuania

BInstitute of Cardiology, Lithuanian University of Health Sciences,
Sukileliu av. 15, Kaunas 50162, Lithuania

Received: 28 February 2023 / Accepted: 19 May 2024
Published online: 10 June 2024

References

1. van Ginneken E, Habicht J, Murauskiene L, Behmane D, Mladovsky P. The
baltic states: building on 20 years of health reforms. BMJ. 2012;345. doi..

2. healthcare-in-europe.com. The Baltic States and their health systems - From
Soviet to EU: The Estonian health system differs from its Baltic neighbour
states thanks to a transformation process and reforms [Internet]. Munich, Ger-
many: mg fach verlage. 2006. https://healthcare-in-europe.com/en/news/
the-baltic-states-their-health-systems-from-soviet-to-eu.html Accessed: 2023
Feb 2.

3. Berger £, Winkelmann J, Eckhardt H, Nimptsch U, Panteli D, Reichebner C, et
al. A country-level analysis comparing hospital capacity and utilisation during
the first COVID-19 wave across Europe. Health Policy. 2022;126(5):373-81.

4. eurostat statistics explained. Healthcare expenditure statistics [Inter-
net]. 2023. https://ec.europa.eu/eurostat/statistics-explained/index.
php?title=Healthcare_expenditure_statistics#:~:text=Hospitals%20
accounted%_20for%20the%20highest, Germany%20t0%2048.0%20%25%20
in%20Romania. Accessed: 31/12/2023.


https://doi.org/10.1186/s12913-024-11119-4
https://doi.org/10.1186/s12913-024-11119-4
https://healthcare-in-europe.com/en/news/the-baltic-states-their-health-systems-from-soviet-to-eu.html
https://healthcare-in-europe.com/en/news/the-baltic-states-their-health-systems-from-soviet-to-eu.html
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_expenditure_statistics#:~:text=Hospitals%20accounted%20for%20the%20highest,Germany%20to%2048.0%20%25%20in%20Romania
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_expenditure_statistics#:~:text=Hospitals%20accounted%20for%20the%20highest,Germany%20to%2048.0%20%25%20in%20Romania
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_expenditure_statistics#:~:text=Hospitals%20accounted%20for%20the%20highest,Germany%20to%2048.0%20%25%20in%20Romania
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Healthcare_expenditure_statistics#:~:text=Hospitals%20accounted%20for%20the%20highest,Germany%20to%2048.0%20%25%20in%20Romania

Jiang et al. BMC Health Services Research

20.

21

22.

23.

24.

(2024) 24:714

Hakansson A, Ovhed |, Jurgutis A, Kalda R, Ticmane G. Family medicine in the
baltic countries. Scand J Prim Health Care. 2008;26(2):67-9.

Shain M, Roemer MI. Hospital costs relate to the supply of beds. Mod Hosp.
1959;92(4):71 -3 passim. doi.

Delamater PL, Messina JP, Grady SC, WinklerPrins V, Shortridge AM. Do more
hospital beds lead to higher hospitalization rates? A spatial examination of
Roemer’s Law. PLoS ONE. 2013;8(2):e54900. https://doi.org/10.1371/journal.
pone.0054900.

Alexander JA, Lee SY, Griffith JR, Mick SS, Lin X, Banaszak-Holl J. Do
market-level hospital and physician resources affect small area varia-

tion in hospital use? Med Care Res Rev. 1999;56(1):94-117. https://doi.
0rg/10.1177/107755879905600106.

van Doorslaer EK, van Vliet RC. A built bed is a filled bed? An empiri-

cal re-examination. Soc Sci Med. 1989;28(2):155-64. https://doi.
0rg/10.1016/0277-9536(89)90143-3.

Clark JD. Variation in Michigan hospital use rates: do physician and hospital
characteristics provide the explanation? Soc Sci Med. 1990;30(1):67-82.
https://doi.org/10.1016/0277-9536(90)90330-u.

Torrini |, Lucifora C, Russo AG. The long-term effects of hospitalization on
health care expenditures: an empirical analysis for the young-old popula-
tion in Lombardy. Health Policy. 2023;132:104803. https://doi.org/10.1016/j.
healthpol.2023.104803.

RaghupathiV, Raghupathi W. Healthcare expenditure and economic perfor-
mance: insights from the United States Data. Front Public Health. 2020;8:156.
https://doi.org/10.3389/fpubh.2020.00156.

Kalseth J, Halvorsen T. Health and care service utilisation and cost over the
life-span: a descriptive analysis of population data. BMC Health Serv Res.
2020;20(1):435. https://doi.org/10.1186/512913-020-05295-2.

Yu CW, Alavinia SM, Alter DA. Impact of socioeconomic status on end-of-life
costs: a systematic review and meta-analysis. BMC Palliat Care. 2020;19(1):35.
https://doi.org/10.1186/512904-020-0538-y.

OECD iLibrary. Health for Everyone? Social Inequalities in Health and Health
Systems [Internet]. Paris, France: OECD. 2019. https://www.oecd-ilibrary.org/
sites/3c8385d0-en/index.html?itemld=/content/publication/3c8385d0-en.
Accessed: 2023 Feb 2.

Burns R, Graversen P, Miller A, Bader C, Offe J, Fille F, et al. Left behind: the
state of universal health coverage in Europe. Eur J Pub Health. 2020;30(Suppl
ement5):ckaal65.

Commission E, Justice D-G, Franklin C, Bambra P, Albani C. V. Gender equality
and health in the EU: Publications Office; 2021.

Roxo L, Bambra C, Perelman J. Gender Equality and Gender Inequalities in
self-reported health: a longitudinal study of 27 European countries 2004 to
2016. Int J Health Serv. 2021;51(2):146-54.

Barke A, Korwisi B, Jakob R, Konstanjsek N, Rief W, Treede R-D. Classifica-

tion of chronic pain for the International classification of diseases (ICD-11):
results of the 2017 international World Health Organization field testing. Pain.
2022;163(2):310.

ANDMEBAAS Health Statistics and Health Research Database. Data-

base. [Internet]. Tallinn, Estonia: National Institute for Health Devel-

opment. 2023. https://statistika.tai.ee/pxweb/en/Andmebaas/
Andmebaas__02Haigestumus. Accessed: 2023 Feb 2.

Institute of Hygiene (Higienos Institutas). Home page [Internet]. Vilnius, Lithu-
ania: Higienos Institutas. 2020. https://www.hilt/en/. Accessed: 14/02/2023.
National Service Republic of Latvia. About Us [Internet]. Riga, Latvia:
Nacionalais veselibas dienests. 2023. https://www.vmnvd.gov.lv/en/about-us.
Accessed: 2023 Feb 2.

Global Health Data Exchange (GHDx). Global Health Data Exchange [Inter-
net], Seattle. Washington: Institute for Health Metrics and Evaluation (IHME);
2022. http://ghdx.healthdata.org. Accessed: 2023 Feb 2.

eurostat statistics explained. Preventive health care expenditure statistics
[Internet]. 2023. https://ec.europa.eu/eurostat/statistics-explained/index.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

Page 9 of 9

php?title=Preventive_health_care_expenditure_statistics. Accessed:
31/12/2023.

OECD Stat. Gross domestic product (GDP): GDP per capita, USD, cur-

rent prices and PPPs [Internet]. 2023. https://stats.oecd.org/index.
aspx?queryid=61433#. Accessed: 31/12/2023.

The World Bank. Life expectancy at birth, total (years) - Central Europe and
the Baltics [Internet], Washington DC. The World Bank Group; 2023. https://
data.worldbank.org/indicator/SPDYN.LE0O.IN?locations=B8. Accessed:
14/02/2023.

Kaplan RM, Spittel ML, David DH. Population health: behavioral and social
science insights. Government Printing Office; 2015.

Blas E, Sivasankara Kurup A. Equity, social determinants and public health
programmes. Geneva: World Health Organization; 2010 2010. Report No.:
9789241563970.

Beard E, Marsden J, Brown J, Tombor |, Stapleton J, Michie S, et al. Under-
standing and using time series analyses in addiction research. Addiction.
2019;114(10):1866-84.

Harrell FE Jr. Regression Modeling Strategies With Applications To Linear
Models, Logistic And Ordinal Regression, And Survival Analysis. pdf. 2015. doi.
R Core Team. A language and environment for statistical computing [Inter-
net]. Vienna, Austria: R Foundation for Statistical Computing. 2018. https://
www.R-project.org/. Accessed: 2023 Feb 2.

Behmane D, Dudele A, Villerusa A, Misins J, Klavina K, Mozgis D, et al. Latvia:
Health Syst Rev Health Syst Transit. 2019;21(4):1-165.

European Observatory on Health Systems and Policies. Estonia: health
system review 2023 [Internet]. 2023. https://eurohealthobservatory.who.int/
publications/i/estonia-health-system-review-2023. Accessed: 31/12/2023.
OECD iLibrary. Chapter 3. Health care system in Lithuania: Efficiency

and quality [Internet]. Paris, France: OECD. 2018. https://www.oecd-
ilibrary.org/sites/9789264300873-7-en/index.htm?itemld=/content/
component/9789264300873-7-en. Accessed: 31/12/2023.

eurostat statistics explained. Hospital discharges, in-patients. 2013 and
2018 (per 100 000 inhabitants) Health20 [Internet]. Brussels: European
Commission; 2020. https://ec.europa.eu/eurostat/statistics-explained/
index.php?title=File:Hospital_discharges,_in-patients,_2013_and_2018_
(per_100_000_inhabitants)_Health20.png. Accessed: 2023 Feb 2.

Aiyar S, Ebeke CH, The Impact of Workforce Aging on European Productivity.
IMF Working Papers [Internet]. 2016 Accessed: 22/03/2024; 2016(238):A001.
https://www.elibrary.imf.org/view/journals/001/2016/238/article-A001-en.
xml.

Netspar Panel Papers. Panel paper 35: The influence of health care spending
on life expectancy [Internet]. Tilburg, Netherlands: Netspar. 2013. https://
repub.eurnl/pub/40722/Metis_190158.pdf. Accessed: 31/12/2023.

Varpina Z. Countries of old men? Demographic challenges in Estonia, Latvia
and Lithuania [Internet]. Riga, Latvia:, Friedrich-Ebert. -Stiftung (FES); 2018.
https://baltic.fes.de/fileadmin/user_upload/documents/FES_Countries_of_
old_men_final.pdf Accessed: 2023 Feb 2.

Portela MCC, Fernandes AC. Gender and healthcare accessibility in Europe. J
Hosp Adm. 2014;3(6):163-73.

Institute for Health Metrics and Evaluation (IHME). Global Burden of Disease
(GBD) [Internet]. Seattle, Washington: IHME. 2023. https://www.healthdata.
org/about/contact-us. Accessed: 2023 Feb 2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1371/journal.pone.0054900
https://doi.org/10.1371/journal.pone.0054900
https://doi.org/10.1177/107755879905600106
https://doi.org/10.1177/107755879905600106
https://doi.org/10.1016/0277-9536(89)90143-3
https://doi.org/10.1016/0277-9536(89)90143-3
https://doi.org/10.1016/0277-9536(90)90330-u
https://doi.org/10.1016/j.healthpol.2023.104803
https://doi.org/10.1016/j.healthpol.2023.104803
https://doi.org/10.3389/fpubh.2020.00156
https://doi.org/10.1186/s12913-020-05295-2
https://doi.org/10.1186/s12904-020-0538-y
https://www.oecd-ilibrary.org/sites/3c8385d0-en/index.html?itemId=/content/publication/3c8385d0-en
https://www.oecd-ilibrary.org/sites/3c8385d0-en/index.html?itemId=/content/publication/3c8385d0-en
https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__02Haigestumus
https://statistika.tai.ee/pxweb/en/Andmebaas/Andmebaas__02Haigestumus
https://www.hi.lt/en/
https://www.vmnvd.gov.lv/en/about-us
http://ghdx.healthdata.org
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Preventive_health_care_expenditure_statistics
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Preventive_health_care_expenditure_statistics
https://stats.oecd.org/index.aspx?queryid=61433#
https://stats.oecd.org/index.aspx?queryid=61433#
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=B8
https://data.worldbank.org/indicator/SP.DYN.LE00.IN?locations=B8
https://www.R-project.org/
https://www.R-project.org/
https://eurohealthobservatory.who.int/publications/i/estonia-health-system-review-2023
https://eurohealthobservatory.who.int/publications/i/estonia-health-system-review-2023
https://www.oecd-ilibrary.org/sites/9789264300873-7-en/index.html?itemId=/content/component/9789264300873-7-en
https://www.oecd-ilibrary.org/sites/9789264300873-7-en/index.html?itemId=/content/component/9789264300873-7-en
https://www.oecd-ilibrary.org/sites/9789264300873-7-en/index.html?itemId=/content/component/9789264300873-7-en
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Hospital_discharges,_in-patients,_2013_and_2018_(per_100_000_inhabitants)_Health20.png
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Hospital_discharges,_in-patients,_2013_and_2018_(per_100_000_inhabitants)_Health20.png
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=File:Hospital_discharges,_in-patients,_2013_and_2018_(per_100_000_inhabitants)_Health20.png
https://www.elibrary.imf.org/view/journals/001/2016/238/article-A001-en.xml
https://www.elibrary.imf.org/view/journals/001/2016/238/article-A001-en.xml
https://repub.eur.nl/pub/40722/Metis_190158.pdf
https://repub.eur.nl/pub/40722/Metis_190158.pdf
https://baltic.fes.de/fileadmin/user_upload/documents/FES_Countries_of_old_men_final.pdf
https://baltic.fes.de/fileadmin/user_upload/documents/FES_Countries_of_old_men_final.pdf
https://www.healthdata.org/about/contact-us
https://www.healthdata.org/about/contact-us

	﻿Impact of health spending on hospitalization rates in Baltic countries: a comparative analysis
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Outcome variable: hospitalization rates
	﻿Independent indicators
	﻿Hospital-specific indicators


	﻿Economic indicators
	﻿Health indicators
	﻿Statistical analysis
	﻿Correlation analysis
	﻿Statistical models

	﻿﻿Results
	﻿Discussion
	﻿References


