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Abstract

The COVID-19 pandemic raised uncertainty in Indonesia’s financial markets,
subsequently highlighting the importance of evaluating portfolio diversification
strategies. This study examined the performance of dynamic portfolios: combining
cryptocurrencies with stocks included in the LQ45 Index and compares hedged and
unhedged portfolio performance across different market periods. The analysis used
secondary data comprising daily closing prices of the LQ45 Index and five cryptocurrencies
with substantial global market capitalization from January 2019 to November 2021.
Dynamic portfolio construction is conducted using the asymmetric dynamic conditional
correlation generalized autoregressive conditional heteroskedasticity (ADCC-GARCH)
model. Portfolio performance is evaluated using the Sharpe Index, Treynor Index, Jensen
Index, Sortino Ratio, and Omega Ratio. The findings indicate that differences in hedged
and unhedged portfolio performance vary across evaluation periods and performance
measures. During 2020, the difference in the Treynor Index is statistically significant
at the 5% level, whereas the difference in the Jensen Index is significant at the 10%
level. No statistically significant differences are observed for the Sharpe Index, Sortino
Ratio, or Omega Ratio during the same period. These findings therefore suggest that the
relative performance of cryptocurrency-equity portfolios depend on the market period and
the performance measure employed. Accordingly, combining cryptocurrencies with the
LQ45 Index does not necessarily yield consistently superior portfolio performance across
all risk-adjusted measures.
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1. Introduction

As the economy becomes increasingly modern,
investment options continue to diversify. Investors
can invest in capital and money markets to generate
future returns. In making investment decisions,
they must consider the relationship between
risk and return to maximize potential gains and
select portfolios that deliver superior performance
(Pamilangan & Robiyanto, 2019). Markowitz’s (1952)
Portfolio Theory suggests that investment decisions
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should consider both expected returns and risk, as
these factors jointly determine portfolio performance.
A portfolio refers to a list of assets owned by
investors to achieve certain economic goals, with the
basic concept of allocating funds across various types
of investments in expectation of generating optimal
returns and minimizing risk (Eko, 2008). Therefore,
investment is inherently associated with risk, which
arises when actual returns differ from expected
returns (Chandra & Hapsari, 2014).
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Investors can minimize investment risk by
diversification, based on the theory of risk and rate
of return (Puspitasari & Pramesti, 2011). One way
to mitigate investment risk is through portfolio
formation, which helps balance risk and return
across assets. Several studies conducted in Indonesia,
including Eko (2008), Septyanto & Kertopati (2013),
and Larasati et al. (2013), have examined portfolio
formation using stocks included in the LQ45 Index.
As it consists of stocks with relatively high liquidity
and market capitalization, the LQ45 index offers a
lower risk than other stocks that experience price
fluctuations (Chandra & Hapsari, 2014). In line with
study conducted by Chin et al. (2018), Darmawan
& Purnawati (2015), and Puspitasari & Pramesti
(2011) which shows that the use of the LQ45 index
in portfolio formation can provide a high rate of
return and has a low level of risk. Furthermore, Rini
et al. (2013) evaluated the performance of portfolios
formed from LQ45 Index stocks. Their findings
indicated that these stocks offer high liquidity,
but combining them with other asset classes may
improve portfolio performance.

Beyond the LQ45 Index, portfolio formation can
incorporate other asset classes. Studies by Warsito
(2020) and Yuniarti (2010) have examined portfolios
combining assets such as gold, stocks, and bonds.
Previous studies have also reported the benefits of
portfolio diversification across the LQ45 Index and
other asset classes. To distinguish this study from
earlier studies, the present study examines portfolio
formation using the LQ45 Index and cryptocurrency.
These assets have rather distinct risk and return
characteristics, which investors can consider when
diversifying their portfolios to mitigate potential
risks (Pamilangan & Robiyanto, 2019).

Studies by Chin et al. (2018), Pamilangan
& Robiyanto (2019), and Robiyanto et al. (2019)
suggest that combining LQ45 Index stocks with
cryptocurrency may improve portfolio returns and
performance. Portfolio formation can be classified
into simple and dynamic approaches. Simple
portfolio formation has employed methods such as
the Single Index Model and the Markowitz model
(Darmawan & Purnawati, 2015; Priyatna & Sukono,
2003; Yuniarti, 2010). In contrast, dynamic portfolio
formation has been examined using methods such
as DCC-GARCH and ADCC-GARCH (Bhatia et
al., 2018; Miralles-Quirés & Miralles-Quirés, 2017;
Abdelkafi & Khoufib, 2019). These dynamic methods
account for changes in conditional correlations over
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time, making them useful for analyzing assets whose
relationships vary with market conditions.

The DCC-GARCH method was
developed by Engle (2002) to formulate portfolio
formation. The model was subsequently extended
by Cappiello et al. (2006) by incorporating
asymmetric effects, resulting in the Asymmetric
Dynamic Conditional Correlation (ADCC) model.
When asymmetry shows a negative residual, it has
a smaller effect than a positive residual. Miralles-
Quirds & Miralles-Quirés (2017) demonstrated that
the ADCC-GARCH model can be used to estimate
investment returns and volatility in European stock
markets. Similarly, Fur et al. (2016) showed that
the ADCC-GARCH model can capture volatility
and asymmetric effects across different types of
investments.

Taken together, this study aims to determine
whether a portfolio combining LQ45 Index stocks
cryptocurrencies outperforms a portfolio
consisting solely of LQ45 stocks. The findings are
expected to provide a reference for dynamic portfolio
formation and enhance investors’ understanding
of LQ45 stocks and cryptocurrencies when making
investment decisions. They may also help investors
assess portfolio diversification as a strategy for
mitigating investment risk.

initially

and

2. Literature Review and Hypotheses

Development
Optimal Portfolio Theory and Dynamic Portfolio

The formation of portfolio theory, introduced
by Markowitz (1952), provides a framework for
investors to choose a low-risk level with a high return
by creating a portfolio to spread the risk among
assets. Investors can therefore minimize risk without
reducing expected returns by creating an optimal
portfolio (Zahra, 2017). Pracanda & Abundanti
(2017) and Ermis et al. (2020) found that stocks
selected for an optimal portfolio can offer favorable
returns at relatively low risk. In contrast, Puspitasari
& Pramesti (2011) reported no clear relationship
between portfolio risk and return, suggesting that
an optimal portfolio does not necessarily guarantee
high returns and low risk. This may be attributed
to systematic and firm-specific risk factors that
investors cannot fully control.

Portfolio theory assumes that data is normally
distributed and correlation tends to be constant,
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which inversely related to rapidly changing market
conditions. Therefore, a portfolio formation approach
that can be particularly relevant in volatile markets
is needed. The formulation of portfolio formation
is based on dynamic conditional correlation (DCC).
Therefore, dynamic portfolio formation can adapt
to volatile market conditions without requiring a
normal distribution (Pamilangan & Robiyanto, 2019).

Cryptocurrency

Cryptocurrency is a digital currency that
utilizes cryptographic technology to conduct
virtual transactions (Robiyanto et al, 2019).
Cryptocurrencies are decentralized meaning there
are no intermediaries, while also transparent since all
transactions are monitored by the cryptocurrency’s
system. Conventional currencies, on the other hand,
have intermediaries, such as banks or credit card
companies. Moreover, cryptocurrencies offer secure
digital transactions over the internet by utilizing
cryptographic techniques and blockchain technology.
Over the past 10 years, its global recognition and
price continue to increase (CNBC, 2020). This study
particularly highlights Bitcoin (BTC), Ethereum
(ETH), Cardano (ADA), Tether (USDT), and Binance
Coin (BNB) because these five cryptocurrencies have
the largest market capitalization.

Bitcoin (BTC), introduced by Satoshi Nakamoto
in 2009, pioneered the cryptocurrency market and
contributed to the development of the broader digital
currency ecosystem (Farell, 2015). The advantages of
low transaction costs, security, and transaction speed
make Bitcoin widely used for peer-to-peer electronic
money transfers.

Ethereum (ETH), according to Warsito (2020),
is generally similar to Bitcoin by having a peer-to-
peer network. However, it has different functions
and purposes, since Ethereum can be used as an
application for transferring Ether electronic money
or transferring other forms of Ethereum.

Seijas et al. (2020) said that Cardano is also a
popular cryptocurrency and is known as a third-
generation decentralized smart contract platform.
Cardano offers a solution to the problem of hindering
the adoption of blockchain technology through
its Poor of Stake consensus mechanism, using the
programming languages Plutus and Haskell.

USDT, or Tether, is a cryptocurrency whose
value is pegged to the US dollar. USDT was created
to protect its users from the high volatility of other
cryptocurrencies. Tether coins in crypto transactions
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enable users to price cryptocurrencies in USD without
having a USD bank account, and Tether can be used
to convert other electronic currency exchanges from
one cryptocurrency to another (Wei, 2018). Sun & Yu
(2020) analyzing the security issues of blockchain
technology using the Binance Coin.

LQ45 Index

The LQ45 Index is an active stock index
consisting of 45 company shares that meet certain
criteria set by the Indonesia Stock Exchange (IDX),
including high liquidity and market capitalization.
LQ45 stocks fluctuate based on the issuer’s
liquidity and are used as a proxy for calculating
stock market returns (Darmawan & Purnawati,
2015). Mahadwartha & Gunawan (2018) stated
that the LQ45 Index has an optimal level of price
liquidity, enabling it to generate favorable returns
for shareholders. Similarly, Maf'ula et al. (2018)
selected the LQ45 Index for their study because its
constituent stocks tend to exhibit price stability and
offer promising returns.

Studies using the performance of portfolios
formed from LQ45 stocks has been conducted by
Septyanto & Kertopati (2013), Suryani & Herianti
(2015), Zahra (2017), and Ermis et al. (2020). The
results show that portfolios comprising LQA45 stocks
can generate higher returns at relatively low risk,
supported by the index’s strong liquidity and the
profitability of its constituent stocks compared with
those in other indices. Most studies in Indonesia
have used the Markowitz and Single Index Models to
analyze the performance of portfolios formed from
LQ45 stocks.

Asymmetric - Dynamic Conditional Correlation
(ADCC-GARCH) Application

The DCC-GARCH approach was initially
introduced by Engle (2002), subsequently extended
by Cappiello et al. (2006) by adding an asymmetric
term to the DCC model. The negative asymmetric
term indicates that positive residuals have no
significant impact on the variance of negative
residuals. This approach is designed to capture
asymmetric effects in financial asset volatility, as
price declines tend to have different effects from price
increases. Miralles-Quirés & Miralles-Quirds (2017)
used the ADCC-GARCH approach because it can
estimate investment returns in the stock market over
time. Their results indicate that the ADCC-GARCH
approach can improve the Sharpe ratio compared
with other approaches, such as the DCC model.
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Bhatia etal. (2018) further analyzed the dynamic
relationship between oil and precious metals using
the DCC-GARCH and ADCC-GARCH methods. The
results concluded that both methods have a dynamic
conditional relationship. Baumohl (2013) using stock
prices in the CEE region, including Czech Republic,
Poland, Hungary, and Slovakia, with the G7
developed markets including Germany and the US.
Baumohl (2013) applied the ADCC-GARCH method
to estimate time-varying conditional correlation.
The results of this study concluded that the ADCC-
GARCH method was able to provide increased
profits and had better performance. Using the ADCC-
GARCH approach, Gupta & Basu (2009) examined
portfolio diversification as a strategy for reducing
risk in the Indian stock market. Their findings
suggest that stocks in the Indian industrial sector can
serve as effective diversification instruments, as they
can generate above-average returns.

Several studies illustrate portfolio market risk
in the BRICS (Brazil, Russia, India, China, and South
Africa) economies. Bonga-Bonga & Nleya (2016) used
several multivariate risk models to compare portfolio
value-at-risk. Their results show that portfolio
formation can reduce the risk of losses in BRICS
stock markets. The studies conducted by Bonga-
Bonga & Nleya (2016) and Abdelkafi & Khoufib
(2019) both employed the ADCC-GARCH within the
model to analyze portfolio formation. Their findings
suggest that this approach can produce more optimal
returns and improve portfolio performance while
maintaining relatively low risk.

Furthermore, Zhang et al. (2021) shows that
when Bitcoin added with other assets in a portfolio
will provide more optimal performance. Supported
by Trimborn et al. (2017), which shows that
combining cryptocurrency with 3 different financial
assets into a portfolio can reduce complex risks and
thus increase returns. Cosi¢ & Casni (2019) combine
Bitcoin with the European Union (EU) emerging
market index. The results of this study demonstrate
that a portfolio incorporating the EU index and
Bitcoin offers lower risk and higher returns than a
portfolio without Bitcoin. In line with Majdoub et al.
(2021), which combines Bitcoin with EUR, JPY, and
GBP currencies into a portfolio formation. Majdoub
et al. (2021) revealed that forming a cryptocurrency
portfolio with other assets can generate better
returns. Forming an LQ45 index portfolio using
the ADCC-GARCH analysis method is expected to
generate better risk-adjusted returns. Therefore, the
following hypotheses can be formulated:

H,: A cryptocurrency portfolio with the LQ45 index
outperforms a portfolio with the LQ45 index
alone.

A Bitcoin portfolio with the LQ45 index
outperforms a portfolio with the LQ45 index
alone.

An Ethereum portfolio with the LQ45 index
outperforms a portfolio with the LQ45 index
alone.

A Cardano portfolio with the LQ45 index
outperforms a portfolio with the LQ45 index
alone.

A Tether portfolio with the LQ45 index
outperforms a portfolio with the LQ45 index
alone.

Binance Coin portfolio with LQ45 index
outperforms portfolio with LQ45 index alone.

3. Methodology
Data

The instruments used in this study are the
LQ45 index and cryptocurrencies with the largest
market capitalization. The required data are the
daily closing prices of the LQ45 index obtained from
Yahoo Finance and cryptocurrencies obtained from
investing websites from January 2019 to November
2021. The study period was chosen considering that
the COVID-19 virus, including in Indonesia, rocked
the world in early 2020, causing economic turmoil.
This study also compares portfolios formed in the
period before the COVID-19 pandemic with those
formed during the COVID-19 pandemic. The research
sample used purposive sampling, with the criteria
being the five cryptocurrencies with the largest
market capitalization. The five cryptocurrencies used
are Bitcoin (BTC), Ethereum (ETH), Cardano (ADA),
Tether (USDT), and Binance Coin (BNB).

The data in this study consist of returns from
each variable. The calculation of the rate of return is
formulated as Equation 1-6 (Eq. 1-6).

LQ45, —-LQ45,_, (Eq. 1
Return LQ45, 1045,
_ BTC, — BTC,_,
ABTC, = BTC,, (Eq.2)
gy, = ETHe— ETH
t= ETH, , (Eq. 3)
Aapa, = ADAc— ADA,
t— ADAt_l (Eq 4)
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USDT, — USDT,_,

AUSDT, = ——j = (Eq.5)
_ BNB,— BNB,_,

ABNB, = —prm— (Eq. 6)

Analysis Technique

The analysis technique used to form a
portfolio formed between the LQ45 index and
cryptocurrency is Asymmetric Dynamic Conditional
Correlation-Generalized Autoregressive Conditional
Heteroskedasticity (ADCC-GARCH) model, which
is used to see whether there is a dynamic correlation
between one variable and another in order to
measure the optimal hedging ratio performance from
various GARCH estimates, it is necessary to calculate
Hedging Effectiveness (HE) and Hedging Ratio.

(Eq.7)

HE = VarUnhedged - Varhedged

Varhedged

SC
CcS _ h

t T C
hy

(Eq. 8)

A high HE value can reduce portfolio risk,
improving the effectiveness of the hedge. Portfolio
performance can be measured using the Sharpe
Index, Jensen Index, Treynor’s Index, Omega Ratio,
and Sortino Ratio (Hidayat, 2017; Iskandar et al,,
2020; Manurung, 2019; Pamilangan & Robiyanto,
2019).

Table 1. Descriptive statistics of cryptocurrency returns

4. Results

Descriptive Statistics

Table 1 shows the results of descriptive statistical
analysis of cryptocurrency returns, including the
minimum, maximum, average return, and standard
deviation values of each cryptocurrency.

The highest average return before and during
the COVID-19 outbreak was found in Binance Coin
(BNB) with an average of 0.009 percent, while the
lowest return was found in Tether (USDT) with
an average of 0.002 percent. BTC and BNB are the
cryptocurrencies with the highest risk levels, with
a standard deviation of 0.070, while ADA has the
lowest risk level, with a standard deviation of 0.016.
Standard deviation calculations are used to predict
the level of risk and return on investments in the
future. The standard deviation reflects the predicted
risk, while the average return on investments helps
determine the potential profit.

ADCC-GARCH Statistics between LQ45 Index and
Cryptocurrency

The average ADCC values between the LQ45
Index and the five cryptocurrencies tend to be low,
ranging from -0.006 to 0.074. Diversification can be
used to reduce risk when asset returns exhibit low
correlations.

Before the COVID-19 pandemic in 2019, the
highest average ADCC value was 0.021 for the USDT-
LQ45 pair, while the lowest ADCC value was -0.159

Cryptocurrencies N Minimum (%) Maximum (%) Mean (%) Std. Dev.

BTC 694 -0.372 0.225 0.005 0.070

ETH 694 -0.423 0.384 0.007 0.048

ADA 694 -0.396 0.322 0.008 0.016

UsDT 694 -0.051 0.055 0.000 0.061

BNB 694 -0.419 0.698 0.009 0.070

Table 2. ADCC summary between LQ45 index and cryptocurrencies
Periods BTC-LQ45 ETH-LQ45 ADA-LQ45 USDT-LQ45 BNB-LQ45

Before COVID-19 Pandemic (2019) -0.144 -0.159 -0.076 0.021 -0.093
1t year of COVID-19 Pandemic (2020) 0.070 0.065 0.153 0.021 0.109
2n year of COVID-19 Pandemic (2021) 0.111 0.026 0.075 0.015 0.066
All Period 0.038 0.015 0.074 -0.006 0.051
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for the ETH-LQ45 pair. While during the first year of
pandemic in 2020, the ADCC value of USDT-LQ45
was the lowest among the five cryptocurrencies at
0.021 and the highest average was found in ADA-
LQ45 at 0.153. In the second year of pandemic in
2021, the USDT-LQ45 again had the lowest average
value at 0.015, with the highest average value of 0.111
found in BTC-LQ45.

ADCC-GARCH Analysis and Portfolio Weight
Ratio

The results of the ADCC-GARCH analysis
between the LQ45 index and cryptocurrency are
shown in Figure 1. In conclusion, the ADCC-
GARCH graph between the LQ45 index and
cryptocurrency tends to be stable from 2019 to
the end of 2021, indicating a constant correlation
between cryptocurrency and the LQ45 index. The
use of constant correlation coefficients for the five
types of crypto can therefore be used as hedging
assets against other assets. Furthermore, the time-
varying portfolio weights between the LQ45 index
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and cryptocurrency are presented, which are used
to form dynamic portfolios. Overall, the average
portfolio weight is 0.04 percent for the LQ45 and the
highest average is 0.9 percent for cryptocurrency.

Figure 1 shows that portfolio weights exhibited
little correlation over time. The lowest correlation
between the LQ45 index and cryptocurrency
ranged from -0.168 to 0.141. Meanwhile, the average
portfolio weight was 0.001 percent for the LQ45
index, and the highest average was 0.005 percent for
cryptocurrency.

Figure 2 shows a graph during the pandemic
(2020-2021). In the first year, the highest average
correlation between the LQ45 index and
cryptocurrency was found in BNB-LQ45, at 0.060.
The highest average correlation value in the second
year was found in BNB-LQ45, at 0.017. Therefore,
it can be concluded that BNB-LQ45 had the highest
correlation value among the five cryptocurrencies
over the two years. The average LQ45 index value
in the first year was -0.001 percent and in the second
year was 0.004 percent.
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Figure 1. ADCC between the LQ45-cryptocurrency index and portfolio

weights over time before the COVID-19 pandemic
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Figure 3 shows the correlation between the
LQ45 index and cryptocurrencies as a whole before
and during the COVID-19 pandemic. The average
portfolio weight for the LQ45 index was 0.004
percent, with a lowest average of -0.423 and a highest
average of 0.698 for cryptocurrencies.
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Optimal Hedging Ratio, Hedging Effectiveness,
and Sharpe Ratio of Individual Stocks with the
LQ45 Index

The optimal hedge ratio calculation is
presented in Table 3, which includes the optimal
hedge ratio, hedge effectiveness, Sharpe Index,
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Figure 2. ADCC between the LQ45-cryptocurrency index and portfolio weights
over time during the COVID-19 pandemic (2020-2021)
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Jensen Index, Treynor’s Index, Omega Ratio, and
Sortino Ratio, which are used to determine portfolio
performance. The average calculation results in
order to determine the optimal hedge ratio for each
study periods before and during the pandemic were
0.091 percent, 0.072 percent, 0.054 percent, and 0.034
percent, respectively. The lowest average hedge ratio
during the pre-pandemic period was observed for
the ETH-LQ45 portfolio at -0.161 percent, whereas
the highest optimal hedge ratio during the pandemic
was recorded for the ADA-LQ45 portfolio at 0.157
percent. These findings suggest that investors
holding ETH may consider investing in LQ45 stocks
to hedge their cryptocurrency exposure.

For example, an investor who purchases IDR
1 worth of Ethereum should hedge the position by
investing IDR 0.002 in LQ45 index stocks. Conversely,
investors holding Cardano can hedge their positions
by selling LQ45 index stocks. For every IDR 1 worth
of Cardano purchased, they should sell IDR 0.001
worth of LQ45 index stocks.
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Hedging Effectiveness

Table 3 shows that the lowest hedging effec-
tiveness value in both before and during the
pandemic was found in the USDT-LQ45 portfolio
at -82.919 percent. Adding USDT to a portfolio
involving the LQ45 index was therefore ineffective
since it resulted in a negative value. The hedging
effectiveness with Tether, which also had a negative
value, was unable to provide a hedge. Meanwhile,
the highest hedging effectiveness value was found in
the ETH-LQ45 portfolio at 0.751 percent in the period
before the pandemic. Therefore, adding ETH shares
to the LQ45 index portfolio could reduce the risk of
LQ45 index shares by 0.751 percent. The average
hedging effectiveness values overall were 0.472
percent, 0.124 percent, -15.989 percent, and -171.208
percent. Taken together, the periods before and
during the pandemic showed negative hedge ratios
for USDT, indicating that it may not be effective as a
hedge against the LQ45 Index for reducing portfolio
risk.
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Figure 3. ADCC between the LQ45-cryptocurrency index and portfolio weights
over time before and during the COVID-19 pandemic
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Table 3. Optimal hedging ratio, hedging effectiveness, and sharpe ratio of individual stocks with the LQ45 index

Before COVID-19 Pandemic (2019)

Hedge

. Optimal Hedging Effec- Average Std. Sharpe Treynor ensen Sortino Omega
Portfolio Ilzatio tivgnegs (%) R(z:}: )r n Dev. Ratiltj) Ra};io ]Ratio Ratio Rati(g)
(o)
BTC - - 0.505 0.044 0.078 -0.005 0.003 0.145 1.279
ETH - - 0.502 0.048 0.007 0.000 0.000 0.012 1.022
ADA - - 0.504 0.052 0.002 0.000 0.000 0.004 1.006
USDT - - 0.502 0.004 -0.046 -0.005 0.000 -0.077 0.884
BNB - - 0.504 0.052 0.089 -0.011 0.005 0.171 1.277
LQ45 - - 0.498 0.009 -0.006 0.000 0.000 -0.010 0.985
BTC-LQ45 -0.146 0.746 0.002 0.022 0.077 0.006 0.002 0.143 1.263
ETH-LQ45 -0.161 0.751 0.000 0.024 0.006 0.001 0.000 0.011 1.019
ADA-LQ45 -0.077 0.742 0.000 0.027 0.001 0.000 0.000 0.002 1.003
USDT-LQ45 0.021 -0.622 0.000 0.005 -0.025 0.000 0.000 -0.041 0.939
BNB-LQ45 -0.094 0.744 0.002 0.052 0.089 -0.011 0.002 0.168 1.262
Average -0.091 0.472 0.274 0.031 0.025 -0.002 0.001 0.048 1.085
During COVID-19 Pandemic (2020)
Hedge Average
Portfolio Optir.nal Hgdging Effec- Return Std. Shar'pe Treynor Jensen Sorti'no Ome.ga
R(;Ja/tl)o tiveness (%) (%) Dev. Ratio Ratio Ratio Ratio Ratio
0
BTC - - 0.491 0.047 0.138 0.023 0.007 0.370 1.603
ETH - - 0.467 0.064 0.143 0.021 0.009 0.318 1.569
ADA - - 0.498 0.074 0.131 0.017 0.010 0.266 1.482
UsDT - - 0.501 0.007 -0.016 0.002 0.000 -0.051 0.930
BNB - - 0.492 0.060 0.097 0.009 0.006 0.173 1.355
LQ45 - - 0.502 0.023 -0.008 0.000 0.000 -0.012 0.978
BTC-LQ45 0.072 0.674 0.003 0.027 0.110 0.003 0.003 0.161 1.437
ETH-LQ45 0.066 0.725 0.004 0.033 0.121 0.004 0.004 0.183 1.455
ADA-LQ45 0.157 0.706 0.005 0.040 0.116 0.005 0.005 0.197 1.410
USDT-LQ45 -0.047 -2.179 0.000 0.012 -0.130 0.000 0.000 -0.021 0.963
BNB-LQ45 0.111 0.694 0.003 0.033 0.081 0.003 0.003 0.118 1.285
Average 0.072 0.124 0.269 0.038 0.071 0.008 0.004 0.155 1.315
During COVID-19 Pandemic (2021)
Hefige . Average .
Portfolio Optlr.nal Hgdgmg Effec- Retura Std. Shar.pe Treynor Jensen Sortino Omega
R(e:/tl)o tiveness (%) (%) Dev. Ratio Ratio Ratio Ratio Ratio
0
BTC - - 0.004 0.053 0.082 0.004 0.004 0.212 1.247
ETH - - 0.009 0.066 0.130 0.032 0.008 0.320 1.419
ADA - - 0.013 0.081 0.160 0.017 0.013 0.481 1.596
USDT - - 0.000 0.001 -0.156 -0.018 0.000 -0.369 0.645
BNB - - 0.017 0.096 0.180 0.021 0.017 0.631 1.766
LQ45 - - 0.000 0.011 -0.005 0.000 0.000 -0.009 0.988
BTC-LQ45 0.115 0.744 0.002 0.027 0.078 0.002 0.002 0.128 1.236
ETH-LQ45 0.027 0.745 0.004 0.033 0.127 0.006 0.004 0.205 1.413
ADA-LQ45 0.077 0.739 0.007 0.042 0.156 0.007 0.006 0.319 1.579
USDT-LQ45 -0.016 -82.919 0.000 0.006 -0.014 0.000 0.000 -0.026 0.963
BNB-LQ45 0.068 0.746 0.009 0.048 0.178 0.009 0.008 0.384 1.750
Average 0.054 -15.989 0.006 0.042 0.083 0.007 0.006 0.207 1.327
Combining Periods Before and During COVID-19 Pandemic (2019-2021)
Hedge Average
Portfolio Optirpal Hgdging Effec- Retura Std. Shar.pe Treynor Jensen Sortino Omega
R(;\/tl)o tiveness (%) (%) Dev. Ratio Ratio Ratio Ratio Ratio
0
BTC - - 0.494 0.048 0.017 0.018 0.005 0.250 1.385
ETH - - 0.497 0.061 0.110 0.024 0.007 0.252 1.389
ADA - - 0.498 0.070 0.112 0.017 0.008 0.291 1.390
USDT - - 0.500 0.005 -0.030 -0.019 0.000 -0.517 0.885
BNB - - 0.497 0.071 0.128 0.017 0.009 0.333 1.495
LQ45 - - 0.503 0.016 -0.005 0.000 0.000 -0.009 1.315
BTC-LQ45 0.038 -311.761 0.003 0.025 0.095 0.003 0.002 0.153 1.332
ETH-LQ45 0.015 -180.894 0.003 0.032 0.101 0.004 0.003 0.168 1.356
ADA-LQ45 0.074 -162.894 0.004 0.036 0.013 0.004 0.004 0.188 1.352
USDT-LQ45 -0.006 -23.034 0.000 0.008 -0.014 0.003 0.000 -0.024 0.958
BNB-LQ45 0.050 -177.457 0.005 0.036 0.122 0.005 0.004 0.244 1.455
Average 0.034 -171.208 0.273 0.037 0.059 0.007 0.004 0.121 1.301
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The Sharpe Index is employed to determine
portfolio performance. A higher Sharpe value
indicates a greater reduction in portfolio risk,
subsequently increases the effectiveness of the
hedge. Table 3 shows that USDT had the lowest
Sharpe Index values in both periods, at -0.046 before
the pandemic and -0.156 during the pandemic. In
contrast, BNB recorded the highest Sharpe Index
values, at 0.089 before the pandemic and 0.180 during
the pandemic. The Sharpe Index calculation results
during the study period indicate that Tether crypto
has a negative value. Therefore, it does not perform
well compared to other cryptocurrencies.

The lowest Treynor Index value in the pre-
pandemic period was recorded for BNB at -0.011,
whereas the highest value during the pandemic was
recorded for ETH at 0.032. A positive Treynor Index
indicates better risk-adjusted portfolio performance.
The overall average Treynor Index across the pre-
pandemic and pandemic periods was positive at
0.007.

The Jensen Index also showed a positive overall
average value of 0.004. The lowest average value
before the pandemic was 0.001, while the highest
average value during the pandemic was 0.006. BNB
recorded the highest Jensen Index value in the pre-
pandemic period at 0.005, whereas USDT recorded
the lowest value during the pandemic at 0.000.
Overall, the positive Jensen Index results indicate
positive portfolio performance relative to the
expected return based on systematic risk during the
study period.

The Sortino Ratio measures risk-adjusted
returns by considering downside risk relative to
a target return. A higher positive Sortino Ratio
generally indicates better risk-adjusted performance.
USDT recorded the lowest Sortino Ratio before the
pandemic at -0.077, while BNB recorded the highest
value during the pandemic at 0.631. The Sortino Ratio
results indicate that Ethereum underperformed the
other cryptocurrencies in both study periods, as its
value was negative.

The Omega Ratio evaluates the distribution
of returns relative to a specified threshold. The
average Omega Ratio values across the four
portfolio configurations were 1.085, 1.315, 1.327,
and 1.301, respectively. A higher Omega Ratio
generally indicates better performance relative to the
selected threshold. A value above 1 indicates that
the probability-weighted gains above the threshold
outweigh the probability-weighted losses below it,
while a value of 1 indicates that the two are equal.

Dynamic Portfolio Performance Difference

Table 4 presents the results of the statistical tests
comparing the performance of hedged and unhedged
dynamic portfolios using the Sharpe Index, Treynor
Index, Jensen Index, Sortino Ratio, and Omega
Ratio. Before the COVID-19 pandemic in 2019,
none of the five performance measures indicated a
statistically significant difference between the two
portfolio strategies, as all p-values exceeded the 10%
significance level.

During the pandemic in 2020, the Treynor
Index revealed a statistically significant difference
at the 5% significance level (t = 2.845, p = 0.021).
The Jensen Index similarly showed a statistically
significant difference at the 10% level (t = 1.753, p =
0.066), although the result was not significant at the
5% level. In the second year of the pandemic (2021),
none of the five performance measures showed a
statistically significant difference between hedged
and unhedged portfolios. For the overall study
period (2019-2021), the Jensen Index indicates a
statistically significant difference at the 10% level
(t = 1.817, p = 0.061). In contrast, the Sharpe Index,
Treynor Index, Sortino Ratio, and Omega Ratio do
not show statistically significant differences.

The results indicate that statistically significant
differences between hedged and unhedged portfolio
performance are limited to particular performance
measures and periods. Specifically, the Treynor
Index identifies a difference during the pandemic,
while the Jensen Index identifies differences
during the pandemic and across the overall study
period. The remaining comparisons do not provide
sufficient statistical evidence of differences at the
10% significance level.

5. Discussion

The findings provide evidence that differences
in the performance of hedged and unhedged
dynamic portfolios depend on the evaluation
period and the performance measure employed.
Before the COVID-19 pandemic in 2019 and during
the pandemic period (2020-2021), none of the five
performance measures revealed a statistically
significant difference between the two portfolio
strategies. These results therefore do not provide
sufficient statistical evidence to support proposed
hypotheses in predicting a difference in portfolio
performance during these periods.

During the pandemic, particularly in 2020, the
Treynor Index indicated a statistically significant
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difference between hedged and unhedged portfolios
at the 5% significance level. The Jensen Index also
indicated a difference at the 10% significance level,
although this result was not significant at the 5%
level. Furthermore, the Jensen Index identified
a statistically significant difference at the 10%
level over the overall study period. Accordingly,
hypotheses predicting differences in portfolio
performance receive statistical support only for the
relevant performance measures and periods, subject
to the direction specified in each hypothesis. The
Sharpe Index, Sortino Ratio, and Omega Ratio did
not indicate statistically significant differences at the
10% level in the reported comparisons.

Because the tests compared unhedged and
hedged portfolio performance, the positive t-statistics
for the Treynor and Jensen do not, by themselves,
indicate that the unhedged portfolios outperform
the hedged portfolios. Therefore, support for a
directional hypothesis should be assessed based on
both statistical significance and whether the observed
differences align with the hypothesized direction.

Table 4. Dynamic portfolio performance difference

From a financial perspective, the findings
indicate that the potential benefits of combining
cryptocurrencies with the LQ45 Index cannot
be generalized across all performance measures
or market conditions. Markowitz's  (1952)
portfolio selection theory further emphasizes that
diversification benefits depend on the relationships
among asset returns and the resulting trade-off
between risk and return. Therefore, additional
cryptocurrencies to an equity portfolio does not
necessarily guarantee higher returns, lower risk, or
superior risk-adjusted performance.

The significant result for the Treynor Index
during 2020 suggests that the relative performance
of the two portfolio strategies differed when returns
were evaluated against systematic risk. Similarly,
the significant Jensen Index results during 2020 and
over the overall study period suggest differences in
performance relative to the return expected under a
market-risk framework. However, these statistical
differences do not necessarily imply economically
substantial improvements.

Before COVID-19 Pandemic (2019)

Ratio Description t Prob. Conclusion
Sharpe Unhedged-Hedged -0.106 0.459 Not significant
Treynor Unhedged-Hedged -0.986 0.176 Not significant
Jensen Unhedged-Hedged 0.702 0.251 Not significant
Sortino Unhedged-Hedged -0.09 0.464 Not significant
Omega Unhedged-Hedged -0.034 0.487 Not significant

During COVID-19 Pandemic (2020)

Ratio Description t Prob. Conclusion
Sharpe Unhedged-Hedged 0.692 0.256 Not significant
Treynor Unhedged-Hedged 2.845** 0.021 Significant
Jensen Unhedged-Hedged 1.753* 0.066 Significant
Sortino Unhedged-Hedged 1.044 0.168 Not significant
Omega Unhedged-Hedged 0.509 0.313 Not different

During COVID-19 Pandemic (2021)

Ratio Description t Prob. Conclusion
Sharpe Unhedged-Hedged -0.369 0.362 Not significant
Treynor Unhedged-Hedged 0.734 0.242 Not significant
Jensen Unhedged-Hedged 1.311 0.12 Not significant
Sortino Unhedged-Hedged 0.285 0.393 Not significant
Omega Unhedged-Hedged 0.766 0.233 Not significant

Before and During COVID-19 Pandemic (2019-2021)

Ratio Description t Prob. Conclusion
Sharpe Unhedged-Hedged 0.097 0.463 Not significant
Treynor Unhedged-Hedged 0.984 0.190 Not significant
Jensen Unhedged-Hedged 1.817* 0.061 Significant
Sortino Unhedged-Hedged -0.144 0.446 Not significant
Omega Unhedged-Hedged -0.989 0.185 Not significant

Notes: **Significant at the 5% significance level; *Significant at the 10% significance level
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The absence of significant differences in the
Sharpe Index, Sortino Ratio, and Omega Ratio also
warrants careful interpretation. These measures
capture different aspects of portfolio performance:
the Sharpe Index evaluates excess returns relative
to total risk, the Sortino Ratio focuses on downside
risk, and the Omega Ratio evaluates the distribution
of returns relative to a specified threshold. The lack
of statistically significant differences under these
measures suggests that the results did not provide
consistent evidence of superior performance across
all dimensions of risk and return. Concurrently,
it also does not establish that the two strategies
are financially equivalent. The implication is
that the financial value of cryptocurrency-based
hedging should be further assessed using multiple
performance measures rather than a single indicator.
Investors should also be able to distinguish a
statistically detectable difference and an economically
meaningful improvement in portfolio performance.

The findings can be interpreted in relation to
previous research on cryptocurrency diversification
in the Indonesian capital market. Pamilangan &
Robiyanto (2019) examined dynamic portfolios
combining cryptocurrencies with LQ45 stocks using
the DCC-GARCH approach. Their study reported
negative correlations between cryptocurrencies and
the LQ45 Index and concluded that incorporating
cryptocurrencies could improve portfolio perfor-
mance. Their findings provide a relevant empirical
basis for considering cryptocurrencies as potential
diversification or hedging instruments in the
Indonesian equity market.

This study extends the line of research by
examining portfolio performance across periods
before and during the COVID-19 pandemic and by
employing the ADCC-GARCH approach to account
for asymmetric dynamics in conditional correlations.
Apart from general conclusion that cryptocurrency
inclusion improves portfolio performance, the
current findings showed that statistically significant
differences between hedged and unhedged strategies
only found in particular performance measures
and periods. This difference in results does not
necessarily contradict Pamilangan & Robiyanto
(2019), because the studies differ in their observation
periods, market conditions, and potentially their
portfolio specifications and performance evaluation
procedures.

The findings are also relevant with Anggita
& Robiyanto (2022), who investigated dynamic

portfolios combining Bitcoin with LQ45 stocks during
the COVID-19 pandemic. Their study reported
that Bitcoin was negatively correlated with LQ45
stocks and could serve as a hedging instrument.
However, negative correlation and superior portfolio
performance are inherently distinct concepts. While
a negative correlation may provide diversification
benefits, the ultimate effect on portfolio performance
depends on the magnitude of the correlation,
the assets’” return and volatility characteristics,
portfolio weights, and the performance measure
used. The current findings reinforce this distinction
by demonstrating that the statistical evidence of
performance differences varies across evaluation
measures.

From a methodological perspective, Engle
(2002) introduced the DCC-GARCH framework for
modeling time-varying conditional correlations,
while Cappiello et al. (2006) extended this framework
to incorporate asymmetric responses in conditional
correlations. Both these models provide a suitable
foundation for examining changing relationships
among financial assets. Nevertheless, the ability to
model dynamic and asymmetric correlations should
not be interpreted as direct evidence that a particular
portfolio strategy will outperform another. Portfolio
superiority must be established empirically through
the resulting portfolio performance and appropriate
statistical comparisons. The present findings
contribute to the existing literature by providing a
period-specific and performance-measure-specific
assessment of cryptocurrency-equity portfolio stra-
tegies. The results further emphasize the need to
evaluate diversification benefits under different
market conditions
measures of financial performance.

The findings have several implications for
investors and portfolio managers in considering
cryptocurrencies alongside stocks to be included in
the LQ45 Index. First, portfolio construction should
consider the changes in market conditions. The
significant differences identified through the Treynor
and Jensen indices during the COVID-19 pandemic
suggest that the relative performance of hedged and
unhedged strategies may differ during periods of
market disruption.

Second, portfolio managers should evaluate
hedging strategies using multiple performance indi-
cators. Reliance on a single measure may lead to
incomplete conclusions because the Sharpe Index,

and wusing complementary
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Treynor Index, Jensen Index, Sortino Ratio, and
Omega Ratio capture different dimensions of risk-
adjusted performance. A strategy that performs
favorably under one measure may not produce
a statistically distinguishable advantage under
another. Consequently, investment decisions should
simultaneously consider total risk, systematic risk,
downside risk, and the distribution of returns, along
with the magnitude of the observed performance
differences.

Third, the results highlight the importance of
assessing each individual cryptocurrencies rather
than treating them as a homogeneous asset class.
The reported negative performance of Tether in the
study suggests that its contribution to the portfolio
may differ from that of the other cryptocurrencies
examined. Investors should therefore evaluate each
asset’s return characteristics, volatility, correlations
with equities, and contribution to overall portfolio
risk before incorporating them into a hedging
strategy.

Moreover, the ADCC-GARCH approach
offers a useful framework for estimating time-
varying conditional correlations and incorporating
asymmetric correlation dynamics into portfolio
construction. Portfolio managers may use such
information to reassess portfolio allocations as market
relationships change. Nevertheless, model-based
allocation decisions should be evaluated alongside
transaction costs, liquidity constraints, investment
objectives, and the practical risks associated with
cryptocurrency markets.

To conclude, the findings suggest that
combining cryptocurrencies with the LQ45 Index may
offer portfolio diversification opportunities, yet the
effectiveness of is conditional on the market period,
the cryptocurrency selected, and the performance
measure employed. The results therefore encourage a
selective and risk-aware approach to cryptocurrency-
based portfolio management rather than a general
claim that hedged portfolios consistently outperform
unhedged portfolios.

6. Conclusion and Recommendations

This study examined the performance of
dynamic portfolios combining cryptocurrencies
with the LQ45 Index using the ADCC-GARCH
method across the pre-pandemic, pandemic, and
post-pandemic periods. The findings indicated that
the benefits of combining cryptocurrencies with
Indonesian equities vary across market conditions

and performance evaluation measures. Although the
hedged portfolios generated higher returns during
the COVID-19 pandemic, the results did not establish
a consistent performance advantage across all risk-
adjusted performance measures. Furthermore, the
negative performance of Tether highlighted the
importance of evaluating individual cryptocurrencies
rather than assuming that all digital assets provide
equivalent diversification or hedging benefits. This
study contributes to the literature by extending
the analysis of cryptocurrency-equity portfolio
diversification through a dynamic framework that
accounts for time-varying conditional correlations
and asymmetric market responses. The findings also
emphasize the importance of evaluating portfolio
strategies using multiple performance measures,
as higher returns do not necessarily translate into
superior risk-adjusted performance.

Despite these contributions, this study has
several limitations. First, the analysis is restricted to
five cryptocurrencies and the LQ45 Index, thereby
excluding other potentially relevant asset classes
and financial instruments. Second, the observation
period, January 2019 to November 2021, covers a
specific phase of market conditions associated with
the COVID-19 pandemic and may not fully capture
the performance of cryptocurrency-equity portfolios
across other economic cycles. Third, the evaluation
relies on selected risk-adjusted performance
measures and the ADCC-GARCH framework;
alternative portfolio optimization methods and
performance criteria may yield additional insights
into diversification and hedging effectiveness. Future
studies are encouraged to address these limitations
by incorporating other asset classes, such as gold,
bonds, commodities, and additional equity indices,
to examine whether broader diversification improves
portfolio  performance. Extended observation
period is also suggested to include more recent
market conditions and different economic cycles.
Other technical suggestions were comparing the
ADCC-GARCH method with alternative portfolio
construction and optimization approaches, and
incorporate transaction costs, liquidity constraints,
and other practical investment considerations.
Further studies could also investigate the individual
of different cryptocurrencies to
portfolio risk and return to identify which assets
provide more robust diversification benefits under
different market conditions.

contributions
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