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Abstract. Standard pay-as-you-go pension system is facing long-term and short-term sustainability 
challenges in several countries. Possible replacement of standard pension system might be in a form 
of private pension savings. Private pension savings are meaningful only if they provide sufficiently 
high returns. The aim of this manuscript is to analyse performance of Slovak pension funds and 
factors impacting this performance, especially government interventions. This manuscript is focused 
on enhanced Carhart four-factor model, Bollen and Busse four-factor model, and Fama and French 
five-factor model based on 23 pension funds from Slovakia from period starting September 2012 
and ending September 2019. These models have been extended by other variables describing bond 
market factors and impact of regulatory interventions on performance of pension funds. Results of 
analysis have proved that legislative interventions have impact on performance of analysed pension 
funds. Each legislative intervention has caused average daily yield to decrease by about 0.01% to 
0.03%. Findings described in this manuscript can contribute to better knowledge of pension funds 
for both contributors who need to decide whether to participate in the second pillar or not, as well 
as for regulators who develop legislation measurements in this area.

Keywords: pension funds, investment performance, Carhart four-factor model, Bollen and Busse 
four-factor model, Fama and French five-factor model, regulatory intervention, bond market fac-
tors, equity market factors, Central and Eastern Europe.
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Introduction

Changes in demographic trends and aging population have negatively affected multiple 
pension systems across Europe. The pay-as-you-go system (PAYG) has been inevitably 
transformed in several countries into private pension savings systems in order to ensure 
the sustainability of pension payments in the future. More than thirty countries – pre-
dominantly in Central and Eastern Europe (CEE) and Latin America – partly replaced 
their public pension systems with mandatory private retirement accounts managed by 
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financial industry during period of mid-1990’s and early 2000’s (Égert , 2012; Guardiancich, 
2013; Madrid, 2003). 

Transition from centrally planned economies to market economies triggered social 
changes and restructure of labour markets especially in CEE. Shifts in structure of labour 
demand increased pressure for early retirement and raised concerns about pension system 
financing. Decreasing fertility levels and increasing life expectancy have accentuated aging of 
population (Bielawska et al., 2017). Proportion of worldwide population aged 60 and more 
would grow from approximately 19% in 2005 to 36% in 2050. Percentage of 60 plus age group 
would reach 38% in Central Europe, 34% in South-Eastern Europe and 36% in the Baltic 
States by 2050 (Cerami, 2011). Same situation occurs in Slovakia with birth rate decreasing 
from 2.1 child in 1990 to 1.3 child in 2000 along with increased life expectancy (Chovancová 
& Bačišin, 2005; Mitková, 2016).

All this evidence indicates that pension systems in CEE countries might have problems 
with paying out pensions guaranteed by state in few decades time. Pension systems hence 
face both short-term and long-term sustainability challenges. Many CEE countries intro-
duced structural reforms shifting towards multi-pillar pension systems with fully funded 
components (Bielawska et al., 2017). Several studies indicate that some countries have per-
formed also pension fund reform reversals e.g. decreased contribution payments or system 
switch from mandatory to optional (Casey, 2014; Drahokoupil & Domonkos, 2012; Naczyk 
& Domonkos, 2016; Price & Rudolph, 2013). Josifidis et al. (2015) shows that financial crisis 
in 2008 slowed down intensity and dynamics of pension systems reforms in European Union. 
Financial crisis and unstable political decisions led to concentration of pension funds in 
market such as in Baltic countries (Medaiskis & Gudaitis, 2017).

Slovakia, like other CEE countries, is facing challenges regarding its pension system due 
to negative trends in demography and complicated labour migration from foreign coun-
tries (Saxunová & Chorvatovičová, 2018). Increased number of domestic contributors and 
also foreign workers could both contribute to the pension system so that it becomes more 
financially sustainable in the future. On January 1, 2005, pension reform with fundamental 
influence on the function of pension system has been introduced in Slovakia. This reform 
has resulted in transformation of one-pillar pension system with set PAYG contributions into 
a pension system with three individual pillars (Orenstein, 2011). 

Since 2003, Slovak pension system has been created by three pillars. The first pillar con-
sists of compulsory pension insurance guaranteed by the state based on continuous pay-
as-you-go (PAYG) system. All citizens reaching mandatory retirement age are entitled to 
payment from the first pillar. The second pillar and the third pillar represent the old-age 
pension savings funded by capitalization and managed by pension management companies. 
The second pillar represents private retirement savings funded by social security contribu-
tions from income. The third pillar represents voluntary private pension saving depending 
solely on contributor.

Rules of Slovak second pillar have been modified several times during period from 2008 
to 2014. As stated by Papík and Kajanová (2016), legislative interventions have modified 
percentage of contributions from 9% (2005) to 4% (2009). Legislation now defines annual 
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increase of 0.25% from 4% in 2016 to 6% in 2024. The second pillar is also no longer manda-
tory for all young citizens entering labour market after 18 years of age. The second pillar is 
now voluntary with multiple periods when contributors were allowed to leave or return from 
private pension savings to the PAYG system only.

Slovak pension funds have undergone several changes. These changes include obligation 
to guarantee nominal value of a pension fund from 2009 and 2012 as a measure against 
financial crisis. Another change is the categorization of existing pension funds from growth 
to equity pension funds, conservative to bond pension funds, and balanced to mixed pension 
funds. During this period, most people have been also automatically transferred from growth 
funds to conservative funds as a result of government intervention.

Despite many government interventions, pension funds allow the first pillar of the 
pension system to decrease its costs and to capitalize savings at the financial markets and 
thus ensure sustainable development of public finances. While retirement pay has been 
increased between 2009 and 2018 by an annual average of 3.4%, stock markets in the same 
period increased on average by 7.7% per annum as measured by the index Euronext 100. 

The aim of this manuscript is to analyse performance of Slovak pension funds and 
factors impacting their performance, especially government interventions. To successfully 
fulfil the aim of this manuscript, Slovak pension system has been analysed. Slovak pen-
sion fund system has experienced many reforms like movement of contributors among 
pension funds, contributors leaving the second pillar or changes in contribution rate. All 
of these adjustments to pension system might have led to changes in its functioning and 
might have impacted performance and return of pension funds. In addition to the aim of 
this manuscript, this manuscript will also analyse impact of adjustments onto the pension 
fund performance. Reforms of pension system in post-communist countries of Central 
and Eastern Europe has taken place in approximately same time and therefore, literature 
review in this manuscript focuses on the most important studies about pension fund per-
formance mainly from the CEE region.  Since Slovak pension funds have had considerable 
portion of their portfolios in bonds which is the result of regulatory interventions from 
2008 and 2009. Due to considerable portion of bonds in portfolios, this manuscript has 
tested impact of government regulations on fund performance models based on equity 
market factors as well as on bond market factors. Due to this reason, literature review 
of this manuscript focuses on existing studies applying different portfolio performance 
models and approaches. This has allowed application of proper methodology for differ-
ent pension fund types. Unlike previous studies, this manuscript applies Carhart, Bollen 
and Busse and Fama and French models on Slovak pension funds which has not been 
analysed before. Furthermore, contrary to other studies, this manuscript combines all 
three aspects impacting fund performance: equity market factors, bond market factors 
and regulatory factors.

Structure of this manuscript is organised as follows: Section 1 contains literature review of 
relevant existing studies. Section 2 describes research used methodology related to measur-
ing of portfolio performance. Section 3 provides description statistics, results of developed 
models and discussion. Last section represents concluding remarks.
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1. Literature review

Pension fund savings have short history in CEE region – pension reforms took place during 
1990’s and first half of 2000’s. Therefore, there are only few studies analysing performance 
of the second pillar managed in private equity portfolios. Study of Antolin (2008) compares 
performance of pension funds across OECD, Latin America and CEE countries. Antolin 
(2008) has determined that performance of pension funds is lower compared to market 
performance in these regions. Different results have been proved on a sample of 26 Lithu-
anian pension funds, with pension funds achieving slightly higher yield when compared to 
benchmark yield along with significantly lower volatility (Kabašinskas et al., 2017). Better 
performance of four mandatory pension funds compared to that of benchmark has been 
initially confirmed also in Croatia (Matek et al., 2015), although recent studies have shown 
rather weak performance of these pension funds (Draženović et al., 2019). Draženović et al. 
(2019) has proved that, between 2015 and 2018, only 5 out of 12 compulsory pension funds 
have achieved comparable or better returns than benchmark. Furthermore, another study 
has proved, that for 10 out of 12 analysed pension funds in Poland, their portfolio managers 
have been unable to adjust managed portfolio to take advantage of market trends, thereby 
underperforming during period from February 2014 to December 2016 (Kurach, 2019). 

Mešťan et al. (2016) has studied low yields of actively managed pension funds in Slo-
vakia. Passively managed pension funds have provided interesting risk-adjusted returns to 
contributors despite their short existence. These funds are available in Slovakia since 2012. 
Chovancová et  al. (2019) has studied relationship between performance of pension fund 
and ratio of assets under management to gross domestic product. Chovancová et al. (2019) 
has confirmed that pension funds are significantly correlated with trends on bond market. 

Pension funds are largely regulated by legislation unlike mutual funds. This regulation 
includes obligation of this pension scheme for contributors in countries with several pen-
sion pillars. Although there has not been available data for duration of more than 10 years to 
study performance of private pension savings at that time, Antolin has proved that legislative 
interventions indeed impose negative impact on fund performance (Antolin, 2008). Study on 
a two-pillar pension system in Poland has been conducted recently by Kurach et al. (2020). 
This study has indicated that government regulations might indeed significantly reduce the 
opportunity to minimize shortfall risks which has direct impact on savings of contributors 
in this pillar and their future retirement pay.

Boon et al. (2018) has proved that performance of pension funds decreases with each 
government intervention for 331 pension funds from the USA, 181 from Canada and 27 from 
Netherlands. Similarly, Witkowska et al. (2019) has proved that legislative intervention is usu-
ally followed by significant increase in portfolio risk which is expressed as increased volatility 
in post-legislative intervention period. Legislation interventions also affect performance of 
pension funds in CEE, specifically in Croatia (Draženović et al., 2019).

Several studies have focused on performance of different portfolio types. For example, 
Blake et al. (2002), Bauer and Kicken (2008) and Khorana et al. (2007) have confirmed dif-
ferences between performance of fixed income funds and equity funds. Alda and Ferruz 
(2012) have proved that Fama and French three factor model and Carhart models may not 
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explain performance of pension funds with significant proportion of fixed income assets. 
Bond market factors have been described and analysed by Fama and French (1993) in their 
three-factor model but impact of these factors on portfolio performance has not been con-
firmed. Nevertheless, these factors have been used by Choi and Kim (2018) and Bektić et al. 
(2019), who have extended the Fama and French five-factor model with variables describing 
returns from fixed income assets.

Disadvantage of many above-mentioned fund studies in CEE is that analysis and compar-
isons of performance comparison is conducted through Sharpe ratio (Sharpe, 1994), CAPM 
(Sharpe, 1964), Sortino ratio (Sortino & Van Der Meer, 1991), Jensen’s alpha (Jensen, 1968) 
or Treynor ratio (Treynor, 1965). Recent studies such as those comparing performance of 
green funds with that of standard funds (Leite & Cortez, 2014; Silva & Cortez, 2016; Marti-
Ballester, 2019, 2020), or studies focusing on comparative performance of funds in regions 
other than CEE (Adami et al., 2014; Boubakri et al., 2016; Sha & Gao, 2019) use Fama and 
French three-factor or five-factor models (Fama & French, 1993, 2015) or Carhart’s model 
(Carhart, 1997). Analysis of funds data from CEE using this methodology would be interest-
ing as well. Comparison between CAPM or Fama and French models proves better results for 
Fama and French models (Galinienė & Butvilas, 2010; Kaya, 2020). Moreover, comparison 
between Carhart’s model and Fama and French five-factor model proves better results for 
Fama and French model for Pakistan (Ali et al. 2019).

2. Research methodology

Research methodology along with more information about data samples and used statistical 
techniques are in following chapters.

2.1. Sample and data preparation

Aim of this manuscript is to analyse performance of Slovak pension funds and factors im-
pacting this performance. Six identified pension fund management companies in Slovakia 
manage 23 pension funds. Dataset includes data from 2009 to 2019. Pension funds included 
in dataset have been categorised into four groups: equity (6), mixed (5), bond (6) and index 
(6) funds. Sample size is comparable with that of other studies from the CEE region or Balkan 
region (Draženović et al., 2019; Kabašinskas et al., 2017; Kurach, 2019; Matek et al., 2015; 
Mešťan et al., 2016).

Equity funds invest mostly into stocks and shares in mutual funds. Equity funds along 
with index funds are considered the riskiest with highest expected returns. Mixed funds own 
combination of government and corporate bonds and equity assets such as stocks and shares 
in other funds and provide stable returns with corresponding level of risk. Bond funds consist 
purely of government or corporate bonds and money market transactions which are less risky 
with lower expected returns. Index funds are the only passively managed funds with lower 
management fee for contributors than actively managed pension funds. Index funds do not 
have any performance fee. Slovak index funds are mostly related to MSCI World Index and 
are considered along with equity funds among the riskiest with highest expected returns. 
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Data consisting of daily actual value of pension units of pension funds has been collected 
for period from 1st January 2009 till 30th September 2019 from the National Bank of Slovakia. 
Daily actual value of pension unit is calculated as net asset value (NAV) to total number of 
contributors. Calculated actual value of pension unit has been then indexed so that sum of 
actual pension units of all pension funds has been 1 in the beginning of analysed period. 

Due to legislation interventions obligating funds to guarantee nominal value of contribu-
tions throughout January 1, 2009 to August 31, 2012, this period has been excluded from 
dataset. All actively managed pension fund types had identical asset structure during that 
time and there has not been any statistically significant difference between amount of bonds 
and equity funds and bond and mixed funds (Papík & Kajanová, 2016). Pension fund man-
agement companies have used this approach to protect nominal value of contributions and to 
guarantee invested nominal value. This has led pension funds to invest into less risky assets 
like government bonds or fixed-term deposits. Therefore, this period has been excluded from 
analysed period of this manuscript.

Daily total return of capitalization-weighted European stock market index Euronext 100 
has been obtained from Bloomberg database. Euronext 100 includes 100 largest and most liq-
uid stocks (blue chip segment of listed stocks) traded at Euronext exchange. Values for daily 
market size, daily book to market ratio, daily momentum risk factors, daily profitability factor 
and daily investment factor for the European market have been collected from Kenneth R. 
French’s data library. Daily risk free rate has been defined as daily yield of 1-month Euribor 
rate of the European Central Bank. Daily yield of 1-month Euribor rate is an alternative to 
American non-risk rate of US Treasury bills. Daily yield of AAA Rated 10-Year Eurozone 
Central Government Bonds and yield of AAA Rated 10-Year Corporate Bonds have been 
obtained from Bloomberg terminal. Information about asset structure of pension funds has 
been collected from annual reports and aggregated for each kind of pension fund. All daily 
data has been obtained for period from 1st September 2012 to 30th September 2019 and an-
nual reports have been collected from 2012 to 2018. 

Data related to regulatory interventions and marching orders has been obtained from the 
National Bank of Slovakia. These data include information about government regulations 
like possibility to leave private pension system or percentage of contribution to pension 
fund system.

2.2. Enhanced model with regulatory and bond market factors

As financial markets have significantly changed since the 1960’s, also other multifactor 
models impacting portfolio performance have been used besides capital asset pricing model 
(CAPM) which provides little information about average returns of portfolios. Instead, Car-
hart four-factor model, Bollen and Busse four-factor model and Fama and French five-factor 
model contain wide variety of profit-impacting factors, e.g. market factor, managerial abilities 
or profitability. Cremers et al. (2012) report statistically significant nonzero alphas in various 
asset pricing models indicating likelihood of alternative factors not captured by common 
multi-factor models. 

Instead of identification of a variable that systematically describes missing variable in 
multi-factor models, it is necessary to identify a variable that randomly influences markets. 
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As an alternative to cyclical market view, there is view where economy is inherently unstable 
and hit by shocks that are responsible not for the cycles as such but rather for their unpre-
dictability (Portier, 2018). 

Two assumptions to detect market instability interactions are: first assumption states that 
markets are globally stable but locally instable, which does not allow detection of global vari-
able for market instability, but some variables for certain local markets might exist. Second 
assumption is that instability of system cannot come from the system itself but comes from 
the outside. Such an example might be regulations and state interventions. 

Slovak private pension system can be defined as a closed system. Contributors who once 
joined the system cannot leave it in the future. Due to government interventions, system in 
Slovakia has been open multiple times for contributors to leave the second pillar. Second type 
of intervention is percentage of contribution, which has been changed several times during 
analysed period. Contribution to the second pillar is mandatory for each contributor who 
has existing contract with any second pillar pension fund management company. Rate of 
contribution is defined by the government (Janać et al., 2016). This rate has been defined as 
4% of the gross salary of contributor until 2016 followed by annual increase of 0.25% until 
2024. In 2024, contribution rate into the second pillar should equal 6% of the contributor’s 
gross salary. Since no legislative interventions have been made for fund management fees in 
Slovakia during analysed period, this variable has not been included. 

Apart from stock market factors describing three-factor model, Fama and French (1993) 
have also studied variables connected to corporate bond market: term premium (TERM) and 
default premium (DEF). As Slovak pension funds include significant portion of fixed income 
assets, index funds which do not include this portion have been tested without variables 
TERM and DEF.

Since Fama and French (1993) study proved that slopes of corporate bond returns are like 
the slopes of stocks, they assumed that stocks share almost all the variation in high-grade 
corporate bond returns leading them to exclude corporate bond factors from their model. 
Study of Choi and Kim (2018) pointed out that anomaly variables of bond portfolios are too 
significant to be described by their hedge ratios with respect to the equity portfolios of the 
same issuers. Repeated application of Fama and French five-factor variables to multifactor 
models has confirmed statistical significance of TERM and DEF variables. Similar results 
were achieved also by Bektić et al. (2019) who studied extended Fama and French five-factor 
model on the European market and who has proved statistical significance of these factors. 
Since latest studies indicate low tracking error on the European markets, this manuscript 
has extended all analysed models by regulatory impact variables, but also by bond market 
factors TERM and DEF. Even though concept of government bond factors application is not 
as widely applied as concept of equity factors, recent studies indicate existence of significant 
government bond factors which should be considered in developed models (Bektić et al., 
2020).

Carhart four factor-model (1997) is based on Fama and French three-factor model with 
additional factor developed by Jegadeesh and Titman’s (1993) one-year momentum variable. 
This model has been recently applied in studies by Alam and Ansari (2020) in order to detect 
size timing abilities in India fund market. In the study of Azizi et al. (2020) this model has 
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achieved higher predictive ability in prediction of portfolio performance than other models 
such as Fama and French three factor model (1993), Fama and French five factor model 
(2015), Brousseau five factor model (2015) or Roy and Shijin six-factor model (2018).

This manuscript extends Carhart four-factor model (1) and has form:

 ( ), , , , , , , ,  p t f t i i MKT m t f t i SMB t i HML t i MOM tr r r r SMB HML MOM− = ∝ +b − +b +b ++b

 , , , , , ,i SLO t i CONT t i TERM t i DEF t i tSLO CONT TERM DEFb + b + b + b + ε  (1)

where rp,t  represents daily total return ,  p tr for pension fund p in time t, ,  f tr is daily risk-free 
rate represented by 1-month Euribor. Daily risk-free rate is a yield an investor would expect 
to receive from absolutely risk-free investment. Variable ,m tr  represents total daily return 
of European stock market index Euronext 100. Variable tSMB  represents daily market size 
calculated as the difference between return of small and large cap stocks, tHML  represents 
daily book to market ratio calculated as the difference between return of high book-to-
market and low book-to-market stocks and tMOM  is the daily momentum risk factor. Some 
studies have not proved momentum variable  tMOM as statistically significant compared to 
original Fama and French three-factor model (Tonks, 2005; Clare et  al., 2010). However, 
when applied to data from CEE region, this model achieved the highest explanatory ability 
for cross-sectional returns and is well-suited for asset pricing in CEE (Zaremba et al., 2019).

Variable tSLO  represents dummy variable which identifies periods when pension system 
has been open and contributors allowed to leave the system. Variable tCONT   stands for 
percentage of contribution contributed from gross salary. 

Variable tTERM  represents term premium factor as the difference between return of 
AAA Rated 10-Year Eurozone Central Government Bond and return on 1-month Euribor 
rate. Calculation of term premium factor corresponds with risk-free rate similar to rate used 
by Fama and French (1993). Variable  tDEF is also aligned with Fama and French (1993) and 
is expressed as default premium factor. It is calculated as the difference between AAA Rated 
10-Year Corporate Bond and AAA Rated 10-Year Eurozone Central Government Bond. 

Variables ,i MKTb , ,i SMBb , ,i HMLb , ,i MOMb , , i SLOb , ,i CONTb , ,  andi TERMb  and ,i DEFb  are esti-
mated coefficients for independent variables and i∝   is coefficient representing average daily 
return of particular pension fund type. The last variable ,i tε  stands for residuals of model for 
pension fund type i in time t.

Statistical software R-studio has been used to estimate parameters of model, namely its 
build-in function for Newey and West’s (1987) method, which is implemented in package 
“Sandwich”. Even if some experimental studies such as Jan and Ayub (2019) estimate model 
parameters by using Artificial Neural Networks, estimation by Newey and West’s method has 
been chosen in this manuscript due to autocorrelation and heteroscedasticity in provided 
models. 

Bollen and Busse four-factor model combines Carhart four factor-model (1997) and find-
ings of Grinblatt and Titman (1994) study. Performance of this model is sensitive to chosen 
benchmark. Bollen and Busse (2001) decided to add squared market timing factor and ex-
tended Bollen and Busse’s model (2) to: 
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 ( ), , , , , , , ,  p t f t p i MKT m t f t i SMB t i HML t i MOM tr r r r SMB HML MOM− = ∝ +b − + b + b ++ b

( )2
2

, , , ,  , , ,,  ,m t f t i SLO t i CONT t i TERM t i DEF t i ti MKT r r SLO CONT TERM DEFb − + b + b + b + b + ε  (2)

where all variables are identical to variables in model (1). Variable ( )2, ,m t f tr r− is market-
timing risk factor and 2,i MKTb  is its coefficients in Newey and West’s method. This variable 
could be statistically significant only for actively managed portfolios. 

Based on Titman et al. (2004) and Novy-Marx (2013) studies, original authors of Fama 
and French three-factor model extended their model and added profitability and investment 
factors. These factors have been added because higher profitability is associated with higher 
future returns and higher investments are followed up by lower average returns. Extended 
Fama and French (2015) five-factor model (3) has following form: 

 ( ), , , , , , , ,  p t f t i i MKT m t f t i SMB t i HML t i RMW tr r r r SMB HML RMW− = ∝ + b − + b + b ++ b

  (3)

where all variables are identical to variables in model (1) and variable tRMW  represents daily 
performance calculated as the difference between return of high and low profitability stocks 
and tCMA  is daily investment factor calculated as the difference between return of stocks 
with low investment ratio and high investment ratio. Variables ,  andi RMWb  ,i CMAb  are their 
coefficients estimated by Newey and West’s method. 

3. Results of analysis

Number of contributors into private pension system in Slovakia reached 1.5 million in Sep-
tember 2019. Once financial crisis has started, second pillar has been open and contributors 
could leave. This has led to decrease to 1.3 million contributors. Currently, number of con-
tributors is slowly increasing and is expected to reach new maximum by 2020. 

Net asset value managed by private pension system equals 9.8 billion Euro as of Septem-
ber 2019. It is the highest amount reported since the beginning of this system in 2004. It is 
caused mainly by an increase of nominal salaries in Slovakia (525 Euro in 2004 and 1,068 
Euro in the third quarter of 2019) as well as by achieving maximum returns of financial 
markets in 2019.

Figure 1 shows structure of financial assets per pension fund type from 2012 to 2018. In-
dex funds have shifted from shares in indexed mutual funds to exchange traded funds (ETF). 
This shift can be explained by broader availability of ETF along with lower fees associated 
with these assets. After 2012, equity and mixed funds have been transformed from funds with 
guaranteed nominal value to actual equity and mixed funds. Equity funds have achieved por-
tion of equity securities (stocks and investments in mutual funds) of 70% compared to initial 
7% out of total assets. Mixed funds have achieved 40% of equity securities up from initial 
5%. Increase in amount of equity securities has caused decrease in bond and money market 
portions of portfolio. Even though, bonds represent 20% of assets in equity funds and 50% 
in mixed funds. Changes in bond pension funds caused decrease of fixed-term deposits and 
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their replacement with more risky assets – bonds. This change in bond fund asset structure 
has been in the range of 10% out of total assets. Debt securities have been held as trading 
securities in the past, however, their maturity has extended due to decrease in interest rates 
and currently part of debt securities is held to maturity. Bond funds currently have 5% of 
total assets in equity securities, as well. 

Figure 2 shows assets structure from currency point of view. Almost 100% of assets are 
denominated in Euro for index and bond funds, 80% for mixed funs and 60% for equity 

Figure 2. Structure of assets as per currency for pension funds

Figure 1. Structure of assets as per asset type for pension funds
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funds. Other currency in portfolios is U.S. dollar since majority of held equity securities is 
traded in USD. Investments in USD represent 20% of assets in equity and mixed funds and 
10% in bond funds. Due to investments into stocks and shares in mutual funds, equity and 
mixed funds have investments in other world currencies, as well. Major portion of Slovak 
pension funds’ investments, however, remains in Eurozone securities. 

Six analysed management companies have managed 23 pension funds during analysed 
period. There are 19 pension funds as one index fund and three mixed funds have been 
closed between 2012 and 2019. Figure 3 shows time series of net asset value of different pen-
sion funds. For available data, 95% confidence interval has been calculated and in Figure 1 
is shown as grey area. As shown, performance of different pension funds has peaked in 2015 
for pension funds with stock portion in portfolio. Another peak has been achieved in 2019 
for all pension funds as a result of global economic growth.

Contributions are invested mostly in bond pension funds (74.5%), in equity funds (13.0%) 
and in index funds (11.5%). The lowest amount of assets is managed by mixed pension funds 
(1.0%) which is caused by lack of mixed fund offerings (only two pension funds exist). Mixed 
pension funds also do not provide any guarantee and achieve average return close to Slovak 
inflation rate (2.6% in 1–10 months of 2019). Table 1 provides summary statistics of index, 
equity, mixed and bond fund samples.

Table 1. Descriptive statistics, final sample of pension funds in Slovakia

Type Assets (%) Average 
return (%)

Standard 
deviation

(%)

Average 
indexed 

actual value 
of pension 

unit

Number 
of funds 

(maximum)

Average 
length

(in years)

Index 11.5 10.43 24.61 1.422 5 (6) 6.0
Equity 13.0 5.49 13.19 1.191 6 (6) 7.1
Mixed 1.0 4.08 10.72 1.132 2 (5) 4.3
Bond 74.5 1.63 4.57 1.062 6 (6) 7.1

Note: own calculation based on data from National Bank of Slovakia.

From September 2012 to September 2019, index funds have achieved average annual 
return of 10.54%. Return of index funds is significantly higher than return of equity 
funds (5.49%) and return of mixed funds (4.08%). Fund bearing higher risk report also 
higher average return. Annual standard deviation indicates that index pension funds 
bear the highest risk (24.61%), followed by risk of equity pension funds (13.19%). Mixed 
pension funds bear rather low risk (10.72%). The lowest average annual return with the 
lowest volatility have been achieved by bond pension funds (return 1.63%, standard 
deviation 4.57%). Bond pension fund is considered as guaranteed since management 
companies have to compensate losses of bond funds from equity. Relatively high risk of 
index pension funds compared to that of equity pension funds is caused by high por-
tion (between 24–90% in 2012–2018) of debt securities and money market transactions 
(Papík, 2017). 
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Figure 3. Indexed actual value of pension unit of different pension fund types

Figure 4 contains correlation heatmap among relevant variables. Due to new factors add-
ed into three existing models, it has been necessary to test relationships among independent 
variables. Results prove that both new variables (average RMW returns, average CMA re-
turns) have low correlation to describing values of another model. Slightly higher correlation 
is between two government regulatory variables SLO and CONT: –0.228. Correlation analysis 
shows strong relation between RMW and HML, and between HML and CMA which has been 
observed also by Fama and French (2015). Due to independence of factors System left open 
and Contribution, models (1)–(3) have been extended by these variables. 

Figure 4. Correlation heatmap
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There is no correlation among bond market factors TERM and DEF and other variables. 
Correlation between these two variables as well as among other variables is low which has 
been proved by study of Bektić et al. (2019). Addition of these two variables into models does 
not increase multicollinearity of these tested models.

Table 2 shows results of three models (1)–(3) with regulatory interventions and bond 
market factors based on sample of Slovak pension funds. Results of models with regu-
latory interventions do not prove to have statistically significant daily average returns 
which is caused by lower impact of individual ability of pension funds ∝  to manage 
their returns. Even though model for index and other funds is not fully comparable due 
to unused bond market factors, still the highest one-day average returns ∝  are achieved 
by index funds. 

Market factor MKTb  related to difference between fund and European stock market index 
Euronext 100 arises from different portion of risky assets in portfolio. Therefore, funds with 
higher portion of stocks or units in mutual funds bear higher risk. Since none MKTb  variable 
is higher than one, it can be concluded that Slovak pension funds are less risky than bench-
mark index used in this manuscript. It can be caused by strict regulations. This means that 
Slovak funds cannot generate same yields as funds operating in more developed countries. 
Values of risk component MKTb  are around 0.80 for index funds, 0.35 for equity funds, 0.19 
for mixed funds and 0.01 for bond funds.

Small company effect SMBb  shows that portfolios have lower exposure of small caps.  
Portfolio managers prefer larger caps due to stability compared to stocks of small companies.

Momentum from extended Carhart model (1) is statistically significant for bond funds 
and equity funds, which has been also detected by Kiymaz and Simsek (2017). Their study 
has also provided lower adjusted R squared compared to that of other portfolios. For each 
model developed in this manuscript, adjusted R squared is between 55% and 80%. This ex-
cludes bond funds as models (1)–(3) have described only 22% to 23% of estimated values. 

Another variable, called managerial ability 2MKTb , is statistically significant only for ac-
tively managed pension funds in extended Bollen and Busse model (2). Impact of portfolio 
manager decision making has had negative effect on analysed funds. Highest negative impact 
of incorrect portfolio structure has been for equity funds. 

Analysis of enhanced Fama and French five-factor model (3) specific variables  RMWb
and  CMAb also shows that profitability premium (average RMW returns) is higher for more 
volatile funds as well as for investment premium (average CMA returns). These variables have 
effect on description of average daily returns in European region which contrary to Fama 
and French (2017) research. 

One out of two regulatory variables is statistically significant for regulatory models (1)–
(3). Whilst percentage of contribution CONTb  is not related to daily average returns, SLOb  
for government intervention has negative impact on dependent variable. During period when 
pension funds system has been open and contributors could leave the system, pension funds 
have achieved lower daily return of 0.01% to 0.03%. The highest impact of this intervention 
has been reported for index and equity funds (over 0.03%). Statistical significance of gov-
ernment intervention   SLOb variable does not reject hypothesis which assumes existence of 
Slovak-specific factor bringing instability into pension system. This instability factor has been 
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introduced into system from the outside as a state intervention changing whole concept of 
private pension fund system from mandatory to optional. 

Among bond market factors, variable term premium TERM has not been statistically 
significant for neither model from (1) to (3) nor for any kind of pension fund type. Variable 
default premium DEF has been significant for all models from (1) to (3). DEF variable is 
significant for equity and mixed funds which, unlike bond funds, invest more into corporate 
bonds with higher risk premium. Bond funds are less sensitive to changes in risk premium 
as they are formed by government bonds from Eurozone, treasury bills and mortgage bonds.

4. Discussion 

All models in this manuscript have statistical dependence with benchmark for market risk 
for different types of funds. Pension funds in Slovakia have achieved lower level of risk 
than benchmark, which is also contradictory to other studies. Momentum dependency for 
equity and bond pension funds has been confirmed by models developed in this manuscript 
in terms of specific attributes. This finding is in line with other studies. Similar statistical 
significance has been proved also for managerial ability variables which was significant only 
for actively managed portfolios. This variable has had negative impact on performance of 
these portfolios. 

Results of this manuscript can confirm that interventions of portfolio managers do not 
bring in any extra yields to contributors in the long run. Contributors should therefore pre-
fer passively managed pension funds. Analysis of Fama and French five-factor model has 
shown that profitability premium is higher for more volatile funds and well as investments 
premium is. 

Despite using bond market factors, bond funds have achieved adjusted R squared of 
only approximately 22%, which is significantly lower than adjusted R squared achieved for 
another pension funds. Several other studies have also shown that current models might not 
be accurate for performance analysis of funds with significant fixed income portion. Despite 
weaker results of analysis, this manuscript has proved that with addition of describing vari-
ables of bond market, regulatory interventions affect daily returns of portfolios even more. 

By extending models (1) – (3) with new variables (System left open and Contribution), 
these models have become dependent on regulatory interventions. Even though contribu-
tion variable has not been statistically significant, during periods when pension system has 
been left open, pension funds have achieved significantly lower returns which is in line with 
studies from Poland. 

This manuscript has not proved increased risk of portfolio during the same period. Regu-
lators should therefore limit fundamental interventions of pension system to minimum and 
should only focus on minor changes of the system. It can be concluded that there should be 
consensus across whole political spectrum about the existence and conditions of the second 
pillar. Recurring regulation interventions should not take place in Slovakia as it has happened 
over past years. 

Separate limitation of this manuscript is limited number of pension funds in Slovakia. 
Another limitation is also relatively short time period analysed which is also limitation of 
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other studies. Pension funds are still relatively new phenomenon in CEE countries. Should 
authors try to follow any local specifics resulting from local legislation, their studies become 
very complex and difficult to compare in terms of cross-country comparisons. Therefore, it is 
suggested not to combine different pension systems within a single model. If a single model 
is indeed necessary to use, it should be able to differentiate values for individual countries.

Main contribution of this manuscript is that it is a pioneering research studying Slovak 
pension funds also through the impact of regulatory interventions. Other studies have so far 
focused only on analysis of market parameters and have excluded regulatory interventions. 

Results of this manuscript may not be only utilized in similar studies of the second pil-
lar and regulatory interventions in other countries, but can possibly contribute to potential 
extension of existing asset pricing models to incorporate regional specifications, regulatory 
interventions and other variables that are currently not included.

Conclusions

Reforms, that have implemented multi-pillar pension system during mid-1990’s and early 
2000’s in CEE, aimed to achieve long-term sustainability of public finances. Public finances 
have been threatened by negative demographic developments. For these new pillars of pen-
sion system to fulfil their purpose, it is essential that these funds achieve sufficient returns 
in long-term period. In ideal case, these funds should also achieve higher returns than stock 
markets. Despite voluntariness of participation in the second pillar, number of contributors 
has increased during last two years by 200 000 contributors to overall 1 650 000 contributors 
in Slovakia. This increase in number of contributors indicates that contributors are indeed 
aware of necessity of individual savings for retirement. Participation in the second pillar be-
comes extremely important as population in Europe is aging and governments are tasked to 
develop sustainable public finances in the long run. Governments should therefore encourage 
their citizens to participate in the second pillar as it is capable of generating higher returns 
than those of compulsory first pillar, which has achieved low average 3.5% growth during 
period 2009 and 2018. 

Not each government intervention, though, contributes to increased stability of pension 
system and savings in it. As this manuscript has showed that every government intervention 
has caused decrease in pension funds returns by few percent. Government interventions 
into Slovak pension system have been caused by changes of government and by political 
disagreement about the 2003 reform of pension system. Consensus about pension system 
across whole political spectrum is therefore crucial. It is important that already implemented 
reforms by previous administrations are not adjusted by following administrations. Such 
ongoing adjustments of pension system impose negative impact on returns of these funds 
and hence directly impact the amount of old age pensions paid to contributors. From the 
long-run point of view, such interventions into pension system significantly impact pur-
chasing power of pensioners and also public finances due to pressure to provide sufficient 
retirement pay. 

There are many existing studies about CEE countries dealing with performance of pen-
sion funds. This manuscript has innovatively applied models on the specifications of Slovak 
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pension system and considering regulatory as well as bond market factors. Such an analysis 
has not been conducted on Slovak pension system yet. This manuscript has therefore con-
firmed results of other studies from the CEE region considering local Slovak specifications. 
Results of this manuscript can be generalized and applied to any other CEE country as other 
existing studies have also confirmed negative impact of government interventions on per-
formance of pension funds.

Possible limitation of this study could be shorter time period analysed and lower num-
ber of funds included in dataset. This limitation is caused by shorter period of existence of 
these pension funds in Slovakia, as well as by lower number of contributors into pension 
system than in other CEE countries. Another limitation is relatively weak performance of 
models applied to portfolios with high amount of fixed income securities. Despite exten-
sion of existing models with variables describing bond market factors and despite statistical 
significance of these variables, adjusted R squared of tested model has not improved. It is 
therefore necessary to continue in research of performance models and focus more on the 
bond element of portfolios. It is essential to explain characteristics of bond factors not only 
via term and default premium, but also other characteristics like mark-to-mark valuation vs. 
held to maturity valuation.
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