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Abstract-This study evaluates the investment performance of the 20 largest cryptocurrencies by market capitalization during
2021-2025 using downside risk metrics. A quantitative descriptive approach was applied to 36,500 daily return observations
derived from 36,520 daily closing prices obtained from CoinGecko. Performance was assessed using the Compound Annual
Growth Rate (CAGR), annualized downside deviation, maximum drawdown, the Sortino Ratio, and the Calmar Ratio, with the
risk-free rate set to zero. Descriptive statistics indicate excess kurtosis across all assets and positive skewness in 18
cryptocurrencies, supporting the use of downside-oriented metrics. Only six assets achieved a Sortino Ratio above 1.0, led by SHIB
(10.0724), SOL (1.8578), and BNB (1.7341), while only three exceeded a Calmar Ratio of 1.0. Quadrant analysis identified three
Alpha Leaders, three High-Yield Fragility assets, and 14 Value Destruction assets. SHIB exhibited a speculative paradox,
combining exceptional risk-adjusted performance with a 91.98% maximum drawdown due to its near-zero initial price, whereas
LTC was the only asset with negative CAGR. These findings demonstrate that downside risk metrics provide a complementary
perspective on cryptocurrency performance by emphasizing downside deviation and drawdown, thereby supporting more informed
investment decisions Practically, the resulting downside-based quadrant classification offers investors, market supervisors, and
financial educators a concrete tool for distinguishing assets that genuinely reward risk-taking from those that erode capital, thereby
strengthening risk-aware decision-making and consumer protection in the crypto-asset market.
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1. INTRODUCTION

The rapid advancement of digital technology has fundamentally transformed the global investment landscape.
Traditional investment instruments such as stocks, bonds, and mutual funds have been complemented by a new
category of digital assets, most notably cryptocurrencies, which have gained significant traction among both
institutional and retail investors worldwide. Cryptocurrency, originally conceived as a decentralized medium of
exchange (Auer & Tercero-Lucas, 2022; Baur et al., 2018), has increasingly been adopted as an investment instrument,
evolving from a niche technological curiosity into an integral component of modern portfolio strategies. This evolution
was notably accelerated by the approval of Bitcoin exchange-traded products (ETPs) by the U.S. Securities and
Exchange Commission on January 10, 2024 (SEC, 2024), which enabled investors to access Bitcoin exposure with
the same ease as traditional equity investments. The subsequent institutional accumulation of Bitcoin from 2024 to
mid-2025 reflects a significant paradigm shift, as instruments previously categorized as volatile and experimental have
been formally integrated into long-term capital management and financial diversification strategies (Chiquitita, 2025).

This global trend is particularly pronounced in Indonesia, where the growth of cryptocurrency adoption has
been remarkably rapid. Official data from the Financial Services Authority (OJK) shows a sharp upward trend in the
number of cryptocurrency asset investors, from 13.3 million in February 2025 to 22.4 million in May 2026,
representing an increase of approximately 68.4% over fifteen months (OJK, 2026a, 2026b). The OJK also reported
that cryptocurrency asset transactions throughout 2025 reached 482.23 trillion rupiah, with an additional 122.02
trillion rupiah recorded in the first five months of 2026 alone. This explosive growth is mirrored in the traditional
capital market, where the Indonesia Central Securities Depository (KSEI) recorded an increase in capital market
investors from 7,489,337 in 2021 to 20,320,000 by the end of 2025, representing approximately 171% growth within
four years (Heriyanto, 2025). These figures collectively demonstrate the escalating interest of Indonesian investors in
both traditional and digital financial assets.

However, this rapid expansion of the investor base has not been without consequences. The surge in
participation has triggered escalating speculative activity and significant market risk exposure. Studies and practical
reports have documented substantial investor losses attributable to low analytical capability, susceptibility to social
media hype, lack of risk management practices, and psychological biases (BBC, 2022; Engle et al., 2026; Hafishina
etal., 2023). More critically, empirical evidence suggests that the majority of retail cryptocurrency investors ultimately
incur financial losses (Auer et al., 2023). This situation raises significant concerns about consumer protection and
financial stability, highlighting the urgent need to improve financial literacy, particularly in understanding investment
risks (Carbd-Valverde et al., 2025; Jones et al., 2024; Rahyuda & Candradewi, 2023). This urgency is further
reinforced by POJK Number 27 of 2024, which mandates supervision, governance, risk management, and consumer
protection in digital asset trading (POJK, 2024).
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A fundamental consideration in investment decision-making is the assessment of potential returns and risks
(Liu & Tsyvinski, 2021). Performance evaluation is therefore a critical step investors must undertake before making
investment decisions, as stronger investment performance indicates a more effective investment. The Sharpe ratio,
introduced by William F. Sharpe (1966), has been the most widely used metric in evaluating investment performance
(Abdelmalek, 2024; Dombrowski et al., 2023; Laksana et al., 2026). However, this conventional metric possesses a
fundamental limitation: it treats positive and negative deviations equally in risk calculations, thereby potentially
obscuring the true downside risk profile faced by investors (Bacon, 2023; Sortino & Price, 1994). This limitation is
particularly consequential in the cryptocurrency market, which is characterized by extreme volatility and asymmetric
return distributions with positive skewness and excess kurtosis (Gupta & Chaudhary, 2022; Liu & Tsyvinski, 2021).
The majority of existing Indonesian cryptocurrency research has relied on the Sharpe ratio for performance evaluation
(Andaresta & Purwanto, 2023; Budiartomo & Setiyono, 2023; Laksana, 2024; Wiliyani & Purnamawati, 2023),
leaving a significant gap in the application of downside-sensitive metrics.

The theory used in this research is Prospect Theory, first formulated by Kahneman and Tversky (1979).
Prospect Theory explains that investors exhibit asymmetric sensitivity to gains and losses. This behavioral asymmetry
provides a strong theoretical justification for employing downside-oriented performance metrics rather than
symmetric measures such as the Sharpe ratio. Investors are demonstrably more sensitive to losses than to equivalent
gains (Ruggeri et al., 2020; Yadav, 2024), making metrics that isolate and penalize downside risk more behaviorally
congruent with actual investor preferences. Based on this theory, investors must consider the benefits and risk factors
and investment performance rationally (Andaresta & Purwanto, 2023), and the selection of appropriate evaluation
metrics is critical for producing assessments that align with how investors actually experience risk.

To address the limitations of the Sharpe ratio, this study employs two complementary downside risk metrics:
the Sortino Ratio and the Calmar Ratio. The Sortino Ratio, developed by Sortino and Van Der Meer (1991) and further
refined by Sortino and Price (1994), assesses risk-adjusted returns by focusing exclusively on downside deviation,
thereby isolating harmful volatility from desirable upside fluctuations. The Calmar Ratio, introduced by Young
(1991), measures the efficiency of return generation relative to maximum drawdown, which represents the largest
peak-to-trough decline during the observation period and is particularly relevant given the cryptocurrency market’s
susceptibility to sharp corrections (Dichtl et al., 2024; Dombrowski et al., 2023). By integrating these dual metrics,
this research provides an evaluation framework that accounts for both downside volatility and extreme capital erosion,
operationalizing the asymmetric loss-gain sensitivity that Prospect Theory predicts.

This study aims to evaluate the performance of 20 major cryptocurrencies by market capitalization using the
Sortino Ratio and Calmar Ratio over the 2021 to 2025 period. This five-year observation window was deliberately
selected to capture a complete market cycle encompassing the bull run 0f 2021, the crypto winter of 2022, the recovery
phase of 2023 to 2024, and the correction period of 2025. The novelty of this research lies in three primary
contributions: (1) the application of dual downside risk metrics (Sortino and Calmar Ratios) for cryptocurrency
performance evaluation, which extends the predominantly Sharpe-based Indonesian literature; (2) a five-year
observation period that encompasses the full spectrum of market conditions relevant to retail investor decision-
making; and (3) a sample of 20 top-capitalization cryptocurrencies reflecting the current market landscape. The
selection of assets based on the largest market capitalization was determined on the grounds that large-capitalization
assets offer greater liquidity, more reliable and complete price histories, and collectively represent the majority of
total cryptocurrency market value, making them the most relevant segment for retail investor decision-making.
Although market capitalization is sometimes associated with greater market maturity, prior research indicates that its
relationship with price stability is heterogeneous rather than universal (Pessa et al., 2023). This research is expected
to provide important information for investors to support their investment decisions, directly supporting the consumer
protection objectives established by POJK Number 27 of 2024. Unlike prior Indonesian studies that predominantly
rely on the symmetric Sharpe ratio and typically examine a small number of major coins over shorter horizons
(Andaresta & Purwanto, 2023; Budiartomo & Setiyono, 2023; Laksana, 2024; Wiliyani & Purnamawati, 2023), this
study is distinguished by its simultaneous use of two downside-sensitive metrics, a full five-year market-cycle
window, and a broader cross-section of twenty top-capitalization assets, thereby addressing the identified gap in
downside-oriented performance evaluation within the Indonesian literature.

2. RESEARCH METHODS

This study employs a quantitative descriptive approach, analyzing historical market data to evaluate and compare risk-
adjusted performance across cryptocurrency assets. The population consists of daily closing price data of
cryptocurrency assets in USD for the period January 1, 2021 to December 31, 2025. The secondary data used in this
study were obtained from CoinGecko, a widely recognized platform for transparent and reliable cryptocurrency
market data. The data collected consists of numerical values, which can also be referred to as quantitative data.
Descriptive analysis is the analytical technique used in this study. Downside deviation and the Compound Annual
Growth Rate were annualized using a 365-day convention, and both the risk-free rate and the minimum acceptable
return (MAR) were set to zero. To obtain the values of each variable, data processing was done using the Microsoft
Excel program.
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The sampling method used in this study employs a purposive sampling approach with specific inclusion
criteria. The sample consists of the 20 largest cryptocurrencies based on market capitalization as of 11 July 2026, the
date of data retrieval. This post-period snapshot was deliberately chosen to ensure that all sampled assets remained
actively traded and had complete price histories throughout the 2021-2025 observation window, thereby avoiding the
inclusion of assets that were subsequently delisted or discontinued. The inclusion criteria require that: (1) the asset
has been actively traded since January 2021; (2) the asset has been consistently recorded throughout the observation
period; and (3) the asset is listed on CoinGecko. The selection of data sources was based on CoinGecko's reputation
as a transparent and reliable provider of cryptocurrency market data. Based on these criteria, 20 cryptocurrencies were
selected, resulting in 1,825 daily observations per asset and a total of 36,500 observations. The selected cryptocurrency
assets are presented in Table 1.

Table 1. List of Cryptocurrency Assets 2021-2025

No Code Name of Assets Market Cap No Code Name of Assets Market Cap
1 BTC Bitcoin $1,279.41B 11 XMR Monero $6.06B
2 ETH Ethereum $215.80B 12 ADA Cardano $6.18B
3 BNB BNB (Binance Coin) $77.45B 13 LINK  Chainlink $5.92B
4 XRP XRP (Ripple) $68.49B 14 BCH Bitcoin Cash $4.90B
5 SOL Solana $44.69B 15 DEXE DeXe $3.69B
6 TRX TRON $31.27B 16 LTC Litecoin $3.45B
7 DOGE Dogecoin $11.35B 17 HBAR Hedera $3.00B
8 ZEC Zcash $8.54B 18 AVAX Avalanche $2.83B
9 LEO LEO Token $8.80B 19 CRO Cronos $2.57B
10 XLM Stellar $6.37B 20 SHIB Shiba Inu $2.54B

Asset performance data analysis is conducted by evaluating performance using the Sortino Ratio and Calmar
Ratio. The performance evaluation follows a sequential seven-step process: (1) calculating daily asset returns; (2)
computing the Compound Annual Growth Rate (CAGR) over the observation window; (3) computing descriptive
statistics to validate distributional properties; (4) computing annualized downside deviation; (5) measuring Maximum
Drawdown (MDD); (6) computing the Sortino Ratio; and (7) computing the Calmar Ratio. The formulas used to
compute each research variable are presented in Table 2.

Table 2. Variable Measurement

Variable Formula
Pi-Pr_
Return R = % (1)
t-1
365
CAGR — (EV\T _
CAGR= ()T -1 (2
Downside Deviation o4 = J Zt=y min(Re—MAR0)2 (3)
n
Downside Deviation Annualized Odann = Oq X V365
Maximum Drawdown MDD = Irough Value—Peak Value 4)
CAGR-Rf Peak Value
Sortino Ratio SR = o %)
d,ann
) _ CAGR
Calmar Ratio CR= MDD (6)

In operationalizing these formulas, P, and P,_; denote the daily USD closing prices on trading days tand t — 1,
respectively. For the first observation date (January 1, 2021), the return is computed using the closing price of
December 31, 2020 as the reference price P,_,, thereby establishing a complete and uninterrupted return series of
1,825 daily observations. In the CAGR formula, EV represents the closing price on the last day of the observation
period, BV represents the closing price on the first day of the observation period, and T equals the total number of
calendar days between the first and last observation dates, normalized to a 365-day annual cycle. The risk-free rate
(Rp) is set to zero, on the grounds that the cryptocurrency market operates globally on a 24/7 basis without a universally
applicable domestic risk-free benchmark, and this approach avoids jurisdictional bias given that cryptocurrency
investors originate from various countries with differing interest rate regimes. Consequently, the Minimum Acceptable
Return (MAR) used in the downside deviation calculations is also set to zero, consistent with the risk-free rate
assumption. All return series and risk measures are computed using a 365-day annualization framework, consistent
with the continuous trading nature of cryptocurrency markets.

The Sortino Ratio assesses risk-adjusted returns by focusing on downside deviation relative to the MAR,
thereby excluding upside volatility and only calculating negative variations that are relevant to investors concerned
about potential losses (Sortino & Price, 1994; Sortino & Van Der Meer, 1991). The Calmar Ratio quantifies the
efficiency of return generation relative to maximum drawdown, using the simple formula of CAGR divided by the
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absolute value of maximum drawdown (Young, 1991). The maximum drawdown is reported as a negative value
representing the largest peak-to-trough decline, while the Calmar Ratio uses its absolute value so that a higher ratio
consistently indicates better performance. For comparative categorization, this study adopts an efficiency threshold of
1.0 for both ratios: a value exceeding 1.0 indicates that excess return adequately compensates for risk taken, while a
value below 1.0 indicates that risk exposure outweighs historical return. This threshold framework underpins the
quadrant-based quality matrix presented in the discussion section.

The conceptual framework of this study illustrates the performance evaluation flow for 20 cryptocurrency
assets. Figure 1 presents this conceptual framework. Daily closing prices are processed to generate daily returns, which
then serve as the basis for three parallel computations: CAGR, annualized downside deviation, and maximum
drawdown. These intermediate metrics feed into the calculation of the Sortino Ratio (CAGR divided by annualized
downside deviation) and the Calmar Ratio (CAGR divided by the absolute value of maximum drawdown). The
resulting ratios are then used to construct performance rankings and a quadrant-based quality matrix to support
investment decision-making.

20 Cryptocurrencies, 2021-2025

v

{ Daily Closing Prices (USD) }

Daily Return Series
(1,825 obs. per asset)

[ ]
T

(Com| gtﬁ]?iRAnnual Annualized Maximum
Grgwth Rate) Downside Deviation Drawdown (MDD)

Sortino Ratio

(CAGR + Downside
Deviation) (CAGR + |[MDD|)

Quadrant Quality Matrix
(Efficiency threshold = 1.0)

Calmar Ratio

v

Performance Ranking & Investment

Decision Support

Figure 1. Conceptual Framework of Cryptocurrency Performance Evaluation

3. RESULTS AND DISCUSSION
3.1 Research Results

The results of descriptive statistics for the daily returns of 20 cryptocurrency assets over the 2021 to 2025 period are
presented in Table 3.

Table 3. Descriptive Statistics of Daily Cryptocurrency Returns 2021-2025

Assets Std. Dev Std. Dev Ann. Mean Return Min Return Max Return Skewness Kurtosis
BTC 0.0305 0.5818 0.11% -15.85% 19.25% 0.1652 3.8468
ETH 0.0411 0.7847 0.16% -26.30% 24.53% 0.1930 4.6376
BNB 0.0442 0.8450 0.26% -31.88% 73.79% 3.0506 49.7511
XRP 0.0538 1.0275 0.25% -32.06% 72.37% 2.7428 29.7929
SOL 0.0596 1.1391 0.42% -42.20% 36.63% 0.4448 5.7081
TRX 0.0429 0.8205 0.21% -31.40% 88.88% 5.3060 108.4142
DOGE  0.1055 2.0160 0.50% -39.77% 338.90% 19.2680  589.4424
ZEC 0.0584 1.1161 0.28% -40.56% 61.94% 0.9439 10.8620
LEO 0.0311 0.5935 0.15% -22.77% 57.71% 3.8599 72.9484
XLM 0.0525 1.0031 0.15% -30.24% 74.21% 3.5591 42.1027
XMR 0.0423 0.8078 0.15% -39.96% 37.41% -0.2388 15.0517
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Assets Std. Dev Std. Dev Ann. Mean Return Min Return Max Return Skewness Kurtosis

ADA 0.0519 0.9915 0.16% -24.73% 72.93% 2.0557 24.4041
LINK 0.0525 1.0038 0.14% -35.65% 32.19% 0.1573 3.6911

BCH 0.0507 0.9687 0.15% -34.31% 59.06% 2.0240 22.1382
DEXE  0.0885 1.6912 0.34% -49.14% 181.14% 8.4906 155.5137
LTC 0.0450 0.8598 0.08% -35.46% 27.35% -0.1382 5.8751

HBAR  0.0624 1.1924 0.25% -34.43% 73.03% 2.7171 24.2657
AVAX  0.0626 1.1958 0.26% -35.01% 75.70% 1.5035 15.2837
CRO 0.0539 1.0306 0.16% -29.05% 67.01% 2.1719 24.0032
SHIB 0.8283 15.8245 3.14% -62.26% 3437.42% 39.3492 1623.80

Table 3 presents the distributional properties of daily returns for each asset. Within the sample, BTC exhibits
the most conservative distributional profile with the lowest daily standard deviation of 0.0305, consistent with its
position as the largest cryptocurrency by market capitalization. Conversely, SHIB records the highest daily standard
deviation of 0.8283 with an annualized value of 15.8245, reflecting extreme price volatility attributable to its near-
zero starting price in early 2021. Notably, 18 of 20 assets exhibit positive skewness, indicating return distributions
that tend toward longer right tails. Only XMR and LTC show slightly negative skewness. All 20 assets display excess
kurtosis well above zero, confirming fat-tailed distributions with a higher probability of extreme returns than implied
by a normal distribution (Liu & Tsyvinski, 2021). These conditions provide empirical justification for the application
of downside-risk-oriented evaluation metrics rather than conventional mean-variance frameworks. The results of the
Compound Annual Growth Rate (CAGR) for each year of observation are presented in Table 4.

Table 4. Annual Asset CAGR Ranking 2021-2025

Asset 2021 2022 2023 2024 2025
BTC 58.00% -65.51% 154.67% 111.71% -7.29%
ETH 407.14% -68.45% 90.23%  41.98% -11.44%
BNB 1,260% -53.46%  27.98% 122.86% 22.36%
XRP 251.36% -60.14%  81.25% 230.22% -20.60%
SOL 9,260% -94.48% 922.47% 73.10%  -35.78%
TRX 180.90% -29.17%  96.50% 136.04% 11.48%
DOGE 3,008% -59.59%  27.19% 243.44% -63.91%
ZEC 157.89% -75.36% -27.90% 100.79% 785.17%
LEO 171.12% -5.42%  13.11% 126.34%  6.08%
XLM 102.60% -74.40%  77.42% 152.16% -52.62%
XMR 68.57% -41.35% 10.84%  14.32% 122.45%

ADA 650.22% -82.21% 137.91% 35.46% -63.73%
LINK 65.80% -73.04% 166.12%  28.76%  -43.69%

BCH 26.53% -78.32% 168.94% 63.06%  33.56%
DEXE 735.07% -79.62%  60.78%  264.77% -78.43%
LTC 16.42% -53.80%  2.97% 37.37%  -26.70%

HBAR 784.88% -87.98% 124.66% 191.69% -63.99%
AVAX 2,919% -90.51% 256.03% -14.95% -67.39%
CRO 843.04% -90.53%  74.06%  40.60%  -39.72%
SHIB  44,845,023% -76.38% 26.94%  97.98% -68.15%

Table 4 shows that the level of return for each asset varies greatly each year, reflecting the highly dynamic and
cyclical nature of the cryptocurrency market. In 2021, all 20 assets recorded positive returns, with SHIB achieving an
extraordinary CAGR of 44,845,023% due to its price appreciation from near-zero levels, followed by SOL at 9,260%
and DOGE at 3,008%. The year 2022 was characterized by a severe crypto winter driven by global monetary
tightening, with all 20 assets recording negative returns. LEO demonstrated the most resilience with a loss of only
5.42%, while SOL experienced the deepest decline at 94.48%. The recovery in 2023 was selective, with SOL leading
at 922.47%, while ZEC was the only asset with negative returns. In 2024, DEXE and DOGE led the recovery at
264.77% and 243.44% respectively, with only AVAX recording a negative return. The year 2025 saw a market
correction with 14 of 20 assets declining, while ZEC surged 785.17% and XMR gained 122.45%.

The overall asset performance ranking based on the Sortino Ratio and Calmar Ratio for the period 2021 to
2025 is presented in Table 5.

Table 5. Overall Asset Performance Ranking 2021-2025

DD Max . . Calmar
Rank Code CAGR Annualized Drawdown Sortino Ratio Ratio
1 SHIB 877.68% 87.14% -91.98% 10.0724 9.5422
2 SOL 132.29% 71.21% -96.30% 1.8578 1.3737
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Rank Code CAGR AnnIl:le)lize d Drx?if)wn Sortino Ratio g:gﬁar

3 BNB 86.84% 50.08% -70.76% 1.7341 1.2272
4 LEO 47.16% 35.69% -56.22% 1.3215 0.8389
5 TRX 60.20% 47.37% -69.82% 1.2709 0.8623
6 DOGE 84.15% 71.49% -92.21% 1.1771 0.9126
7 XRP 50.60% 59.05% -83.17% 0.8570 0.6084
8 ZEC 55.19% 71.22% -94.28% 0.7749 0.5854
9 BTC 24.42% 39.25% -76.72% 0.6222 0.3183
10 ETH 32.37% 52.80% -79.33% 0.6129 0.4080
11 XMR 26.10% 56.86% -78.27% 0.4589 0.3334
12 HBAR  26.25% 67.46% -92.82% 0.3892 0.2828
13 AVAX 27.41% 73.65% -93.47% 0.3722 0.2933
14 DEXE 18.01% 79.90% -93.55% 0.2254 0.1925
15 ADA 13.62% 60.52% -91.86% 0.2251 0.1483
16 BCH 11.92% 59.45% -94.27% 0.2005 0.1264
17 XLM 8.68% 57.41% -90.19% 0.1511 0.0962
18 CRO 8.75% 62.88% -94.50% 0.1391 0.0926
19 LINK 0.56% 68.16% -90.14% 0.0083 0.0063
20 LTC -9.44% 60.55% -88.75% -0.1559 -0.1063

Table 5 presents the overall performance ranking based on both the Sortino Ratio and Calmar Ratio for the
2021 to 2025 period. SHIB records the highest Sortino Ratio of 10.0724 and Calmar Ratio of 9.5422, driven by its
extraordinary CAGR of 877.68% from a near-zero starting price, despite experiencing a maximum drawdown of
91.98%. SOL follows in second place with a Sortino Ratio of 1.8578 and Calmar Ratio of 1.3737, supported by a
CAGR of 132.29% with the deepest maximum drawdown in the sample at 96.30%. BNB ranks third with a Sortino
Ratio of 1.7341 and Calmar Ratio of 1.2272, demonstrating a comparatively more moderate risk profile with a
maximum drawdown of 70.76%. Six assets record Sortino Ratios exceeding 1.0, indicating that their excess returns
adequately compensate for downside risk. At the bottom of the ranking, LTC is the only asset with a negative CAGR,
at -9.44%, resulting in negative Sortino and Calmar Ratios, indicating a complete failure to generate positive returns
over the five-year period.

3.2 Discussion

The results of this study indicate that the levels of return, risk, and asset performance during the 2021 to 2025 period
vary greatly across cryptocurrency assets. This finding is in line with previous research which shows that
cryptocurrencies have unique risk characteristics that differ from traditional assets (Laksana et al., 2026; Liu &
Tsyvinski, 2021). The five-year observation window spans a full market cycle that is consistent with the liquidity
expansion of 2021, the global monetary tightening of 2022, a recovery phase in 2023 to 2024, and a correction in
2025. While a formal sub-period decomposition is beyond the scope of this aggregate analysis, the wide dispersion of
outcomes across assets is consistent with the importance of timing and business cycle awareness in cryptocurrency
investing.

Measuring performance using downside risk metrics provides a more comprehensive perspective than simply
examining absolute returns. Assets with high CAGR do not necessarily achieve high risk-adjusted performance. For
example, DOGE recorded a substantial CAGR of 84.15%, yet its Sortino Ratio of 1.1771 is lower than that of LEO
(Sortino: 1.3215) despite LEO’s lower CAGR of 47.16%. This occurs because LEO maintains a substantially lower
downside deviation (35.69% vs. 71.49%), demonstrating superior capital protection efficiency. Similarly, BTC,
despite being the largest cryptocurrency by market capitalization, records a moderate Sortino Ratio of 0.6222 and
Calmar Ratio of 0.3183, indicating that its 24.42% CAGR does not fully compensate for its 76.72% maximum
drawdown over the five-year period. These findings highlight the importance of evaluating performance not only
based on absolute returns but also considering the risks taken, as emphasized in various asset performance comparison
studies (Dombrowski et al., 2023; Laksana et al., 2026).

A notable finding of this study is the SHIB phenomenon. SHIB, a meme token, achieved the highest Sortino
Ratio (10.0724) and Calmar Ratio (9.5422) in the entire sample, surpassing all other cryptocurrencies by a wide
margin. This result is driven by SHIB’s extraordinary price appreciation from approximately 7.73 X 107! on January
1, 2021 to 6.90 x 107° by December 31, 2025, representing a price multiplication over 89,000 times. While the
resulting CAGR of 877.68% is mathematically correct, it must be interpreted with caution: SHIB’s extreme metrics
are a consequence of its near-zero starting price, which amplifies percentage returns to levels that are not replicable
for assets with established market prices. Furthermore, SHIB’s maximum drawdown of 91.98% indicates that
investors who entered at the peak would have lost over 90% of their capital. This juxtaposition of extreme
mathematical efficiency alongside catastrophic capital erosion risk constitutes what may be termed a speculative
paradox, consistent with Prospect Theory’s prediction regarding the overweighting of tail event probabilities by retail
investors (Blau et al., 2020; Kahneman & Tversky, 1979).
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Figure 2. Quadrant Analysis of Risk-Adjusted Quality Matrix (2021-2025)

The quadrant analysis based on the efficiency threshold of 1.0 for both ratios reveals that the analyzed assets
are categorized into three distinct performance profiles. The results of this quadrant classification are visualized in
Figure 2. Quadrant I (Alpha Leaders, Sortino > 1 and Calmar > 1) contains three assets: SHIB, SOL, and BNB. While
SHIB’s placement is driven by the speculative paradox discussed above, SOL (Sortino: 1.8578; Calmar: 1.3737) and
BNB (Sortino: 1.7341; Calmar: 1.2272) represent strong performance, as their compounded growth adequately
compensates for both downside deviation and maximum drawdown. Quadrant IV (High-Yield Fragility, Sortino > 1
and Calmar < 1) contains three assets: TRX, DOGE, and LEO. These assets demonstrate the capacity to manage daily
downside deviations but their Calmar Ratios below 1.0 indicate that their returns do not fully compensate for the
severity of their worst historical drawdowns. Quadrant III (Value Destruction Zone, Sortino < 1 and Calmar < 1) is
the most densely populated quadrant, encompassing 14 of the 20 assets, including major cryptocurrencies such as
BTC, ETH, XRP, and ADA. LTC stands out with negative values on both metrics, representing the most severe case
of capital erosion. Notably, Quadrant II (Recovery Without Protection, Sortino < 1 and Calmar > 1) remains empty,
suggesting that within the cryptocurrency market during this observation period, no asset possessed robust long-term
recovery capacity while simultaneously failing to protect investors from daily negative volatility.

The Sharpe ratio, which has dominated prior Indonesian cryptocurrency literature (Andaresta & Purwanto,
2023; Budiartomo & Setiyono, 2023; Laksana, 2024; Wiliyani & Purnamawati, 2023), treats all volatility as risk, an
assumption that may be less appropriate for assets characterized by positive skewness and extreme kurtosis (Bacon,
2023; Gerunov, 2022). The Sortino Ratio addresses this limitation by focusing exclusively on downside deviation,
while the Calmar Ratio provides an additional dimension by measuring returns relative to maximum drawdown, which
represents the worst-case scenario investors may face (Sortino & Price, 1994; Young, 1991).

The dominance of the Value Destruction quadrant, which absorbs 14 of the 20 assets including established
large-capitalization coins such as BTC, ETH, XRP, and ADA, warrants a more critical reading. It suggests that over
a full market cycle even blue-chip crypto-assets frequently failed to compensate investors for the depth of their
drawdowns, echoing evidence that cryptocurrency returns are dominated by infrequent but severe tail losses (Gupta
& Chaudhary, 2022; Liu & Tsyvinski, 2021) and that drawdown-based measures reorder performance rankings
relative to volatility-based metrics (Dichtl et al., 2024; Dombrowski et al., 2023). Compared with prior Indonesian
studies that, using the Sharpe ratio, tended to portray major coins more favorably (Andaresta & Purwanto, 2023;
Budiartomo & Setiyono, 2023; Wiliyani & Purnamawati, 2023), the downside-oriented results reported here paint a
more cautious picture and reinforce the argument that the choice of performance metric materially affects the
conclusions drawn about crypto-asset quality.

In the context of Prospect Theory (Kahneman & Tversky, 1979), these findings provide empirical support for
the argument that investors should conduct a comprehensive evaluation of potential profits and losses before making
investment decisions. The SHIB phenomenon illustrates how assets with extreme upside potential can attract
significant investor interest despite carrying near-total capital loss risk, consistent with the probability weighting
function described in behavioral finance literature (Yadav, 2024). Conversely, the strong performance of SOL and
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BNB across both metrics indicates that some established large-capitalization assets can deliver superior risk-adjusted
returns while maintaining more acceptable drawdown profiles, although identifying the underlying drivers would
require further fundamental analysis beyond the scope of this study. For risk-averse investors prioritizing capital
preservation, BNB presents the most defensible position among the Alpha Leaders, given its lower maximum
drawdown of 70.76% compared to SOL (96.30%) and SHIB (91.98%), based on historical data over the observation
period and not as investment advice.

These findings offer important insights for investors in formulating investment strategies. The study also
supports the importance of financial literacy and risk profiling in cryptocurrency investment (Carbo-Valverde et al.,
2025; Jones et al., 2024). These findings are in line with the investor protection objectives of POJK Number 27 of
2024, and can be used as a reference by market supervisors and financial educators to support the categorization of
cryptocurrency assets based on actual downside resilience.

4. CONCLUSION

Based on the results of the research and discussion, it can be concluded that the level of return from 20 cryptocurrency
assets during the period 2021 to 2025 varies greatly, with CAGR values ranging from -9.44% (LTC) to 877.68%
(SHIB), across a five-year window that spans a complete market cycle from universal positive returns in 2021, through
the severe crypto winter of 2022, a partial recovery in 2023 to 2024, and a market correction in 2025 in which 14 of
20 assets declined; risk analysis further reveals that all 20 assets exhibit excess kurtosis and 18 display positive
skewness, confirming non-normal return distributions that justify the use of downside-risk-oriented evaluation
metrics, and the Sortino Ratio analysis shows that only six assets exceed the efficiency threshold of 1.0 (led by SHIB
at 10.0724, SOL at 1.8578, and BNB at 1.7341) while the Calmar Ratio identifies only three assets above the threshold
(SHIB at 9.5422, SOL at 1.3737, and BNB at 1.2272), so that the quadrant analysis classifies three Alpha Leaders
(SHIB, SOL, BNB), three High-Yield Fragility assets (TRX, DOGE, LEO), and 14 Value Destruction assets, with the
SHIB phenomenon constituting a speculative paradox in which the mathematically highest risk-adjusted performance
coexists with a 91.98% maximum drawdown driven by its near-zero starting price. Practically, these findings imply
that investors should not judge crypto-assets on returns alone but should screen them on downside deviation and
drawdown resilience, and the resulting quadrant map can serve market supervisors and financial educators as a
practical basis for classifying assets and framing risk disclosures in line with the consumer-protection objectives of
POJK Number 27 of 2024, thereby improving investors’ understanding of asset performance and encouraging further
research on investment analysis and risk management. However, this study has limitations, specifically by analyzing
only 20 cryptocurrency assets without including traditional asset classes as benchmarks, by using a zero risk-free rate
that, while justified for global cryptocurrency markets, may produce different results than studies employing domestic
benchmarks, and by the extreme influence of SHIB’s near-zero starting price on the overall rankings, which warrants
interpretive caution; accordingly, future research is encouraged to compare cryptocurrency performance against
stocks, bonds, or gold using Sortino and Calmar metrics, to employ domestic risk-free benchmarks such as the BI 7-
Day Reverse Repo Rate for Indonesian investor perspectives, to develop optimal portfolio models integrating
cryptocurrencies with traditional asset classes, and to incorporate complementary tail-risk metrics such as Maximum
Drawdown Duration and the Ulcer Index.
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