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Abstract 
 
 This study aims to investigate the effect of one of the most prominent contem-
porary changes in demographic structure, population ageing, on the economic 
performance of eight emerging economies from Central and Eastern Europe. 
Despite experiencing relatively high economic growth, these countries are still 
striving to catch up with the more advanced European economies (which are 
used as the control group). Concurrently, they are facing significant population 
ageing. Using the Pooled Mean Group estimator in the panel ARDL model, the 
study finds that a one percent increase in the old dependency ratio results in 
a 0.52 percent decrease in GDP per capita growth rate and a 0.53 percent de-
crease in GDP growth rate in the long term. The gross capital formation rate 
and the gross savings positively impact per capita economic growth in the short 
term, whereas the labour force participation rate’s impact on the GDP growth 
varies across the country groups. The findings underscore the importance of 
implementing active ageing programs, creating fiscal buffers, fostering lifelong 
learning, and promoting employment among vulnerable groups to mitigate the 
adverse effects of population ageing on economic growth in emerging economies. 
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Introduction 
 
 Population ageing is one of the most pronounced changes in the demographic 
structure of the modern world (Prskawetz et al., 2008). It is a part of demographic 
transition, a heterogeneous process consisted of the secular increase of life 
expectancy, the transition of boom and bust of babies, fertility dynamics, and 
migration flows.  All these tendencies do not necessarily affect the population 
size but inevitably change its structure (Börsch-Supan et al., 2019). 
 At EU level, the old-age dependency ratio, as a measure of population ageing, 
is projected to increase from 33.0% in 2022 to 59.7% by 2100. Most of this 
growth will take place at a rapid pace from 2022 to 2060, when it is projected to 
reach 53.0%, followed by a relatively flat decade high, and then a slow growth to 
59.7% by 2100. Among EU member states, the highest old-age dependency ratios 
in 2100 are projected for Malta (68.2%), Lithuania (66.2%) and Italy (65.7%), 
while the lowest is projected for the Czech Republic (54.1%) and Sweden (54.8%). 
Furthermore, the old-age dependency ratio in 13 EU member states is projected 
to be higher than 50.0% up to 2050. Put differently, there will be less than two 
working-age persons for each person aged 65 and over. In addition, for three EU 
member states – Greece, Portugal and Italy – the old-age dependency ratio is 
projected to be higher than 60.0% by 2050 (Eurostat, 2024). 
 These demographic transformations have significant macroeconomic implica-
tions. First of all, ageing can produce a drop in the labor force participation rate, 
if the cohorts leaving the labor market are larger than the cohorts that enter the 
market (youth population). Fewer workers in the labor force are likely to produce 
lower output. Further, labor productivity can decrease because of the deterioration 
of older workers’ physical and cognitive abilities due to ageing (Aksoy et al., 
2019; Lee and Shin, 2021). In other words, the population ageing tends to reduce 
the economic growth. 
 However, this impact could be mitigated by investing in more productive 
technologies (Acemoglu and Restrepo, 2017; Lee and Song, 2020). Furthermore, 
parallel to the so-called accounting effect, based on the increase of the dependent 
population share, the behavioral effect also occurs and contributes to the mitiga-
tion of the ageing effects on the economy. The changes related to this effect refer 
to the fertility decline and consequently rise in the labor force participation by 
women, as well as an increased human capital investment in children, a decrease 
in youth dependency, and higher rates of savings due to the increased rate of 
longevity (Bloom et al., 2015). In addition, the demographic transition charac-
terized by a decline in fertility and mortality rates can lead to the demographic 
dividend emergence, producing more rapid growth of the workforce compared 
to the growth of the dependent population (young and old). As a corollary, the 
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resources become available for investment in economic development and family 
welfare (Lee and Mason, 2006).  
 In European countries, the population ageing is the result of the long-term 
decline in fertility rates and increased life expectancy due to advances in public 
health and medical technologies, the promotion of healthy lifestyles and improved 
living conditions (Eurostat, 2020). However, these processes are not equally dis-
tributed among different countries. The economies of Central and Eastern Europe 
(CEE) face a pronounced increase in the old dependency ratios, that is, faster 
ageing (Tálas and Etl, 2020). This process is related to the population decline 
which is also present in these countries for decades. Population decline resulted 
from both the difference between births and deaths (natural population change) 
and net migration (Fihel and Okólski, 2019). Furthermore, CEE countries are 
emerging economies which strive to intensify the process of convergence towards 
the more advanced European countries. Although the economic growth rates in 
CEE economies are relatively high, this convergence will inevitably be affected 
by demographic factors in the long run. Hence, the main research question is 
whether these processes will lead to a decline in economic growth rates and thus 
slow down the convergence to the most advanced European economies.   
 Accordingly, this study aims to investigate the impact of the dependency ratio 
on economic growth among the eight emerging EU (CEE) countries: Bulgaria, 
Czech Republic, Hungary, Latvia, Slovakia, Slovenia, Poland, and Romania. In 
the first place, the reason for including these countries is that they are indicated 
as emerging economies in Europe due to their economic growth since 2000s. 
Secondly, these eight countries are indicated among the countries in Europe 
which are experiencing intensive population ageing, and negative population 
growth or decline of population for a longer period. 
 The population ageing in these countries is approximated by the old depend-
ency ratio, as a common approach in empirical studies dealing with the econom-
ic impact of the elderly share in the total population (i.e. Maestas et al., 2016; 
Hsu and Lo, 2019; Aksoy et al., 2019; Lee and Shin, 2021). The relative contri-
bution of particular production factors is captured by gross capital formation and 
the labor force participation rate. In addition, the level of gross savings is also 
introduced in the model, as it depends on the population age structure. The panel 
data were used, whereas the research methodology is based on the Autoregressive 
Distributive Lag (ARDL) approach using Pooled Mean Group (PMG) estimator. 
 The paper is organized as follows. The second section presents the findings of 
previous empirical studies and gives the justification for the research focus in 
this study, the third section explains the methodology, the fourth section pro-
vides the results, the fifth contains a discussion and the sixth section concludes. 
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1.  Literature Review 
 
 From the very beginning of economic growth theory development, demograph-
ic factors have played an important role. The relationship between demographic 
changes and production has ranged from a pessimistic view that population growth 
will lead to a fall in GDP per capita (i.e. Malthus, 1826; Solow, 1956; Mankiw 
et al., 1992) to an optimistic view that a larger population, with a more abundant 
labor force, will contribute to economic growth (i.e. Kuznets, 1960; Kremer, 
1993). In addition, many studies reveal that the relationship between population 
growth and economic growth is rather ambiguous (i.e. Heady and Hodge, 2009; 
Huang and Xie, 2013; Mierau and Turnovsky, 2014; Peterson, 2017). 
 Age structure as an important mechanism behind the impact of demographic 
variables on economic growth was introduced in a seminal paper by Bloom and 
Wiliamson (1998). It is argued that it is more plausible that the changes in the 
age structure, rather than in the total population, lead to changes in the economic 
growth (Kelley and Schmidt, 2005; Hsu and Lo, 2019). However, the relation-
ship between an increase in the old dependency ratio (i.e., population ageing) 
and economic growth is yet quite controversial, spanning from negative through 
neutral to the positive impact of ageing on economic growth. For instance, Cooley 
and Henriksen (2018) show that the economic growth slowdown in Japan and 
U.S. can be partly explained by population ageing and increasing life expectancy. 
Maestas et al. (2016) reveal the negative effect of population ageing on GDP 
per capita growth in the period 1980 – 2010 in the USA. They discover that 
10 percent increase in the share of 60 year and older in the total population leads 
to a 5.5 percent decrease in GDP per capita. One-third of the decrease is due to 
slower employment growth whereas two-thirds are due to slower labor produc-
tivity growth. 
 Lee and Shin (2019) analyze data for 142 countries from 1960 to 2014 about 
the impact of population ageing on economic growth. They reveal that there is 
a negative effect of ageing on economic growth, but only when the old dependen-
cy ratio (used as a proxy for population ageing) reaches a certain threshold. This 
relationship is nonlinear as the deepening of the ageing problem has a stronger 
negative impact on economic growth. The same authors (Lee and Shin, 2021) 
demonstrate that the decline in total factor productivity is the main factor behind 
the negative impact of population ageing on GDP per capita growth in 35 OECD 
countries. These findings are also supported by Aksoy et al. (2019) for selected 
OECD countries, Poplawski-Ribeiro (2020) for observed advanced and emerging 
market economies, Calvo-Sotomayor et al. (2019), and Andriulis et al. (2022) 
for European countries. Ahmad and Ali Shah (2021) investigate the impact of 
dependency ratios for different cohorts on economic growth in the five most 
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populated Asian countries. While both young and total dependency ratios exhibit 
positive short- and long-run impacts on economic growth, the old dependency 
ratio affects economic growth negatively, but only in the long run. 
 One of the commonly considered factors behind the negative effect of popu-
lation ageing on economic growth is related to the level of savings. Indeed, the 
relationship between lower savings due to ageing, and economic growth, is 
straightforward. Since the elderly save less, the rise in the old dependency ratio 
leads to a decline in aggregate savings, thus lowering capital formation and, 
finally, reducing economic growth (Nagarajan et al., 2016; Uddin et al., 2016; 
Hsu and Lo, 2019; Boateng et al., 2019). This viewpoint is founded in the well-
known life-cycle hypothesis (Modigliani and Brumberg, 1954). However, some 
studies indicate the causality from economic growth to saving rate; such is i.e. 
Andrei and Huidumac-Petrescu (2013) for the case of Euro area economies. 
These authors find evidence of significant unidirectional causality from real 
GDP to the saving rate, with a delay of at least four years.   
 On the other hand, Acemoglu and Restrepo (2017) conclude that there is no 
negative relationship between population ageing and slower growth of GDP per 
capita in the OECD and selected non-member countries. The explanation they 
offer is that the countries with more intensive population ageing have adopted 
more advanced technologies performing tasks previously undertaken by labor. 
Similar findings can be found in Acemoglu and Restrepo (2022) for the U.S., 
and Lee and Song (2020) for Japan and Korea. Pham and Vo (2021) find a posi-
tive nexus between the share of elderly (65 and older) in the total population in 
84 developing countries in the period 1971 – 2015 and economic growth. Accord-
ing to the authors, the accumulation of capital and assets and the consumption 
behavior of the older population in these countries are the main factors behind 
this kind of relationship. Similar findings can be found in Kopecky (2011) and 
Mason and Lee (2013). By employing the quantile regression approach, they also 
discover that the youth dependency ratio negatively affects economic growth. 
 The complementary approach to analyze the shifts in population age structure 
due to the demographic transition and their impact on economic outcomes is 
based on the role of demographic dividends. In accord with that, Jafrin et al. 
(2021) apply pooled OLS model to demonstrate that demographic dividend posi-
tively affects GDP growth in five South Asia Association for Regional Coopera-
tion (SAARC) countries. Furthermore, they reveal that labor force participation 
rate affects economic growth negatively, which can be explained by the lack of 
skilled workers in the region, the low share of females in the labor force and the 
high share of informal employment. Although these findings coincide with some 
earlier studies (i.e., Shahid, 2014; Haque et al., 2019; Afolabi, 2023), Bidisha et al. 
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(2020) use various econometric techniques to show that an increase in the ratio 
of workforce to non-working population (i.e., labor participation rate) in selected 
Asian economies has a positive impact on economic growth in the long run. 
Bloom et al. (2009) also demonstrated that in the period from 1960 to 2000 for 
97 countries there exists positive nexus between the increase in the female labor 
participation rate (due to a decline in the fertility rate) and economic growth per 
capita. 
 The review of the previous empirical studies indicates that there is no consen-
sus concerning the impact of population ageing on economic outcomes. The 
mechanisms of that impact are realized through changes in productivity, savings 
rate, capital intensity of production, etc. Furthermore, there is a lack of empirical 
research dealing with the linkage between changes in population age structure 
and economic growth (either total or per capita growth) in CEE countries. This is 
a significant research gap, bearing in mind that these countries face intensive 
population decline and ageing which could be detrimental to economic outlooks 
in the medium and long run. Therefore, the contribution of this study is to add 
further to the knowledge about the influence of population ageing on GDP 
growth (per capita and total) in selected CEE economies and to provide policy 
recommendations for preserving the existing economic convergence towards the 
advanced European economies. 
 
 
2.  Methodology and Data  
 
 Bearing in mind the current study investigating the impact of population age-
ing on economic performance, the panel regression model we start with can be 
formulated in the following way: 
 

1 2 3 4it i it it it itGDPpcg a b ODR b GCF b GS b LFP                       (1) 
 
where i denotes the cross-sectional unit and t denotes the time periods. As the 
commonly analyzed measure of economic performance, GDP per capita growth   
( GDPpcg ) is the dependent variable in Equation (1). ODR represents the old 

dependency ratio, as the share of individuals aged 65 and over in the working-
age population at ages 15 to 64. It is used as a proxy for population ageing. GCF 
represents the gross capital formation, as a measure of total investment in an 
economy. It increases production capacity and the potential for technological 
development, thus providing the basis for sustainable long-run economic growth. 
GS stands for the gross savings, which is calculated as the gross national income 
less total consumption, plus net transfers. Finally, LFP denotes the labor force 
participation rate, as a share of labor force (the sum of employed and unemployed 
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persons) in the country’s total population. GCF, GS and LFP represent the econo-
mic variables closely related to economic growth, so they are used as the control 
variables in the model.  
 
 In order to observe an additional measure of economic performance, we also 
include total GDP growth (GDPg) in the model as the dependent variable, as 
suggested by Hsu and Lo (2019), Ahmad and Ali Shah (2021) and Maestas, 
Mullen and Powell (2023). The advantage of including GDPg  instead of the GDP 
per capita is that it is not directly affected by population growth, thus providing 
more valid results about the effects of population changes (including ageing) on 
economic growth. The regressors in the model with GDPg  are the same as in 
Equation (1), except in the case of the labor force participation rate. Following 
Lee and Shin (2021), we multiply the data series for LFP rate with the total 
working-age population 15 years old and over (N15) to obtain the total labor force 

( 15
it itLFP N ), which is then used as one of the regressors: 

 
15

1 2 3 4it i it it it it itGDPg a b ODR b GCF b GS b LFP N                     (2) 
 
 We employ the Autoregressive Distributed Lag (ARDL)-class econometric 
model as a suitable cointegration method to generate long-run and short-run esti-
mates and series analyses with a single cointegration vector (Topor et al., 2022). 
ARDL model in error correction form, with GDP per capita growth as a depend-
ent variable, could be presented as follows (hereafter: Model 1): 
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where i = 1, 2, …, N and t = 1, 2, …, T; Δ is the first difference operator, i  

denotes the intercept, and it  is the error term. The long-run coefficients are de-

noted with 1 5  , whereas  ,  ,  ,  , and   represent the short-run coeffi-

cients. In analogous way, the model with GDP growth can be formulated by 

replacing itLFP  with 15
it itLFP N , as mentioned above (hereafter: Model 1). 

 
 In panel samples with individual effects, standard regression estimation of 
ARDL models presents a difficulty as a result of the bias generated by correla-
tion between the mean-differenced regressors and the error term. This bias only 
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disappears for large numbers of observations T, and is not possible to correct by 
increasing the number of cross-sections, N. One of the common approaches for 
dynamic data analysis is the Pooled Mean Group (PMG) estimator (Pesaran, 
Shin and Smith, 1999). This estimator uses the cointegration form of the ordi-
nary ARDL model and then modifies it for a panel framework by allowing the 
intercepts, short-run coefficients, and cointegrating terms to vary over cross-
sections (IHS, 2022). The long-established ARDL supporting structure presumes 
that the long-run cointegrating relationship represents a symmetric linear combi-
nation of regressors. Thus, the PMG model can be presented in sublimated form 
as in Equations (4 – 5):  
 

1 1

, , , , ,,0 1,

q p

i t i i t i t j i t j i ti jj ji j
y EC X y   

 
  

                            (4) 
 
where 

, , 1 ,i t i t i tEC y X                                                  (5) 
 

,i tEC  is the error correction term representing cointegrating relation. Hence, it is 

presumed that both the dependent variable, y (GDPpcg, or GDPg in Model 2), 
and the independent variables, represented by the vector X (the variables ODR, 
GCF, GS, LFP, or LFPN15 in the Model 2) have the same number of lags in any 
cross-section. Even though it is not strictly required for the estimation, it is also 
convenient to presume that the regressors X should have the same number of lags 
q in any cross-section (Wooldridge, 2002; IHS, 2022). Thus,   represents the 
long-run coefficients, i  stands for the adjustment coefficients. Furthermore, 

with j-th are defined the lags of X   and y , as i jX   and i jy   respectively, 

and aditionally, , ,
,  i j i j

    and ,i t   represent the estimates of the coefficients and 

intercept, respectively. 
 
 The analysis was conducted by using data collected from the World Bank and 
UN databases (World Bank, 2022; UN, 2022) about 5 different time series: GDP 
(per capita) growth, annual percentage (GDPpcg or GDPg), old-age dependency 
ratio, percentage of working-age population (ODR), gross savings, percentage of 
GDP (GS), labor force participation rate, percentage of total population ages 15+ 
(LFP) and the gross capital formation, percentage of GDP (GCF). All the varia-
bles were transformed into a natural logarithm/differenced in their levels. This 
study focuses on the eight CEE countries – Latvia, Poland, Romania, Bulgaria, 
The Czech Republic, Hungary, Slovenia and Slovakia – in the period 2000 – 2020. 
In the period foregoing the COVID-19 pandemic year (2020), the average five-
year percentage growth of annual GDP for these eight countries was 3.8% 
(World Bank, 2022). In addition, to test the robustness of the obtained estimates, 
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we include the second group of advanced economies which consists of a panel of 
seven EU countries (Italy, Germany, Finland, Sweden, Greece, France, and Por-
tugal) and the EU-27 average. These are the countries with the oldest population 
(based on the ODR indicator dynamics in the observed period), (Eurostat, 2024), 
and the relatively mature economies with relatively moderate economic growth 
rates. These facts recommend the mentioned countries as a representative control 
group to validate the empirical results for the emerging EU economies. 
 
 
3.  Empirical Results  
 
 Before continuing with the ARDL estimation, the orders of integration of the 
series were studied. The specification of the integration orders was performed by 
a cross-sectionally independent unit root test. The test was performed directly by 
the ADF-Fisher Chi-square and ADF-Choi Z-stat tests on the first difference of 
the series for each model, with intermediate ADF test for individual series (Table 1). 
The results show that all variables are stationary at the first differences, indicat-
ing that none of the variables is identified as I(2). 
 
T a b l e  1  

Unit Root Test Results (individual unit root process)  

Method 
Model 1 – EE Model 1 – AE Model 2 – EE Model 2 – AE 

Statistic (p-value)** 

ADF-Fisher Chi-square 
 

432.802 
(0.0000) 

411.700 
(0.0000) 

435.329 
(0.0000) 

447.685 
(0.0000) 

ADF Choi Z-stat 
 

  –19.9814 
(0.0000) 

  –19.4119 
(0.0000) 

–20.052 
(0.0000) 

  –20.3824 
(0.0000) 

Series Intermediate ADF test results (p-values) 

Δ𝐺𝐶𝐹 0.0000 0.0000 0.0000 0.0000 
Δ𝐺𝑆 0.0000 0.0000 0.0000 0.0000 
Δ𝐺𝐷𝑃𝑝𝑐𝑔 0.0000 0.0000 – – 
Δ𝐺𝐷𝑃𝑔 – – 0.0000 0.0000 
Δ𝐿𝐹𝑃 0.0000 0.0000 – – 
Δ𝐿𝐹𝑃𝑁ଵହ – – 0.0000 0.0000 
Δ𝑂𝐷𝑅 0.0000 0.0000 0.0000 0.0000 

Notes: Model 1 – dependent variable: GDPpcg; Model 2 – dependent variable: GDPg; EE – emerging EU 
economies; AE – advanced EU economies; Null Hypothesis: Unit root (individual unit root process); ** Proba-
bilities for Fisher tests are computed using an asymptotic Chi-square distribution; all other tests assume asymp-
totic normality.  

Source: Author’s calculation. 

 
 In addition, the presence of the cointegration, i.e. the existence of the long-
run relation among the variables under investigation, was tested by computing 
the Bounds F-statistic in order to establish a long run relationship (Table 2). 
Bounds tests for cointegration are robust to whether variables of interest are I(0), 
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I(1), or reciprocally cointegrated. These tests are performed as standard F-test or 
Wald tests of parameter significance in the cointegrating relationship of the condi-
tional error correction model for each cross-section (Pesaran et al., 2001; Kollias 
et al., 2008) in both country groups.  
 In the framework being used, the mean F-bounds test statistics for the emerg-
ing economies are 5.31 and 8.15, and for advanced economies 11.05 and 12.37 
for Models 1 and 2, respectively. All these values are beyond the I(1) critical 
value bound at 5% statistical significance level, confirming the presence of 
a cointegrating relationship. For both ARDL models for advanced EU countries, 
the Bounds F-statistic showed extremely higher bounds for France (29.5; 32.2, 
respectively), than the mean average for each model. For both ARDL models for 
the emerging EU countries, Slovenia (10.7; 21.5) and Latvia (9.8; 17.1) were 
two countries with quite higher Bounds F-statistic values when compared with 
the mean average. 
 
T a b l e  2  

Bounds Test for Cointegration 

Emerging EU economies Advanced EU economies 

Cross-section 
Model 1 Model 2 

Cross-section 
Model 1 Model 2 

F-statistic F-statistic F-statistic F-statistic 

Poland 2.8219 2.6643 Italy 4.5489 5.4886 
Slovenia 10.7398 21.5492 Germany 11.2552 18.8362 
Bulgaria 3.8334 4.9845 Finland 3.8222 3.8521 
Czech Republic 2.7156 1.7605 Sweden 6.5021 6.0941 
Hungary 5.9255 5.3848 Greece 9.3613 8.9909 
Romania 2.9121 6.0408 France 29.5597 32.1984 
Slovakia 3.7737 5.6688 Portugal 11.8833 10.7783 
Latvia 9.7921 17.1241 EU average 11.4459 12.7419 
Mean F-stat. 5.3143 8.1471 Mean F-stat. 11.0473 12.3726 

Notes: Null hypothesis: No levels relationship. Critical values are obtained from Pesaran et al. (2001) and 
Narayan (2005), Case II: Restricted intercept and no trend; 5% significance: I(0) = 3.100 (Narayan: 3.538) and 
I(1) = 3.870 (Narayan: 4.428). 

Source: Authors’ calculations. 
 
 The estimation results for both the long-run and short-run coefficients of the 
Model 1, for emerging CEE and advanced EU countries, are presented in Table 3. 
The obtained short-run coefficients are the mean of the cross-section specific 
coefficients. LFP and GS were specified as fixed or static regressors in the model.  
 Table 3 presents the ARDL (PMG) estimation into two parts. The first part 
shows the estimates of the long-run or pooled coefficients. The coefficient on the 
ODR is an estimate of the long-run old-age dependency elasticity, and is negative 
(and strongly significant) in both group of countries, as expected by economic 
theory. The coefficient values are –0.52 and –0.28 for emerging and advanced 
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economies, respectively. The higher coefficient value in model with emerging 
countries could indicate that the population ageing has a more profound negative 
impact on the economic growth per capita in these economies in comparison 
with the advanced economies (which already have relatively older population).  
 
T a b l e  3  

Estimation Results for Model 1 (dependent variable: GDPpcg) 

Variable 

Emerging EU economies 
PMG ARDL (1,1,1) 

Advanced EU economies 
PMG ARDL (2,1,1) 

Coefficient Coefficient 

Long-run (Pooled) Coefficients 

𝑂𝐷𝑅 –0.5194***   –0.2769*** 
𝐺𝐶𝐹 –0.1431   –0.4277*** 
Constant 19.2799* –11.6513 

Short-run (Mean-Group) Coefficients 

𝐸𝐶 term –0.7365*** –0.9409*** 
Δ𝐺𝐷𝑃𝑝𝑐𝑔ିଵ –   0.0089 
Δ𝑂𝐷𝑅   0.9247**   0.6389 
Δ𝐺𝐶𝐹   1.0173***   1.6496*** 
𝐺𝑆   0.1894*   0.2898*** 
𝐿𝐹𝑃 –0.0796   0.3918 
Log-Likelihood –332.8617 –264.3270 
Jarque-Bera test   0.0636   1.9559 

Note: ***, **, * denote significance at 1%, 5% and 10%, respectively. 

Source: Authors’ calculations. 

 
 The coefficient on the GCF (the estimate of the long-run gross capital for-
mation elasticity) is also negative, but statistically significant only in the case 
of advanced economies. This result could be explained by the fact advanced 
economies rely more on investments in human capital than in physical capital to 
support economic growth per capita, as suggested by some empirical studies (for 
instance, Aksoy et al., 2019; Pham and Vo, 2021).   
 The second part of Table 3 covers the estimates for the mean-group short-run 
coefficients. The results suggest that ODR has statistically significant positive 
impact on GDP per capita in emerging economies, whereas GCF and GS have 
positive impact in both country groups. Therefore, in the short run, gross savings 
and capital formation are important factors in supporting economic per capita 
growth, while population ageing yet increases GDP per capita growth in emerg-
ing economies.  
 Furthermore, the estimates for cross-section-specific coefficients for each coun-
try are shown separately (Tables 1A and 2A in the Appendix). The results indi-
cate that the Error correction (EC) term is negative and statistically significant in 
all emerging and advanced economies, except for Italy and the EU-27 average, 
confirming the convergence toward long-run equilibrium. The significance of 
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particular regressors varies across the countries, with GCF as a dominant factor 
supporting short-run per capita growth, whereas ODR has a limited impact (it is 
significant and positive for Slovenia, France, and Finland, and negative for Sweden).   
 Analogously, Table 4 reports the results for Model 2. The long-run coeffi-
cients for ODR suggest that population ageing negatively affects total economic 
growth in both country groups, even though this impact is more pronounced in 
emerging countries (–0.53 compared with –0.42 in advanced economies). The 
long-run coefficient for GCF is negative for advanced economies whereas the 
short-run coefficient for emerging economies is positive. It indicates that the 
long-run growth in advanced economies is mainly supported by investing in 
human capital, whereas emerging economies should rely on investments in phys-
ical capital to increase short-run economic growth. In addition, total labor force 
represents the factor which negatively affects economic growth in emerging 
economies and positively in advanced economies in the short term. It could be 
explained by an intensive emigration from the emerging economies which in-
duces labor force decline in the observed period ((Fihel and Okólski, 2019). This 
impact is also confirmed by the estimates for cross-section-specific coefficients 
for each country (Tables 3A and 4A in the Appendix). 
 
T a b l e  4  

Estimation Results for Model 2 (dependent variable: GDPg) 

Variable 

Emerging EU economies 
PMG ARDL (1,2,1) 

Advanced EU economies 
PMG ARDL (2,1,1) 

Coefficient Coefficient 

Long-run (Pooled) Coefficients 

𝑂𝐷𝑅   –0.5275***   –0.4199*** 
𝐺𝐶𝐹   –0.0486   –0.2984*** 
Constant 105.7419 –20.0291 

Short-run (Mean-Group) Coefficients 

𝐸𝐶 term   –0.7907***   –0.9142*** 
Δ𝐺𝐷𝑃𝑔ିଵ   –   –0.0254 
Δ𝑂𝐷𝑅     1.4059**     0.7348*** 
Δ𝑂𝐷𝑅ିଵ     0.2659   – 
Δ𝐺𝐶𝐹     0.9761***     1.6525 
𝐺𝑆     0.1206     0.2641 
𝑙𝑛𝐿𝐹𝑃𝑁ଵହ   –4.9325***     0.5324*** 
Log-Likelihood   –296.9646   –263.6301 
Jarque-Bera test     0.4140     1.7523 

Note: ***, **, * denote significance at 1%, 5% and 10%, respectively. 

Source: Authors’ calculations. 

 
 The issue of finding the appropriate lag length for each of the underlying 
variables in the ARDL model is very important since the tendency is to have 
standard normal error terms that do not suffer from non-normality, autocorrelation, 
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heteroskedasticity etc. The appropriate model of the long run equation was se-
lected by determining the optimum lag length by using model order selection 
Akaike Information Criterion (AIC). In our case, the lag length is too short and 
then there may be some minimal serial correlation in errors. Using a panel cross-
country growth regressions for short-run coefficients, time-series analysis finds 
that coefficient standard errors of all variables included are generally similar and 
lower than the coefficient standard errors of the ODR variable, which are gener-
ally upper in almost each country in both models. 
 
T a b l e  5  

Hausman Specification Test on the Similarity of PMG Estimator with MG Estimator 

Model 1 (Emerging EU economies) 

Estimator Stat. DOF p-value 

Mean Group 0.3601 3 0.9484 

Coefficient difference overview: Mean Group 

Variable MG PMG Var(diff.) p-value 

ODR –0.5878 –0.5194 0.0751 0.8026 
GCF –0.0459 –0.1431 0.0323 0.5890 
C 12.4853 19.2799 327.2488 0.7072 

Model 1 (Advanced EU economies) 

Estimator Stat. DOF p-value 

Mean Group 4.5214 3 0.2104 

Coefficient difference overview: Mean Group 

Variable MG PMG Var(diff.) p-value 

ODR –0.1649 –0.2769 0.1263 0.7525 
GCF –0.5791 –0.4277 0.1248 0.6685 
C –161.9268 –11.6514 5794.0398 0.0484 

Model 2 (Emerging EU economies) 

Estimator Stat. DOF p-value 

Mean Group 1.7512 3 0.6256 

Coefficient difference overview: Mean Group 

Variable MG PMG Var(diff.) p-value 

ODR –1.3059 –0.5275 0.3725 0.2021 
GCF –0.1885 –0.0486 0.1567 0.7237 
C 533.9104 105.7418 256338.1781 0.3977 

Model 2 (Advanced EU economies) 

Estimator Stat. DOF p-value 

Mean Group 5.1143 3 0.1636 

Coefficient difference overview: Mean Group 

Variable MG PMG Var(diff.) p-value 

GCF –0.5511 –0.4199 0.1276 0.7137 
ODR –0.2156 –0.2984 0.1481 0.8297 
C –158.1016 –20.0291 4920.7287 0.0490 

Note: Null hypothesis: Estimator is statistically similar to the PMG estimator. 

Source: Authors’ calculations. 
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 In order to check for the similarity of the PMG estimator to the mean-group 
estimator, we perform the Hausman test (Table 5). The results show that the null 
hypothesis is accepted and therefore the PMG estimator is selected as a better 
estimator than the MG estimator. It is more efficient as it generates coefficients 
of different short-run variation by country. On the other hand, for long term 
coefficients, it is assumed that all countries are homogeneous (similar). 
 
 
4.  Discussion of the Results and Sensitivity Analysis 
 
 The results of this study suggest that the increase in ODR will slow down the 
economic growth in emerging as well as in the advanced EU economies. The 
explanation for this relationship could be found in the fact the old population is 
less productive, which leads to slower GDP growth. In addition, the larger share 
of the elderly in the total population results in rising expenditures, such as health 
costs, directed to these categories of population. Bearing that the impact of the 
changes in ODR on economic growth is more profound in the emerging EU 
economies, the demographic structure in these countries should be more inten-
sively monitored and regulated by the policy measures. 
 These findings are not surprising as many studies give special importance of 
the negative effect of the old-age dependency ratio on the GDP growth (Ahmad 
and Ali Shah, 2021; Cooley and Henriksen, 2018; Kelley and Schmidt, 2005; 
Hsu and Lo, 2019; Maestas et al., 2016; Lee and Shin, 2019). Thus, given the 
importance of old-age dependency for the GDP growth, as one of the most used 
indicator for the overall economy, besides unemployment (Ioannidis, et al., 2022), 
our findings seem to agree with the conclusions from demographic transition 
theory suggested by Jafrin et al. (2021), Börsch-Supan et al. (2019), Prskawetz 
et al. (2008), Bloom et al. (2015). Furthermore, alluding to the mechanism of 
demographic transition, Lueger (2018) emphasizes that during the transition 
from stagnation to growth in almost all modern economies, there is evidence of 
causality running from demographic to economic variables, which is also the 
case in our study.  
 The negative relationship that was found between ODR and GDP growth is 
due to the fact that all observed countries have recorded a larger percentage of 
the elderly population in their total population during this study period and still 
face this challenge (World Bank, 2022; Eurostat, 2023). Hence, the dynamics in 
population structures in emerging EU economies, as well as in the advanced 
ones, is a pressing issue, causing an imbalance in resources and population 
growth, which subsequently significantly affects economic growth. Furthermore, 
this negative impact of ODR suggests that it hinders the GDP growth in the long 
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run, especially in emerging EU countries, but also that the GDP growth in these 
countries actually will benefit from a decrease in the old-age dependency ratio. 
On the other hand, the ODR reduction could result from changes in population 
dynamics as well as population structures. The practical solution to this situation 
is investing in human capital (e.g. Crespo Cuaresma et al., 2014), because a more 
educated and qualified population, and healthier as well, could increase the gen-
eral level of productivity. In particular, GDP growth could benefit from policies 
that focus more on strategies with possible active and innovative approaches 
towards the older population and unemployed persons. 
 Furthermore, the results indicate that there is a statistically significant short-
run impact of the labor force (LFPN15) on economic growth, which is negative in 
emerging EU economies and positive in advanced economies. This indicates that 
the promotion of structural changes that would reduce some of the legal con-
straints and encourage a longer period of work for older workers could increase 
economic growth in advanced EU economies. However, in emerging economies 
it is a consequence of intensive emigration, which means that the migration poli-
cy directed to the retention of the labor force should be implemented in order to 
support economic growth. Finally, the positive short-run effect of the rise in 
gross capital formation on the GDP (per capita) growth in both country groups 
presented in this study suggests that investments in physical capital represent 
the way to mitigate the slowing down the economic growth due to population 
ageing, as suggested in empirical studies (e.g. Calvo-Sotomayor et al., 2019; 
Poplawski-Ribeiro, 2020).  
 In this study, the ARDL method identified both long-term and short-term 
sensitivities, providing evidence on the sensitivity in the explanatory variables 
that can be a valuable tool in investigating trends in an economic growth, even in 
the presence of high variability of macroeconomic and/or macro level data. The 
common features of most cross-country economic growth regressions are that the 
explanatory variables are entered independently and linearly, where dependent 
variable is either per capita GDP growth or growth in GDP, and there are a set of 
variables always included in the regression, some of the variables are of interest 
as potentially important explanatory variables of economic growth. 
 A negative and robust long-run and short-run relationship was found between 
average economic growth rates and ODR for all four models. The coefficient of 
GCF does not remain significant in the long run for all models. In addition, the 
alterations in the conditioning information set change the statistical inferences 
that one draws regarding the GCF and economic growth relationship in models 
for emerging and advanced EU countries. Accordingly, the results concerning 
the long-term effect of GCF are considered fragile. In terms of the short-run 
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statistical relationship between average economic growth rates and GS and 
ODR, results are sensitive to the coefficient does not remaining significant at 5% 
in the model with advanced economies. Also, in terms of the short-run statistical 
relationship between average economic growth rates and GS and LFP, results are 
sensitive to the coefficient does not remaining significant at 5% in the emerging 
EU economies model, except when total labor force (LFPN15) is used as a proxy 
variable but not LFP. 
 Furthermore, in the short-run cross country coefficients, cointegration equa-
tion for Italy and EU-27 average was found as not significant. Thus, the finding 
of a non-significant relationship between economic growth and the macroeco-
nomic variables and the other variables at macro level for Italy and the EU-27 
average, suggest that economic growth and per capita economic convergence 
may not operate primarily through fluctuations of the dependency ratio and in-
creases in gross capital formation, domestic savings or labor force participation. 
Although there are many econometric specifications in which macroeconomic 
indicators taken individually or in groups are significantly related with economic 
growth, the cross-country statistical relationship between short-run average growth 
rates and almost every particular macroeconomic indicator is fragile. The results 
based on emerging/advanced economies data set also suggest that many cross-
country growth findings are sensitive to the coefficient changes sign. 
 
 
Conclusion with Policy Recommendations  
 
 Demographic factors, mainly related to population ageing, represent an im-
portant determinant of economic performance. Accordingly, the results presented 
in this study indicate the negative and statistically significant long-run impact of 
the ODR, as a measure of population ageing, and GDP growth, as a measure of 
economic activity, in observed emerging CEE economies and selected advanced 
EU economies. The empirical investigation showed that a one percent increase in 
ODR produces a 0.52 percent decrease in the long-run economic per capita growth 
in emerging CEE economies, compared with only a 0.28 percent decrease in 
advanced EU economies. Similar findings are obtained with GDP growth as 
a dependent variable (a 0.53 percent decrease in emerging countries versus a 0.42 
percent decrease in advanced economies), confirming the robustness of the em-
pirical results. These results indicate that emerging economies should closely 
monitor and regulate policy measures regarding demographic shifts associated 
with population ageing. 
 Furthermore, the rate of gross capital formation has a beneficial effect on short-
term per capita economic growth in the majority of countries, while the influence 
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of the gross savings and labor force participation rate on GDP growth varies 
among different groups of countries. In contrast, the total labor force variable has 
a positive short-run impact on economic growth in advanced and a negative im-
pact on emerging EU economies.  
 The empirical findings in this study have important policy implications. The 
evident increase in longevity represents a positive trend, especially in CEE coun-
tries with lower life expectancy than in advanced EU countries. However, rising 
longevity, together with lower fertility results in a shrinking working-age popu-
lation, thus eroding the tax base and jeopardizing fiscal stability. The decline of 
the working-age population will accelerate in observed countries as the baby 
boom generation continues to retire in the next decade. Therefore, policymakers 
should provide proper fiscal buffers in good economic conditions in order to 
implement countercyclical fiscal policy and to implement growth-enhancing 
structural reforms. This measure could also address the constraints in monetary 
policy connected to the effective lower bound in nominal interest rate, which was 
a very profound problem during the COVID-19 pandemic. However, providing 
a proper fiscal space and debt sustainability can be challenging taking into account 
the higher ageing-related public spending costs.  
 The stability of the public pension systems in emerging EU countries could 
be achieved by extending working life and by postponing retirement. These 
measures should be implemented together with the older workers productivity-
enhancing policies, such as active ageing and lifelong learning. In addition, the 
investments in physical and especially in human capital could support sustaina-
ble economic growth. Some of the policy measures to this end could include the 
promotion of innovation and labor-saving technological progress. 
 Another challenge for labor market policies in emerging EU countries is 
related to the integration of more vulnerable categories in the labor market, such 
as youth, mothers, older workers, and people with disabilities. The results of this 
study suggest that the active labor policy measures should be especially tailored 
to older workers to support their employability, and to other categories, such as 
youth and women, to increase their participation in the labor market.  
 The governments in the emerging CEE countries also should address the 
problem of excessive migration, since it represents the main factor of population 
decline, together with the natural population change. The migration could be 
reduced by implementing incentives to prevent the youth population from leav-
ing the country and by improving employment opportunities. Additionally, the 
measures to encourage the immigration of workers in these countries, such as the 
incentives for ensuring the integration of immigrants into the labor market, could 
help in mitigating the labor force shrinkage and promote economic growth. 
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