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Abstract. The purpose of this paper is to analyze the impact of the phenomenon of the increasing 
aging of the U.S. population on financial market related stocks - pets, technology and healthcare - 
based on the background of rapid technological development. Technology is the main theme of the 
times, pets are the healing agents of the mind and medical care is the foundation of health protection. 
We expect to analyze their market risk through CAPM, construct an analytical model through 
Markowitz portfolio model, then optimally analyze to find more reasonable investment allocation 
weights, and finally derive targeted individual and corporate investment recommendations based on 
the analysis results. 
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1. Introduction 

Today, the aging of the U.S. population is increasing, and the life expectancy of each older person is 
nevertheless getting longer (PRB, 2019), which makes the coming years more visible in the future 
society. In today's rapidly developing technology, we have to consider the impact of the aging 
phenomenon on our investment returns, so this paper expects to combine the actual social context by 
firstly demonstrating the correlation between the aging population changes in the United States and 
the stocks of the selected business companies, secondly predicting the level of development of these 
stocks in the future using time series, and then using CAPM and Markowitz portfolio theory for 'pet 
and medical company stocks' (aging development related) and technology company stocks (era 
development related) and representative categories of stocks are analyzed using CAPM and 
Markowitz portfolio theory. Finally, portfolio weights are optimized to explore the portfolio with 
optimal profitability, and a series of constructive investment recommendations are made based on 
this. 

 

Fig 1. Full text logic system 

2. Correlation Analysis of Aging and Stocks 

a. According to the government data that we define people older than 65 years of age as 
seniors(United States Social Security Administration), so data (United States Census Bureau) on the 
aging population in the United States are collected as follows (2012-2021 decade analysis): 
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Table 1. Number of Aging Population in the U.S., 2012-2021 

 

b. As mentioned earlier, pets keep the elderly company for their spiritual well-being, health care 
protects their physical health, and technology is the main force behind the development of the times. 
Therefore, we targeted three companies for statistics and analysis - pet company: Zoetis, 
Inc.(NYSE:ZTS); medical company: UnitedHealth Group Incorporated (NYSE:UNH); technology 
company: Tesla, Inc.(NYSE:TSLA). 

To maintain the reliability of the data, assuming that the impact of population growth acts on the 
stock market in the following year, we collected stock data for these three companies for the time 
span from February 1, 2013 to February 1, 2022 and organized the data on an annual basis as follows. 

Table 2. Changes in the market value of three stocks from 2013-2022 

 

c. There is no doubt although it will have a lot of market risks,but the technology company stocks in 
general continue to appreciate because of the social development trend. Therefore, we performed a 
correlation analysis between the stocks of pet company (Zoetis) in medical company (UnitedHealth 
Group Incorporated) and aging population trends, and the following formula was introduced to 
calculate the correlation coefficient: 

 

 

We assume that the aging population change is X, the pet company (Zoetis) is Y, and the medical 
company (UnitedHealth Group Incorporated) is Z. The correlation coefficients are calculated to be: 

 

 

 

d. From this we can learn that aging population changes have a strong positive correlation with stock 
price changes of selected pet (Zoetis) and medical (UnitedHealth Group Incorporated) company. 
Therefore it proves to be meaningful to conduct our subsequent analysis based on this. 

3. Time Series Stock Development Forecast 

Based on the time series of aging population and stocks constructed in the previous paper, we use the 
exponential smoothing forecasting method to forecast the data in 2023 with α = 0.9 (because of the 
large increase on the annual scale) to prove that the phenomenon analyzed in this paper will be more 
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obvious and important in the future.The exponential smoothing forecasting method we use is 
formulated as follows: 

 

 

 

The results of the analysis are shown in the figure below: 

 

Fig 2. Time Series Development 

 

At this point, we have verified that the aging population in the U.S. is correlated with the development 
of selected pet, medical and technology company stocks and that each has an overall upward trend, 
and we obtained that its phenomenon will become more pronounced in the future, which argues the 
significance of our analysis in this paper and sets the stage for the next exploration of how to choose 
a more profitable portfolio model through various methods. 

4. CAPM and Markowitz Portfolio Optimization Model Construction 

The purpose of this part is to calculate the expected rate of return through the CAPM model and to 
explore the optimal risk-return portfolio based on it using the Markowitz portfolio model, and the 
CAPM formula we will utilize is as follows (neglecting the effect of error e): 

 

 

A. Calculation of Expected Return under CAPM Formula without Weights 

To solve for Rs, we take the average of Treasury Yield 10 Years (NYSE:^TNX) as as the risk-free 
rate Rf and the average of S&P 500 index (NYSE:^GSPC) as as the market risk rate Rm over a certain 
time period. Let the calculated result Rs be the expected return of the three stocks under unweighted 
allocation, and combine the data collected earlier to obtain the following table: 

Table 3. CAPM Data Collection 
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Based on the website (finance.yahoo) data we obtain the beta coefficients (β) for the three as follows: 

 Zoetis, Inc.(NYSE:ZTS): 0.72 

 UnitedHealth Group Incorporated (NYSE:UNH): 0.73 

 Tesla, Inc.(NYSE:TSLA): 1.91 

We therefore obtain the expected returns [E(r)] for the three stocks under the CAPM formula as 
follows: 

Table 4. Calculation of Expected Return for Three Stocks 

 

B. Application of Markowitz's Portfolio Theory 

We make Zoetis, Inc.(NYSE:ZTS) number one, UnitedHealth Group Incorporated (NYSE:UNH) 
number two, and Tesla, Inc.(NYSE:TSLA) number three. Portfolio p is a weighted portfolio of three 
companies combined. And we know that E(r1)=0.0749; E(r2)=0.0767; E(r3)=0.2893, at this time we 
make the investment weight of all three stocks is 0.33, So using Eq.: 

(j=1,2,3) 

We can calculate the expected rate of return for asset portfolio p as follows: 

 

 

Because of the following relationships: 

 

 

 

So we calculate the correlation coefficient matrix as follows: 

Table 5. Correlation Matrix of Three Stocks 

 

So by the above relational equation, we could calculate the covariance matrix Σ as follows: 
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We calculate the portfolio standard deviation by analogy with the expected return of the portfolio 
through the following formula: 

(j=1,2,3) 

The results are as follows: 

 

 

With the above data, we use the formula: 

 

 

The Sharpe ratio was calculated as follows: 

 

We find here the expected return and Sharpe ratio of the three stock portfolios under this weight by 
fixing each value of the weight matrix W to 0.33. Obviously in life our investment weights will 
change with social events or other factors, so it is unreasonable to have equal and fixed investment 
weights for the three companies, and next we will explore a more optimal portfolio of investment 
weights W based on the random number method. 

5. Optimization Analysis of Investment Weights for Approximate Objective Phenomena 

Our aim is to obtain a portfolio with a high Sharpe ratio, as this allows us to obtain more risk-reward. 
Now we use Excel 's stochastic function to randomly take weights for the expected returns of the 
three stocks that add up to and equal one, i.e., a random allocation of the portfolio weights W. Then 
we use the planning solution in excel to explore the results of the portfolio weights when the Sharpe 
ratio is maximum, i.e., the higher the expected return when subjected to a certain risk, at which time 
we should note that the values of the investment group W should be non-negative and sum to one. 
The results obtained are as follows: 

 

At this time: 

 

So in order to pursue a high Sharpe ratio and yield, we should make the investment ratio of the three 
companies Zoetis, Inc.(NYSE:ZTS), UnitedHealth Group Incorporated (NYSE:UNH), Tesla, 
Inc.(NYSE:TSLA) in order: 27.64%, 70.57%, and 1.79%. Obviously this is a good result in theory, 
but we also need to actively adjust the dynamics in conjunction with real-life stock market movements. 
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6. Investment Advice 

Combining the results of the analysis with the reality we find that although technology is the main 
theme of today's development, it is found to be inherently more risky and volatile through its beta 
index. The impact of the increasing aging population is not immediate, which will take some time to 
develop, so the results do not have a high investment weighting for pet companies, but this does not 
mean that their future results are poor. 

The low percentage of technology companies here is due to their excessive market risk. Today's 
society is blossoming with technology development, and each industry either promotes or confronts 
each other, so if we can personally afford a higher risk level, we can weaken the depth of investment 
and appropriately increase the breadth of investment in technology companies in different industries. 

At the same time we note that an increase in the elderly population in a country increases the 
investment profile of the stock market (Goyal, A. 2004).Based on the characteristics of the SES time 
series analysis method, the closer to the present day, the greater the impact of the stock performance 
on the future, the aging market with the gradual injection of capital after the main characteristics of 
the portfolio analyzed in this paper remain unchanged, but should all show an overall upward price 
trend. 

The increase in the aging population has led to the intensification of the aging society(Bos, D., & Von 
Weizsacker, R. K. , 1989), which will at the same time amplify the rights and interests of the elderly, 
and various sectors of society will be shifted towards this, therefore combining the viewpoint of pets 
to comfort the soul and medical care to protect health as stated at the beginning of this article. 
Therefore, combined with the viewpoint mentioned at the beginning of this article: pets comfort the 
soul and medical care protects health, these stocks will show a general upward trend in the future due 
to the development of the aging population, so it is worth investing with reference to the investment 
weights calculated by Markowitz's portfolio model. 

In addition to the single factor of aging population development, today's pet industry, such as pet 
hospitals, is more likely to use more advanced medical equipment and medical treatments for the 
diagnosis and treatment of pets. This has led to a complementary development of the two, and has 
also provided a guarantee for the overall development of the stock prices of companies operating in 
both industries in the financial markets. 

7. Summary 

We first verify in this paper that the development of the aging population in the U.S. is positively 
correlated with the development of pet and medical company stocks, and we use a time series to 
predict the development in 2023. Then we construct a portfolio model for the three stocks by using 
the CAPM model and Markowitz portfolio theory, and finally we use optimal analysis and planning 
solutions to find the portfolio of investment weights that will result in higher returns (higher Sharpe 
ratio).Therefore, based on the analysis in this paper, I believe that investing according to the 
investment weights calculated above will have a better return performance. 
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