
The Need for Cryptocurrency Regulation is Backed by Statistical Evidence 

I. Introduction 

The question of whether there should be more regulations for cryptocurrencies such as 

Bitcoin is an important issue. The answer to this question is complicated, especially because 

cryptocurrencies were created as an alternative to central institutional authority. Despite these 

societal and governmental implications, the added factor of Cryptocurrency mining—the process 

that creates new cryptocurrency coins and records transactions—which uses up a significant 

amount of electricity, makes the question environmental as well.  

Despite these many facets, part of the answer to this question may come in determining 

whether cryptocurrency is a separate asset-class—that is, it is not affected by other asset-classes 

such as bonds, gold, and commodities. 

Portfolio management theory allows us to frame this question statistically. If the monthly 

price return series on Bitcoin and other cryptocurrencies are independent of monthly price returns 

of an existing asset classes OR correlated with a low R-squared, then it is a new asset class. If 

returns are correlated with a high R-squared, then the respective sector(s) regulatory framework 

should apply. This study will focus on Bitcoin—the cryptocurrency with the highest market 

capitalization—specifically and whether it can be classified as a new commodity. 

II. Statistical question. Is there a linear association between the monthly returns of 

Bitcoin and those of a major asset class (equities, bonds, currencies, gold, 

commodities)? 

Ho: 𝛽ଵ = 0. There is no linear 

association between the monthly 

returns of Bitcoin and another major 

asset class. 

Major Liquid 
Asset Classes 

Representative Widely Publicized 
Benchmarks 

-Equities 
-Bonds 
 
-Currencies 
-Gold 
-Commodities 

-S&P 500 Index 
-US 10-Yr Constant Maturity 
Treasury Note Yield 
-US Dollar Index 
-Spot price per troy ounce 
-Spot price per barrel of West 
Texas Intermediate crude oil 



The need for cryptocurrency regulation is backed by statistical evidence 

 

2 
 

Ha: 𝛽ଵ ≠ 0. There is a linear association between the monthly returns of Bitcoin and 

another major asset class. 

As part of this project, the level of the possible threshold R-squared will be examined as well. 

A significance level of alpha = 0.05 was chosen for all tests. T-intervals for the slope of the 

regression line were chosen for all pairs of monthly price return series. 

III.  Data collection procedure. 

All monthly price return series available in different sections of the FRED web tool of the 

Federal Reserve Bank of St. Louis, Economic Research Division at https://fred.stlouisfed.org. The 

Bitcoin prices, however, were taken from finance.yahoo.com because it included data from the last 

four months of 2014 which was not available in the FRED tool. The series were downloaded and 

scrubbed to only include month-end prices; if the last day of the month was not a business day, the 

date was adjusted to the last business day of the month.  

The price returns for 80 one-month periods, starting in September 30 of 2014 and ending 

on May 31, 2021 were computed as (Pn/Pn-1)-1 where Pn represents the price on an nth month. In 

this way, the percentages of the price returns were calculated, which gives an accurate picture of 

price returns while avoiding the price discrepancies between assets and Bitcoin which may affect 

the analysis of the results. An exception was made for Constant Maturity Treasuries (CMT10). 

These series represent yield of a par-priced Treasury bond with a 10-year maturity. In order to 

calculate the price change on such bond, the following formula would have to be used: (-(Yieldn -

Yieldn-1)*(Duration)) where Yieldn represents the Yield of the bond on an nth month and Duration 

is a multiple around 8. For the statistical part of the project, the duration multiple was dropped as 

the presence or absence of association would not be affected by a multiple on the series (Yieldn-1-
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Yieldn) (notice the sign change brought into the bracket, it is there because bond prices move 

inversely to yields). 

IV. Data display 

 

 

V. Data Analysis  
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The scatterplots for pairs Bitcoin-CMT10, Bitcoin-Gold, Bitcoin-USD Index, and Bitcoin-

WTI do not appear to satisfy straight enough condition to a naked eye (see Figure 1). 

Figure 1 Scatterplots pairing monthly price returns on Bitcoin with those on S&P 500, CMT10, 
Gold, USD Index and WTI  

 

However, the scatterplots do not appear to thicken or bend. The Bitcoin-S&P 500 scatterplot might 

have at least one outlier if a line is imagined from III to I quadrant.  

Figure 2 Histograms for monthly price returns on the six assets appears somewhat close to 

symmetrical with cumulative frequency profiles resembling normal shape.  
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Figure 3 Residual plots and histograms of residuals were reviewed 

Per Figure 2, the histograms of the residuals indicate that the price return series appear to 

be close to symmetrically distributed, with cumulative frequency profiles forming a roughly 

normal shape. Bitcoin returns exhibits a moderately strong degree of skew to the right. We will 

proceed carefully with the regression inference. The independence assumption is satisfied as it is 

safe to assume that the data is representative of the monthly prices of Bitcoin, S&P 500, CMT-

10, Gold, U.S. Dollar Index, and Crude Oil. The residual plots’ random scatter indicates 

independence as there are no clear patterns. Additionally, independence between the assets’ 

prices is safe to assume due to the efficient market hypothesis: if these assets’ moves were not 

independent, market vigilantes would enforce it through arbitrage. For the most part, the residual 

plots indicate homoscedasticity. There are the two exceptions of the Bitcoin-Gold residual plot 

and Bitcoin-USD index as in the first quadrants there appears to be a fan shape. We will proceed 

carefully with the regression inference. 

0%

20%

40%

60%

80%

100%

0

5

10

15

20

25

up
 to

 -
.0

7

-.
07

 to
 -

.0
5

-.
05

 to
 -

.0
3

-.
03

 to
 .0

.0
 to

 .0
2

.0
2 

to
 .0

4

.0
4 

to
 .0

7

.0
7 

to
 .0

9

.0
9 

an
d 

hi
gh

er

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 

Fr
eq

ue
nc

y
Gold Monthly Price Returns

Frequency Cumulative % (RHS)

0%

20%

40%

60%

80%

100%

0

4

8

12

16

20

up
 to

 -
.0

4

-.
04

 to
 -

.0
3

-.
03

 to
 -

.0
2

-.
02

 to
 -

.0
1

-.
01

 to
 .0

.0
 to

 .0
1

.0
1 

to
 .0

2

.0
2 

to
 .0

3

.0
3 

an
d 

hi
gh

er

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 

F
re

qu
en

cy

US Dollar Index Monthly Price Returns

Frequency Cumulative % (RHS)

0%

20%

40%

60%

80%

100%

0

9

18

27

36

45

up
 to

 -
.5

4

-.
54

 to
 -

.3
7

-.
37

 to
 -

.1
9

-.
19

 to
 -

.0
2

-.
02

 to
 .1

5

.1
5 

to
 .3

3

.3
3 

to
 .5

0

.5
0 

to
 .6

8

.6
8 

an
d 

hi
gh

er

C
um

ul
at

iv
e 

F
re

qu
en

cy
 

Fr
eq

ue
nc

y

WTI Crude Oil Monthly Price Returns

Frequency Cumulative %



The need for cryptocurrency regulation is backed by statistical evidence 

 

6 
 

With the aforementioned conditions addressed, we can move on to creating a 95% 

confidence interval for the regression slope for each Bitcoin-asset pairing. The degrees of 

freedom was 80-2=78. 

Figure 4 The 95% confidence interval for the slope does not contain 0 only for Bitcoin-S&P 500  

 y values BTCPxRet BTCPxRet BTCPxRet BTCPxRet BTCPxRet 

 x values SP500PxRet CMT10YCh DXYPxRet GoldPxRet WTIPxRet 

 n 80 80 80 80 80 
 r 0.261 -0.097 -0.176 -0.011 0.127 

 Sx 0.042 0.199 0.016 0.040 0.152 

 Sy 0.234 0.234 0.234 0.234 0.234 

 b (slope) 1.470 -0.114 -2.577 -0.065 0.196 

 Sy-x 0.228 0.235 0.232 0.236 0.234 

 Sb 0.615 0.133 1.627 0.662 0.173 

 t 2.389 -0.858 -1.584 -0.098 1.130 

 df 78 78 78 78 78 

 p-value 0.019 0.394 0.117 0.922 0.2621 

 alpha 0.05 0.05 0.05 0.05 0.05 

 t-crit 1.99 1.99 1.99 1.99 1.99 

 Significant? Null slope rejected Fail to reject null slope Fail to reject null slope Fail to reject null slope Fail to reject null slope 
       
 Confidence interval for slope     
       
 lower 0.245 -0.379 -5.817 -1.38 -0.149 

 upper 2.695 0.151 0.662 1.25 0.541 
       

 

Since one slope, Bitcoin-S&P500, showed a statistically significant result, the same test 

was run on all other possible pairs of assets—including pairs of the main asset classes—were run 

for further examination. The results are shown in the table below. 

 
 

Figure 5 The 95% confidence interval for the slope does not contain 0 only for Bitcoin-S&P 500  

 

For seven additional pairs the 95% confidence intervals for slope did not include zero. 

These pairs were used to examine further the R-squared of those regressions.  
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Figure 6 The Excel regression tool was run on the data series pairs of further interest  

 

The R-squared value of the correlation of Bitcoin with the stock market was 6.8%. As 

shown by the heat map below, this is significantly less than the R-squared values corresponding 

to statistically significant correlations between established, and asset classes (Equities, Bonds), 

(Equities, Currencies), (Equities, Commodities), (Bonds, Gold), (Bonds, commodities), 

(Currencies, Gold) and (Currencies, Commodities). 

Figure 7 The heatmap color code indicates that correlations between already established asset 

classes have higher R-square than for Bitcoin and the S&P 500.  

 

 

Figure 8 The residuals analysis for the pair (Bitcoin, S&P 500) indicates some deviation from 

normality.   
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VI. Conclusion 

We are 95% confident that Bitcoin exhibits no correlation to the following four out of five 

main liquid asset classes: Bonds, Currencies, Gold and Commodities. We fail to reject the null 

hypothesis for those four pairs. However, there is statistically significant evidence that there is a 

correlation between Bitcoin and equities, represented by S&P 500. The null hypothesis for this 

pair is rejected. However, this correlation exhibits an R-squared value lower than for correlations 

between existing five separate asset classes. Because these asset classes are presumed to be 

independent, and because Bitcoin’s R-squared value is less than theirs, this indicates that the 

association between Bitcoin and Equities is weak. Therefore, the lower R-squared value warrants 

Bitcoin’s standing as a separate asset class from Equities as well. The analysis of the residual plot 

and residuals histogram further suggest that Bitcoin does not have a strong statistical relationship 

with Equities. 

Based on these results, we can conclude that Bitcoin is a separate asset class, which calls 

for a regulatory framework that is separate from frameworks covering the existing asset classes – 

Equities, Bonds, Currencies, Gold (Bullion), and Commodities. In other words, the risks of Bitcoin 



The need for cryptocurrency regulation is backed by statistical evidence 

 

9 
 

investing were shown in this study to be statistically different from those inherent in existing assets 

with a high degree of confidence. 

 

 

VII. Reflection 

The study went well. The monthly return frequency coincides with the way many portfolio 

managers track and report their portfolio’s performances. Using monthly periodicity avoided the 

issue of different assets prices being available on certain days due to different schedules or 

holidays. However, looking at a smaller periodicity could significantly change the results given 

Bitcoin’s higher daily volatility compared to the other five assets. 

A Classic Security Market Line analysis indicates that cryptocurrencies are undervalued 

based on their potential return in exchange for the financial risk they pose. Therefore, an additional 

study of the (beneficial) diversification effects of adding them to an investment portfolio is 

warranted. Regulators should consider imposing caps on the share of regulated portfolios that can 

be invested in cryptocurrencies. 

Cryptocurrencies are not created equal: although Bitcoin is the best-known and the most 

liquid, other cryptocurrencies are being created to cater to certain investors. Creation of a 

cryptocurrency that will purposefully mimic performance of one of the five main asset class would 

require an additional review. 
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Figure 9 Regulators need to determine what kind of asset class are cryptocurrencies 

 

 

 

 
 


