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Abstract  

This study analyzes the optimal portfolio formation of health sector stocks listed on the Indonesia Stock Exchange using the 

Markowitz approach with dual risk parameters. Unlike traditional mean-variance optimization, this research incorporates both risk 

aversion (ρ) and risk tolerance (τ) parameters to better accommodate varying investor risk preferences. Using daily closing price 

data from six health sector stocks during the period January 2022 to December 2023, this study employs web scraping techniques 

for data collection and implements portfolio optimization calculations. The results show that the dual risk parameters approach 

produces consistent portfolio weights across both risk measures, with SIDO.JK receiving the highest allocation (approximately 

41.6%) followed by SOHO.JK (23.0%) and SILO.JK (16.9%). The efficient frontier analysis demonstrates portfolio risk ranges 

from 0.015 to 0.030 with returns between 0.10% to 0.45%. This study contributes to the literature by demonstrating how 

incorporating dual risk parameters can provide more nuanced portfolio allocations while maintaining the fundamental benefits of 

diversification. 
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1. Introduction  

The growth of investors in the capital market always increases every year (Ganiarto et al., 2021). is the 11% (year-
to-date) increase in the number of capital market investors. Based on SIDs, the number of capital market Investors has 
jumped from 12.17 million investors in 2023 to 13.45 million investors as of August 9, 2024 (BEI, 2024). How to 
effectively manage the investment risks of these stocks and obtain better returns is of great interest to investors and 
policy makers (Wu dkk., 2022). The Markowitz mean–variance portfolio selection model has been widely used in 
theoretical and empirical studies, which aim to maximize investment returns at a given level of risk and minimize 
investment risk (Zhang dkk., 2018). 

Markowitz accurately defined return and risk as mean and variance, and introduced powerful mathematical statistical 
methods into the study of asset portfolio selection. The selection of portfolio investors can balance the two factors of 
the expected return of the portfolio and its variance. Through diversification of securities, namely reducing the 
correlation between securities can reduce risk (Lu, 2021). Many previous researchers have applied the Markowitz model 
as a portfolio.  

Based on the research results of Tian (2023), the Markowitz mean-variance model shows that although the complexity 
of the calculation can be an obstacle, this model still helps investors in determining the optimal weight for their portfolio. 
The analysis shows that, regardless of how the weight portfolio is changed, the results from the historical data used in 
this study estimate the potential for future losses. The traditional Markowitz mean-variance model does have some 
weaknesses, even though it has been widely used in investment theory and practice, such as assuming that investment 
returns follow a normal distribution, which does not always reflect the reality in the market (Škarica and Lukač, 2012). 

In the development of modern portfolio theory, the Markowitz model has undergone various modifications to better 
reflect the complexity of investor risk preferences. Although the traditional mean-variance approach has proven 
effective, this model has limitations in accommodating the variation of different investor risk preferences (Fransisca et 
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al., 2023). Investors not only consider the trade-off between return and risk, but also have different levels of risk 
tolerance depending on their individual characteristics and investment goals (Rajasekar et al., 2023). 

Recent research shows the importance of considering multiple risk parameters in portfolio optimization. Becker et 
al., (2024) propose a robust multi-objective optimization framework that incorporates benchmark comparisons to 
address uncertainty in portfolio outcomes. This approach improves the adaptability and reliability of strategies in real-
world scenarios by minimizing regret and aligning with practical investment benchmarks. 

Based on the research gap, this study proposes the use of dual risk parameters in optimizing the healthcare sector 
portfolio. This approach not only considers the trade-off between return and risk as in the traditional Markowitz model, 
but also integrates investor risk preferences through risk aversion (𝜌) and risk tolerance (𝜏) parameters. Using daily data 
from six healthcare sector stocks on the Indonesia Stock Exchange, this study aims to produce a portfolio allocation that 
is more in line with various investor risk profiles. 

2. Methodology 

This study aims to analyze the optimal portfolio based on health sector stocks using the Markowitz approach with 
minimum risk and risk tolerance. The following research flow is shown in Figure 1:  
 

 

Figure 1: Flowchart 

2.1. Data collection 

Daily stock price data from the health sector was obtained through the yahoo finance platform. The data period used 
is from January 1, 2022 to December 31, 2023, focused on the daily closing price feature for each issuer. As for 
obtaining stock price data, the web scrapping method will be used, namely taking data directly from the data provider 
site. The following are the names and stock codes that will be used for this research: 

Table 1: company name and code 
No Company Code Company name 

1 RSCH.JK PT Charlie Hospital Semarang Tbk 

2 PEVE.JK PT Penta Valent Tbk 

3 SOHO.JK PT Soho Global Health Tbk 

4 KAEF.JK PT Kimia Farma Tbk 

5 SILO.JK PT Siloam International Hospitals Tbk 

6 SIDO.JK PT Industri Jamu dan Farmasi Sido Muncul Tbk 

 

2.2. Calculating the average return 

The expected return is the average of the daily returns calculated over a specified period. Daily returns are calculated 
as the simple holding period return rate between days (Bartholdy and Peare, 2005). The following formula is used to 
calculate the average daily return: 
 

𝜇𝑖 =
∑ 𝑅𝑖,𝑡

𝑇
𝑡=1

𝑇
 

 
(1) 

 
where 

𝜇𝑖     : expected return for stocks 𝑖 
𝑇     : number of days in the analysis period 
𝑅i,t   : daily return of stock 𝑖 on day 𝑡 
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2.3. Variance-Covariance matrix calculation 

The variance-covariance matrix measures the relationship between the returns of existing stocks. This matrix shows 
how the returns of two stocks move together (covariance) (Irsan et al., 2022). The following formula is used to calculate 
the variance-covariance matrix:  
 

𝐶𝑜𝑣(𝑅𝑖 , 𝑅𝑗) =
∑ (𝑅𝑖,𝑡

𝑇
𝑡=1 − 𝜇𝑖)(𝑅𝑗,𝑡𝜇𝑗)

𝑇 − 1
 

(2) 

 
where 
𝐶𝑜𝑣(𝑅𝑖 , 𝑅𝑗) : covariance between stock returns 𝑖 and 𝑗 
𝜇𝑖 , 𝜇𝑗    : expected return of shares 𝑖 and 𝑗 

2.4. Optimal portfolio weight calculation 

Calculating the optimal weight for a portfolio using risk aversion (𝜌) and risk tolerance (𝜏), so that asset allocation 
can reflect investor risk preferences more accurately. approach using the formula: 

 

𝑤 =
∑ (𝜇 − 𝜌1)−1

1𝑇 ∑ (𝜇 − 𝜌1)−1  
(3) 

where 

𝑤 : optimal portfolio weights 

Σ : stock return covariance matrix 

𝜇 : stock expected return vector 

𝜌 : risk aversion parameters 

1 : unit vector ([1,1, . . . , ]𝑇) 

2.5. Allocation of Funds 

Allocating funds based on portfolio weight in this study the formula used: 
 

𝐴𝑖 = 𝑤𝑖 × 𝐴𝑡𝑜𝑡𝑎𝑙 (4) 

where 
𝐴𝑖  : allocation of funds for shares 𝑖 
𝑤𝑖  : stock weight 𝑖 
𝐴𝑡𝑜𝑡𝑎𝑙 : total funds invested 

2.6. Efficient Frontier 

The Efficient Frontier is visualized in a two-dimensional graph with the X-axis representing risk (𝜎𝑝) and the Y-axis 

represents the return (𝜇𝑝). The optimal portfolio with minimum risk and maximum return is marked in the graph to 

show the best combination. The graph is generated using the matplotlib library. 

3. Results and Discussion 

3.1. Calculation of Expected Return (Average Return) 

Expected return is calculated for each stock based on the average daily return in a specified period. Here are the 
expected return values for each stock: 

Table 2: Calculation of expected return 
Stock Expected Return (𝜇) 

RSCH.JK 0.006111 

PEVE.JK 0.002327 

SOHO.JK 0.001405 

KAEF.JK 0.001030 

SILO.JK 0.001611 

SIDO.JK 0.000842 
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From the table, RSCH.JK shares have the highest expected return value among other shares with a value of 0.006111. 
Conversely, SIDO.JK shares have the lowest expected return of 0.000842. This shows that RSCH.JK is more profitable 
based on the calculated average return, but investors must consider the associated risk factors.  

3.2. Variance-Covariance Matrix Calculation 

The variance-covariance matrix measures the relationship between the returns of existing shares. The covariance 
matrix obtained is as follows: 

 

∑ =

[
 
 
 
 
 
0.002330   
0.000045
−0.000050

−0.000006

0.000014
0.000109

  

0.000045
 0.001466
  0.000036
0.000312

−0.000006
−0.000014

 

   −0.000050
0.000036
 0.000677
−0.000054
−0.000040
0.000021

   −0.000006   
0.000312

−0.000054
0.002420

−0.000017
0.000122

0.000014
−0.000006
−0.000040
−0.000017
0.000927
0.000024

   

0.000109
−0.000014
0.000021
0.000122
0.000024
0.000335 ]

 
 
 
 
 

 

 

 
 
(5) 

This variance-covariance matrix shows how much correlation there is between the returns of the existing stocks. For 
example, RSCH.JK stock has a positive covariance with SIDO.JK (0.000109), indicating that both tend to move in the 
same direction. Conversely, there is a negative covariance between RSCH.JK and SOHO.JK (-0.000050), indicating 
that these two stocks tend to move in opposite directions. 

3.3. Portfolio Weight with Risk Aversion and Risk Tolerance 

Using the Markowitz approach, portfolio weights are calculated for two types of risk measurements, namely risk 
aversion and risk tolerance. 

Table 3: Portfolio weight 

Stock 
Weight (Risk 

Aversion) 
Weight (Risk 
Tolerance) 

RSCH.JK 0.049890 0.049671 

PEVE.JK 0.096461 0.096409 

SOHO.JK 0.230502 0.230497 

KAEF.JK 0.037889 0.037902 

SILO.JK 0.169049 0.169034 

SIDO.JK 0.416209 0.416486 

 
The portfolio weighting results show that SIDO.JK shares have the largest weight, which is 41.62% in the risk 

aversion approach and 41.65% in risk tolerance, indicating the dominance of this stock in the portfolio. SOHO.JK shares 
have the second largest weight with a proportion of around 23.05% in both approaches. SILO.JK shares are in third 
place with a weight of around 16.90%. Meanwhile, PEVE.JK, RSCH.JK, and KAEF.JK shares have smaller weights, 
ranging from 3.79% to 9.65% each. The difference in weight between the two approaches is very small, reflecting the 
consistency of the portfolio in considering risk and return. 

3.4. Allocation of funds 

Fund allocation is calculated based on portfolio weight for each stock. In this study, the total fund is IDR100,000,000, 
then the fund allocation for each stock is as follows: 

Table 4: Allocation of funds 
Stock Fund allocation (IDR) Fund allocation (IDR) 

RSCH.JK IDR 4,989,007.54 IDR 4,967,119.31 

PEVE.JK IDR 9,646,055.89 IDR 9,640,931.73 

SOHO.JK IDR 23,050,231.44 IDR 23,049,743.99 

KAEF.JK IDR 3,788,942.45 IDR 3,790,232.33 

SILO.JK IDR 16,904,861.30 IDR 16,903,362.34 

SIDO.JK IDR 41,620,901.38 IDR 41,648,610.30 

 
The results of the fund allocation show that SIDO.JK shares received the largest allocation, both in the risk aversion 

approach (IDR 41,620,901.38) and risk tolerance (IDR 41,648,610.30). SOHO.JK shares received the second largest 
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allocation, amounting to IDR 23,050,231.44 and IDR 23,049,743.99, respectively. SILO.JK shares received the third 
allocation with IDR 16,904,861.30 and IDR 16,903,362.34. Meanwhile, PEVE.JK, RSCH.JK, and KAEF.JK shares 
received smaller allocations, ranging from IDR 3,788,942.45 to IDR 9,646,055.89. The difference in allocation between 
the two approaches is relatively small, indicating a consistent distribution of funds with the aim of maintaining portfolio 
efficiency while adjusting investor risk tolerance. 

3.5. Efficient Frontier  

Efficient Frontier graph aims for optimal portfolio combinations with different trade-offs between risk and return. 
 

 

Figure 2: Efficient Frontier graph 

It can be seen that the graph forms a convex curve which is a typical characteristic of the Efficient Frontier, where 

the upper part of the curve shows the optimal portfolios. There are two important points marked on the graph: the red 

point which shows the portfolio with minimum risk (Minimum Risk), and the blue point which shows the portfolio with 

maximum return (Maximum Return). The portfolio risk ranges from 0.015 to 0.030 (standard deviation), while the 

portfolio return ranges from 0.0010 to 0.0045 or 0.10% to 0.45%.  

4. Conclussion 

The implementation of the Markowitz model with dual risk parameters for health sector stocks has yielded several 
significant findings. First, the incorporation of both risk aversion and risk tolerance parameters produced remarkably 
consistent portfolio weights, suggesting the robustness of the optimization approach across different risk perspectives. 
The minimal variation in weight allocations between the two risk approaches (differences of less than 0.3%) indicates 
that the model successfully balances risk considerations while maintaining portfolio efficiency. 

The dominance of SIDO.JK in the optimal portfolio, with an allocation of approximately 41.6% across both risk 
measures, followed by SOHO.JK and SILO.JK, demonstrates that the model identifies stocks with favorable risk-return 
characteristics regardless of the risk parameter used. This consistency in allocation suggests that these stocks possess 
fundamental strengths that make them attractive portfolio components under different risk considerations. 

The efficient frontier analysis reveals a well-defined risk-return trade-off, with portfolio risks ranging from 0.015 to 
0.030 and corresponding returns of 0.10% to 0.45%. This range provides investors with various optimal portfolio 
combinations based on their individual risk preferences, while the dual risk parameters approach ensures that these 
combinations remain practical and implementable. 
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