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This paper investigates the performance of cryptocurrencies and market indices. 
Using the dynamic conditional correlation (DCC) model, the result shows that 
cryptocurrencies and market indices, contrary to much of the literature, tend to 
move in the same direction, resulting in little or no benefits in portfolio 
management. Dividing into the sub-sample period, cryptocurrencies have 
moved even more strongly with market indices during the recent period after 
the COVID-19 pandemic, indicating the possibility of no hedging benefit. This 
paper shows that inclusion of cryptocurrency in a portfolio increases the return 
as well as volatility, as the risk-adjusted return does not show any sign of 
improvement. A portfolio comprising the FTSE 100 Index seems to receive the 
greatest benefit of including cryptocurrencies as the risk-adjusted performance 
improves. 

Section 1: Introduction    
Since the COVID-19 global pandemic, investors have invested aggressively 

in the cryptocurrency market as an alternative investment. Akhtaruzzaman, 
et al. (2021) and Banerjee (2021) have provided empirical evidence of the 
spillover effect of financial shocks from one economy to another during 
the pandemic, which has made investors look for alternative investments 
to compensate for their losses during the financial downturn. Bitcoin, the 
decentralised banking system proposed by Nakamoto (2008), was introduced 
to the market and gained investors’ attention as an asset that is uncorrelated 
to the major stock markets. Since its movements are uncorrelated to the 
markets, investors expect to receive a benefit from investing in Bitcoin either 
to hedge against the markets during financial downturns or to improve the 
performance of portfolios. Sharply increased in price and volume, Bitcoin 
is now trading with a daily volume of more than $30 billion and a market 
capitalisation of $550 billion.1 

With the rise of Bitcoin, other cryptocurrencies such as Ethereum, 
Binance, Cardano, Ripple, and Dogecoin, have received attention from 
investors and become an investment vehicle that can be used for portfolio 
management (Bouri, Molnár, et al., 2017; Glaser et al., 2014; Junior & 
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Franca, 2012; Klein et al., 2018). Henriques and Sadorsky (2018), and 
Shahzad et al. (2019) tested for the use of Bitcoin and provided empirical 
evidence that it can be used as a safe-haven asset during extreme market 
conditions. Investors move their investments from traditional investments 
such as stocks and bonds to cryptocurrencies expecting to receive a positive 
return during a market downturn. 
Additionally, Nadarajah and Chu (2017) have indicated that 

cryptocurrencies do not follow any form of efficient market hypothesis 
(EMH) as their empirical evidence showed the rejection of weak-form EMH. 
The pattern of cryptocurrencies is close to ‘random walk’, making it hard 
to predict the price movement. The result showed that if cryptocurrencies 
are moving uncorrelated to the market indices, then investors can receive the 
benefit of hedging property by including coins in their portfolios. 
However, Corbet et al. (2018), and Tan et al. (2020) argued that investors 

speculate on cryptocurrencies to gain profits from price volatility. Without 
a solid fundamental analysis or intrinsic value, cryptocurrencies are riskier 
than traditional investments and do not provide a better risk-adjusted return 
for portfolios. Furthermore, Breidbach and Tana (2021) explained that social 
media and mainstream news media, such as investing websites and TV, are 
the main drivers of cryptocurrency becoming popular among inexperienced 
investors. Without a risk-tradeoff analysis, these investors are more likely to 
have lower-than-expected returns than from a portfolio that does not contain 
any cryptocurrencies. 
Thies and Molnár (2018) indicated that the return on volatility of Bitcoin 

often shows structural breaks, leading to rapid changes in its price and 
volatility. Since the volatility of Bitcoin is high, it is unlikely that it can be 
used to hedge traditional asset classes. Beneki et al. (2019) also supported 
the view that the hedging benefit of Bitcoin and Ethereum is relatively weak 
compared with other asset classes. 
Weighing these opposing opinions regarding cryptocurrency, in this paper 

we investigate whether cryptocurrencies can help to improve a portfolio’s 
performance. We test for cryptocurrencies, namely Bitcoin (BTC), Ethereum 
(ETH), Cardano (ADA), Binance Coin (BNB), Ripple (XRP), Solana 
(SOL), Polkadot (DOT), and Dogecoin (DOGE) with major market indices, 
the S&P 500, the FTSE 100, S&P/TSX Composite, and the Nikkei 225. 
We found that, in general, cryptocurrencies show greater volatility than 
market indices. Testing for portfolio performance with the inclusion of 
cryptocurrencies, surprisingly we found that cryptocurrencies do not provide 
a better risk-adjusted return. Rather, including cryptocurrency in a portfolio 
increases risk as well as the return. 
Our results provide two interesting outcomes. First, we found that 

cryptocurrencies do not help improve risk-adjusted-performance, a result that 
is significant as much of the literature has shown the benefits of using 
cryptocurrencies to improve risk-adjusted performance, hedge inflation, or 
as a safe-haven asset during market volatility. Secondly, our results show a 
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high level of correlation between cryptocurrencies and market indices, which 
is contrary to the widely held belief among investors that movements in 
cryptocurrencies are uncorrelated with market indices. Our results reveal that 
during the period March 2021 to May 2022 cryptocurrencies tended to move 
with financial markets, reducing the reputed benefits of including them in 
portfolios. 
The paper is organised as follows. Section 2 discusses the data and 

methodology used in the paper. Empirical results are presented in Section 3. 
Section 4 provides a further discussion on cryptocurrencies, interest rates, and 
the recent financial market downturn (January to May 2022). We also include 
out-of-sample testing in Section 5. Section 6 provides the conclusions of the 
paper. 

Section 2: Data and Methodology      
Data  
The primary cryptocurrencies in our study were BTC, ETH, ADA, BNB, 

XRP, SOL, DOT, and DOGE. Cryptocurrency data were collected from the 
Thomson Reuters Eikon service.2 The choice of these cryptocurrencies was 
based on their market capitalisation.3 We excluded stable cryptocurrencies 
such as Tether (USDT), and USD Coin (USDC) since these are fixed on 
a one-for-one exchange rate with the US Dollar and do not provide any 
pattern for hedging. The market indices used in our research are the S&P 
500, FTSE 100, S&P/TSX Composite, and Nikkei 225. The main reason 
for using these indices was to test for the performance of each index when 
including cryptocurrencies in a hypothetical portfolio to determine whether 
cryptocurrencies can provide any benefit for portfolio management. The 
sample period was from September 2014 to May 2022.4 

Dynamic Conditional Correlation (DCC) Model      
To investigate the correlation between cryptocurrencies and market 

indices, we used the Dynamic Conditional Correlation (DCC) model, which 
is extensively used to measure correlations among asset classes.5 Unlike 
Constant Condition Correlation (CCC), DCC6 allows for a time variant in 
the correlation matrix. The model is defined as follows: 

Since the intercept date for each coin is different, the spanning period is reported in Table 1 : Summary Statistics. 
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where is the return of a market index i at time t, and 
is the return of cryptocurrency i at time t. The error matrix of 

the model is specifically defined as follows: 

where  is the bivariate error structure of [   is the vector of normal 
and independent innovations,  is the conditional covariance matrix , 

 is the diagonal matrix of conditional GARCH variances, and  is the 
matrix of constant unconditional correlation of error term structure. 
Portfolio Construction   
The portfolio construction is based on the weights of each coin to market 

indices. We followed Klein et al. (2018) to identify the portfolio weight. The 
portfolio weight was measured by the minimum mean-variance portfolio and 
assigned as: 

where  represents the weight of two assets to achieve the lowest variance 
portfolio.  is the covariance matrix. 
The general idea from Klein et al. (2018) is that a market index is a 

well-diversified portfolio. Investors include alternative assets such as gold, oil, 
and cryptocurrencies, to help improve the risk-adjusted return. However, 
including excessive risky positions such as cryptocurrencies can increase risk 
in the portfolio, resulting in the lowering of risk-adjusted performance. 

Section 3: Empirical Results     
Characteristics of Cryptocurrencies    
Table 1  reports the summary statistics of our sample of cryptocurrencies. 

Cryptocurrencies show great volatility and fat-tailed distribution as skewness 
and kurtosis are relatively high. The result explains the price volatility of the 
cryptocurrency markets and the potential gains to be made from investing 
in such a fast-growing innovation asset. Market indices, however, show a 
normally distributed pattern and, therefore, tend to provide less extreme 
return values than cryptocurrencies. 
We were also interested in the return performance of these 

cryptocurrencies when compared with the stock market. Table 2  summarises 
the return statistics of cryptocurrencies and market indices. As expected, 
cryptocurrencies show greater return volatility than market indices. BTC, as 
expected, shows the greatest volatility (38.73%) since it is the most traded 
coin in the world followed by DOGE, and SOL with standard deviations 
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Table 1. Summary Statistics 

Mean Median Std. Dev Skewness Kurtosis Min Max Date 

BTC 12280.83 6488.98 16628.34 1.62 4.37 178.10 67566.83 9/17/2014 

ETH 1093.58 406.66 1255.35 1.23 3.15 84.31 4812.09 11/9/2015 

ADA 0.50 0.13 0.66 1.52 4.43 0.02 2.97 11/9/2017 

BNB 130.16 21.07 187.74 1.27 3.04 1.51 675.68 11/9/2017 

XRP 0.54 0.41 0.38 2.16 11.07 0.14 3.38 11/9/2017 

SOL 56.88 28.56 67.52 1.11 3.05 0.52 258.93 4/10/2020 

DOT 26.98 25.75 10.17 0.37 2.30 8.71 53.84 2/10/2021 

DOGE 0.06 0.00 0.10 2.08 7.55 0.00 0.68 11/9/2017 

 

Mean Median St Dev Skewness Kurtosis Min Max Date 

S&P 500 316.82 286.07 75.49 0.67 2.02 216.58 476.23 9/17/2014 

FTSE 100 698.61 714.30 54.60 -1.23 3.84 492.80 786.50 9/17/2014 

S&P/TSX Composite 25.86 24.45 4.24 0.79 2.31 17.03 35.13 9/17/2014 

Nikkei 225 57.40 56.06 6.44 0.55 2.21 41.85 73.16 9/17/2014 

This table presents the summary statistics of returns from cryptocurrencies and market indices. The cryptocurrencies in the sample are Bitcoin (BTC), 
Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple (XRP), Solana (SOL), Polkadot (DOT), and Dogecoin (DOGE). The stock market indices 
in the sample are the S&P 500, FTSE 100, S&P/TSX Composite, and Nikkei 225. The data is collected from Thomson Reuters Eikon. The sample period 
is from September 2014 to May 2022. However, due to the different intercept date for each coin, the starting date of the sample is reported under the ‘Date’ 
column. 

Table 2. Return Summary Statistics 

Mean Median Std. Dev Skewness Kurtosis Min Max Date 

BTC 0.22% 0.20% 38.73% -0.14 10.17 -37.17% 25.25% 9/17/2014 

ETH 0.24% 0.15% 5.10% -0.25 8.46 -42.35% 26.46% 11/9/2015 

ADA 0.42% 0.04% 7.78% 5.12 77.06 -39.57% 136.68% 11/9/2017 

BNB 0.49% 0.12% 6.31% 1.90 23.88 -41.90% 69.76% 11/9/2017 

XRP 0.26% -0.10% 6.93% 2.60 28.54 -42.33% 83.47% 11/9/2017 

SOL 0.84% 0.15% 8.33% 0.52 6.18 -37.21% 47.28% 4/10/2020 

DOT 0.05% 0.24% 6.68% -0.18 6.53 -38.44% 29.83% 2/10/2021 

DOGE 6.34% -0.08% 11.64% 18.03 527.94 -40.26% 355.55% 11/9/2017 

 

Mean Median St Dev Skewness Kurtosis Min Max Date 

S&P 500 0.06% 0.09% 1.26% -0.70 17.20 -10.94% 9.06% 9/17/2014 

FTSE 100 0.01% 0.03% 1.10% -1.03 19.46 -11.52% 8.97% 9/17/2014 

S&P/TSX Composite 0.04% 0.10% 1.07% -1.33 47.78 -12.11% 12.02% 9/17/2014 

Nikkei 225 0.02% 0.06% 1.08% -0.82 12.97 -9.80% 6.94% 9/17/2014 

This table represents the return characteristics of cryptocurrencies: Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple (XRP), 
Solana (SOL), Polkadot (DOT), and Dogecoin (DOGE), and stock market indices: the S&P 500, FTSE 100, S&P/TSX Composite, and Nikkei 225. The data 
is collected from Thomson Reuters Eikon. The sample period is from September 2014 to May 2022. However, due to the different intercept date for each 
coin, the starting date of the sample is reported under the ‘Date’ column. 

of 11.64% and 8.33%, respectively. DOGE shows the greatest skewness and 
kurtosis, indicating high volatility and non-normal distribution return. ADA, 
XRP, and BNB also show non-normal distribution. Then, the pattern of 
cryptocurrencies confirmed that the fat-tailed distribution of 
cryptocurrencies generates relatively higher returns than the returns from the 
market indices in our sample. 
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We report the $1 investment of each cryptocurrency to observe the return 
pattern over the sample period. Figure 1  shows the cumulative return from 
each cryptocurrency. All cryptocurrencies, except DOT, provided positive 
returns over time. Most of the cryptocurrencies showed an increase in return 
during early 2020 when the COVID-19 pandemic hit the world economy. 
Investors were seeking an alternative investment to compensate for sharp 
downturn in stock markets. As cryptocurrencies were introduced, investors 
transferred their investments into fast-growing assets to capture a higher 
return. (Note: DOGE provided the highest return on a $1 investment, up to 
almost 500 times, from 2020 to 2021. The main reason for this spike in the 
price was DOGE being endorsed by Elon Musk as he accepted DOGE as a 
form of payment for Tesla.7) 
Figure 1  shows the cumulative return from September 2014 to May 2022 

on a $1 investment in cryptocurrencies, namely BTC, ETH, ADA, BNB, 
XRP, SOL, DOT, and DOGE. 
As shown in Figure 1 , cryptocurrencies rose after the COVID-19 

pandemic and then fell in late 2021. This provides an interesting discussion. 
Firstly, contrary to the literature (DeVries, 2016; Dwyer, 2015; Nian & 
Chuen, 2015) finding that cryptocurrencies are used to facilitate money 
transfer with lower transaction costs through decentralisation, investors 
regard cryptocurrencies as a potential investment vehicle rather than a vehicle 
to make an online transfer payment. This is consistent with Baek and Elbeck 
(2015) and Auer and Tercero-Lucas (2021) that investors speculate in the 
cryptocurrency markets. Though investors do not understand the technology 
behind cryptocurrencies, they strongly believed that the price of these assets 
will go up in the future, creating higher demand and pushing prices up. 
However, during the market downturn in 2022, many cryptocurrencies 

followed the same direction as the major stock market indices. The drop 
in prices threatened the popular belief that cryptocurrencies can be used 
as hedging assets for traditional investments (Bariviera et al., 2017; Beneki 
et al., 2019; Henriques & Sadorsky, 2018). Movements in cryptocurrency 
values should be uncorrelated with market indices to provide the benefit of 
holding cryptocurrencies in a portfolio. If this does not hold, then including 
cryptocurrencies presents a greater risk. Yermack (2015) explained why 
Bitcoin does not provide a better hedging benefit as the volatility of the 
cryptocurrency is too high to be used as a hedging asset. 
Correlation: The DCC Model     
Table 3  shows the empirical results from the DCC model. We are 

interested in the coefficient p as an indicator for the correlation of 
cryptocurrencies to market indices. The results show that the S&P 500 is 
correlated with BTC, ETH, ADA, XRP, and DOGE, as p coefficients are 

https://www.reuters.com/markets/us/musk-says-tesla-will-accept-dogecoin-merchandise-2021-12-14/ 7 
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Figure 1. Cumulative Return 
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statistically significant at 10%. ADA shows the strongest correlation to the 
S&P 500 when compared with the other cryptocurrencies. The results are not 
surprising, as BTC, ETH, and DOGE have been influenced by movements 
of the S&P 500 in recent periods as many financial institutions allow these 
cryptocurrencies to be used as a payment or medium of exchange. 
The S&P/TSX Composite Index also shows a certain degree of correlation 

with cryptocurrencies: BTC, ETH as well as DOGE. The p coefficients are 
statistically significant at the 10% level as we have seen with the S&P 500 
Index. Since the S&P/TSX Composite Index is closely related to the S&P 500 
Index, then the pattern is similar to that of the S&P 500 Index’s correlation 
to cryptocurrencies. 
Although 10% of significance does not provide a strong significance level 

under the statistical models, we use the significance at 10% to show that 
there is a certain degree of correlation between major market indices and 
cryptocurrencies. Then, investors can, at least, construct portfolios to include 
these cryptocurrencies to improve risk-adjusted performance. 
The FTSE 100 Index, surprisingly, only shows a correlation with BTC and 

XRP. This is interesting, as the FTSE 100 tends to follow the movement 
of the S&P 500 Index. Mariana et al. (2021) explained that the COVID-19 
global pandemic has changed investors’ behaviour in that they are moving 
from European stock markets to North American stock markets seeking 
better performance. Investors are using the S&P 500 and the S&P/TSX 
Composite indices to adjust their asset allocations to the performance of 
cryptocurrencies. 
Finally, the Nikkei 225 Index does not show any correlation to any 

cryptocurrencies, except for BNB. BNB trades mostly in Asian markets, 
making it more correlated to the Nikkei 225 than to the S&P 500, FTSE 100, 
and S&P/TSX Composite indices. 
DCC Sub-sample   
Since the main result could be affected by the sample period selection, 

we tested for the sub-sample period to see whether cryptocurrencies were 
showing any change in correlation. The sub-periods are from January 2020 to 
February 2021 (during the COVID-19 pandemic) and March 2021 to May 
2022 (post-COVID-19). We use the short period as suggested by Crawley 
(2020) to eliminate the potential price impact on cryptocurrencies. 
Table 4 8 reports the findings of the sub-periods. Table 4  Panel A indicates 

correlation between cryptocurrencies and market indices during the 
COVID-19 pandemic. As expected, the correlation increased during the sub-
period, especially for the S&P 500, FTSE 100, and S&P/TSX Composite 
indices. The result is contrary to much of the literature (Bouri et al., 2020; 
Gil-Alana et al., 2020; Henriques & Sadorsky, 2018; Shahzad et al., 2019) 

We report only the p coefficient to assess the correlation of market indices and cryptocurrencies to make the extent of this paper more 
manageable for publication. 
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Table 3. Dynamic Conditional Correlation (DCC) Model 

BTC BTC XRP XRP 

Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 

BTC_t-1 0.0148* 0.0084 0.0105* 0.0038 XRP_t-1 0.0128* 0.0104* 0.0113* 0.0052 

(0.0254) (0.0134) (0.0204) (0.0087) (0.0242) (0.0219) (0.0235) (0.0101) 

Index_t 0.0102* 0.0095* 0.0098* 0.0064 Index_t 0.0089* 0.0067* 0.0078* 0.0043 

(0.0195) (0.0175) (0.0186) (0.0103) (0.0176) (0.0152) (0.0168) (0.0084) 

Index_t-1 0.0138* 0.0098* 0.0107* 0.0711 Index_t-1 0.0102* 0.0071* 0.0082* 0.0054 

(0.0231) (0.0184) (0.0228) (0.0147) (0.0246) (0.0168) (0.0178) (0.0097) 

p p 0.083* 0.083* 0.056 0.056 0.074* 0.074* 0.043 0.043 p p 0.075* 0.075* 0.068* 0.068* 0.067* 0.067* 0.032 0.032 

(0.0191) (0.0103) (0.0185) (0.0091) (0.0183) (0.0172) (0.0175) (0.0071) 

Constant 0.0012 0.0001 0.0007 0.0001 Constant 0.0011 0.0007 0.0003 0.0001 

(0.0034) (0.0002) (0.0008) (0.0002) (0.0026) (0.0012) (0.0003) (0.0002) 

Log Likelihood 6923.54 6923.54 6923.54 6923.54 Log Likelihood 4356.83 4356.83 4356.83 4356.83 

ETH ETH SOL SOL 

Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 

ETH_t-1 0.0127* 0.0063 0.0091* 0.0028 SOL_t-1 0.0075 0.0052 0.0061 0.0041 

(0.0232) (0.0123) (0.0174) (0.0075) (0.0127) (0.0091) (0.0093) (0.0068) 

Index_t 0.0098* 0.0063 0.0084* 0.0052 Index_t 0.0076* 0.0041 0.0054 0.0045 

(0.0185) (0.0138) (0.0189) (0.0091) (0.0131) (0.0063) (0.0084) (0.0071) 

Index_t-1 0.0129* 0.0083* 0.0093* 0.0081* Index_t-1 0.0083* 0.0048 0.0051 0.0052 

(0.0221) (0.0174) (0.0192) (0.0171) (0.0162) (0.0079) (0.0086) (0.0087) 

p p 0.078* 0.078* 0.048 0.048 0.067 0.067 0.054 0.054 p p 0.038 0.038 0.041 0.041 0.032 0.032 0.027 0.027 

(0.0181) (0.0093) (0.0101) (0.0098) (0.0071) (0.0073) (0.0063) (0.0043) 

Constant 0.0009 0.0001 0.0005 0.0001 Constant 0.0002 0.0005 0.0004 0.0001 

(0.0016) (0.0003) (0.0010) (0.0002) (0.0013) (0.0021) (0.0011) (0.0002) 

Log Likelihood 6731.18 6731.18 6731.18 6731.18 Log Likelihood 3981.57 3981.57 3981.57 3981.57 

ADA ADA DOT DOT 

Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 

ADA_t-1 0.0097* 0.0063 0.0081 0.0018 DOT_t-1 0.0035 0.0027 0.0031 0.0018 

(0.0183) (0.0123) (0.0175) (0.0043) (0.0076) (0.0053) (0.0071) (0.0042) 
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Index_t 0.0103* 0.0063 0.0072* 0.0044 Index_t 0.0017 0.0026 0.0018 0.0032 

(0.0194) (0.0138) (0.0142) (0.0087) (0.0041) (0.0052) (0.0042) (0.0065) 

Index_t-1 0.0128* 0.0083* 0.0078* 0.0061 Index_t-1 0.0027 0.0031 0.0023 0.0048 

(0.0213) (0.0174) (0.0171) (0.0158) (0.0054) (0.0062) (0.0049) (0.0076) 

p p 0.088* 0.088* 0.048 0.048 0.051 0.051 0.024 0.024 p p 0.031 0.031 0.025 0.025 0.037 0.037 0.015 0.015 

(0.0179) (0.0093) (0.0098) (0.037) (0.0067) (0.0058) (0.0078) (0.0032) 

Constant 0.0005 0.0001 0.0003 0.0002 Constant 0.0009 0.0001 0.0004 0.0005 

(0.0013) (0.0003) (0.0013) (0.0007) (0.0016) (0.0003) (0.0005) (0.0012) 

Log Likelihood 4518.73 4518.73 4518.73 4518.73 Log Likelihood 3785.60 3785.60 3785.60 3785.60 

BNB BNB DOGE DOGE 

Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 Variables S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 

BNB_t-1 0.0043 0.0035 0.0037 0.0062* DOGE_t-1 0.0078* 0.0062 0.0073* 0.0041 

(0.0145) (0.0120) (0.0127) (0.0175) (0.0105) (0.087) (0.0094) (0.0064) 

Index_t 0.0028 0.0036 0.0032 0.0078* Index_t 0.0125* 0.0107* 0.0118* 0.0087* 

(0.0098) (0.0132) (0.0127) (0.0197) (0.0217) (0.0203) (0.0212) (0.0187) 

Index_t-1 0.0045 0.0061 0.0054 0.0093* Index_t-1 0.0103* 0.0112* 0.0124* 0.0093* 

(0.0152) (0.0153) (0.0156) (0.0214) (0.0197) (0.0205) (0.0218) (0.0171) 

p p 0.038 0.038 0.049 0.049 0.042 0.042 0.066* 0.066* p p 0.067* 0.067* 0.062 0.062 0.071* 0.071* 0.038 0.038 

(0.0121) (0.0101) (0.0113) (0.0167) (0.0167) (0.0146) (0.0178) (0.0120) 

Constant 0.0001 0.0002 0.0004 0.0005 Constant 0.0001 0.0003 0.0007 0.0002 

(0.0003) (0.0007) (0.0005) (0.0012) (0.0013) (0.0011) (0.0018) (0.0009) 

Log Likelihood 3759.59 3759.59 3759.59 3759.59 Log Likelihood 3892.25 3892.25 3892.25 3892.25 

This table represents the dynamic conditional correlation (DCC) model of cryptocurrencies to market indices. The model specification is defined equation (1): , 
Where is the return of market index i at time t, is the return of cryptocurrency i at time t. The error matrix of the model is defined as equation (2): , and question (3): , where 
is the bivariate error structure of [   is the vector of normal, independent innovations. is the conditional covariance matrix .  is the diagonal matrix of conditional GARCH variances, and  is the matrix of constant 
unconditional correlation of error term. The coefficient p is an indicator for correlation of cryptocurrencies to market indices. The cryptocurrencies are Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple 
(XRP), Solana (SOL), Polkadot (DOT), and Dogecoin (DOGE). * and ** represent the significant level of 10% and 5%, respectively. 
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Table 4. DCC Sub-Sample 

Panel A: January 2020 to February 2021 

S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 

BTC 0.097* 0.097* 0.061 0.082* 0.082* 0.037 

ETH 0.101* 0.101* 0.058 0.094* 0.094* 0.058 

ADA 0.092* 0.092* 0.042 0.067* 0.067* 0.038 

BNB 0.044 0.052 0.048 0.073* 0.073* 

XRP 0.081* 0.081* 0.072* 0.072* 0.075* 0.075* 0.044 

SOL 0.039 0.042 0.033 0.026 

DOT 0.040 0.037 0.046 0.029 

DOGE 0.071* 0.071* 0.058 0.073* 0.073* 0.028 

 

Panel B: March 2021 to May 2022 

S&P 500 FTSE 100 S&P/TSX Composite Nikkei 225 

BTC 0.105* 0.105* 0.063 0.088* 0.088* 0.041 

ETH 0.107* 0.107* 0.060 0.095* 0.095* 0.034 

ADA 0.093* 0.093* 0.052 0.074* 0.074* 0.028 

BNB 0.041 0.048 0.037 0.075* 0.075* 

XRP 0.083* 0.083* 0.078* 0.078* 0.082* 0.082* 0.037 

SOL 0.041 0.047 0.038 0.021 

DOT 0.052 0.041 0.048 0.039 

DOGE 0.083* 0.083* 0.054 0.082* 0.082* 0.017 

This table represents the sub-sample of DCC model. Panel A shows the sample period from January 2020 to February 2021, and Panel B shows the sample 
period from March 2021 to May 2022. The table reports only the coefficient p as an indicator for correlation of cryptocurrencies to stock market indices. The 
cryptocurrencies are Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple (XRP), Solana (SOL), Polkadot (DOT), and Dogecoin 
(DOGE). * and ** represent the significant level of 10% and 5%, respectively. 

findings that cryptocurrencies can be used as safe-haven assets and for 
diversifying portfolios. An increase in correlation provides less diversification 
benefit to investors. Since cryptocurrencies are characterised by high volatility, 
investors are adding more risk to their portfolios. 
Table 4  Panel B shows that the correlation of cryptocurrencies and market 

indices after the COVID-19 pandemic is, however, stronger than during the 
pandemic, except for the Nikkei 225 Index. This result shows that investors 
are now accepting cryptocurrencies as another mainstream investment asset. 
The transaction between traditional investment assets and crypto-assets can 
be traded more easily and efficiently, making it easier for investors to transfer 
between cryptocurrencies and traditional assets. Therefore, the belief that 
cryptocurrencies are a hedge against uncertainty (Chan et al., 2019; Feng et 
al., 2018) does not seem to have matched reality during the global pandemic. 
Instead, the pandemic brought the cryptocurrency and stock markets into 
closer alignment. 
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Portfolio Performance   
We determined portfolio performance by assigning the optimum weight 

for each cryptocurrency based on the minimum mean-variance portfolio. We 
report the portfolio without including cryptocurrencies in Panel A, while 
Table 5  Panels B and C report optimum weight and portfolio combination 
with cryptocurrency, respectively. 
Table 5  Panel B indicates the optimum weight for each cryptocurrency 

for each market index. BTC, surprisingly, shows the greatest weighting for 
the Nikkei 225. Other cryptocurrencies also show the highest weighting for 
Nikkei 225, except for XRP, SOL, and DOGE. A plausible explanation is 
that the Nikkei 225 does not have a strong correlation with cryptocurrencies. 
Therefore, investors in Asian stock markets may be able to receive a better 
risk-adjusted performance by including cryptocurrencies in their portfolios. 
In Table 5  Panel C, the result shows that including any cryptocurrency in 

a portfolio does not help to improve risk-adjusted performance as expected 
when compared with the performance of index return without including 
cryptocurrency (Panel A). The Sharpe ratio for the S&P 500, S&P/TSX 
Composite, and Nikkei 225 indices is lower when any cryptocurrency is 
included in a portfolio. The result is consistent with Urquhart (2016) and 
Eisl et al. (2015) that cryptocurrencies increase the value-at-risk of a portfolio 
and do not show a significant hedging capability to market indices. Investors 
are taking a position in the cryptocurrency market to increase the return to 
compensate for the additional risk. 
However, only a FTSE 100 portfolio has a slightly better risk-adjusted 

performance from including cryptocurrencies, especially BTC, ETH, ADA, 
and DOGE. A plausible explanation is that FTSE 100 (which suffered greatly 
during the financial downturn post 2007–2008) does not provide a strong 
correlation with crypto-assets, making it possible for the index to improve its 
performance during extreme market downturn (Bouri et al., 2020). 
In summary, including cryptocurrencies in a portfolio does not help to 

improve the risk-adjusted performance as measured by the Sharpe ratio. The 
only portfolio that benefits from cryptocurrency is a FTSE 100 portfolio 
Including cryptocurrency increases the size of the standard deviation in a 
portfolio. Therefore, using cryptocurrency in a portfolio may not be a good 
hedge for portfolio management. 
Section 4: Cryptocurrencies, Interest, Rate, and Financial Downturns         

Interest Rate Policy and Cryptocurrencies      
The Federal Open Market Committee (FOMC) announced at its meeting 

in January 2022, shortly after the Department of Labor inflation report was 
published, that the Federal Reserve was planning to gradually increase an 
interest rate to combat the rise of inflation in the US economy. DeVries 
(2016), Borri (2019), Sebastião and Godinho (2020) offer empirical evidence 
to include cryptocurrencies in a portfolio to help for hedging against the 
rise of inflation. With this empirical standpoint, we tested for the correlation 
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Table 5. Portfolio Performance 

Panel A: Index Return 

Return Std. Deviation Sharpe Ratio 

S&P 500 21.17% 24.07% 0.88 

FTSE 100 2.21% 20.97% 0.11 

S&P/TSX Composite 14.77% 20.43% 0.72 

Nikkei 225 7.11% 20.54% 0.35 

 

Panel B: Portfolio Weighting 

BTC ETH ADA BNB XRP SOL DOT DOGE 

S&P 500 5.76% 4.33% 3.87% 1.75% 2.98% 3.72% 2.01% 1.88% 

FTSE 100 4.73% 3.58% 4.02% 2.17% 2.73% 3.11% 2.08% 2.25% 

S&P/TSX Composite 5.18% 4.07% 3.97% 2.08% 1.89% 2.38% 2.57% 1.72% 

Nikkei 225 5.91% 5.02% 4.67% 3.82% 2.14% 2.56% 3.17% 1.08% 

 

Panel C: Portfolio Return 

BTC ETH ADA BNB XRP SOL DOT DOGE 

S&P 500 S&P 500 

Return 24.87% 22.76% 21.54% 21.36% 25.68% 21.47% 22.18% 24.16% 

Std. Deviation 28.92% 27.53% 24.87% 26.42% 30.18% 25.83% 28.73% 32.64% 

Sharpe Ratio 0.86 0.83 0.87 0.81 0.85 0.83 0.77 0.74 

FTSE 100 FTSE 100 

Return 4.85% 4.07% 3.71% 2.81% 3.07% 2.91% 2.37% 3.12% 

Std. Deviation 25.86% 24.88% 24.54% 25.98% 26.97% 25.08% 24.65% 23.66% 

Sharpe Ratio 0.19 0.16 0.15 0.11 0.11 0.12 0.10 0.13 

S&P/S&P/TSXTSX  Composite Composite 

Return 18.94% 17.87% 18.83% 16.14% 19.12% 17.75% 17.12% 18.43% 

Std. Deviation 29.16% 28.91% 29.41% 26.42% 28.99% 27.88% 26.89% 29.14% 

Sharpe Ratio 0.65 0.62 0.64 0.61 0.66 0.64 0.64 0.63 

Nikkei 225 Nikkei 225 

Return 10.05% 9.15% 8.12% 9.16% 7.87% 7.93% 7.35% 7.28% 

Std. Deviation 28.97% 27.97% 27.43% 28.57% 24.32% 24.97% 24.58% 24.41% 

Sharpe Ratio 0.35 0.33 0.30 0.32 0.32 0.32 0.30 0.30 

Table 5 represents the portfolio performance of a combination of stock market indices and cryptocurrencies. Panel A reports the annual return of the market 
indices S&P 500, FTSE 100, S&P/TSX Composite, and Nikkei 225. Panel B reports the optimum weighting of each cryptocurrency based on the minimum 
mean-variance portfolio from equation (4): , and equation (5): , where wt represents the weight of two assets to achieve the lowest 
variance portfolio. Ht is the covariance matrix. The cryptocurrencies are Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple 
(XRP), Solana (SOL), Polkadot (DOT), and Dogecoin (DOGE). 

of interest rates and the return from cryptocurrencies. We used the 10-year 
Treasury Bill rate, collected from Bloomberg Terminal, from May 2021 to 
May 2022, to test for the correlation. We used a one-year sample to observe 
the change in market interest rate over time. 
Table 6  shows the correlation between interest rates and cryptocurrencies 

in our sample from May 2021 to May 2022. Contrary to the literature, 
cryptocurrencies move in the opposite direction to an interest rates increase. 
Since stock market indices are affected by the rise of interest rates, the 
movement of cryptocurrencies follows the same pattern as the stock markets 
in general. The recent highly correlated relationship can be explained by 
investors being aware of the greater risk of including cryptocurrencies in their 
portfolios. Xu et al. (2021) provide empirical evidence that cryptocurrency 
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Table 6. Interest Rate and Cryptocurrencies 

Int. Rate BTC ETH ADA BNB XRP SOL DOT DOGE 

Int. Rate 1 

BTC -0.43783 1 

ETH -0.36154 0.938805 1 

ADA -0.68103 0.683964 0.567615 1 

BNB -0.30412 0.859388 0.946803 0.444815 1 

XRP -0.58223 0.849442 0.764289 0.893947 0.651963 1 

SOL -0.23472 0.848133 0.922761 0.440375 0.900295 0.611947 1 

DOT -0.52232 0.923729 0.823779 0.758578 0.69976 0.850587 0.783586 1 

DOGE -0.72598 0.548933 0.404754 0.849878 0.306773 0.771656 0.194809 0.594667 1 

Table 6 shows the correlation between interest rates and cryptocurrency. The 10-year Treasury Bill was used as a proxy for the interest rate. The interest 
rate data was collected through the Bloomberg Terminal. The sample period is from May 2021 to May 2022 to observe the one-year change in interest rate 
policy. The cryptocurrencies are Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple (XRP), Solana (SOL), Polkadot (DOT), 
and Dogecoin (DOGE). 

Table 7. Market Downturn and Cryptocurrency Performance 

BTC ETH ADA BNB XRP SOL DOT DOGE 

Return -33.99% -55.83% -80.86% -48.69% -63.03% -117.20% -66.16% -73.50% 

Std. Dev 52.50% 71.83% 92.37% 55.16% 68.91% 110.55% 64.30% 69.50% 

Median -1.68% -2.90% -7.78% -2.49% -4.01% -8.13% -3.55% -3.55% 

Max 13.51% 17.44% 34.78% 11.10% 18.52% 27.73% 14.06% 21.47% 

Min -15.86% -24.35% -20.24% -22.97% -21.03% -32.65% -22.30% -25.25% 

Skew 6.16 5.06 32.25 -10.94 4.86 15.55 -5.37 4.21 

Kurtosis 2.57 8.80 62.83 34.60 6.81 4.81 -2.03 44.23 

This reports the performance of cryptocurrencies during the market downturn in 2022. The market downturn is observed from January to May 2022 to reflect 
the performance of the drop in financial markets. The cryptocurrencies are Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple 
(XRP), Solana (SOL), Polkadot (DOT), and Dogecoin (DOGE). 

markets have spill-over-like behaviour just like that of stock markets. The 
spill-over effect gradually increases over time and investors come to be wary 
of the risk associated with the cryptocurrency markets. 
Market Downturns and Cryptocurrency Performance      
Cryptocurrency can be used as an alternative investment to improve the 

risk-adjusted performance in a portfolio (Glaser et al., 2014; Henriques & 
Sadorsky, 2018; Klein et al., 2018; Shahzad et al., 2019). The challenge 
has come during the market downturn in 2022. We tested a sample of 
cryptocurrencies and market indices from 1 January to 31 May 2022. The 
short sample period was to test for the performance during the market 
downturn. Table 7  reports the results, which show that cryptocurrency 
performance and market indices performed relatively in the same direction. 
The results show that cryptocurrencies and market indices performed 

relatively in the same direction. The return from cryptocurrencies does not 
provide a better use for an alternative investment vehicle as documented in 
the literature. SOL showed the greatest negative return of 117%, followed by 
ADA and DOGE with a return of -80.86% and 73.50%, respectively. Caferra 
(2020) explained that cryptocurrency investment is more about psychological 
behaviour than investment behaviour. The breakthrough of cryptocurrency 
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has affected the psychology of investors and influenced them to jump into 
a market that is not well studied. In the end, investors are investing on 
speculative assets as they hope to make a significant return. When the price 
of an asset like cryptocurrency goes down, investors tend to start selling off 
at a faster rate than with stocks or bonds. Furthermore, during a market 
downturn, cryptocurrencies seem to lose an inflation-hedge-like behaviour 
as well as their status as an asset to improve the risk-adjusted return of a 
portfolio. 

Section 5: Portfolio Performance – Out-of-sample Testing        
Caferra et al. (2022) explained the return and tail risk behavior of Bitcoin. 

They argued that, during the COVID-19 pandemic, tail distribution of 
Bitcoin was longer on both the downside and the upside. Therefore, the 
source of return from cryptocurrencies has stemmed from the rapid changes 
in the global economy. We tested for portfolio performance by using the 
sample period of January 2020 to February 2021 (during the COVID-19 
pandemic). 
Table 8  reports the results. Panel A represents the COVID-19 pandemic 

sample period. As is shown, during the pandemic, the presence of 
cryptocurrencies helped improve the return performance of portfolios. Then, 
the change in the global economy pushed cryptocurrencies to be more 
valuable compared with traditional asset classes as investors were willing to 
take more risk in investments to increase return performance (Jia et al., 2021; 
Kyriazis & Prassa, 2019; Shahzad et al., 2022). 
Table 8  Panel B reports market indices performance during the COVID-19 

pandemic. As expected, the return is lower for individual market indices, 
except for the FTSE 100. The Sharpe ratio for market indices, however, is 
higher than that of a combination of market indices and cryptocurrency. This 
result suggests that our main result holds when testing during the extreme 
market condition (COVID-19). Moreover, investors are taking an excessive 
amount of risk by including cryptocurrencies in their portfolios. In summary, 
we can clearly see the pattern that including cryptocurrencies in a portfolio 
does not result in higher risk-adjusted performance. Using cryptocurrencies 
does not result in superior performance or provide a good hedge capability in 
a portfolio. 

Section 6: Conclusions    
As cryptocurrencies have gained popularity, investors tend to invest in this 

asset type expecting to receive better risk-adjusted performance than investing 
only in traditional assets such as stocks and bonds. We conducted the test 
using the DCC model to determine the correlation and hedging properties 
of cryptocurrencies and found that they do not provide a good hedging asset 
for market indices. 
Furthermore, we tested for portfolio performance when cryptocurrencies 

are included in a portfolio. Surprisingly, the S&P 500 Index, S&P/TSX 
Composite, and Nikkei 225 indices show lower risk-adjusted performance as 
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Table 8. Portfolio Performance During COVID-19 

Panel A: Portfolio Return during the COVID-19 Pandemic 

BTC ETH ADA BNB XRP SOL DOT DOGE 

S&P 500 S&P 500 

Return 31.52% 25.44% 24.57% 23.12% 29.28% 25.31% 23.12% 28.12% 

Std. Deviation 36.85% 29.56% 27.98% 29.11% 33.55% 28.71% 30.22% 37.62% 

Sharpe Ratio 0.86 0.86 0.88 0.79 0.87 0.88 0.77 0.75 

FTSE 100 FTSE 100 

Return 5.52% 4.88% 5.33% 3.07% 3.98% 3.22% 2.87% 4.85% 

Std. Deviation 27.18% 26.72% 27.84% 27.16% 28.94% 27.12% 25.11% 26.78% 

Sharpe Ratio 0.20 0.18 0.19 0.11 0.14 0.12 0.11 0.18 

S&P/TSX Composite S&P/TSX Composite 

Return 20.12% 18.15% 19.44% 17.52% 21.06% 19.12% 18.88% 21.14% 

Std. Deviation 31.22% 30.85% 29.41% 26.42% 28.99% 27.88% 26.89% 29.14% 

Sharpe Ratio 0.64 0.59 0.66 0.66 0.73 0.69 0.70 0.73 

Nikkei 225 Nikkei 225 

Return 11.54% 10.37% 9.33% 9.58% 9.88% 8.06% 8.13% 8.79% 

Std. Deviation 31.68% 29.09% 33.14% 29.45% 27.98% 25.18% 25.94% 28.29% 

Sharpe Ratio 0.36 0.36 0.28 0.33 0.35 0.32 0.31 0.31 

 

Panel B: Index Return during the COVID-19 Pandemic 

Return 
Std. 

Deviation 
Sharpe 
Ratio 

S&P 500 26.58% 28.78% 0.92 

FTSE 100 Index 2.63% 22.44% 0.12 

S&P/TSX Composite 21.75% 28.36% 0.77 

Nikkei 225 8.64% 23.74% 0.36 

Table 8 represents the portfolio performance of a combination of market indices and cryptocurrencies during the COVID-19 pandemic period from 
January 2020 to February 2021. Panel A reports the portfolio return of major market indices (S&P 500, FTSE 100, S&P/TSX Composite, and Nikkei 
225) with cryptocurrencies. The optimum weighting is based on the minimum mean-variance portfolio from equation (4): , and equation (5): 

, where wt represents the weighting of two assets to achieve the lowest variance portfolio. Ht is the covariance matrix. The cryptocurrencies are 
Bitcoin (BTC), Ethereum (ETH), Cardano (ADA), Binance Coin (BNB), Ripple (XRP), Solana (SOL), Polkadot (DOT), and Dogecoin (DOGE). Panel B 
reports the return for each individual market indices of S&P 500, FTSE 100, S&P/TSX Composite, and Nikkei 225. 

the Sharpe ratio decreases. This result confirms the disappearing benefit of 
the hedging property of cryptocurrencies. The only stock market portfolio 
that benefits from including cryptocurrencies is the FTSE 100 portfolio. 
Since cryptocurrencies are relatively new and more research is needed 

on this topic, we leave further discussions for future research. Once these 
cryptocurrencies become a generally accepted method of payment, we may be 
able to observe the benefits of their use in portfolio management. 
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