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ABSTRACT ARTICLE HISTORY
COVID-19 has slowed the growth of, the global economy, which has Received 16 August 2021
certain practical significance. Consequently, this study seeks to ana- Accepted 4 May 2022

lyze the investment opportunities in the medical sector before and
after the COVID-19 outbreak. In this study, the Markowitz mean-var-
iance (MV) model, capital asset pricing model (CAPM), and correl-
ation models are constructed based on the principle of Markowitz
MV and correlation analysis. Simultaneously, statistical analysis is
used to verify the analysis, and the MATLAB statistical tool is used JEL CODES
to build the model. The results show that the actual expected yield G

of China’s medical sector is significantly higher than that calculated

by the CAPM before and after the pandemic, and that the invest-

ment value of the medical sector is undervalued by the market.

From the perspective of risk, China’s medical sector has a stable sys-

temic risk premium. Based on the above analysis, when building

investment portfolios in the post-pandemic era, investors should

appropriately allocate stocks in the medical and pharmaceutical sec-

tors to improve the portfolio income and diversify the invest-

ment risk.

KEYWORDS
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investment value

1. Introduction

The unexpected outbreak of the COVID-19 pandemic at the beginning of 2020 had
far-reaching effects on individuals and industries including the medical and pharma-
ceutical industries. As the outbreak developed, the market demand for antiviral drugs
and medical equipment products such as ventilators, virus testing kits, and protective
devices used to prevent the spread of the virus has increased. People’s medical aware-
ness and demand for drugs to enhance the immune system has significantly
improved, and monthly online health consultations have increased 10-fold. This series
of phenomena has significantly promoted the development of the medical industry. It
can be predicted that when COVID-19 is effectively controlled, more capital will be
available for investment in the field of disease prevention. Currently, academic
research on the impact of COVID-19 focuses on the macro economy and various
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industries. The COVID-19 pandemic is a complex global crisis dominated by exogen-
ous factors. The impact on the economy depends on the pandemic’s duration, the
rationality of the economic structure, and the existence of production capacity (Hu,
2020). The COVID-19 pandemic has significantly impacted small, medium, and
micro enterprises, brought high direct medical costs and huge indirect economic costs
to China, and slowed down the economic development of some industries, especially
the tertiary industry. Therefore, the government has issued relevant policies to help
the development of the real economy, including encouraging local consumption and
focusing on supporting special industries and cooperating with active and flexible
financial and monetary policies (Du & Zhao, 2020; Shen, 2019; Yu & Zhu, 2020;
Zhao, 2021). However, the cost of preventing the spread of COVID-19 put further
pressure on the industrial chains around the world, and has hindered global eco-
nomic recovery, which will lead to inefficiency and the waste of resources (Jipeng &
Xiao, 2021). Therefore, in the face of the hit industrial economy, efforts should be
made to analyze the current situation in relation to the differences among industries
and policy combinations to remedy the case.

The outbreak and development of COVID-19 have also prompted social research
on the medical and pharmaceutical industries. With the development of grassroots
medical and health services during the pandemic to provide more medical services
for the masses (Wang, 2020), and with the development of Internet technology and
the population aging problem, the medical and health system demand expands.
Hence, information construction is imperative. For example, artificial intelligence
technology for the national medical and medicine industry services improves resource
distribution and market system operation efficiency, and will help to promote the in-
depth development of China’s medical industry (Xin et al., 2021; Ye, 2020).

Given the shortcomings of the service level of primary medical institutions in China,
strengthening the construction of grassroots medical associations can improve the
response and processing speeds of major pandemic prevention, and keep damage level
to a minimum. This can also give full play to the incentive and guiding role of per-
formance evaluation, improve the level of continuing medical education of Chinese
doctors, and provide an institutional basis for the improvement of grassroots medical
service levels. These lead to increased government investment and more rapid financial
support to the medical sector (Stephenson et al., 2020; Wang et al., 2020; Zhao et al,
2021), which also highlights the investment value of the medical sector.

Research on stock investment in various industries (i.e., asset allocation issues for
investors) can be generally divided into three paths. First, the traditional financial
path under effective market theory and risk aversion explores the investment decision
behavior of rational investors under the classical Markowitz mean-variance (MV)
model theory, capital asset pricing model (CAPM) theory, and extension theory.
(Zhou, 2021), with the help of machine learning methods, established a random forest
model using multiple factors to analyze the stock portfolio returns. Second, non-
effective market theory and loss aversion under the behavioral financial path exam-
ines various behavioral finance theories considering investor psychological factors
such as loss aversion, psychological accounts, overconfidence, and conformity behav-
ior, and analyzes the asset allocation of limited and rational investors based on
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behavioral finance theory. Third, the cross-period consumption investment problem,
under the consumption theory and utility theory, analyzes investor consumption and
investment behavior according to family (individual) life cycle theory permanent
income hypothesis. For example, Zhou (2019) constructed an asset allocation life-
cycle model considering the background risk of labor income and proved that invest-
ors’ investment shares in stocks vary significantly in different lifecycle stages.

The purpose of this study is to analyze the changes of risks and returns in China’s
medical sector before and after COVID-19 based on MV theory, CAPM theory, and
actual data, and put forward investment suggestions.

This paper is divided into four parts: the Introduction introduces the research sta-
tus at home and abroad and the purpose of this paper; the second part is an overview
of the model and data, which mainly describes model selection, hypothesis, data sour-
ces and use of quantitative tools; the third part is an empirical test; and the last part
includes the summary and investment recommendations.

2. Model settings and Data description
2.1. Empirical test hypothesis

As an important part of the market, the medical and pharmaceutical industries are
aligned with the general law of market income and risk analysis. Based on the need
for analyzing the investment income status of the healthcare sector before and after
the pandemic, this study applies Markowitz portfolio theory (Markowitz mean-var-
iance model theory, Markowitz, 1952), capital asset pricing theory (CAPM theory,
Sharpe, 1964), and other relevant indicators as data processing and analysis models.
The empirical test assumptions are as follows according to the MV theory and
CAPM theory:

Empirical test hypothesis 1: the number of assets is fixed and the assets can be
infinitely divided. This hypothesis excludes the possibility that an investor can invest
in non-trading assets, and investing in an asset can be held in any unit.

Empirical test hypothesis 2: investors are willing to choose a portfolio between the
expected value and the standard difference of the yield, and the investment meets the
consensus expectation hypothesis. Being risk averse, investors are only willing to
choose portfolios with minimized standard deviation, and pursue the maximization of
expected return on this basis. All investors invest in the same order, and investors
have the same expectations for the yield, standard deviation, and covariance matrix
for various assets.

Empirical test hypothesis 3: there is no transaction cost and no tax payment, the
market is fully competitive, and investors can borrow unlimited funds with a risk-free
interest rate. Individuals do not care about getting investment returns through divi-
dends or spreads. There is a large number of investors in the market, and individuals
cannot control the price of the market; they can only be the recipient of the price.

Empirical test hypothesis 4: single-period investment hypothesis. Investors plan
their personal investment practices during the same securities holding period.

The above assumptions provide basic logical and theoretical support for the ana-
lysis of the income status of the medical sector. On the basis of these empirical test
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assumptions, the quantitative, relatively reasonable, and accurate investment value of
the medical sector is combined.

2.2. Measurement model setting

The function measurement model settings used in the MATLAB financial toolbox are
calculated according to the following pre-set measurement rules:

First, the MV model was set. According to the purpose of the MV model establish-
ment, to find the effective frontier of the stock or portfolio, namely the Pareto solu-
tion of the optimization multi-objective problem, and to seek the Pareto solution of
the asset or portfolio, the specific model was established as follows:

minc, = W' W
maxE(r,) = WTR

S.t.zn:wi =1
i—1

where E(r,) is the expected income of asset or portfolio income, 012) is the variance of
asset or portfolio, > is the covariance matrix of n assets, and R = (R, Ry Rs,
...... Rn)T is the actual return rate of assets. W = (W, Wy, W3, ...... W,) is the
weight vector of the portfolio, which is solved by the model. When the risk is certain, the
model can find locations within the portfolio to maximize the returns. When the income
is certain, the model can seek to minimize the risk within the portfolio, and judge the the-
oretical optimal portfolio point on the investment feasibility boundary by law.

Second, the CAPM is set. The CAPM theory, whose core theories include the cap-
ital market line (CML) and the securities market line (SML), proposes a linear rela-
tionship between expected returns and the expected risk of an asset or portfolio. The
core purpose of the CAPM model is to establish the securities market line. If the
market portfolio is valid, the expected return of any asset i meets the following rela-
tionship:

(1)

Ri = Ry + B;(Ru—Ry)
B, — Cov(ri, 1) 2)

2
Om

where R; is the expected yield of risk asset i, and R,, is the expected return of the
market portfolio. R,,—Ry is the risk premium, which exceeds the risk-free interest
rate and the average risk additional income required by investors. B is the coefficient
to measure systemic risk, reflecting the contribution of a specific security to market
portfolio risk, and B; indicates the contribution of the only i stock or asset to the
market risk. cov(r;, r,,) measures the co-variance of the asset i and the market port-
folio. Therefore, B;(R,,—Ry) is represented as a systemic risk premium for the asset i.

This paper uses the expected return data calculated by the CAPM model to com-
pare the actual stock return data and analyze whether the return status of the medical
and medicine sector is overestimated or underestimated.
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In addition, this study also evaluates performance according to other relevant models,
including ‘Sharpe Ratio’, Jensen Alpha’, “Treynor Ratio’, and ‘Information Ratio’.

The Sharpe ratio refers to the risk premium available for each unit portfolio risk
to examine each portfolio. The higher the Sharpe ratio, the better the return status of
the portfolio. It is defined as follows:

_ E(Ry)—Ry

S
p
Sp

(3)

where E(R;) indicates the expected rate of return, Ry denotes the risk-free yield and
G, is the combination of income standard difference.

The Jensen Alpha Index, for a portfolio exceeding the excess returns that CAPM
expects on the portfolio theory, measures the absolute profitability of the portfolio in
the future and is defined as follows:

op = Rp— [R¢ + B,(Ru—Ry)] 4)

where R, is the actual income of the combination and [Ry + B,(Ry—Ry)] is the com-
bined income predicted by the CAPM model of the combination. o, is the additional
income between actual income and theoretical income, which is the difference
between these two.

The Treynor ratio is the risk premium available for each unit system risk (it con-
siders only system risk, not non-systemic risk), and the risk status is measured with
exact values, evaluating fully dispersed portfolio performance. It is defined as follows:

E(Rp)—R
Tp:% (5)

Information ratio refers to the risk premium acceptable for each unit of non-sys-
temic risk. Contrary to the Treynor ratio, which reflects the risk premium given by
the systemic risk, it is defined as follows:

_ E(Rp)-E(RB) _ Olp (6)

O (Rp—Rs) G(eP)

IR

where o, is Jensen Alpha, c(e,) is the standard difference in excess returns, that is
the quantity of excess return a portfolio can obtain after risk change under the same
market conditions of public information. The information ratio generally takes 0.5 as
a well-performing critical point.

2.3. Data description

This study uses a total of 45 medical and pharmaceutical stocks in the domestic mar-
ket according to the narrow sense set above. The selected medical and pharmaceutical
stocks are from the main business of medical treatment and its upstream and down-
stream related production activities, including medical and health products, systems,
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equipment supply, and medical technology. The main business refers to non-medical
medicine and its upstream and downstream related services (excluding stocks) in the
medical and pharmaceutical sectors prior to the pandemic with a healthy revenue
and stable operating environment. The basic data were analyzed with the daily yield
data from the year before the COVID-19 outbreak from February 2019 to February
2020 and within the year after the COVID-19 outbreak from February 2020 to
January 2021.

The stock yield data, risk-free yield data, and market return data all come from
the daily recorded data in the RESSET Financial Research Database. Specifically, the
financial toolbox Portfolio function was used to calculate the effective frontier of the
portfolio and output the effective frontier stock income data of the medical medicine
market, in which Asset covariance and Asset Mean should be input as the co-variance
matrix, and the average income of the medical medicine stock and its portfolio
income (1) Fitlm function was used to calculate and test the CAPM model of the
medical and pharmaceutical market. It is the key function used to calculate CAPM
model in the MATLAB toolkit. The calculation formula of the Fitlm func-
tion is:premium = alpha + Beta x (R,,—Ry)

Fitlm is a linear regression model, mdl=fitlm(X,y,modelspec) returns a linear
model of the type you specify in modelspec for the responses y, fit to the data
matrix X.

X is an explanatory variable, indicating that the multidimensional matrix n X p,
which has p explanatory variables representing the part (R,,—Ry) in the formula; Y is
the interpreted variable n x 1, and in the formula represents the Premium of each
stock relative to the risk-free return. To facilitate calculation and analysis, the pro-
gram modelspec was defaulted to ‘linear’, that is, the model contains an intercept
term and slope term, which is the description of the linear regression model to test
the significance level (2).

The third MATLAB function model uses the sharpe function to calculate the
Sharpe Ratio (3).

The fourth model used the Treynor ratio to solve the excess returns from the port-
folio assumed unit system risk, where Benchmark is the market base yield (4).

The Portalpha function is used to estimate the excess returns of the medical medi-
cine sector, and the Choice function is the calculation of the Jensen Alpha model
option, where you can enter ‘Jensen’ or ‘CAPM’ (5).

The Inforatio ratio design estimates the actual return of the stock beyond the
expected return corresponding to its risk, where the output value Ratio is the infor-
mation ratio itself and TE is the tracking error value (6).

The above MATLAB function variables are as follows:

p = Portfolio(’propertyl’,valuel, *property2’,value2, ... )
mdl = fitlm(X,Y,Modelspec)

Ratio = sharpe(Asset,Cash)

Tr_ratio = treynor(Asset,Cash,Benchmark)

Alpha = portalpha(Asset,Benchmark,Cash,Choice)
[Ratio, TE]=inforatio(Asset,Benchmark)

A
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3. Empirical test analysis
3.1. Variable descriptive statistics and correlation tests

3.1.1. Descriptive statistics

Table 1 presents the descriptive statistics of the yield variables of the epidemic during
2019-2020. As shown in Table 1, S2 is the maximum, reaching a daily yield of
0.6014%. In contrast, the average stock S37 is the lowest at-0.02%. Comparing each
stock investment risk, S2 is the largest investment risk in the medical sector, at
0.037888. Conversely, stock S7 has the lowest investment risk with a volatility of only

Table 1. Descriptive statistics of the pre-pandemic stock.

Sample Average Standard Maxium Minimum
Number Stock name size value deviation value value
S1 Inrit 240 0.000247 0.021676 0.0978 —0.0917
S2 Hangjin Technology 240 0.006014 0.037888 0.1002 —0.1002
S3 Chongyao Holdings 240 0.001155 0.025572 0.1007 —0.0995
S4 East China Medicine 240 8.49E — 05 0.023946 0.0821 —0.1001
S5 Jiaying Pharmaceutical 240 0.001284 0.035488 0.1004 —0.0997
S6 Bluesail Medical 240 0.000345 0.020977 0.0739 —0.08
S7 Lianfa shares 240 —0.000064 0.010989 0.0293 —0.0577
S8 Hansen Pharmaceutical 240 0.000534 0.027308 0.1005 —0.1001
S9 Junan Medical 240 0.001086 0.029751 0.1006 —0.0889
S10 Chired Pharmaceutical 240 0.001031 0.019819 0.1004 —0.0952
SN Brother Technology 240 0.001324 0.029538 0.1009 —0.1
S12 Healisco 240 0.004755 0.032067 0.1003 —0.0998
S13 Dongcheng Pharmaceutical 240 0.002393 0.025715 0.1002 —0.072
S14 Teyi Pharmaceutical 240 0.001334 0.017983 0.0788 —0.0609
S15 Limin shares 240 0.002066 0.026171 0.0938 —0.0937
S16 Sansheng shares 240 0.0002 0.0256 0.1001 —0.1004
S17 Kanghong Pharmaceutical 240 0.001426 0.02653 0.1 —0.1
S18 Luyan Medicine 240 0.001113 0.022444 0.1 —0.0741
S19 Yiming Medicine 240 0.000938 0.024582 0.1004 —0.0808
S20 Xintian Pharmaceutical 240 0.000658 0.02268 0.1001 —0.0825
S21 Harbin Sanlian 240 0.000798 0.021916 0.1 —0.0963
S22 Xinkaiyuan 240 0.001855 0.033654 0.1003 —0.1001
S23 Qianyuan Pharmaceutical 240 0.001631 0.028299 0.1006 —0.0997
S24 David Medical 240 0.001303 0.026612 0.1006 —0.0997
S25 Tigermed Consulting Ltd 240 0.004176 0.025239 0.1 —0.0544
S26 Guangshengtang 240 0.002268 0.032129 0.1002 —0.1
S27 Heren Technology 240 —0.00014 0.032332 0.1002 —0.1
S28 Saito Bio. 240 0.000315 0.016141 0.0416 —0.0688
S29 Topstar 240 0.00228 0.024774 0.1 —0.1
S30 Tegen life 240 0.001359 0.020528 0.1 —0.0786
S31 Qinhai Spring 240 0.003369 0.028036 0.1001 —0.0721
S32 Modern Pharmaceutical 240 0.00021 0.016323 0.0463 —0.0778
S33 Xinhua Medical 240 0.001508 0.025753 0.1005 —0.0645
S34 *ST Tianmushan Medical 240 0.0000925 0.037657 0.1004 —0.1001
S35 Runda Medical 240 0.001959 0.027233 0.0923 —0.1003
S36 Kanghui Pharmaceutical 240 0.001108 0.017236 0.0478 —0.0597
S37 Shanghai ECH 240 —0.0002 0.021265 0.0848 —0.0732
S38 Dashenlin 240 0.002917 0.026877 0.1001 —0.0702
S39 Jinhai Eviroment 240 0.001428 0.020712 0.0988 —0.0706
S40 Liuzhouyiyao Medical Holdings 240 0.001335 0.021034 0.0762 —0.0548
S41 Starry Pharmaceutical 240 0.004784 0.031784 0.1001 —0.1001
S42 Saili Medical 240 0.000951 0.030647 0.1001 —0.0999
S43 Haili Bio. 240 0.001527 0.028016 0.1004 —0.0852
S44 Yifeng pharmacy 240 0.00421 0.024369 0.0964 —0.0506
S45 Dali Pharmaceutical 240 0.00194 0.032882 0.1003 —0.0998

*Data source: The authors calculated based on raw data.
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0.010989. According to the main characteristics of the data, the overall yield of the 45
stocks rose during 2019-2020. Except at some special points, the income distribution
area is relatively narrow. This year, the medical and pharmaceutical sectors performed
well.

Table 2 presents the descriptive statistics of the post-day yield variables of the pan-
demic during 2020-2021. As shown in Table 2, the S25 is the maximum, reaching a
daily yield of 0.3958%. In contrast, the average stock, S14 is lowest at-0.122%.
Comparing the stock investment risk, S37 is the largest investment risk in the medical
sector, at 0.044883. Prior to the outbreak, equity S7 had the lowest investment risk

Table 2. Descriptive statistics of the post-pandemic stock.

Sample Average Standard Maxium Minimum
Number Stock name size value deviation value value
S1 Inrit 227 0.000448 0.027272 0.1005 —0.1001
S2 Hangjin Technology 227 —0.00061 0.038813 0.1001 —0.1001
S3 Chongyao Holdings 227 —0.00033 0.019459 0.1002 —0.0732
S4 East China Medicine 227 0.001514 0.028248 0.1002 —0.0999
S5 Jiaying Pharmaceutical 227 —0.00024 0.029304 0.1004 —0.0998
S6 Bluesail Medical 227 0.002622 0.04082 0.1003 —0.0997
S7 Lianfa shares 227 0.0007 0.017896 0.0629 —0.1002
S8 Hansen Pharmaceutical 227 —0.00083 0.023419 0.1006 —0.0994
S9 Junan Medical 227 0.002786 0.035709 0.1007 —0.1
S10 Chired Pharmaceutical 227 0.000225 0.022967 0.1004 —0.0885
SN Brother Technology 227 0.00096 0.030795 0.1011 —0.1005
S12 Healisco 227 —0.00079 0.028912 0.1001 —0.0999
S13 Dongcheng Pharmaceutical 227 0.001614 0.031386 0.1002 —0.0999
S14 Teyi Pharmaceutical 227 —0.00122 0.01996 0.0997 —0.0844
S15 Limin shares 227 0.001228 0.025908 0.0921 —0.0998
S16 Sansheng shares 227 0.000931 0.032029 0.1008 —0.0995
S17 Kanghong Pharmaceutical 227 0.001395 0.026636 0.0935 —0.0999
S18 Luyan Medicine 227 0.000375 0.021317 0.1002 —0.0647
S19 Yiming Medicine 227 —0.000014 0.026797 0.1004 —0.0971
S20 Xintian Pharmaceutical 227 0.000303 0.033622 0.1002 —0.1001
S21 Harbin Sanlian 227 —0.00094 0.020508 0.1001 —0.0728
S22 Xinkaiyuan 227 —0.00023 0.032257 0.1259 —0.0998
S23 Qianyuan Pharmaceutical 227 —0.00053 0.029931 0.1207 —0.1601
S24 David Medical 227 0.003376 0.042545 0.2 —0.1002
S25 Tigermed Consulting Ltd 227 0.003958 0.02764 0.0746 —0.0918
S26 Guangshengtang 227 0.001208 0.027928 0.1001 —0.0637
S27 Heren Technology 227 —0.00014 0.026852 0.1001 —0.1
S28 Saito Bio. 227 —0.00116 0.023336 0.1002 —0.0998
S29 Topstar 227 0.001853 0.031418 0.0965 —0.1
S30 Tegen life 227 0.00152 0.028264 0.1 —0.1001
S31 Qinhai Spring 227 0.002738 0.034432 0.1009 —0.1006
S32 Modern Pharmaceutical 227 0.000177 0.022214 0.1 —0.0759
S33 Xinhua Medical 227 —0.00033 0.026022 0.0999 —0.0615
S34 *ST Tianmushan Medical 227 —0.00125 0.02777 0.0534 —0.1002
S35 Runda Medical 227 0.000597 0.02718 0.1003 —0.0759
S36 Kanghui Pharmaceutical 227 0.000109 0.019678 0.0691 —0.0716
S37 Shanghai ECH 227 0.001997 0.044883 0.1002 —0.1
S38 Dashenlin 227 0.002645 0.027601 0.1001 —0.0801
S39 Jinhai Eviroment 227 0.000735 0.033646 0.1004 —0.0998
S40 Liuzhouyiyao Medical Holdings 227 —0.00032 0.01986 0.0909 —0.0799
S41 Starry Pharmaceutical 227 0.003792 0.03992 0.1001 —0.1001
S42 Saili Medical 227 —0.00034 0.024056 0.0903 —0.0648
S43 Haili Bio. 227 —0.00036 0.043731 0.1001 —0.1002
S44 Yifeng pharmacy 227 0.00218 0.025209 0.0677 —0.0879
S45 Dali Pharmaceutical 227 —0.00039 0.021903 0.1004 —0.0983

*Data source: The authors calculated based on raw data.
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with volatility of 0.017896. According to the main characteristics of the data, the
overall yield of the 45 stocks showed an upward trend during 2020-2021; however,
compared with the previous year, the upward trend slowed down significantly. Except
at some special points, the income distribution area is still relatively narrow. The
table intuitively shows that the performance of the medical and pharmaceutical sector
is relatively general this year compared with last year.

3.1.2. Correlation matrix
According to He (1977) in his paper on the evaluation of sample correlation (r), r=p=0
was considered irrelevant, r< p=0.3 was low, 0.3= p <r<p=0.7 was moderate,
r> p=0.7 was high, and r=p=1 was complete. The correlation coefficient analysis was
conducted based on the demonstration of Wang and Tian (1999) on the judgment of
multiple collinearities in establishing a Regression Model to avoid multiple collinearities.

Prior to the pandemic, the correlation coefficient of inter stock return did not
exceed 0.6, and the average correlation coefficient was 0.27. Among them, 58% of the
yield correlation coefficients were lower than 0.3, and the remaining 42% were
between 0.3 and 0.7. After the pandemic, the correlation coefficient of 0.6% of the
data in each stock is more than 0.6, and the average correlation coefficient among
each stock is 0.24. Among them, 68% of the yield correlation coefficients are lower
than 0.3, and the remaining 32% are between 0.3 and 0.7.

Therefore, the correlation coefficients of returns among stocks are in a low pos-
ition, and the multicollinearity problem will not be encountered.

3.2. Empirical inspection and analysis

3.2.1. Revenue analysis of the medical and pharmaceutical sector before and after
the pandemic based on Markowitz Mean-Variance Model theory
The 45 stocks in the medical and pharmaceutical sector were ranked according to the
daily yield prior to the pandemic from 2019-2020 and after 2020 from 2020-2021,
respectively. In addition, the daily earnings and risk-free returns of the A stock mar-
ket in the same period were selected.

According to the above MV theory calculation formula:

minc; = W' 3o W
maxE(r,) = WTR

s.t.il:wi =1
i—1
Available by formula (1):
E(rp) = iwiE(ri)
0; = iiwiijov(ri,rj)

i=1 j=1

(7)
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Formula (7) can be classified as:

o, = Z o; +ZZ Cov(r;, 1))

j=1i=1
j#i

(8)

Define the average standard difference and the average covariance of the securities

portfolio:

ai
[39)

Ie~ ,
=520
m:n(n_l ZZCOV r,,r]

j=1i=l1
i#i
The combined variance is:
1 n—1_———
6127 24— Cov
n n

)

(10)

The portfolio function is established by MATLAB, and the effective frontier of
Markowitz before and after the pandemic is established with 90 groups of asset port-

folio as the weight, as shown in Figure 1.

Figure 1 shows the tangent portfolio effective frontier of the medical and pharma-
ceutical sectors. The orange curve represents the fitted effective frontier of investment
in the pre-pandemic medical and pharmaceutical sectors, and the blue curve
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Figure 1. Effective frontier of an asset portfolio with a tangent line.
Source: created by the author
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represents the fitted effective frontier of investment in the post-pandemic medical
and pharmaceutical sector. Accordingly, the orange dot represents the distribution of
daily returns and standard deviation of each stock prior to the pandemic. The blue
small fork represents the distribution of returns and standard deviation of each stock
within one trading day after the outbreak.

According to Figure 1, the average income of the stocks in the medical and
pharmaceutical sector was (0.046%, 0.018%, respectively), while after the pandemic,
the average return of the stocks in the sector was (0.05%, 0.008%), both with positive
income and under the income standard difference of 0.05%. The effective pre-pan-
demic frontier reveals that the lowest medical and medicine sector portfolio risk and
the lowest return point is (0.036%, 0.022%), and the highest risk and the highest
return is (0.12%, 0.073%). After observing the distribution of effective frontiers post-
pandemic, the lowest risk of the pharmaceutical sector portfolio, the lowest margin is
(0.037%, 0.001%), and the highest risk and the highest margin is (0.095%, 0.047%).
Intuitively, the effective front after the pandemic is fully included by the effective
front before the pandemic. On the whole, the portfolio income after the pandemic
has declined, while the risk has increased significantly, and the effective frontier
shows the overall trend moving to the lower right of the image. The phenomenon
shows that after the medical sector experienced COVID-19 emergencies, the income
situation of the plate was under pressure, and the investment risk factor increased
significantly. Intuitively, the investment value has declined to a certain extent.

Specifically, based on the optimal asset allocation theory of asset effective frontier,
an analysis was conducted using a given rate of return, as shown in Figure 2.

Assuming an optimal asset allocation analysis for a given single group of assets
with a 0.0025% expected daily portfolio yield, we can analyze the optimal solution for
all portfolio return conditions with a weight of 90. The expected rate of return of
asset portfolio is 0.0025%, and then the standard difference corresponding to the
effective pre-pandemic frontier optimal asset allocation is the standard difference of
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Figure 2. Optimum asset allocation at the effective frontier (with a given yield).
Source: created by the author
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Figure 3. Effective Frontier from October 2019-January 2021.
Source: created by the author

risk asset A portfolio (0.009%, 0.0025%), plus the standard difference of risk asset B port-
folio (0.012%, 0.0025%), with a sum of 0.021%. The standard deviation of the effective
cutting-edge optimal asset allocation after the pandemic is the standard difference of the
risk-free asset C portfolio point (0.013%, 0.0025%) plus the standard deviation of the risk
asset D combination point (0.014%, 0.0025%), with a sum of 0.027%. Therefore, given the
equivalent return status, the portfolio return points combined from the A and B points
are superior to the C and D points, where the risk is lower than the latter.

Accordingly, with the post-pandemic C portfolio point (0.013%, 0.0025%) as the
given standard difference, the corresponding post-pandemic risk portfolio point is
(0.013%, 0.00,225%, at the same risk level). The combined return rate of 0.0013%
based on risk is 0.00,475%. At this risk level, both the pre-pandemic risk-free and
risk portfolio points are approximately located (0.013%, 0.0035%), so the combined
yield at 0.013% is 0.007%. Given a level of risk, the combined return rate before the
outbreak is significantly higher than the combined return rate after the outbreak.

According to Figure 3, the effective forefront of the healthcare sector portfolio fluctu-
ated during October 2019-January 2021. Focusing on observation Figure 4, the new cor-
onavirus outbreak time period, effective frontiers in February and July 2020 respectively
appear at the bottom right significant translation. Thus, it can be proved by the MV the-
ory that after the outbreak, the medical medicine sector income appeared to significantly
decline while the risk has increased significantly; the overall trend of translation to the
bottom right. Therefore, compared with its own income situation, after the outbreak of
the pandemic, it is initially concluded that the investment value of the medical and
pharmaceutical sector has decreased significantly, and the pandemic has a certain negative
impact on the income of the medical and pharmaceutical sector.

3.2.2. Income analysis of the medical sector before and after the pandemic based
on relevant indicators

CAPM theory is an extension of MV theory. However, before using the CAPM model
to accurately calculate the income situation of the medical and pharmaceutical sector
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Figure 4. Effective frontier of the asset portfolio during the time period of the pandemic outbreak.
Source: created by the author

relative to the market and judge whether the plate is overvalued or undervalued, this
section of the paper analyzes the specific performance status of the medical and
pharmaceutical sector before and after the pandemic based on the relevant indicators
of the CAPM model.

(1) Sharpe ratio and Jason Alpha Index analysis. Calculation formula (3) and (4)
respectively:

E(rp) = z”: wiE(r;)

1 -1
G;: 52+ Cor (11)
n n
Cov(ry, rar)
By="—c2 (12)
M

The results show that in the pre-pandemic Sharpe ratio (that is, the risk premium),
a total of 40 stocks have achieved positive excess returns, accounting for 89%. After
the pandemic, a total of 27 stocks had positive excess returns, accounting for 60%.
Before and after the pandemic, the Sharpe ratio of nine stocks increased, accounting
for 20%, and the risk premium of the remaining 80% stocks decreased. Prior to the
pandemic, the Sharpe ratio of the medical and pharmaceutical sector was 0.846237,
which decreased to 0.312596 after the pandemic.

Using the Jensen alpha index, before the pandemic, the earnings of 38 stocks
exceeded the expected rate of return. The Jensen alpha index of these 38 stocks was
greater than 0, accounting for 84%. After the outbreak, the number dropped to 28,
accounting for 62%. Before and after the pandemic, the Jensen alpha index of 13
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stocks increased, accounting for 29%, and the excess return of the remaining 71%
stocks decreased. The Jensen alpha index of the plate before and after the pandemic
was 0.328378 and 0.190404, respectively. The data shows that after the outbreak of
the pandemic, the risk premium and excess return relative to the expected rate of
return of the medical and pharmaceutical sector have decreased significantly.
However, the sector still has the ability to obtain a certain positive excess return.
Table 3 shows the details.

Table 3. Some relevant indicators of the medical and medicine sector before and after
the pandemic.

Index Sharpe Ratio Jensen Alpha Treynor Ratio Information Ratio
Before After Before After Before After Before After
the the the the the the the the
Stocks  pandemic  pandemic  pandemic  pandemic  pandemic  pandemic  pandemic  pandemic
S1 0.121014 0.247901 0.024284 0.105027 0.187404 0.172623 —0.09392 —0.32439
S2 2.5792 —0.23565 1.438553  —0.11998 52.10328 49.245 2316346 —0.64512
S3 0.685825 —0.25353 0.251183  —0.08662 1.079144 1.016707  0.468541 —0.94579
S4 0.004918 0.80921 —0.02166 0.339095 0.005754 0.002281 —0.18777 0.208171
S5 0.525703  —0.12542 0.288101  —0.05021 —24.1004 —22.7114 0.366216  —0.64065
S6 —0.18678 0.969966 —0.08608 0.695095 —0.14978 —0.14427 —0.41021 0.525686
S7 —0.20733 0.590394 —0.04683 0.144764 —0.18899 —0.18435 —0.48009 —0.27765
S8 0302426 —0.5376 0.130261  —0.13139 —2.91393 —2.73324 0.112537  —1.04979
S9 0.485061 1.178102 0.201249 0.747918 0.79669 0.749962  0.310073 0.647608
S10 0.912088 0.147745 0.263965 0.115314 2.178607 2.05266 0.578199 —0.36732
S11 0.727928 0.470748 0.307376 0.306249 1.073042 1.011684  0.54476 —0.05696
S12 1.995133 —0.41428 0.942439  —0.1021 3.241414 3.062491 1783357 —0.86653
S13 1.60275 0.776437 0.649359 0.428001 4491516 4.241451 1.321436 0.221423
S14 1.194298 —0.92135 0.305748 —0.26658 1.27582 1.2028 0.822427 —1.47481
S15 1.154917 0.715654 0.441937 0.341628 1.552799 1.465357  0.926764 0.069143
S16 0.01486 0438696 —0.0139 0.261712 0.021975 0.017019 —0.16619  —0.0689
S17 0.856351 0.79075 0.315391 0.344105 0.725104 0.683773  0.672522 0.153769
S18 0.679323 0.265525 0.210446 0.108744 0.751378 0.707475  0.4369 —04
S19 0.547931 —0.00786 0.178068 0.017156 0.525123 0.494158  0.34183 —0.5589
S20 0.40963 0.135791 0.119447 0.202193 0.449005 0421562  0.18631 —0.31387
S21 0.493187 —0.69175 0.141536  —0.20889 0.627328 0.589458  0.243947 —1.27928
S22 0.750599  —0.10805 0.355557  —0.05645 0.995836 0.939315  0.595319 —0.57011
S23 1.016738 —0.26772 0.430818 —0.06262 2.843108 2.682706  0.792564 —0.73368
S24 0.706585 1.197997 0.268732 0.799571 1.042767 0.982696  0.500108 0.771636
S25 2.540895 2.161999 0.953417 0.846777 2.081579 1.966731 2.334862 1.436734
S26 0.957667 0.653184 0.450872 0.316212 1.838903 1.735398  0.776455 0.056555
S27 —0.0291 —0.0777 —0.04397 —0.03358 —0.037 —0.03752 —0.17499 —0.63033
S28 0.494581 —0.749 0.103266  —0.22044 0.482778 0.452689  0.168599  —1.24481
S29 1.536214 0.890365 0.556066 0.419376 1.584119 1.495609 1.295928 0.341499
S30 0.935527 0.811967 0.269627 0.326293 0.856682 0.807389  0.661457 0.271042
S31 0.065619 1.200555 0.008261 0.556583 0.117109 0.10563 —0.13696 0.701522
S32 0.838084 0.119815 0.205777 0.0458 0.990657 0.932563  0.48957  —0.51014
S33 0.94171 —0.18979 0.372581 —0.08116 —3.36661 —3.17505 0.655067 —0.73771
S34 —0.28479  —0.68131 —0.18237  —0.26853 —0.63392  —0.60345 —0.40366 —1.17616
S35 1.214208 0.331451 0.496364 0.158569 3.045514 2.874587  0.969027 —0.24673
S36 0.977014 0.083276 0.233954 0.050473 0.965801 0.909692  0.612698 —0.6231
S37 —0.06865 0.671717 —0.04516 0.546011 —0.08368 —0.08264 —0.26551 0.286776
S38 1.864734 1.446959 0.732822 0.601977 3.76631 3.557285 1.570805 0.803214
S39 0.825818 0.329641 0.248928 0.179837 1.548393 1458625  0.528058 —0.14947
S40 1.10459  —0.24238 0.331019 —0.06676 1.837007 1732199  0.776832 —0.90792
S41 2.337805 1.434267 1.156129 0.956696 12.58774 11.89513 2.062906 0.946338
S42 0.581077 —0.21365 0.256477 —0.01447 1.465863 1.381059  0.399306 —0.76289
543 0.938707 —0.12331 0.398879 —0.03651 2.091769 1.973428 0.727804 —0.4755
S44 1.947983 1305733 0.676014 0.493954 2.684594 2.535333  1.626412 0.587659
S45 0.988587 —0.26867 0.502078 —0.08065 2.13746 2.017589  0.818688 —0.88538

*Data source: The authors calculated based on raw data.
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(2) Treynor Ratio and Information Ratio analysis. Formula (5) and (6) are calcu-
lated:

E(rp) = zﬂ: wiE(r;)

Cov(ry, )
Bp = B

Om
O(P = RP— [Rf + Bp(RM—Rf)}

The excess return variance in the information ratio is:

1 n—1_——
G(EP) = \/; 62 + TCOV(eP’EP) (13)

Based on the measured Treynor ratio data, 37 stocks can obtain a positive risk pre-
mium from systemic risk before and after the pandemic. Prior to the outbreak, the
treynold ratio of the medical and pharmaceutical sector was 1.879446, which
decreased slightly to 1.77556 after the outbreak, and the change was not very obvious.

Based on the measured information ratio, taking 0.5 as the risk premium of non-
systematic risk of stocks, it can be obtained that 25 and 8 stocks respectively reached
the good standard before and after the pandemic, and the proportion decreased from
56% to 18%. Before the outbreak, the information ratio of the medical and pharma-
ceutical sector was 0.610563. After the outbreak, it plunged to —0.24211, with obvious
changes.

According to the comparison of Treynor ratio and information ratio data prior
and post-pandemic in the medical sector, it can be seen that the medical sector has a
strong ability to resist systemic risks, and the risk premium level generated in the
face of systemic risks is sustained and stable. At the same time, the medical and
pharmaceutical sector performed poorly in the risk premium level generated by non-
systematic risks after the pandemic, and the risk premium level of non-systematic
risks decreased sharply (COVID-19 is a systemic risk). Therefore, the medical and
pharmaceutical sector has a better ability to resist systemic risks under the COVID-
19 background and can guarantee a stable level of risk premium in severe systemic
risks. Data show that as long as we effectively avoid the impact of the non-systemic
risks of the medical and pharmaceutical sector, the medical and pharmaceutical sector
is a relatively safe option in the post-COVID-19 era.

3.2.3. Revenue analysis of medical sector before and after pandemic based on
CAPM model

Based on the CAPM model and the CAPM function fitlm, this study successfully fit-
ted 90 groups of 45 stocks in the medical medicine sector before and after the pan-
demic, and conducted a double-tail t test with confidence of 95% of all CAPM
models, respectively. The main calculation process is as follows:
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R; = Ry + B;(Ru—Ry)
B, — Cov(ri, )

T o, (14)
E(R;) = o; + B;E(Rum)

o? = Bjo?, + o*(e)

First, by analyzing the results of the CAPM model fitting of the pre-pandemic
medical medicine sector, in the CAPM model of 45 stocks, the Alpha value satisfied
the confidence significantly not-0 at 95%, which is ¢. = 2.009, a total of four stocks
who reject the zero hypothesis, when t<t.. The Beta value satisfied the confidence in
95% in the two-tail t test, and a total of 23 stocks that rejected the zero hypothesis
when significantly not zero. There is no satisfaction for rejecting both the Alpha and
Beta values at 95% confidence. After calculation, the CAPM value of the pre-pan-
demic medical and medicine sector was 0.0596% in daily income, and it was reduced
to 14.31% annually. The market yield in the year prior to the pandemic was 9.29%,
and the CAPM value of the medical sector was significantly higher than the market
average level.

Second, analyzing the results of the CAPM model fitting of the post-pandemic
medical medicine sector, in the CAPM model of 45 stocks, the Alpha value that the
confidence was significantly not 0 at 95%, which is f. = 2.009, a total of 0 stocks
rejected the zero hypothesis, when ¢<t.. The Beta value satisfies the confidence in the
double-tail t test at 95% with a total of 10 who reject the zero hypothesis when sig-
nificantly not zero. There is no satisfaction for rejecting both Alpha and Beta, at 95%
confidence. After calculation, it was concluded that the CAPM value of the medical
and medicine sector after the pandemic was 0.009% daily income, and it turned to
2.07% annually. The market yield in the year after the pandemic was 24.7%, and the
CAPM value of the medical sector was significantly lower than the average market
average level.

Compared with the results of the CAPM model before and after the pandemic and
the current market data, before the outbreak, the alpha excess yield rate of the
CAPM model of the medical and medicine sector was 8.9% annualized or 0.0371% in
daily chemical, exceeding the difference between the expected yield and market yield
calculated by the current CAPM model by 5%. The CAPM model estimated the
expected yield of the medical sector to be 14.31% annualized, which is higher than
the current market average of 9.29%. After the outbreak of the pandemic, the alpha
excess yield rate of the CAPM model in the medical sector was 0. The CAPM model
estimated the expected yield of the medical sector to be 2.07% annualized, which is
well below the current market average of 24.77%. Therefore, in terms of the conclu-
sions calculated by the CAPM model, prior to the pandemic, the medical and medi-
cine sector had more investment value compared to the large market. Post pandemic,
the investment value appears to be very mediocre.

Data show that in the year before and after the pandemic, the actual expected
return rate of return in the medical sector was 36.46% and 16.10%, respectively,
which is higher than the expected return rate calculated by the current CAPM model,
with an annualized rate of 14.31% and 2.07%. This result shows that the market has
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underestimated the stock prices of the medical sector to varying degrees, which has
considerable value for investment in the medical sector.

3.2.4. Based on the analysis of income of other sectors of shares in the
same period

According to the above data conclusion of the actual expected yield of the medical
and pharmaceutical sector, a side analysis was conducted on the performance of other
industry sectors in the A stock market prior to and post the pandemic.

Compared with the other 66 industry sectors, 14 sectors experienced rising prices
following the pandemic, among which two other sectors closely related to the medical
and pharmaceutical sectors, serving biological products and medical devices. Among
all industry sectors, eight sectors are higher than the medical and pharmaceutical sec-
tors in their yield before and after the pandemic. In other words, the income per-
formance of the medical and pharmaceutical sectors before and after the pandemic is
normal. Specifically, before the pandemic, a total of 13 sectors were higher than the
medical and pharmaceutical sectors. This figure surged to 24 following the pandemic,
and the earnings capacity of the medical sector on the A stock market declined sig-
nificantly at the upper market level following the impact of the pandemic. According
to the analysis of CAPM model and relevant indicators, the actual expected yield of
the medical and medicine sector is 36.46% and 16.10%, respectively, which is higher
than the calculated expected yield, namely 14.31% and 2.07%. This shows that the
market for the medical sector of the stock prices appears to be undervalued.
Compared with the performance of the medical and pharmaceutical sectors and other
sectors, it can be proved that the return capacity of the medical and pharmaceutical
sectors after the pandemic is significantly underestimated, and compared with the
income data prior to the pandemic, the medical and pharmaceutical sectors have a
degree of potential to rise.

4. Research conclusions and investment recommendations

This study analyzes the value changes of representative stocks in the medical sector
and applies MV theory, the CAPM model, and relevant indicators. It compares the
data before and after the pandemic and the market performance in the same period,
studies the fluctuation and change trend of their investment value, and draws the fol-
lowing conclusions.

1. Due to the widespread impact of COVID-19 on the world economy and the
financial market, the medical and pharmaceutical sectors are unlikely to be inde-
pendent. In the face of the huge pressure of the pandemic, there has been an
obvious decline in revenue in the medical and pharmaceutical sectors following
the pandemic. This is specifically reflected in the changes in investment indica-
tors such as the decline of yield and the rise of risk.

2. According to the relevant indicators of the CAPM model, there is excess return
in the medical and pharmaceutical sectors. The medical and pharmaceutical sec-
tors have a stable systemic risk premium. In the face of events such as the
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COVID-19 pandemic that have global effects, the medical and pharmaceutical
sectors can maintain the stability of earnings, which is suitable for investing in a
system with potential risks. Paying attention to the non-systematic risks within
the sector can effectively avoid the value loss caused by investing in the sector.

3. According to the data calculated by the CAPM model, the income of the medical
and pharmaceutical sector prior to the pandemic was significantly higher than
the market average level, and significantly lower than the market level after the
pandemic. Considering a series of systematic and non-systematic risks after the
pandemic, we further processed the data and found that the actual expected rate
of return of the sector before and after the pandemic was significantly higher
than the expected rate of return calculated by the CAPM model, indicating that
the medical and pharmaceutical sector has been underestimated by the market
for a long time. Although the yield of the medical and pharmaceutical sector is
not as good as that of the market, it is based on the background of the decline in
investment income in the post-pandemic era, and the background of investment
in medical resources and people’s attention to health during the pandemic
period. The medical and pharmaceutical sector with stable systematic risk pre-
mium and obviously undervalued position will have a certain investment value in
the future.

Combined with the above analysis, this study presents the following invest-
ment opinions.

Investors should include some stocks in the medical and pharmaceutical sector
when building their portfolio. Specific to individual stocks, after the pandemic, the
indicators of Tiger medicine, Dasensen, Steli, Yifeng pharmacy, and Qinghai spring
are the best. The earnings of the above stocks are higher than the average earnings of
the sector. In terms of risk, they are also lower than the risks of most other stocks;
thus, they have better investment value.

In this study, the traditional mature MV theory and CAPM theory are used to
analyze the investment value of the medical and pharmaceutical industries, and there
was not enough innovation in theory and model. The MV assumes that the assets
returns can be normally distributed, however in the real-world, returns are not nor-
mally distributed and the MV method does not consider estimation error, which will
ultimately lead to underestimating the portfolio’s overall risk. It is also the limit of
this paper .

With the progress of research methods, more advanced deep learning algorithms
(such as Ann, DBN, and LSTM) and statistical models such as support vector machines
(SVM)and linear support vector machines (LSVM), can be used to analyze data and
give investment decisions in the future. The effects of estimation error could also be
reduced by conducting sensitivity analysis or using the Black-Litterman model.
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