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Abstract
Purpose – This paper aims to investigate if the inclusion of Bitcoin among the
assets available to retail investors in the Brazilian market has an impact on the
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Findings – This study finds evidence that the inclusion of Bitcoin among the
investment alternatives would cause a statistically significant positive displacement
and an expansion of the efficient frontier of the Brazilian retail market. This
would result in a significant increase in the return on the tangency portfolio. In
addition to improving the indicators of optimization of the risk-return binomial,
the cryptoasset would be included in many optimal portfolios in the 2013Q32018Q2 period.
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1. Introduction
In the last decade, Bitcoin was certainly the (new)
asset that most attracted the media and part of the scientific
community, and recently that interest has reached nonspecialist audiences. However, although there is already
some investigation, many questions about that cryptoasset
still need to be answered. Among them, whether Bitcoin
would increase the efficiency of a diversified portfolio in
the local and global financial markets. Therefore, this
article aims to answer the following question: is Bitcoin
investment capable of increasing the efficiency of a diversified
portfolio of retail investors in the Brazilian market?
There are several studies on the impact of Bitcoin
on the efficiency of the investment portfolio in some
of the leading international markets (see, for example,
for the United States, Brière, Oosterlinck, & Szafarz,
2015; Wu & Pandey, 2014) and studies on the impact
of the inclusion of specific assets and indices in the
investment portfolio of the Brazilian market (Caldeira,
Moura, Santos, & Tessari, 2014; Cunha & Samanez,
2014; Lopes & Furtado, 2006; Oliveira & Silva, 2009;
Silveira & Barros, 2010). However, studies that address
Bitcoin’s potential influence in a diversified portfolio of
assets within Brazilian investors’ reach are unknown, so
the present study contributes to the finance literature.
The study results are potentially interesting due
to the Brazilian market’s structural difference compared
to those of more developed countries, emphasizing the
United States. While these are deep capital markets with
sophisticated investors and have lived with low-interest
rates, Brazil still lives with high real and nominal interest
rates and has a poorly developed capital market. Another
significant difference between Brazil and most developed
countries concerns economic freedom: Brazil occupies
the 153rd position in a ranking of 180 countries, having
been placed in the mostly unfree category and with scores
alarmingly close to that of the the worst category (repressed
category), which is a country that “represses economic
freedom” (Heritage Foundation, 2018). According
to the Organization for Economic Cooperation and
Development (OECD), Brazil’s financial literacy level
is low (Organization for Economic Cooperation and
Development, 2015). This OECD survey indicates that
even the country’s new generation will have difficulty
understanding cryptoassets like Bitcoin.
However, it is noteworthy that although the present
study focuses on Brazil, its conclusions are relevant to

other countries, given that there is evidence that investors
use Bitcoin as an alternative for investing their money
in multiple small and emerging markets. That is the case
of Cyprus (Farrell, 2013), Greece (Rosenfeld, 2015),
Argentina (Popper, 2015), India (Kashyap, 2016), China
(Wildau, 2017), Zimbabwe (Urban, 2017), Venezuela
(Voge, 2018) and Turkey (Cuen, 2018).
It should also be borne in mind that, even for more
developed markets, the literature focuses on the initial
phase of Bitcoin (2010-2013) (e.g., Brière, Oosterlinck,
& Szafarz, 2015; Wu & Pandey, 2014), while this article
encompasses the following period, during which Bitcoin
was consolidated and reached a broader audience, thus
being a complementary contribution to studies carried
out outside Brazil.
This study is also relevant in terms of regulation
and supervision of the capital market, since, although
Bitcoin is outside the competence of the Securities and
Exchange Commission of Brazil (SEC) because it is not a
security, it is the responsibility of this authority to adjust
the regulation of the Brazilian capital market according
to its evolution and disseminate financial education to
the population. It should be pointed out that there are
already more than one million investors registered on
Bitcoin exchanges in Brazil, a number higher than that
of investors on the B3 stock exchange (the new name of
BM & FBovespa) (Guimarães, 2018).
This article presents evidence that adding a small
portion of Bitcoin to an investor’s diversified portfolio in
the Brazilian market would have increased its efficiency in
the period 2013Q3-2018Q2. The present investigation
is also of interest to spheres of regulation and supervision
of the capital market due to the “side effect” on cost of
capital. If Bitcoin becomes a popular alternative among
investors, it is reasonable to assume that the cost of
capital for Brazilian companies will rise, increasing the
opportunity cost for those who stop investing in Bitcoin
to invest in securities.
Thus, from a theoretical view, Bitcoin was
expected to contribute positively to the diversification of
the portfolio if its correlation with the other assets and
indices of the Brazilian market was low. However, this
study is relevant because it calculates and finds that that
correlation is low. Besides, Bitcoin eventually has a high
idiosyncratic risk that could minimize its presence on
efficient portfolios. Therefore, it was not undoubting that
Bitcoin would come to integrate investment alternatives
with relevant weight, nor that it would cause a positive,
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statistically significant shift and an expansion of the
efficient frontier of the Brazilian retail market.
Furthermore, the present study goes beyond
calculating and spotting low correlation and high
idiosyncratic risk to find evidence and quantifying
the increased efficiency of diversified portfolios that
include Bitcoin. We use several criteria to perform this
quantification, such as measuring the positive shift with
the efficient frontier’s statistical significance, minimizing
the standard deviation, and maximizing the Sharpe,
Sortino, and Omega ratios.
Moreover, the article is structured as follows.
In the next section, Bitcoin is presented, mainly as an
investment asset. Also, we review the literature regarding
the impact of Bitcoin on the efficiency of portfolios in
various regions of the world and the impact of specific
assets and indices on the Brazilian investor portfolio’s
efficiency. Section 3 presents the methodologies and data
used in the investigation, while section 4 summarizes and
analyzes the study results. Finally, in the last section, the
conclusions of the investigation are exposed.

2. Bitcoin Characterization and
Literature Review
2.1 Bitcoin as an Investment Asset
On November 1, 2008, Nakamoto (2008)
presented to the community of an online discussion
forum his article that dealt with an electronic form
of money that would allow making payments on the
internet without financial institution intermediation.
By eliminating intermediaries, Bitcoin would reduce
transaction costs, making them cheaper. For that, he
proposed a way to solve the “Byzantine Generals Problem”,
a question of the field of distributed computing systems.
In practice, the author made it possible to overcome
double-spending, based on the public and decentralized
record of the moment that the transaction was carried
out. The problem of double-spending, responsible for the
failure of several digital currencies that emerged until then,
stems from the fact that previous virtual money versions
were a computer file. Thus, creating copies of the file
(counterfeiting the currency) or sending the same file to
different counterparties was the big issue to be resolved.
And Bitcoin managed to solve it.

On January 3, 2009, Satoshi Nakamoto published
the first version of the computer program related to what
he wrote in his article. Bitcoin emerged.
Bitcoin allows irreversible transactions, has a
maximum amount of digital currencies (21 million),
and a pre-established rate of creation of new currencies,
in addition to a public history of transactions. Anyone
can create an account on the Bitcoin network without
paying any fees, submit to the analysis and approval of
a centralized entity, or even inform their identity. These
rules result in a system that appears more flexible and less
subject to regulatory oversight than other payment methods
- although these benefits face relevant limitations linked
to governance and the risks that differentiate Bitcoin from
other payment methods and of store of value (Böhme,
Christin, Edelman, & Moore, 2015).
Comparing Bitcoin with other assets that could
provide a low correlation with the other assets in a portfolio,
one can say that Bitcoin allows the investor to hold and
transport his investment, unlike the other available
assets. This statement is also partially true for assets such
as gold, but Bitcoin is intangible, which makes custody
and transportation more easily than gold. The Bitcoin
holder needs to store and transport an alphanumeric
password (which he can even memorize), giving him
access to his assets, in the same way that a user only needs
to memorize his provider password emails to make his
messages available.
Thus, from the retail investor’s perspective in
the Brazilian market, which lives with an environment
of low economic freedom and a high level of perceived
corruption, the innovation brought by Bitcoin can be
of considerable value. Notice that, about 30 years ago,
Brazilians were surprised by the blocking of a portion of
their money deposited in a checking account and savings
account, a fact that occurred not long after the former
President Fernando Collor de Mello took office.
From the perspective of citizens of other countries,
the recent past presents evidence that Bitcoin was used
as an alternative to shield wealth in crises or as a way to
make financial transactions possible in the face of the
deterioration of the local sovereign currency, as we have
already cited cases from Cyprus (Farrell, 2013), Greece
(Rosenfeld, 2015), Argentina (Popper, 2015), India
(Kashyap, 2016), China (Wildau, 2017), Zimbabwe
(Urban, 2017), Venezuela (Voge, 2018) and Turkey
(Cuen, 2018).
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However, there are reasons to believe that Bitcoin
is taking on a commodity’s characteristics and moving
away from its original currency conception for transactions.
For that reason, it has been increasingly called “digital
gold” (James, 2018). Along these lines, Coindesk (2017,
p. 80) found that there is a division of market participants
concerning their understanding of Bitcoin when asked,
“What do you compare Bitcoin most to?”. For 57.02%, the
cryptoasset would be comparable to a digital currency, while
42.98% of the survey respondents considered it digital
gold. In the same sense, the United States Commodity
Futures Trading Commission (2015, p. 3) considers that
“Bitcoin and other virtual currencies are encompassed in the
definition and properly defined as commodities.”
Based on data from 2013 to 2015, Hong (2017)
found evidence that Bitcoin could be used as a profitable
investment vehicle. He also noted that many institutional
investors started investing in the cryptoasset in 2013.
Also supporting Bitcoin’s perspective as an investment
alternative, Bouoiyour, Selmi, Tiwari, & Olayeni (2016)
found evidence that Bitcoin’s price is driven by long-term
fundamentals.
Dyhrberg (2016), on the other hand, used data
from 2010 to 2015 to perform a volatility analysis using
the GARCH model. The author concluded that Bitcoin
could be classified as something between gold and the
US dollar since it is neither a pure means of exchange
nor a pure store of value. She also suggested that Bitcoin
combines the advantages of currencies and commodities
and could be useful in portfolio management.
Glaser, Zimmermann, Haferkorn, Weber, &
Siering (2014), in turn, found strong evidence that many
users trade Bitcoins as a speculative investment and have
little intention of using it as a mean of payment. Similarly,
Yermack (2015) and Baek & Elbeck (2015) agreed on
Bitcoin’s speculative investment asset’s nature.
Thereby, despite discussions about Bitcoin’s nature
and characteristics, it is possible to note that it has gradually
developed as an instrument of investment and transfer
of wealth over time. It seems to have been driven, both
by the increase in the legal security of cryptoassets, made
possible by the growth in the jurisdictions number that
have already started regulating the sector (Law Library of
Congress, 2018), along with the initiative of companies
to launch financial products and services related to this
market.
Accordingly, in April 2014, Bloomberg (2014)
included Bitcoin’s price in the list of its financial

information. In July 2017, the Commodity Futures Trading
Commission (2017) approved the platform focusing on
institutional investors LedgerX to carry out the trading,
clearing, and settlement of financial derivatives with the
cryptoasset as the underlying asset. In December 2017,
the Chicago Board Options Exchange - CBOE (2017)
and the Chicago Mercantile Exchange - CME (2017)
started trading Bitcoin futures on their platforms.
Additionally, there has been a spread of Bitcoin
“exchanges,” which are the platforms through which
most retail investors trade Bitcoins. They are similar to
the home broker of securities brokers, but they have the
environment for settlement and digital currency custody.
They are crypto “exchanges,” as they are rarely restricted
to trading Bitcoins.

2.2 Bitcoin and the Efficiency of the
Investor’s Portfolio
Using data from the period 2010 to 2013,
Brière et al. (2015) analyzed investment in Bitcoin from
a United States investor with a diversified portfolio, both
with traditional assets (worldwide stocks, bonds and hard
currencies) and with alternative investments (commodities,
hedge funds, and real estate). The study results show that
investment portfolios with Bitcoin have a better risk-return
ratio than similar portfolios without Bitcoin.
In the same vein, using data from the period 2010 to
2013, Wu & Pandey (2014) studied Bitcoin’s effect on
an investment portfolio. They based the investigation on
the optimization of several parameters (such as standard
deviation and Sharpe, Sortino, and Omega Ratios) and
the simulation of 1,000 portfolios with random weights
of the constituent assets. The study showed that Bitcoin’s
inclusion in a portfolio during the period in question
would increase its return and reduce its risk of losses.
Furthermore, the investigation argues that Bitcoin has
the potential to improve portfolio performance even in
pessimistic scenarios.
In the same line, Gasser, Eisl, & Weinmayer
(2015) used the VaR methodology, with data from 2010 to
2015, to investigate Bitcoin’s impact on the efficiency of
a diversified portfolio from the perspective of a United
States investor. The authors found evidence that the
cryptoasset would optimize the investment portfolio since
the increased risk of the portfolio from Bitcoin’s inclusion
would be offset by increased profitability, resulting in a
better risk-return ratio.
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Aggarwal, Santosh, & Bedi (2018) also used VaR
to analyze whether Bitcoin would improve the risk-return
ratio of a diversified investment portfolio in the Indian
market. Based on data from 2010 to 2016, the authors
found evidence that the cryptoasset would increase the
portfolio’s efficiency in two of the three strategies tested
and that in the “long-only” strategy, the weights of the
assets in the portfolio were relatively stable for different
investment horizons compared to “constrained.”
Using data from the period 2013 to 2015, Hong
(2017) investigated the time-series momentum in the
return on investment in Bitcoin and the profitability of
the trading strategy based on this analysis tool. The author
concluded that adding a small portion of Bitcoin to a stock
portfolio could improve performance and risk in that
portfolio. It also found evidence that even institutional
investors could benefit from such diversification.
Likewise, Corbet, Meegan, Larkin, Lucey, &
Yarovaya (2018) used a generalized variance decomposition
technique with data from 2013 to 2017 to analyze the
relationship between three cryptoassets, including Bitcoin,
and traditional assets of financial markets. The authors
concluded that there is a lack of relationship between
cryptoassets and the traditional financial market (which
shows their potential for diversification) and that cryptoassets
could configure a new class of investments.
In their turn, Ciaian, Rajcaniova, & Kancs (2016),
with data from 2009 to 2015, suggested - in line with
Baek & Elbeck (2015) - that, in the long run, the price of
Bitcoin would not be related to macroeconomic factors.
Furthermore, they did not reject the hypothesis that
speculative investor behavior affects the price of Bitcoin.
Finally, using alternative definitions of diversification
by Baur & Lucey (2010) and Ratner & Chiu (2013), and
a dynamic conditional correlation model, Bouri, Molnár,
Azzi, Roubaud, & Hagfors (2017), found evidence that
Bitcoin is a good diversification asset. However, the results
showed that Bitcoin is not always a great asset to protect
the portfolio or refuge, and its behavior differs according
to the market and the time horizon analyzed.

2.3 Specific Assets and the Efficiency of
the Brazilian Investor’s Portfolio
No academic study has been found on the impact
of Bitcoin investment on the investor portfolio’s efficiency
in the Brazilian market. However, there are some studies

on the impact of specific assets or indices on the portfolio
of investors in Brazil.
Using data from 1994 to 2007, Silveira & Barros
(2010) studied the impact of agricultural commodity
futures contracts on a diversified portfolio. The authors
analyzed the behavior of efficient frontiers in scenarios
without and with the possibility of including the tested
assets, having observed expansions of the efficient frontier
in some periods. However, they were not statistically
significant according to the method proposed by Gibbons,
Ross, & Shanken (1989).
Oliveira & Silva (2009) analyzed whether the
investor in the Brazilian stock market would increase his
portfolio’s efficiency when investing in shares in other
countries in Latin America. Using a combination of
statistical inference techniques and stock market index
data of those countries from 2003 to 2007, the authors
found evidence that investing in shares in other Latin
American countries could improve the efficient frontier
from the Brazilian investors’ perspective
In turn, Cunha & Samanez (2014) concluded
that a portfolio of shares that replicated the Corporate
Sustainability Index would not have been able to
outperform the Ibovespa and other sector indices of the
Brazilian stock market during the analyzed period, which
was 2005 to 2010.
In another study, Caldeira et al. (2014), using
the GARCH model, based on data from 2006 to 2011,
found evidence with statistical significance that investment
in quotas of multimarket investment funds would result
in a portfolio with a better risk-return ratio than the
benchmarks adopted even when the frequency of portfolio
rebalancing was changed.
Finally, Lopes & Furtado (2006) discussed the
inclusion of private equity and venture capital fund
quotas in the investment portfolios of private pension
entities. They concluded that there are opportunities for
diversification but argued that how these investments
are allocated to institutional investors, especially when it
comes to pension funds, cannot be based on the concepts
of analysis of mean and variance, and that, given the
characteristics of these assets, the asset-liability management
model should be used.
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3. Data and Methodology
3.1 Methodology
In order to obtain evidence of the impact of
Bitcoin on the efficiency of an investment portfolio in the
Brazilian market and compare the results of the present
study to those found by Brière et al. (2015), and Wu &
Pandey (2014), we adopted a similar methodology to the
one applied by those authors, as detailed below.

3.1.1 Efficient frontier and shift tests
To sketch the efficient Markowitz (1952) frontier
for risky assets, in each scenario (without and with Bitcoin),
we fix standard deviation values (one per simulation),
and the Excel Solver was used to estimate the maximum
returns (together with the respective portfolios) for each
level of risk. The exceptions were the point of minimum
global variance, which we calculated by minimizing the
standard deviation in each scenario and the point of
maximum return corresponds to the point where the most
profitable asset in the period and each scenario represents
100% of the portfolio.
Verifying whether the efficient frontier shift in
scenarios without and with the possibility of including
Bitcoin has significant statistics, we ran tests according to
the methodology applied by Campbell, Lo, & Mackinlay
(1997, p. 196) based on Gibbons et al. (1989).
The test starts with the calculation of the J
statistic according to the following equation (Silveira &
Barros (2010):
J

2
2
 n − i − 1   ISc − IS s 
 ~ F ( i , n − i − 1)

 
i

  1 + IS s2 

where n is the number of observations, i is the number
of assets likely to be part of the diversified portfolio, and
ISc and ISs are the Sharpe Ratios of portfolios with and
without the possibility of including Bitcoin, respectively.
The test’s logic lies in the fact that the greater the
Sharpe Ratios differential in scenarios with and without
the possibility of including the tested asset, the greater the
likelihood that the increase in the performance indicator
resulting from the inclusion of the asset it did not happen
by chance. Besides, it is essential to note that the increase
in the sample number positively impacts this probability.
Next, based on the F distribution, the hypothesis test is
carried out in which the rejection of the null hypothesis

evidences the increased efficiency of the portfolio when
we include Bitcoin.
Following Hardin & Cheng (2002), to verify
whether Bitcoin’s inclusion results in a statistically
significant improvement in the portfolio, the test was
carried out for various points of the efficient frontiers.
Further, align with what is suggested by Campbell et al.
(1997), we applied the test to the points corresponding
to the tangency portfolios in scenarios without and with
the possibility of including Bitcoin.

3.1.2 Optimization Simulations for the 5
Year Period
We carried out iterative simulations changing the
weights of assets and indices in the portfolio to identify the
proportion that led to an optimal portfolio in the period
2013Q3-2018Q2 according to several criteria, such as
minimizing the standard deviation and maximizing the
Sharpe, Sortino, and Omega Ratios, as adopted by Wu
& Pandey (2014).
After estimating optimal portfolios without
including Bitcoin, we repeated the experiment with the
possibility of including Bitcoin in optimal portfolios.
Thus, it was possible to verify whether the new optimal
portfolios included Bitcoin and whether, for each of the
criteria used, there was evidence that they are more efficient
than their counterparts without Bitcoin.
We minimized the standard deviation using
two approaches. First, we minimized the total standard
deviation, while in the second, we minimized the risk
measured based only on the negative component of the
standard deviation (downside risk), which is defined as
the standard deviation of returns below the minimum
acceptable return, set at 0%.
The Sharpe Ratio (Sharpe, 1966) measures the
relationship between the risk premium (average return
above the minimum acceptable return) and the risk
(measured by the standard deviation), informing the
amount of return expected for each unit of risk assumed.
Thus, the higher the Sharpe Ratio of the fund or
portfolio (provided it is positive), the better its performance.
In turn, in the Sortino Ratio (Sortino & Price, 1994) the
risk is measured based only on the negative component
of the standard deviation.
The Omega Ratio, proposed by Keating &
Shadwick (2002), is based on the proportional distribution
of the returns above and below the minimum acceptable

358
R. Bras. Gest. Neg., São Paulo, v.23, n.2, p.353-369, apr./jun. 2021

Analysis of Bitcoin’s Impact on the Efficiency of a Diversified Portfolio for Brazilian Investors

return of reference “r.” One of the main advantages of
its use by the investor is that it minimizes the potential
for extreme losses. The Omega Ratio is maximized by:
∑ω pi = 1
 ∫ ∞ ( 1 − F ( x ) ) dx 
∀p 
Max  r r
=
i
 ∫ F ( x ) dx 
 ω pi ≥ 0
 −∞



where F(x) is the cumulative distribution function plotted
based on the simulations performed, and ωpi is the weight
of asset i in the portfolio, the sum of the weights being
equal to 1 (which represents 100% of the portfolio), and
there are no negative weights (there is no “short” position).
In the optimization of the Omega Ratio, we
simulated scenarios for “r” null and “r” equivalent to
the adjusted average rate of daily financing calculated in
the Special Settlement and Custody System for Treasury
Bonds (Selic), which we used here as Risk-Free Rate.
Thus, we calculated the weights of the assets in
the portfolio that optimizes them for each of the explicit
criteria. We used daily returns and adopted only positive
weights in the portfolios since most retail investors have
only long positions. Besides, adopting such a restriction
makes the article have a similar methodology - consequently

making the results more easily comparable - to Wu &
Pandey (2014) and Brière, Oosterlinck, & Szafarz (2015).

3.1.3 Optimization Simulations for
Quarterly Periods
Finally, to verify whether Bitcoin would be
included in optimized portfolios in periods of less than
five years, the composition of the optimal portfolios was
estimated for each of the 20 quarters of the analyzed
period. The criterion adopted was the maximization
of the Omega Ratio to r = 0, and the simulations were
performed based on daily returns, in line with Wu &
Pandey (2014).

3.2 Data
The sample period runs from 07/01/2013, the
beginning of the quarter, after which there is reliable
data available for Bitcoin in the Brazilian market, until
06/30/2018. The portfolios studied were composed of
the main assets and asset indexes accessible to a retail
investor in the Brazilian market, and, in all cases, we used
daily closing values.

Table 1
Descriptive statistics and correlations of assets and indices (daily data)
Selic
Average
Median
Maximum
Minimum
Standard
deviation
(daily)
Return
(yearly)
Standard
deviation
(yearly)
Sharpe
(yearly)

Bitcoin
IMA-Geral
Ibovespa
IFIX
Panel A: Descriptive statistics of assets and indices
0.50%
0.04%
0.05%
0.03%
0.36%
0.05%
0.03%
0.05%
41.29%
1.96%
6.60%
1.75%
-24.32%
-3.67%
-8.80%
-4.86%
5.31%
0.27%
1.46%
0.39%

Dollar

Gold

0.05%
0.03%
8.79%
-5.89%
0.95%

0.05%
0.00%
6.94%
-4.53%
1.30%

11.17%

153.86%

11.67%

9.03%

8.14%

11.58%

11.97%

0.14%

83.55%

4.20%

23.06%

6.11%

14.97%

20.45%

0,00

1.71

0.12

-0.09

0.03

0.04

0.04%
0.04%
0.05%
0.02%
0.01%

-0.50

Panel B: Correlation between the assets and indices
Bitcoin
-0.02
IMA-Geral
0.06
-0,08**
Ibovespa
0.01
0.03
0,45**
IFIX
0,09**
-0.03
0,29**
0,26**
Dollar
-0.03
0.05
-0,39**
-0,35**
-0,28**
Gold
-0.02
0.04
-0,36**
-0,34**
-0,14**
0,43**
Note: Panels based on the daily data from 2013Q3 to 2018Q2 (1239 comments). In panel B ** and * indicate statistical significance of
1% to 5%, respectively.
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We used the Selic rate as a proxy for the risk-free
interest rate and the IMA-Geral1 index in fixed income.
Besides, we used the Ibovespa and IFIX2 indices for
variable income. Furthermore, we included gold and the
US dollar (Dollar) among the assets that could be part
of the diversified portfolio.
The daily price and rate data of all the assets
and indices came from the Economatica financial
information platform. The cryptoasset data available
at Economatica came from the Mercado Bitcoin, the
Bitcoin “exchange” with the most extended data history
in Brazil and intermediated a considerable portion of
Bitcoin trades in the country the entire period under
analysis.
Table 1 shows the descriptive statistics for the
variables used based on daily return. Also, we presented
the annual return, standard deviation, and Sharpe
Ratio of assets and indices. Note that, regardless of the
metric analyzed, Bitcoin disagrees with all other assets
and indices. It is worth noting that the Selic standard
deviation is close to zero, indicating the adequacy of its
use as a Risk-Free Rate.
In terms of correlation, is clear that the correlation
between Bitcoin’s daily profitability and other assets is from
the point of view of zero statistical significance, except
the unexpectedly negative correlation with statistical
significance between the cryptoasset and the IMA-General
index. However, both results allow us to foresee that their
inclusion in the investors’ portfolios would reduce risk
and contribute to its efficiency.

Bearing in mind that Bitcoin is a globally traded
asset, we analyzed the existence of significant distortion
between the price at which it is traded in Brazil and its
price in the international market. The price of Bitcoin in
the Brazilian market in proportion to the international
price (in US dollars based on the Coindesk Bitcoin Price
Index, converted to Real, using the daily rate of the Dollar
Ptax Sale), presents a premium with an average of 6.89%,
median of 6.03% and standard deviation of 6.34%.

4. Presentation, Analysis, and
Discussion of Results
4.1 Efficient frontier and shift tests
Figure 1 shows the efficient frontiers sketched
without and with the possibility of including Bitcoin in
the portfolios
The efficient frontier with the possibility of
including Bitcoin dominates that other without the
possibility of including the cryptoasset, behavior that
is valid even for the points of minimum global variance
(leftmost points on the curves), since they are close, but
not coincide, as detailed below.
Also, the portfolios with Bitcoin reach levels of
risk and return than portfolios without bitcoin do not
reach. In this way, in addition to the efficient frontier shift,
it is verified that it expands, being able to serve investors
with a greater appetite for risk in search of greater returns.
Both the shift and expansion of the efficient frontier are

Figure 1. Efficient frontiers without and with the possibility of including Bitcoin
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evidence that Bitcoin can increase the efficiency of the
Brazilian investor’s diversified portfolio.
The composition of the portfolios of some points
selected at the efficient frontiers is shown in Table 2.
Furthermore, it appears that the inclusion of a
small portion of Bitcoin in the diversified portfolio reduced
its minimum risk, albeit with a limited magnitude (from
2.98% to 2.97%).
We also observed that at the minimum risk point
of the portfolio without the possibility of including Bitcoin
(2.98%), the inclusion of Bitcoin increased the return
from 10.95% to 11.80%. Analyzing the points at risk of
4.20%, 6.11%, and 14.97% (which are the risks of IMAGeral, IFIX, and Dollar, respectively), it is noted that the
returns of diversified portfolios are higher than the returns
of individual assets/indices. Moreover, portfolios’ returns
with the possibility of including Bitcoin are higher than
those without it (an increase from 11.73%, 11.77%, and
11.90% to respectively 16.74%, 20.99%, and 37.05%).

Finally, it is worth noting that the maximum return
points correspond to a portfolio composed entirely of the
highest return asset. These assets are Gold and Bitcoin in
portfolios without and with the possibility of including
the cruptoasset, respectively. As for the tangency portfolio,
in the case where there is no possibility of including
Bitcoin, it has a standard deviation of 3.27% and a return
of 11.69%. With the possibility of including Bitcoin,
such a portfolio has a standard deviation of 18.24% and
a 42.72% return.
The tangency point with Bitcoin’s inclusion presents
a considerably higher inclination than the scenario without
the crypto. Therefore, there is an increase in the Market
Risk Premium. From the investor’s perspective, such an
increase indicates that, with the possibility of investing
in Bitcoin (and the consequent possibility of obtaining
a higher return for each level of risk), he may demand a
higher return on the other investment products available
on the market. From the companies’ perspective, this

Table 2
Points selected from efficient frontiers

Without
BTC

With BTC

Standard
Deviation

Return

2.98%

Portfolio composition
Bitcoin

IMA-Geral

Ibovespa

IFIX

Dollar

Gold

10.95%

64.38%

0.00%

20.49%

10.82%

4.31%

4.20%

11.73%

80.61%

0.00%

0.00%

0.00%

19.39%

6.11%

11.77%

68.16%

0.00%

0.00%

0.00%

31.84%

14.97%

11.90%

25.11%

0.00%

0.00%

0.00%

74.89%

20.45%

11.97%

0.00%

0.00%

0.00%

0.00%

100.00%

2.97%

11.36%

0.29%

64.37%

0.00%

20.36%

10.72%

4.27%

2.98%

11.80%

0.56%

65.50%

0.00%

19.04%

10.60%

4.30%

4.20%

16.74%

3.66%

78.41%

0.00%

3.92%

9.32%

4.69%

6.11%

20.99%

6.54%

80.74%

0.00%

0.00%

8.13%

4.59%

14.97%

37.05%

17.84%

75.21%

0.00%

0.00%

3.47%

3.48%

20.45%

46.53%

24.51%

71.94%

0.00%

0.00%

0.71%

2.83%

30.00%

62.92%

36.04%

63.91%

0.00%

0.00%

0.00%

0.05%

40.00%

79.97%

48.03%

51.97%

0.00%

0.00%

0.00%

0.00%

50.00%

96.98%

60.00%

40.00%

0.00%

0.00%

0.00%

0.00%

60.00%

113.97%

71.94%

28.06%

0.00%

0.00%

0.00%

0.00%

70.00%

130.94%

83.88%

16.12%

0.00%

0.00%

0.00%

0.00%

83.52%

153.86%

100.00%

0.00%

0.00%

0.00%

0.00%

0.00%

Note: The table shows the composition of the portfolios of some selected points in the efficient frontiers presented in the previous
figure. We fixed several standard deviation values (one per simulation) to sketch the efficient frontier for risky assets in each scenario
(without and with Bitcoin), and we used the Excel Solver supplement to estimate maximum returns (together) with the respective
portfolios) for each level of risk. The exceptions were the minimum point of global variance in each scenario, which was calculated
by minimizing the standard deviation, and the maximum return point, which simply corresponds to the point at which the most
profitable asset in the period in each scenario represents 100% of the portfolio.
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increase in the Market Risk Premium indicates a potential
increase in their cost of capital. The increased return on
the Market Portfolio and the Market Risk Premium are
evidence that Bitcoin can increase the efficiency of a
diversified portfolio within reach of retail investors in
the Brazilian market.
To check the statistical significance of the efficient
frontier shift, as Silveira & Barros (2010), we selected
4 points based on the standard deviation of individual
assets (IMA General IFIX, Dollar, and Gold). Moreover,
we repeated the statistical significance test using the tangent
portfolios in scenarios with and without the possibility
of inclusion of Bitcoin.
Table 3 shows the Sharpe Ratio results and the
number of observations in the series monthly.
Analyzing the results, Panel A shows that, when
sufficiently removed from the portfolios of minimum global
variance, it appears that the shift of the efficient frontier
has statistical significance at a level of 10%. Similarly, in
Panel B, it appears that the shift of the tangency portfolios
again has statistical significance at a level of 10%.
Therefore, we can say that there is a statistically
significant shift of the efficient frontier when we
included Bitcoin in the Brazilian market, which shows
the cryptoasset’s ability to increase the efficiency of the
retail investor’s portfolio.

4.2 Optimization Simulations for the 5
Year Period
In this stage, we verified whether Bitcoin could
optimize the performance of a diversified portfolio in the
Brazilian market according to different criteria. Thus, we
estimated the optimal portfolios without and with the
possibility of including Bitcoin for each of the investigated
criteria, with the respective indicators (see Table 4).
The first two columns of panels show the estimation
results of the portfolios to minimize the risk measured by
the volatility of returns. It is noteworthy that the optimal
portfolios are composed mainly by the IMA-Geral,
followed by relevant participation of IFIX, Dollar, and
Gold, regardless of the use of the total standard deviation
(Total SD) or only its negative component (Semi-SD),
and regardless of the possibility of including Bitcoin in
the portfolio.
In the scenario where there is the possibility of
including Bitcoin, the optimal portfolios now have a small
portion of the cryptoasset (0.29% and 0.52% Bitcoin in
the portfolios that minimize the Total SD and Semi-SD,
respectively), which results in a reduction (albeit marginal)
of portfolio risk (Total SD reduced from 2.98% to 2.97%
and Semi-SD reduced from 2.14% to 2.13%).
The two central columns of the panels show
the compositions of the portfolios that maximize the

Table 3
Calculation of statistical significance
Standard
Deviation

Return (a.a.)

Sharpe Ratio (a.a.)

Sharpe Ratio (a.m.)

Statistic J

Significance

Panel A: Calculation of statistical significance based on selected points
Without
BTC

With BTC

Without
BTC

With BTC

Without
BTC

With BTC

4.20%

11.73%

16.74%

0.1336

1.3273

0.0386

0.3831

1.2817

0.2816

6.11%

11.77%

20.99%

0.0978

1.6065

0.0282

0.4638

1.8913

0,0995*

14.97%

11.90%

37.05%

0.0485

1.7281

0.0140

0.4988

2.1960

0,0577*

20.45%

11.97%

46.53%

0.0391

1.7291

0.0113

0.4991

2.1993

0,0574*

2.1791

0,0595*

Panel B: Calculation of statistical significance based on tangency portfolios
Without
BTC
3.27%
18.24%

With BTC

11.69%
42.72%

0.1585

0.0458

1.7296

0.4993

Note: Number of observations of the series in both panels (n) = 60 months. Number of portfolio assets in both panels (i) = 6. ***, ** e
* indicate statistical significance of 1%, 5% and 10%, respectively, in both panels.
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Table 4
Optimal portfolios without and with the possibility of including Bitcoin
Minimal Risk
(Total SD)

Minimal Risk
(Semi-SD)

Sharpe
Maximum

Sortino
Maximum

Omega
Maximum [0%]

Omega
Maximum
[100% Selic]

75.57%

66.21%

Panel A: Optimal portfolios without Bitcoin
IMA-Geral

64.38%

66.24%

84.00%

79.59%

Ibovespa

0.00%

0.00%

0.00%

0.00%

0.00%

4.29%

IFIX

20.49%

14.08%

0.00%

0.00%

10.73%

0.00%

Dollar

10.82%

12.40%

8.61%

11.07%

10.58%

20.61%

Gold

4.31%

7.29%

7.39%

9.34%

3.12%

8.90%

Return

10.95%

11.19%

11.69%

11.69%

11.29%

11.57%

Standard
Deviation

2.98%

3.11%

3.27%

3.38%

3.07%

3.89%

Index

2.98%

2.14%

0.16

0.23

1.89

1.05

P [loss]

37.32%

38.37%

38.85%

39.90%

36.91%

48.63%

Panel B: Optimal portfolios with Bitcoin
Bitcoin

0.29%

0.52%

21.83%

16.24%

1.43%

29.34%

IMA-Geral

64.37%

65.17%

73.26%

82.70%

73.71%

65.48%

Ibovespa

0.00%

0.00%

0.00%

0.00%

0.00%

0.00%

IFIX

20.36%

15.48%

0.00%

0.00%

11.36%

0.00%

Dollar

10.72%

12.89%

1.82%

0.03%

9.89%

5.17%

Gold

4.27%

5.94%

3.10%

1.02%

3.61%

0.00%

Return

11.36%

11.87%

42.72%

34.77%

13.31%

53.39%

Standard
Deviation

2.97%

3.06%

18.24%

13.72%

3.18%

24.46%

Index

2.97%

2.13%

1.73

2.41

1.98

1.32

P [loss]

36.75%

37.32%

41.76%

41.36%

36.67%

44.83%

Note: The Optimized Performance Indicator in each of the 6 columns was, respectively: Total Standard Deviation, Semi-DS (Downside
risk), Sharpe Ratio, Sortino Ratio, and in the 2 last columns, Omega Ratio. “P [loss]” is the probability of loss defined as the number
of days on which there was a negative return or less than the average Selic for the period (according to the reference “r”) in relation to
the total number of days analyzed.

Sharpe and Sortino Ratios. The addition of Bitcoin to
the diversified portfolio has optimized these indicators
in a very relevant way.
With the inclusion of 21.83% of Bitcoin in the
portfolio, the maximum Sharpe Ratio increased from
0.16 to 1.73. As we saw earlier, these are (theoretically)
the Market Portfolios (that is, the tangency portfolios) in
scenarios without and with the possibility of including
Bitcoin. Regarding the maximization of the Sortino
Ratio, the addition of 16.24% of Bitcoin in the diversified
portfolio caused the indicator to increase from 0.23 to 2.41.
Finally, the last two columns of the panels present
the portfolio compositions that maximize the Omega Ratio

in two scenarios. The first considers a minimum acceptable
return of reference r = 0, as adopted by Wu & Pandey
(2014), while the second considers an “r” equivalent to
the average Selic rate of the analyzed period. For r = 0,
IMA-Geral represented more than 70% of the portfolio
in both scenarios (without and with the possibility of
including Bitcoin), followed by IFIX, Dollar, and Gold.
It turns out that by maximizing the Omega Ratio, the
inclusion of 1.43% Bitcoin increased it from 1.89 to 1.98,
while the likelihood of loss was reduced from 36.91%
to 36.67%.
The loss probability is defined as the number of
days when there was a negative return or less than the
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Figure 2. Maximum Omega portfolios for r = 0 (daily data)
average of the Selic period (as “r” of reference) for the
total number of days analyzed.
Furthermore, it is noted that, by maximizing
Omega, the probability of loss of the optimized
portfolios is minimized when compared to the portfolios
estimated by the other criteria (minimization of Total
SD and Semi-SD and maximization of Sharpe and
Sortino Ratios) in both scenarios (without and with
Bitcoin). For example, for the Bitcoin scenario, Omega
optimization results in a loss probability of 36.67%,
while that value is 36.75%, 37.32%, 41.76%, and
41.36% in the other criteria.
Additionally, we estimated the optimal
portfolios for a scenario in which “r” is equivalent to
the average Selic rate for the period. When there is no
possibility of including Bitcoin, the largest portion
of the portfolio is still composed of IMA-Geral,
followed by Dollar, Gold, and Ibovespa. When there
is the possibility of including Bitcoin, the supremacy
of the IMA-Geral is balanced with a 29.34% share of
the crypto. Bitcoin’s presence in the portfolio caused
the maximum Omega Ratio to increase from 1.05 to
1.32. The likelihood of loss, in turn, was reduced
from 48.63% to 44.83%.
Finally, it is important to mention that the
improvement of the various indicators treated in this
section caused by Bitcoin’s inclusion is evidence that it

can increase the efficiency of a diversified portfolio in the
Brazilian market.

4.3 Optimization Simulations for
Quarterly Periods
In this stage of the investigation, we estimated
the optimal portfolios in each quarter with the possibility
of including Bitcoin according to the Omega Ratio
maximization criterion. We based this study on the daily
return on assets and indices, and we used r=0 in line with
what was done by Wu & Pandey (2014). Figure 2 shows
the optimal quarterly portfolios.
We observed that Bitcoin is included in the
optimal portfolio in several periods, specifically in the
second semesters of 2013, 2015, and 2016 and in the
second and fourth quarters of 2017.
It is interesting to mention that the portfolio
optimized by quarterly intervals presents a better
balance between the various assets and component
indices than the estimated portfolio for the entire
5-year period. In this sense, the supremacy of IMAGeral was reduced from 73.71% in the entire period
to a quarterly average of 61.08%, while the other assets
and indexes had their average participation increased
in simulations by quarterly intervals. The order of
participation of each asset or index in the diversified
portfolio is not changed, whether the optimization is
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done for the entire period or at quarterly intervals.
The decreasing order of assets/indexes’ participation
in the diversified portfolios was: IMA-Geral, IFIX,
Dollar, Gold, Bitcoin, and Ibovespa3.
Furthermore, the optimization based on shorter
periods made it possible to increase the Omega from
1.98 (see Table 4) to an average of 4.18. Bitcoin, which
obtained a 1.43% share in the estimated portfolio for the
entire period, reached an average of 3.14% in quarterly
portfolios.
The results presented in this section show that
Bitcoin can increase the performance of an investment
portfolio over long periods (5 years) and in short periods
(quarterly basis).

investment portfolio’s efficiency and are in line with
Wu & Pandey (2014).
Given the evidence of changes in the tangency
portfolio and the increase in the market risk premium, it
is reasonable to assume that the cost of capital of Brazilian
companies may increase if the adhesion to investment
in the cryptoasset continues to grow and it maintains a
good performance as the one observed in recent years,
constituting a new challenge for the development of the
capital market in Brazil. Thus, this scenario may deserve
attention from public entities such as the CVM and the
Brazilian Development Bank.

5. Conclusions

i.

In line with the results achieved by Wu & Pandey
(2014) and Brière et al. (2015) concerning the United
States market, for the period from 2010 to 2013, there
is evidence that Bitcoin would have been able to increase
the efficiency of the diversified investment portfolio of a
retail investor in the Brazilian market from 2013Q3 to
2018Q2.
The primary evidence in this regard refers to
the positive shift of the efficient frontier when there is
the participation of the cryptoasset in the portfolio in
relation to the scenario without it. This displacement
has statistical significance and is in line with the results
found by Brière et al. (2015). Furthermore, in addition to
the positive shift, there was an expansion of the efficient
frontier with Bitcoin’s inclusion.
The positive shift of the efficient frontier in the
Bitcoin scenario resulted in a significant increase in the
return of the tangency portfolio and the market risk
premium, which is also evidence of the cryptoasset’s ability
to increase the efficiency of the portfolio.
Similarly, simulations of optimal portfolios
without and with the possibility of including Bitcoin
showed that the addition of a portion of Bitcoin, albeit
small in some cases, improved all the indicators that
we wanted to optimize, such as the standard deviation
and the Sharpe, Sortino and Omega Ratios. Into the
bargain, quarterly interval optimization indicated that
Bitcoin made up the optimal portfolio in several quarters,
increasing the benchmark Omega Ratio. These results
are also evidence of Bitcoin’s potential to increase the

Notes

ii.

iii.

IMA-General is an index developed by the
Brazilian Financial and Capital Markets
Association (ANBIMA) and consists of a family
of fixed incomes representing the public debt
through the market prices of a portfolio of
federal government bonds.
IFIX is the average performance index of the
prices of real estate funds traded on B3’s stock
exchange and over-the-counter markets.
The optimal portfolios simulated throughout
the study do not include the Ibovespa, except
for small shares in the optimal portfolio that
maximizes the Omega to “r” equivalent to
the average Selic rate of the period in the
scenario without Bitcoin and in some quarters
in the last part of the investigation. This is
due to its reduced performance in terms of
the risk-return binomial in the analyzed
period. In fact, Ibovespa presented the second
lowest return (losing only to IFIX) and the
second highest risk (losing only to Bitcoin)
in the period, which is therefore far from the
efficient frontier.
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