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Abstract
In  this article, an updated approach to  investigate the effects of demographic fac‑
tors on economic growth is proposed. The initial hypothesis was that these factors 
significantly affected production proportions, determining development vectors. The 
predictable shifts in production dynamics are considered for the institutional frame‑
work. The article investigates the statistically significant relationships between the 
demographic variables and economic growth for the sample of the OECD countries 
(excluding Columbia) and Armenia, Belarus, Bulgaria, Croatia, Georgia, Kazakhstan, 
Romania, the Russian Federation, and Ukraine, from 1990 to  2017; unbalanced 
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panel data was used. The investigation aimed to highlight the intrinsic interconnec‑
tion between the changes in demographic variables (e.g., the working‑age population 
growth rate and the average life expectancy growth rate) and economic growth. Our 
investigation focused on the issue of whether demographic influence on economics 
was the same for advanced and developing countries in the sample. Over the peri‑
od, a significant increase in life expectancy adversely affected the real GDP per cap‑
ita growth rate. However, the empirical study pointed out that life expectancy was 
strongly linked to nominal GDP per capita. In advanced countries, the demographic 
indicator was considerably higher than in emerging markets. We found that the rise 
in the working‑age stratum of the nation’s population radically reduced the output dy‑
namics as well, but that interconnection was not robust. The institutional framework 
should be taken into account in order to achieve a favorable performance of public 
governance in the long‑run. The main demographic variables should be properly fore‑
casted and calibrated for potential endogenous economic triggers. Both public and 
private investments are important when considering the economic growth rates that 
are achieved. We propose a balanced approach to macroeconomic policy regarding 
both demographic and institutional determinants.

Keywords: population, human capital, demographic sustainability, institutional 
framework, economic growth

JEL: E22, I30, J10, J18, J24, O10

Introduction

There are several indisputable reasons to investigate the population’s impact on eco‑
nomic development – with inherent social and demographic characteristics – regard‑
ing growth theories. Firstly, the actual level of public welfare is sensed and described 
only through human consciousness. Secondly, a person with his own needs and desires 
creates the initial tasks for public production and directly participates in that process. 
So, the nation’s population simultaneously plays the roles of the aggregated producer 
and consumer of goods and services. The individual’s economic behavior causes and, 
at the same time, is caused by higher interests, which are represented by social groups 
(e.g., nations, economic classes, strata, etc.). General changes in the population’s num‑
ber, density, and age structure unquestionably affect public production. After centuries 
of relatively slow and uneven growth, the world population reached 1 billion nearly 
two hundred years ago. Before the start of the first so‑called demographic transition, 
there were countless births and deaths, human life expectancy was short, and the pop‑
ulation was generally young. 

Due to the transition, mortality and then fertility seriously declined. The popula‑
tion growth rates accelerated and then – unequally for advanced and the third‑world 
countries – they fell again, matching low fertility, extended life spans, and a rather old 
population. During the second half of the 20th century, the total population growth 
accelerated at an unprecedented rate. The aforementioned global demographic chang‑
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es brought decisive changes, reshaped both the economic and demographic life‑cycles 
of the individuals, and restructured communities. As a result, the current world pop‑
ulation exceeds 7.7 billion, and it is expected to increase at a constant rate for at least 
the next several decades.

This has raised lots of economic, social, and ecological questions (e.g., the societal 
costs of the elderly, the redistribution of responsibility between the generations, the 
lack of food provision, global pollution, etc.). The population’s characteristics were 
considered to be the main economic growth determinants. So, their complex impact 
on the development processes is everlasting and should be evaluated properly. The is‑
sues related to the key factors of economic growth have been at the heart of economic 
science since its origin. Nearly five centuries of profound investigations have produced 
a plethora of sustainable development theories, but the uncertainty remains.

In the vast majority of those theories, the main demographic variables are regarded 
as endogenous determinants. On the one hand, everyone possesses a unique combina‑
tion of productive capacities that should be viewed as a part of human capital. On the 
other hand, the population is jointly characterized by an essential economic potential, 
which eventually results in output. Thus, modern demography and economics merged 
to propose some theoretical and practical statements on production improvement. 
Even though demographic issues are traditionally associated with fertility and mortal‑
ity rates, in this paper, we consider demographic variables in a broad sense, including 
aggregated knowledge, the purposeful skills of the workforce, the potential of educa‑
tion and public health, etc. Some of the above characteristics overlap, so it is crucial 
to identify and separate their influence on the growth processes.

The ongoing shifts in the demographic structure have enabled national econ‑
omies to convert most of the benefits from factor accumulation and technologi‑
cal changes into income per capita growth. Both labor productivity and develop‑
ment processes were generally enhanced via three channels. Firstly, the downtrend 
in population growth has limited stock dilution and simultaneously increased the 
number of resources per capita. Secondly, the reduced fertility sanctioned the real‑
location of resources from quantity toward the quality of children, intensifying the 
human capital formation and total labor productivity. Finally, the reduction in fer‑
tility rates changed the age distribution of the population. So, if the fraction of the 
labor force in the population temporarily increased, productivity per capita could 
be raised mechanically.

The overall influence of the population change on economic growth and perfor‑
mance is ambiguous. There are alternative possibilities that population growth is sup‑
portive, restrictive, or neutral to economic development. The changes in population 
number and density are commonly interconnected with some shifts in the commu‑
nity’s age structure. The latter could be described as the population’s distribution 
across different age groups. Human economic behavior varies depending on the dif‑
ferent stages of the individual’s life. Thus, nations with an enormously high propor‑
tion of children should devote most of their resources to childcare programs. That fact 
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depresses the pace of economic growth in the short‑run but could be associated with 
intensified human capital acceleration in the long‑run. 

By contrast, if most of a nation’s population belongs to the working‑age stratum, 
the extended productivity of that group can produce the so‑called “demographic div‑
idend.” If the nation’s population consists of the elderly, the effects can be different. 
On the one hand, the result can be similar to the case of a very young population, 
when a large share of resources is consumed by a relatively less productive popula‑
tion segment, inhibiting economic growth. On the other hand, the elderly, for many 
reasons (primarily, effective public health care), can maintain working capacity and 
demonstrate significant labor productivity, especially in the tertiary and quaternary 
sectors of the economy.

A demographic dividend should be emphasized that considers both productivity 
and consumption. It should be specifically mentioned that a demographic dividend 
in the modern scientific discourse exists in two different forms. The “first” demo‑
graphic dividend is caused by an increase in the share of countries’ populations that 
are concentrated in the working ages. Economically active individuals form the main 
factor responsible for development. 

The “second” dividend is much more difficult to explain. A rapid growth in the el‑
derly stratum presumably strains the public pension and health care systems. Over 
recent decades, this has led to pessimistic forecasts concerning future economic per‑
formance. Nevertheless, an aging population can be a source of a second demographic 
dividend rather than an economic decline. While the economically productive pop‑
ulation stratum is declining, a major challenge for aging and aged societies is to pro‑
vide a favorable framework for specific old‑age consumption and to achieve a desira‑
ble level of public welfare. The legislative framework is indirectly connected with the 
above problem, but the main task for smart public governance is to provide a favorable 
configuration of the financial system.

Demographic dividends do not occur automatically; their scale is largely dependent 
on the quality of public institutions. The weaknesses of possible pension programs (e.g., 
an unsustainable increase in public pension benefits or critical tax evasion) could off‑
set many of the potential demographic dividends. For example, if most of the increases 
in labor supply are concentrated in the informal sector, which does not contribute to so‑
cial security finances, it can cause imbalances and a decline in public welfare. The most 
significant factors for sustainable development demographic variables are represented 
by both the qualitative and the quantitative parameters of the working‑age population. 
But the age dependency ratio is not the only demographic characteristic that matters. 
Fertility and mortality fluctuations affect the average life expectancy and determine the 
age distribution between the population strata. Even though increased life expectancy 
is interconnected with life quality, it usually reshapes public finances and potentially 
induces a tax burden. The quality of human capital depends on aggregate public and 
private productive expenses. Thus, the model of sustainable economic growth should 
combine the parameters related to human and physical capital creation.
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Development trends in advanced, emerging‑market, and third‑world economies are 
incomparable. Moreover, in the above groups, a sub‑group of commodity economies 
should be specified regarding a wide range of factors. Even though all economies are 
dependent on the same endogenous development triggers, the scale and the proportion 
of those growth determinants significantly vary. In this study, we primarily examine 
advanced (OECD member‑states) as well as some emerging, post‑Soviet (Armenia, Be‑
larus, Bulgaria, Croatia, Georgia, Kazakhstan, Romania, the Russian Federation, and 
Ukraine) economies over the periods of institutional transformation and sustainable 
growth. We reveal the overall dual impact on economic development of an expansion 
in the working‑age population stratum and the increased life expectancy.

Literature review

Rethinking Romer’s (1990) conceptual model of endogenous technical change, Malm‑
berg (1994) proposed combining it with human capital and the life‑cycle of savings 
theories. He also argued that the population’s age structure was crucial. Due to the 
profound analysis of the changes in financial behavior and human capital accumu‑
lation over the life‑cycle, a theory of the age pattern of economic growth effects was 
highlighted. Bloom, Canning, and Sevilla (2001; 2003) examined the impact of pop‑
ulation change on economic growth, regarding the alternative positions that popu‑
lation growth restricted, promoted, or appeared to be neutral to economic growth 
trends. They identified not only the impact of the size and growth rate of the popula‑
tion on economic performance but the effects of the age structure. The agents’ behav‑
ior was described as being highly dependent on the structure. They concluded that, 
on the concept of a demographic dividend, the effect of an optimal working‑age pop‑
ulation combined with health care, and educational, financial, and human capital pol‑
icies could initiate decent cycles of wealth creation. 

Due to the enormous range of empirical cases, the evidence on the relevance 
of the shifts in the age structure for economic growth was highlighted. The concept 
of a demographic dividend was further developed by Bloom et al. (2007; 2009). The 
age structure was considered to be a crucial determinant of economic growth and 
the main forecast objective. Boucekkine, de la Croix, and Licandro (2002) identi‑
fied and empirically proved that endogenous economic growth was caused by the 
accumulation of generation‑specific human capital. While preferable shifts in the 
survival probabilities resulted in an extended schooling period and later retirement, 
their effect on economic growth was ambiguous. Demographic variables had sig‑
nificant medium‑term economic effects, but the numerical interdependencies in the 
long‑run did not appear to be robust. Kozlovskyi et al. (2019) pointed out the es‑
sence of economic security management for an emerging economy under conditions 
of globalization. The interrelation between security issues and life quality dynamics 
was generally revealed.
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Lee (2001; 2003) summarized the main evidence of the demographic transition 
and the related issues over the last three centuries. Considering the retrospective data 
on the multiple interrelations between population shifts and fiscal policy performance, 
he sketched the possible demographic changes and their economic consequences for 
advanced and emerging markets. Taking human capital theory into account, numer‑
ous papers are dedicated to the essential social and demographic determinants of both 
economic and population growth. Gador (2012) revealed the empirical validity of the 
main demographic theories and their relevance for a sound understanding of the tran‑
sition from the stagnation phase to sustainable growth. A significant increase in the 
demand for human capital in the development process was suggested as being the main 
trigger for fertility reduction as well as the transition to the present growth rates. 

Acemoglu and Johnson (2007) and Hansen and Lønstrup (2015) proved that an in‑
crease in life expectancy over the second half of the 20th century simultaneously reduced 
the real GDP per capita growth rate and fostered population growth. That dual conclu‑
sion was based on the fact that, due to medical breakthroughs, many advanced coun‑
tries have experienced high growth rates in life expectancy and population size, and low 
growth rates in per capita GDP. Based on empirical evidence from Western economies 
during the past century, Fernihough (2017) revealed the importance of the demographic 
transition as a support mechanism for the growth of human capital. The impact of ed‑
ucation on fertility rates and human capital accumulation was also investigated.

Lucas Jr. (2015) examined the aggregate innovative potential of the nation as a re‑
sult of knowledge creation based on consistent schooling and skills improvement. 
Meanwhile, the actual role of knowledge management was dependent on the initial 
level of the country’s economic development and the quality of the institutional frame‑
work. Barro and Lee (2013) investigated how output was related to the stock of human 
capital, which was determined by the total years of schooling and by the composition 
of the workers’ educational attainment. Education had a significantly positive effect 
on the output dynamics, optimizing the endogenous interrelations between the main 
components of economic growth.

Significant conclusions were made regarding human capital production. Using panel 
data, Pelinescu (2015) proved the value of a good education and a flexible training system 
for sustainable economic growth. Knowledge diffusion in manufacturing goods and ser‑
vices, creative industries, and concrete efforts to establish a research‑intensive economy 
were identified as the main triggers responsible for long‑term development. Hanushek 
(2015) examined the possibilities for a tertiary education‑based improvement in public 
production. No statistically significant interdependencies between the indicators men‑
tioned were revealed. Nevertheless, reasonable effects of education were observed. Ahsan 
and Haque (2017) refuted the hypothesis that the years of schooling were unrelated to eco‑
nomic growth. According to their empirical study, a decisive influence of education could 
be discerned after a particular economy exceeds a threshold development level.

Using a growth model with integrated variables from the supply and demand side, 
Teixeira and Queirós (2016) assessed the direct and indirect effects of human capital 
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on output growth, including the interaction of human capital with the country’s in‑
dustrial specialization. Both human capital dynamics and the country’s productive 
specialization were identified as the main economic growth determinants. 

Economic development was strongly influenced by the composite effect of human 
capital applications and structural change in high knowledge‑intensive industries. 
Meanwhile, the sign of the observed effect depended on the type of economic model 
and the analyzed period. Over a long‑time period (1960–2011), the cumulative impact 
of the interaction between human capital and structural change appeared to be posi‑
tive for OECD countries. Nagarajan, Teixeira, and Silva (2016) reviewed the literature 
regarding the aging population and its integral impact on economic growth, and they 
discovered the main mechanisms by which aging affected development. 

Applying different mathematical methods, Uddin, Alam, and Gow (2016) investi‑
gated population saving behavior regarding age structure, dependency ratio, savings 
rate, and real GDP. The negative effect of population aging on advanced economies was 
statistically proved. Meanwhile, McGrath (2016) concluded that the indicators of GDP, 
capital stock, and human capital were co‑integrated. While the causalities from GDP 
to capital stock and from capital stock to human capital were bidirectional, the cau‑
sality from GDP to human capital appeared to be unidirectional, but not vice versa. 
As a result, the initial hypothesis that economic growth was caused by human capital 
has been generally refuted.

Focusing on the differences in the mortality rate for comparative development, 
Cervellati and Sunde (2015) proposed a unified growth theory – covering both demo‑
graphic and economic issues – and investigated the demographic transition’s mechan‑
ics. The results explained an essential part of the differences in economic development 
(e.g., the timing of the takeoff) across countries under study and the worldwide den‑
sity distribution of the main demographic variables.

Acemoglu and Restrepo (2017) disputed the negative effects of an aging popu‑
lation on economic development. The main theoretical statements on the possible 
negative effects of an aging population on economic growth were empirically inves‑
tigated. Both the lower labor force participation and productivity decreasing of the 
older employees were considered. The hypothesis that aging had a negative impact 
on the savings‑to‑investment ratio and led to so‑called secular stagnation was not 
supported. It should be mentioned that the authors applied a rather unusual meth‑
odology: all the population over 50 was identified as “aged,” irrespective of the per‑
son’s production activity and economic behavior. Cooley, Henriksen, and Nusbaum 
(2019) identified persistent deceleration in economic growth rates of the four largest 
advanced economies in Europe caused by a shift in the age‑cohort distribution. De‑
fining the impact of complex demographic factors on economic development, they 
revealed some interdependencies between the total factor productivity, capital ac‑
cumulation, labor supply, and population growth. They proved that the effects of an 
aging population on economic growth distorted individual factor‑supply choices re‑
garding the pension systems. 
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Ahmad and Khan (2019) empirically investigated whether the demographic tran‑
sition and the dynamics of human capital mattered for economic growth for a repre‑
sentative sample of the developing world. The positive lagged contribution of the eco‑
nomically active population and the labor force participation rate in economic growth 
were identified. Kozlovskyi et al. (2018) investigated the Ukrainian agrarian sector’s 
regional peculiarities in the context of sustainable development. As an essential pre‑
condition for economic growth, they highlighted a strong interconnection between 
sound management in the above sphere and the human capital quality.

Regarding the shift in advanced countries from industrial to knowledge economies, 
Faggian, Partridge, and Malecki (2017) investigated the underlying causes of endog‑
enous economic development. The main prerequisites for growth were defined as in‑
tensified creativity, an entrepreneurship environment, and expanded human capital; 
those factors were linked to the demographic parameters of the nation. While the in‑
terrelation between human capital (measured by educational attainment) and busi‑
ness environment (characterized by the intensity of small and medium‑sized firms) 
appeared to be statistically interconnected with subsequent growth, other factors (e.g., 
the share of creative class workers, the share of advanced technology industries, etc.) 
were described as insignificant. Meanwhile, Cuaresma et al. (2018) assessed the po‑
tential contribution of future educational attainment to economic growth and income 
convergence. They suggested that income convergence dynamics and human capital 
acted as important drivers for real income growth.

The aims

This paper investigates the interrelation between selected demographic variables and 
the main economic variables regarding OECD and some developing countries. The 
possible and predicted demographic dividends and the general character of the im‑
pact of the demographic transition on economic development processes are exam‑
ined. We try to find effective public management measures regarding the highlighted 
demographic trends.

Methods and data

Sustainable economic development is dependent on a dynamic interrelation between 
economic and demographic factors. Their overall effect is described by a production 
function (1):

	 ( )1 2, , , ,nY f x x x=  	 (1)
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where Y – the national production capacity or annual economic growth;
x1, x2, …, xn – the most essential economic and demographic factors.
Those factors are deeply interconnected with the category of human capital. Mean‑
while, all the significant elements of the aforementioned category are mostly insepara‑
ble and overlap. In our investigation, public production is defined by the Cobb‑Doug‑
las function (2).

	 ,ij ij ij ijY A L Kα β= ∗ ∗ 	 (2)

where
Yij – real GDP of country j in the year i;
Aij – the total factor productivity coefficient of country j in year i;
Lij – the labor input of country j in year i;
Kij – the capital input of country j in year i;
α, β – the output elasticities of labor and capital, respectively, while α + β = 1.
In present conditions, all production factors should be regarded as imperfect comple‑
ments. Public welfare could be described by the real annual GDP per capita growth 
rate. The latter is dependent on the main productive factors, namely, physical and hu‑
man capital. If the real GDP per capita growth rate is decomposed into several con‑
ditionally independent variables, multiplicative function (2) can be transformed into 
an additive one (3):

	 ij 0 1 ij 2 3growt demogr hum_cap contr ,ij ijγ γ γ γ ε= + + + + 	 (3)

where
growthij – the real GDP per capita growth rate of country j in year i;
demogrij – the demographic variables of country j in year i;
hum_capij – the other human capital variables (indirectly related to the demographic 
ones) of country j in year i;
contrij – the economic controls (related to the physical capital) of country j in year i.
The OLS method was applied to evaluate the overall impact of demographic and other 
selected determinants on economic development.

Demographic variables are traditionally associated with fertility and mortali‑
ty rates. Broadly, the population’s dynamics depend not only on natural factors but 
on mechanical ones as well (e.g., migration). We strongly believe that the overall demo‑
graphic impact on economic growth is represented by the permanent changes in the 
working‑age population stratum and expected life span dynamics. So, the demograph‑
ic variables of our study consist of the working‑age population growth rate (WAPopgr) 
and the average life expectancy growth rate (LifeExpgr). The other human‑capital‑re‑
lated essential economic growth determinant is represented by the composite pub‑
lic and private expenses on research and development activities (RD%GDP), regarded 
as a percentage of GDP.
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In addition, we impose two economic controls: public expenditures (PubExp%GDP) 
and total investment (TInv%GDP) as percentages of GDP. Public spending characteriz‑
es the scale of GDP redistribution and the government’s role in welfare creation pro‑
cesses. That variable aggregates both the productive expenses (related to human cap‑
ital formation) and the other expenditures with an ambiguous impact on economic 
growth (regarded as unproductive). Aggregating public and private financial activity 
simultaneously, the total investment indicator is related primarily to the physical cap‑
ital production of the Cobb–Douglas function.

We used a panel data analysis over the period 1990–2017. The sample included the 
economies of the OECD countries (excluding Columbia) and the economies of Arme‑
nia, Belarus, Bulgaria, Croatia, Georgia, Kazakhstan, Romania, the Russian Federa‑
tion, and Ukraine. Due to a critical lack of information on several emerging markets 
in the early 1990s, the panel data was unbalanced. Because the vast majority of the 
studied emerging economies successfully conducted institutional and structural re‑
forms before joining the EU (and its principal formation ended around 2004–2005), 
we examined two periods: 1990–2004 and 2005–2017.

The main sources of our empirical data were the databases of the World Bank and 
the IMF. Some essential data were drawn from the databases of the OECD and the 
European Commission. Summary statistics data for the sample regarding the three 
periods are presented in Table 1.

Table 1. Summary statistics

Variables Period Observations Mean Standard deviation Max Min

GDPpcgr

1990–2017 1032 2.35 3.64 23.99 –14.56
1990–2004 465 2.89 3.25 15.31 –12.16
2005–2017 567 1.90 3.88 23.99 –14.56

LifeExpgr

1990–2017 1032 0.31 0.38 2.34 –1.59
1990–2004 465 0.31 0.37 2.34 –1.59
2005–2017 567 0.30 0.38 2.10 –1.03

WAPopgr

1990–2017 1032 0.34 0.94 4.93 –4.08
1990–2004 465 0.48 0.85 4.93 –4.08
2005–2017 567 0.23 1.00 3.03 –2.48

R&D%GDP

1990–2017 1032 1.52 0.94 4.58 0.08
1990–2004 465 1.41 0.81 4.19 0.19
2005–2017 567 1.60 1.03 4.58 0.08

PubExp%GDP

1990–2017 1032 41.39 9.47 68.03 13.79
1990–2004 465 42.22 9.89 68.03 13.79
2005–2017 567 40.71 9.06 65.05 18.63

TInv%GDP

1990–2017 1032 23.70 4.59 43.81 10.22
1990–2004 465 23.70 4.01 39.02 11.89
2005–2017 567 23.71 5.02 43.81 10.22

Source: authors’ own calculation based on The International Monetary Fund Database (2019), The World 
Bank Open Data (2019), The European Commission Database (2019), and The OECD Data (2019).
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Over the period 1990–2017, all the analyzed indicators varied significantly. While 
the volatility – characterized by  the standard deviation – of  the public expendi‑
tures‑to‑GDP ratio reduced slightly, the volatility of the other examined indexes in‑
creased. Meanwhile, the aforementioned ratio was characterized by the highest stand‑
ard deviation, which equaled 9.47%. This was due to the remarkable differences in the 
sampled countries’ institutional framework, fiscal policies, and economic models.

Results

Sustainable growth is described as the ultimate and primary objective of an econom‑
ic policy in the long‑run. Different demographic variables are traditionally integrated 
into development programs and strategies as their most significant indices. Yet, the 
actual role of the population’s characteristics as the growth triggers remains unknown. 
Set by the authorities due to electoral obligations and commitments regarding the 
mutual interconnection between political and business cycles, some declarative goals 
in the distinct fields (e.g., demographics, public finances, etc.) can contradict each oth‑
er and deteriorate the analyzed system’s overall effect. Given the above, a complex nu‑
merical investigation of the contribution of both demographic and non‑demographic 
factors to economic growth was carried out.

Sanchez‑Romero, Lee, and Prskawetz (2018) pointed out that differences in life ex‑
pectancy are observed not only between different countries but between high and low 
socioeconomic groups as well. That hypothesis is extremely important when societies 
with significant inequalities are analyzed. However, in our investigation, both life ex‑
pectancy and economic development indicators are regarded as the universal charac‑
teristics of a particular nation’s population. Figure 1 represents the interrelation be‑
tween the mean GDP per capita (expressed in current US $) and total life expectancy 
at birth (expressed in years) in the sample over the period 1990–2017. The observed 
interdependency appeared to be statistically significant and quite robust (R2 = 0.58). 
Regarding the empirical data on the mean GDP per capita, the sample was divided 
into three sub‑samples. The 1st sub‑sample included countries with a mean GDP per 
capita lower than US $12,500.00; the 2nd sub‑sample – countries with a mean GDP 
per capita from US $12,500.01 to US $37,500.00; the 3rd sub‑sample – countries with 
a mean GDP per capita higher than US $37,500.01.
The vast majority of post‑Soviet countries were included in the 1st sub‑sample due 
to their rather unfavorable endogenous social and economic conditions in the ear‑
ly 1990s. The 1st sub‑sample also included Chile, Mexico, and Turkey. Meanwhile, 
over the entire period, Slovenia appeared to be the only post‑Soviet country with 
a sufficiently high average GDP per capita that was equal to US $16,221.94. Con‑
sidering the entire sample, the countries of the 1st sub‑sample were characterized 
by the lowest average life expectancy; the indicator varied from 67.47 years in Ka‑
zakhstan to 75.64 years in the Czech Republic. The average life expectancy in Slove‑
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nia (77.03 years) was slightly lower than in Chile (77.08 years). In the 2nd and the 3rd 
sub‑samples, the interconnection was generally the same, but its statistical density 
appeared to be weaker. The highest average life expectancy at birth was observed in Ja‑
pan (81.60 years). Australia, Italy, and Spain (from the 2nd sub‑sample) as well as Ice‑
land, Sweden, and Switzerland (from the 3rd sub‑sample) formed a group of countries 
with an average life expectancy that exceeded 80.00 years. Kazakhstan, the Russian 
Federation, and Ukraine formed a group of countries with the lowest average life ex‑
pectancy, which did not exceed 70.00 years. The group was also characterized by the 
lowest average GDP per capita.

Figure 1. The average GDP per capita (US $) and total life expectancy at birth (years) in selected 
countries over the period 1990–2017 
Source: authors’ own calculation based on The World Bank Open Data (2019).

In the entire sample, Luxembourg was characterized by an enormously high mean 
GDP per capita that was equal to US $75,070.34. The indicator rose significantly from 
US $34,645.14 in 1990 to US $104,498.74 in 2017. The life expectancy indicator varied 
from 75.01 years to 82.69 years, respectively. We did not exclude the data on Luxem‑
bourg from the entire sample, but that fact was considered important for subsequent 
analysis. It should be specifically mentioned that the standard deviation of average 
life expectancy at birth was equal to 3.96 years, while the standard deviation of mean 
GDP per capita equaled US $17,630.46. Over the investigated period, the total life ex‑
pectancy at birth in most advanced countries has reached the biological limits. The 
level of GDP per capita varied significantly. The results of the above analyses should 
be proved in a further investigation.
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As it was numerically proved, demographic variables have fundamentally affected 
economic development. Bloom et al. (2007) demonstrated that an increase in popula‑
tion was primarily observed in the non‑working‑age stratum, affecting both consump‑
tion and investment behavior and reducing economic growth. According to Pasichnyi 
et al. (2017; 2019), in both advanced and emerging markets economies, an increase 
in the total population had a significantly negative impact on their development. That 
situation was generally caused by negative shifts in the population’s age structure. The 
influence of the human development index on the resultative variable unexpectedly 
appeared to be negative as well. That requires further investigations.

Considering the sample and the time scale, the real GDP per capita growth rates 
were unsustainable and hugely dependent on the mutual interconnections between the 
economic development determinants. Over the period 1990–2017, all the analyzed var‑
iables appeared to be statistically significant (see Table 2, OLS1), while the investigated 
demographic variables were negative to economic growth. If the average life expectan‑
cy increased by 1.00%, the decline in real GDP per capita was equal to 1.23%. It should 
be specifically mentioned that the life expectancy growth rate was characterized by the 
lowest volatility. Its standard deviation equaled 0.31% and showed a slight growth over 
the period in almost all countries in the sample. The most rapid decline in the ana‑
lyzed indicator was observed in Iceland in 1995. It was accomplished by a reduction 
in the real GDP per capita growth rate. The examined indexes were equal to –1.59% 
and –0.43%, respectively. Meanwhile, over the entire period, the highest life expec‑
tancy growth rate was identified in Croatia in 2001. It was associated with rather high 
economic growth. The investigated variables equaled 2.34% and 7.51%, respectively. 
The interconnection between the indicators was uneven and ambiguous due to the 
complex nature of the life expectancy growth rate, which was simultaneously related 
to the life quality and the public finances’ architectonics.

Considering the periods of 1990–2004 (OLS2) and 2005–2017 (OLS3), the impact 
of the life expectancy growth rate on economic development was negative and stat‑
ically significant in both cases. Thus, an increase in the life expectancy growth rate 
by 1.00% reduced the real GDP per capita growth rate by 0.36% and 1.85%, respective‑
ly. This difference could be caused by a lack of information on some emerging econo‑
mies over the period 1990–1995.

Unexpectedly, over the entire period, the working‑age population growth rate ap‑
peared to be negative to economic growth. Between 1990 and 2004, if the working‑age 
population growth rate increased by 1.00%, the real GDP per capita growth rates fell 
by 0.94%. However, considering the same time‑scale, this variable was statistically in‑
significant. Between 2005 and 2017, if the working‑age population grew by 1.00%, the 
real GDP per capita growth rate fell by 0.63%. And the interconnection between the 
variables was statistically significant. As a result, between 1990 and 2017, the intercon‑
nection mattered and was negative. If the working‑age population increased by 1.00%, 
the respective reduction in GDP per capita growth rate equaled 0.59%. Over the entire 
period, the average annual working‑age population expansion equaled 0.34%, while 
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the standard deviation equaled 0.94%. Regarding the periods 1990–2004 and 2005–
2017, the average annual working‑age population growth rates equaled 0.48% and 
0.23%, respectively. Summarizing the above, it should be mentioned that an insuffi‑
cient increase in the working‑age stratum accomplished by sustainable life expectan‑
cy growth causes population aging.

Table 2. Regressions of economic growth on demographic variables and controls, the sample  
of 45 countries, 1990–2017, unbalanced panel

Variables
Period

OLS1 OLS2 OLS3

LifeExpgr
–1.2331 –0.3551 –1.8471

(0.268) (0.366) (0.367)

WAPopgr
–0.5891 –0.940 –0.6311

(0.109) (0.162) (0.147)

R&D%GDP
–0.4521 –0.5511 –0.226
(0.113) (0.177) (0.147)

PubExp%GDP
–0.0741 –0.0781 –0.0901

(0.012) (0.015) (0.018)

TInv%GDP
0.2351 0.1191 0.2891

(0.023) (0.035) (0.030)
R2 0.216 0.195 0.273
N 1032 465 567

Notes: The numbers in parentheses are the standard errors of the estimated parameters.  
‘1’ denotes significance at the 1 percent level. R2 represents the adjusted coefficient of determination.
Source: the authors’ own calculation based on The International Monetary Fund Database (2019),  
The World Bank Open Data (2019), The European Commission Database (2019),  
and The OECD Data (2019).

Research and development (R&D) expenditures denote both public and private pro‑
ductive spending, closely associated with an increase in human capital. Thus, the ex‑
amined interconnection between R&D expenditures and the actual economic devel‑
opment level depended on many determinants. In general, R&D expenditures are 
considered to be productive, but their overall effect on the national economy’s devel‑
opment level should be examined properly. The composite structure of R&D expendi‑
tures can contradict the main aims of economic development. Theoretically, if the most 
significant economic advantages were received via direct government grants, the na‑
tional economy could be deemed paternalistic. 

Meanwhile, the empirical data proved that the achieved economic development 
level was indifferent and slightly negatively interconnected with economic growth. 
Surprisingly, over the entire period, an increase in the R&D expenditures‑to‑GDP 
ratio by 1.00% reduced the real GDP growth rates. And, in that case, the average an‑
nual decline in the resulting variable was equal to 0.45%. Considering the selected 
time periods, the dynamic interrelation between the R&D expenditures‑to‑GDP ratio 
and the real GDP per capita growth rate was significant over the period 1990–2004. 
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When the empirical base of our study was expanded to include some emerging East‑
ern and Central European economies, the statistical significance of the investigated 
interconnection rapidly declined and appeared to be insignificant. Regarding the pe‑
riod 1990–2004, an increase in the R&D expenditures‑to‑GDP ratio by 1.00% was 
interconnected with a reduction in the GDP per capita growth rate, which was equal 
to 0.55%. As previously written, over the period 2005–2017, the observed interrelation 
between the R&D expenditures‑to‑GDP ratio and the real economic growth rate ap‑
peared to be statistically insignificant. The standard deviation of the investigated hu‑
man capital‑related variable equaled 0.94%. Regarding the different time periods, that 
specific characteristic grew from 0.81% to 1.03%.

According to Barro and Sala‑i‑Martin (2003), the total public expenditures could 
and should be divided into two separate groups, productive and non‑productive, con‑
sidering their overall impact on production dynamics. Based on the empirical data, 
the dominance of non‑productive public expenditures causes a decline in the real GDP 
per capita growth rate. The public spending‑to‑GDP ratio variable was generally neg‑
ative to economic growth regarding the selected time‑scales. Moreover, the negative 
impact of the investigated independent variable was observed for both advanced and 
emerging market economies. The variable was hugely dependent on the model of the 
national economy and the quality of the institutional framework. Due to the extended 
time period and the quality of the sample, one can see that the public spending‑to‑GDP 
ratio varied widely. Its standard deviation changed from 9.89% to 9.06%.

It should be specifically mentioned that R&D expenditures are hugely dependent 
on their inherent structure. If the structure was rigid, it could be characterized as an 
intrinsic aspect of the public spending policy. In emerging economies in the early 
1990s, the latter was closely interconnected with the doctrine of paternalistic public 
finances. Thus, public spending was often determined by the political rather than the 
economic cycle. The electoral promises – both at the local and national levels – affect‑
ed the economic performance and quite often deteriorated it.

In general, the total investment indicator – represented by the composite public 
and private financial efforts – positively affected the growth processes. Over the pe‑
riod 1990–2017, an increase of 1.00% in the total investment‑to‑GDP ratio was ac‑
complished by the simultaneous increase in the real GDP per capita growth rate that 
was equal to 0.24%. The overall effect of investment over the period 1990–2004 (with 
a respective coefficient that equaled 0.12%) was less significant compared with the 
respective indicator over the period 2005–2017 (with a  respective coefficient that 
equaled 0.29%). This proved that the composition of the investment recourses real‑
ly mattered. Regarding all the analytical periods in the investigated model, the total 
investment‑to‑GDP ratio was the only variable that showed a sustainable positive in‑
fluence on production.

The interrelation between the working‑age population stratum and the out‑
put growth rate should be investigated properly. The interdependency is shown 
in Figure 2.
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Figure 2. The average working‑age population stratum growth rate and the average real GDP per capita 
growth rate in selected countries over the 1990–2017 period, %
Source: authors’ own calculation based on The World Bank Open Data (2019).

In terms of the real GDP per capita growth rates, over the period 1990–2017, Ukraine 
maintained a unique position with simultaneous negative average output dynamics 
and a decline in the economic active population stratum. Some of the investigated ad‑
vanced countries, namely Germany, Italy, and Japan, were characterized by positive 
GDP dynamics accomplished by a decrease in the working‑age population stratum 
growth rate. Meanwhile, the influence of the average working‑age population stratum 
growth rate on the output dynamics was ambiguous. There were many emerging mar‑
ket economies (Armenia, Bulgaria, Estonia, Georgia, Hungary, Latvia, Lithuania, Ro‑
mania, Russian Federation) with a negative working‑age population stratum growth 
rate, while the respective output dynamics was positive. A number of advanced econ‑
omies were characterized by a positive working‑age population stratum growth rate. 
Poland, Ireland, and South Korea should be mentioned as the countries with the best 
indicators of population and output dynamics. The working‑age population stratum 
should be considered the most productive, regarding the structure. Future studies 
should focus on the population’s productive capacity.

The legislative framework was essential, as it had an important impact on the agents’ 
behavior and considering macroeconomic efficiency. If the terms of the national leg‑
islation were regarded as acceptable for the vast majority of the agents involved, pub‑
lic governance would achieve the best performance. Meanwhile, unfavorable national 
fiscal legislation fostered migration processes due to the Tiebout hypothesis and de‑
creased the national economy’s final results. So, a significant increase in the popula‑
tion’s quality of life was closely interconnected with public governance and the respec‑
tive formal institutional framework.
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Discussion

Based on the empirical data, one can see that over the past three decades, economic de‑
velopment has been hugely dependent on different demographic variables. Meanwhile, 
the examined social and demographic indicators – the working‑age population and the 
average life expectancy growth rates – had a rather negative impact on the output growth 
rates. In the case of the adverse interrelation between the working‑age population and 
the real GDP growth rates, a possible explanation can be derived from the quality of the 
labor force. In our investigation, the working‑age stratum of the population was defined 
according to the International Labour Organisation methodology; however, people aged 
from 15 to 64 objectively possess incomparable working abilities and competencies. The 
observed expansions in the above stratum could be caused by increases in the low‑skilled 
and unskilled sub‑strata. The latter was described by relatively poor productive capaci‑
ties and a rather insignificant contribution to public production. Further investigation 
should cover the structural peculiarities of the working‑age stratum.

The overall negative impact of an extended life expectancy can be explained due 
to the same changes in the population’s distribution through the age strata. In ad‑
vanced and emerging market economies, longevity is directly connected to the tax 
burden: increased life expectancy induces payments related to social contributions. 
A very aged population is characterized by significant medical and recreation spend‑
ing – both public and private – in GDP. Moreover, the dynamics of investment and 
consumption behavior are hugely dependent on the population’s age structure. At the 
same time, longevity was described as a natural and direct consequence of high eco‑
nomic development.

In this article, the indirect human‑capital‑related economic growth determinant 
was represented by the share of R&D expenditures in GDP. In modern economic 
discourse, R&D expenditures are traditionally defined as productive. Nevertheless, 
in our study, an increase in R&D spending was associated with a downtrend in pub‑
lic production. The possible explanation was interconnected with the structure of the 
aforementioned expenditures. In several countries, R&D expenditures were primarily 
financed through public funds. If the structure of government spending was infirm, 
the efficiency of public spending declined significantly. However, the possible solution 
was closely interconnected with the R&D activities and private business convergence. 
If scientific decision‑makers were connected to the business programs, their overall 
effect could be generally high. If the R&D activities were unconnected to the public 
needs, real GDP would be crucially reduced.

Demographic sustainability should be integrated into the national economic doc‑
trine and determined as society’s ability to automatically support and – using implic‑
it compensators – restore its own structure in the context of social stratification. This 
would refer to a set of significant parameters, including the level of economic activity 
as well as educational, professional, and competence training. Demographic sustaina‑
bility optimizes productivity proportions of intellectual and physical capital, provides 
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intensification and continuity of production, and increases the welfare of the popu‑
lation. The complex demographic factors, in particular, the working‑age population 
and the average life expectancy growth rates, heavily influence long‑term economic 
growth. Demographic sustainability should be defined as a strategic task for nation‑
al socio‑economic policy. To achieve demographic sustainability, tight coordination 
of social, fiscal, migration, and cultural policies is required.

Conclusion

Public production can be described as a complicated multidimensional process that 
is highly dependent on a set of social, demographic, and economic factors. People in‑
fluence economic dynamics enormously as they are simultaneously producers and 
consumers of goods and services. The demographic factors contribute to economic de‑
velopment, and the character of their influence should be investigated properly. We ex‑
amined the OECD countries (excluding Columbia) and Armenia, Belarus, Bulgaria, 
Croatia, Georgia, Kazakhstan, Romania, the Russian Federation, and Ukraine over the 
period 1990–2017. Our initial hypothesis was that demographic factors significantly 
affected production proportions, determining development vectors. However, the ob‑
served demographic variables appeared to be slightly interconnected with the output 
dynamics, regarding both advanced and developing countries. The possible and pre‑
dicted demographic dividends and the general character of the demographic transi‑
tion’s impact on the economic development processes in the OECD member‑states and 
selected developing countries were examined. Potential public management measures 
regarding the highlighted demographic trends were proposed.

Providing comprehensive research, we pointed out some dependencies between the 
GDP per capita growth rates and the selected demographic variables (the working‑age 
stratum and expected life‑span growth rates). We examined states with relatively low, 
medium, and high development levels. Considering the fact that average life expec‑
tancy in the sample was generally dependent on the achieved economic development, 
some conclusions were reached. In the emerging market countries (e.g., some of the 
post‑Soviet states, as well as Chile, Mexico, and Turkey), the adverse interdependencies 
between the extended life expectancy and the output dynamics were primarily caused 
by the quality of the institutional framework. In the advanced countries (the OECD 
member‑states), this interrelation appeared negative, too. However, the possible ex‑
planation was that the life‑span in those cases had reached biological limits; economic 
growth in the developed countries was considerably slower than in developing ones. 
In case of the adverse impact of the working‑age stratum on the output dynamics, 
it was not only the quantity that mattered but the actual quality, as well. Even though 
the impact of both demographic variables that were studied appeared not to be robust 
for the entire sample, further research in the aforementioned area with respect to the 
national economy’s peculiarities would be mattered.
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In this investigation, we considered there to be three main groups of impact fac‑
tors on economic growth. The 1st group was demographic factors that directly related 
to the quality of human capital. This group included the working‑age population and 
the average life expectancy growth rates. The 2nd group was closely connected to hu‑
man capital and knowledge management, but indirectly. The investigated variable re‑
ferred to the R&D expenditures‑to‑GDP ratio. The 3rd group was economic controls 
that primarily related to physical capital: the public spending‑to‑GDP and total in‑
vestment‑to‑GDP ratios. The entire period was divided into two separate periods, i.e., 
1990–2004 and 2005–2017.

The total sample was divided into three sub‑samples that took into consideration 
average GDP per capita and mean life expectancy. We found that the above econom‑
ic and demographic characteristics were directly interconnected: higher life expec‑
tancy was observed in the most developed countries. Moreover, that connection ap‑
peared to bilateral: significantly high real GDP per capita increased life expectancy. 
We identified three sub‑samples, regarding low, medium, and high average GDP per 
capita. It was proved that countries with the lowest average life expectancy were si‑
multaneously characterized by relatively low real GDP per capita. High life expectan‑
cy was considered the logical and natural consequence of an effective public produc‑
tion structure.

Over the observed periods, the general interdependency – represented by mod‑
el 3 – appeared to be statistically significant and quite robust, while the impact of the 
main indicators varied. The vast majority of the investigated variables had a significant‑
ly negative impact on the scale of public production. An increase in the life expectan‑
cy growth rate by 1.00% reduced the real GDP per capita growth rate by 1.23%. If the 
working‑age population grew by 1.00%, the output was reduced by 0.59%. Surprising‑
ly, an increase in the R&D expenditures‑to‑GDP ratio by 1.00% slowed down the real 
GDP per capita growth rate by 0.45%. An increase in the public spending‑to‑GDP ratio 
by 1.00% reduced the output dynamics by 0.07%. The total investment‑to‑GDP ratio 
was the only independent variable that had a positive influence on public production: 
if the ratio increased by 1.00%, the output was increased by 0.24%.

In the numerous previously mentioned scientific investigations, the impact of de‑
mographic factors was traditionally included in the global influence of human capital 
on economic development. In this particular study, we argued that the effect of de‑
mographics on economic growth could not be identified with the category of human 
capital effect. Even though the active economic agents produced GDP, both the pro‑
duction and the consumption mattered. Human capital was commonly associated with 
production capacity, while demographics determined both the aggregated demand and 
supply. Thus, in this article, we considered the direct and indirect influence of demo‑
graphics on developed and emerging market economies. The “overlapping” of the var‑
iables was not critical but should be considered in future studies. We augmented the 
above separation in this paper, taking the transformation experience of Central and 
Eastern European states into account.
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Regarding the selected time scales, the independent variables had, in general, a sim‑
ilar impact on the output dynamics. Over the period 1990–2004, the impact of the 
working‑age population growth rate on economic development appeared to be statisti‑
cally insignificant. The same results were obtained when the entire sample was divided 
into two sub‑samples, taking the actual development of the examined economies into 
account. The empirical investigation proved there is a robust negative interconnection 
between the observed variables. Meanwhile, the actual impact of demographic varia‑
bles still needs to be investigated properly.
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Streszczenie

Badanie empiryczne wpływu czynników demograficznych na wzrost 
gospodarczy w krajach rozwiniętych i rozwijających się

W artykule zaproponowano zaktualizowane podejście do badania wpływu czynników 
demograficznych na  wzrost gospodarczy. Wstępna hipoteza zakładała, że  czynniki 
te w istotny sposób wpływają na proporcje produkcji, determinując kierunki rozwoju. 
Ramy instytucjonalne uwzględniały przewidywalne zmiany dynamiki produkcji. W ar‑
tykule zbadano, wykorzystując niezbilansowane dane panelowe, istotne statystycznie 
związki między zmiennymi demograficznymi a  wzrostem gospodarczym dla krajów 
OECD (z wyłączeniem Kolumbii) oraz Armenii, Białorusi, Bułgarii, Chorwacji, Gruzji, 
Kazachstanu, Rumunii, Federacji Rosyjskiej i Ukrainy w  latach 1990–2017. Badanie 
miało na  celu podkreślenie związku między kształtowaniem się zmiennych demo‑
graficznych (np. tempa wzrostu populacji w  wieku produkcyjnym i  tempa wzrostu 
średniej długości życia) a wzrostem gospodarczym. Badanie było próbą odpowiedzi 
na  pytanie czy wpływ czynników demograficznych na  gospodarkę był taki sam dla 
badanych krajów rozwiniętych i  rozwijających się. W  omawianym okresie znaczny 
wzrost oczekiwanej długości życia niekorzystnie wpłynął na dynamikę realnego PKB 
per capita. Badanie empiryczne wykazało, że oczekiwana długość życia jest silnie po‑
wiązana z nominalnym PKB per capita. W krajach rozwiniętych ten wskaźnik demo‑
graficzny był znacznie wyższy niż na rynkach wschodzących. Okazało się, że wzrost 
liczby ludności w wieku produkcyjnym radykalnie zmniejszył również dynamikę pro‑
dukcji, ale związek ten nie był silny. Aby uzyskać pozytywne efekty zarządzania pu‑
blicznego w perspektywie długoterminowej, należy uwzględnić ramy instytucjonalne. 
Główne zmienne demograficzne powinny być odpowiednio prognozowane i skalibro‑
wane pod kątem potencjalnych endogenicznych czynników ekonomicznych. Dla osią‑
ganych wskaźników wzrostu gospodarczego ważne są zarówno inwestycje publiczne, 
jak i prywatne. Autorzy sugerują wyważone podejście do polityki makroekonomicznej 
w zakresie uwarunkowań zarówno demograficznych, jak i instytucjonalnych.

Słowa kluczowe: ludność, kapitał ludzki, równowaga demograficzna, ramy 
instytucjonalne, wzrost gospodarczy 




