www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Spatio-temporal trends in
COVID-19 morbidity and mortality
due to elderly: a global perspective
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COVID-19 spread worldwide after emerging at the end of 2020 with a higher spread and death among
the elderly and varies across the continent and country. This study aimed to investigate the spatio-
temporal trends in COVID-19 morbidity and mortality due to the elderly. COVID-19 infected cases
and death data were converted into morbidity and mortality rates per 1,000 population. Thematic
maps were used for spatial illustration over time. Linear and Theil-Sen regression models were used
to estimate the rate of change in COVID-19 morbidity and mortality due to the elderly. The results
revealed a significant relation and change in the global COVID-19 morbidity and mortality rates due
to the elderly population (p-value <0.05). Europe experienced the highest rate of change in COVID-19
morbidity due to the elderly population, followed by Oceania and North America. Moreover, the
elderly proportion had the greatest rate of change in COVID-19 mortality in North America, followed
by Europe and Africa. The results of this study will enable researchers and experts for data-driven
decisions that are more resilient. Moreover, it enables healthcare experts and policymakers to develop
guidelines to improve preparedness for future pandemics.
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During the COVID-19 pandemic from January 2020 to May 2024, there have been over 704 million COVID-19
infections and more than 7 million COVID-19-attributable deaths worldwide!. The morbidity and mortality
trends of COVID-19 differ among countries based on their healthcare systems, public health measures, and
demographic characteristics. The pandemic largely affects the elderly, with more than 80% of global COVID-19
deaths occurring among people aged 65 years or older (Mueller et al., 2020). The elderly are at high risk of
morbidity and mortality from COVID-19 as they tend to decline in bodily functions and a weakened immune
system, leading to poorer health outcomes, which increases COVID-19 severity*~.

The global population is steadily aging. In 2022, the world population aged 65 and older was 771 million
accounting for 10% with the highest percentage in Europe and North America (18.7%) followed by Oceania
(16.6%) and Eastern and South-Eastern Asia (12.7%)°. The Asia-Pacific region has the most rapid increase in
the older population”. Several studies reported that high morbidity and mortality rates were predominantly
observed in European countries and America. Numerous studies indicate that the risk of mortality from
COVID-19 increases with age.

Previous studies have focused on morbidity and mortality rates across countries®!~ . Still, there is a gap in
research for examining the effect of the elderly proportion on the morbidity and mortality rates of COVID-19
at the global scale. The data on COVID-19 morbidity and mortality rates vary across countries and thus there
is a need to be investigated. Therefore, this study aimed to analyze the spatio-temporal trends of COVID-19
morbidity, mortality, and the elderly population worldwide. Moreover, exploring the COVID-19 morbidity and
mortality due to the elderly population is crucial because pathogens continue to mutate, and new emerging
pandemics may affect global mortality rates, which is crucial for developing more effective responses to current
and future health crises. This study aims to describe global variation in COVID-19 morbidity and mortality
and the elderly population. Moreover, quantify the rate of change in morbidity and mortality due to the elderly
population continent and year-wise. Finally, provide a comparison of linear and Theil-Sen regression slopes for
the robustness.
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Data source and management

The global data on COVID-19 from 2020 to 2022 were acquired from the website of ‘Our World in Data(OWID)’
(https://ourworldindata.org/). This dataset contains information on 218 countries, including country names, the
number of COVID-19 cases, and the number of deaths. The data on the population and the proportion of the
population aged 65 and above from 2020 to 2022 for 265 countries were downloaded from the website of the
World Bank. For COVID-19 data, we excluded countries having missing data in any year and merged these data
with the population and the percentage of the elderly. After merging the data, we excluded 39 countries that had
missing COVID-19 data in any year. Finally, the data of 179 countries were used for further analysis.

Data Pre-processing and analysis

The number of COVID-19 cases and deaths was divided by the number of population in that country and
converted into morbidity and mortality rates per 1,000 population. Percent of elderly, morbidity, and mortality
rates were classified using quartiles as: less than lower quartile (Q,), between Q1 and less than median (Q,),
between Q2 and less than upper quartile (Q,), and upper quartile and higher (Q,) in order to illustrate on the
thematic maps. Countries were classified according to continent-wise: Asia (AS), Oceania (OC), Africa (AF),
Europe (EU), North America (NA), and South America (SA). Continent and year were combined to form a new
variable called “continent-year”. The flowchart of the study is shown in Fig. 1.

Statistical methods

Morbidity and mortality rates per 1,000 are the two outcomes of this study. Linear regression was employed to
investigate the impact of the elderly on COVID-19 morbidity and mortality by continent-wise (Eq. 1), year-wise
(Eq. 2), continent-year-wise (Eq. 3) and overall, and reported coefficients were used to understand the trend. The
linear regression model assumes the form as follows:

Yi=ai+8,;X,+e: (1)

where « ; and §3; are the intercept and slope for i-th continent (¢ =1, 2, ..., 6). X is the proportion of
the elderly, Y; is morbidity or mortality rates. € ; is the independently and identically distributed error term.
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Fig. 1. Flowchart of the Study.
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where « ;j and 3 ; are the intercept and slope for j-th year (j = 2000, 2021, 2022). X is the proportion of
the elderly, Y; is morbidity or mortality rates. € ; is the independently and identically distributed error term.

Yij=ay+8;X, +ei 3)

where « and f . are the intercept and slope for the i-th continent and j-th year. X;; is the proportion of
the elderly, Y;; is morbidity or mortality rates. € ;; is the independently and identically distributed error term.
For overall we combine all the data and create a pool data to evaluate the overall global effect of morbidity and
mortality due to COVID-19 for the proportion of the elderly. This model was considered by relaxing the yearly
and continental dependence assumption as a robust analysis of individual models. Linear regression models
were widely used to quantify the rate of change for the assessment of trend. This rate of change in COVID-19 due
to the unit change in elderly was quantified from the estimated slope /5 and its significance. The assumptions
and goodness-of-fit of regression models were checked using Q-Q plots. However, the results of linear regression
models are significantly influenced by outliers due to volatile data across the continents. COVID-19 morbidity
and mortality have variation and outliers, so the Theil-Sen regression model was used to estimate the rate of
change and compare the results with linear regression as a more robust method. The Theil-Sen regression was
introduced by'%l- ' as a robust method based on the median instead of the mean. Theil-Sen is determined by the
median of all pairwise slopes. Thus, the slopes using Theil-Sen regression are calculated as follows:

Slopei; = Median(yx — yi)/(zr — 1) 4)

where yx and y; are the morbidity (or mortality) and xx and x; are the proportion of the elderly population. Six
slope coeflicients were obtained from continent-based models, three from the year-based models, and 24 from
the continent-year models by using linear regression and Theil-Sen regression model. These slops coefficients
from each regression model for morbidity and mortality were used to construct comparative forest plots for
different slopes. The plots illustrate the spatial and temporal trend as a rate of change in morbidity and mortality
in each continent, year, and continent-year-wise, along with 95% confidence intervals. All statistical analyses and
visualizations were generated in R language!?. The base layer of the maps was created using the rnaturalearth
library of R.

Ethical considerations

The study was approved by the Human Research Ethics Committee of the Faculty of Nursing, Pattani Campus,
Prince of Songkla University (REC: NUR.PN005/2023). We declared that all methods were in accordance with
the relevant guidelines and regulations.

Results

The results presented in Table 1 indicate a steady increase in the proportion of elderly individuals over the study
period. The highest average COVID-19 morbidity rate was observed in 2022, while the highest mortality rate
occurred in 2021. Among regions, Europe had the largest proportion of elderly individuals, followed by North
America and Oceania. Similarly, Europe recorded the highest average COVID-19 morbidity, followed by North
America and Oceania. In terms of mortality, Europe also ranked highest, followed by South America and North
America.

The Thematic plots illustrated in Fig. 2 show the COVID-19 morbidity and mortality rates per 1,000
population and the elderly population proportion for the year 2020-2022. The morbidity, mortality, and elderly
rates were divided into lower, lower-middle, middle-upper, and upper quartiles. The very severe situations are in
those countries where the rate is higher than the upper quartile of the countries. Most countries in the European

Proportion of the

elderly Morbidity rate/1,000 Mortality rate/1,000

Mean (SD) | Median | Mean (SD) Median | Mean (SD) | Median
Year
2020 9.95(7.02) |7.84 24.62 (86.03) 09.45 0.33 (0.44) | 0.11
2021 10.14 (7.12) | 7.95 172.82 (1413.80) | 41.32 | 0.76 (0.80) | 0.53
2022 10.32(7.22) | 8.16 175.62 (707.44) | 36.31 0.29 (0.33) | 0.16
Continent
Asia 8.57(6.17) |6.75 51.92 (94.21) 1644 |0.28(0.41) |0.14
Oceania 9.51(5.29) |7.66 57.66 (98.98) 15.92 0.26 (0.43) | 0.06
Africa 3.67 (1.84) |3.14 46.13 (279.99) 01.62 0.09 (0.23) | 0.02
Europe 18.79 (4.44) | 1926 | 309.68 (1750.29) | 66.23 | 0.90 (0.69) | 0.73
North America | 10.26 (4.60) | 8.90 111.08 (371.01) | 32.40 0.52(0.47) |0.39
South America | 8.93 (2.96) |8.33 46.78 (39.54) 3721 | 0.88(0.80) |0.78

Table 1. Summary statistics of the percentage of the elderly, morbidity, and mortality rate due to COVID-19.
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Fig. 2. Proportion of elderly population, morbidity and mortality rate per 1,000 population in each country,
and years.

Increase in COVID-19 Morbidity Rate due to Eldery using Linear Regression in each Continent, Year 2020-2022
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Fig. 3. Trends of Rate of Change in COVID-19 Morbidity Rate per 1,000 Due to Change in Elderly Population
using Linear Regression from 2020-2022.

continent had a high percentage of elderly and morbidity rates but mortality rates were high in some countries.
Russia has a relatively high elderly population, with a high morbidity rate and a relatively high mortality rate.
Australia’s continent showed a high percentage of elderly, COVID-19 morbidity, and mortality rates. North
Americas continent had a high percentage of elderly, morbidity, and mortality rates, especially in the United
States. Most countries in the Asia continent had relatively low percentages of elderly, morbidity, and mortality
rates. However, in Japan, there was a high percentage of elderly and morbidity rate, but the mortality rate was
relatively low. Thailand and Vietnam had relatively high percentages of elderly and morbidity rates, but had low
mortality rates. China had a relatively high percentage of elderly, but had low morbidity and mortality rates.
All countries in Africa had lower percentages of elderly, morbidity, and mortality rates. In the South American
continent, most countries had relatively high percentages of elderly, morbidity, and mortality rates.

Figure 3 presents the rate of change in COVID-19 morbidity rate due to the change in the percentage of
elderly for each continent, year, content-year, and overall using the linear regression model. The results from
the continent-wise linear regression model revealed that Europe experienced a notable and significant rise in
the COVID-19 morbidity rate due to the proportion of the elderly. While the African continent experienced a
moderately significant rise in the COVID-19 average morbidity rate, due to the elderly population. The results
from the year-wise model showed a notable and significant increase in the morbidity rate of COVID-19 in 2021
and 2022, with average rates of 70 and 40 per 1,000, respectively, coinciding with a 1% rise in the proportion
of elderly individuals. The overall morbidity rate increase is 25 per 1,000 on average, with a 1% increase in the
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Increase in COVID-18 Morbidity Rate due to Eldery using Theil Sen Regression in each Continent, Year 2020-2022
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Fig. 4. Trends of Rate of Change in COVID-19 Morbidity Rate per 1,000 Due to Change in Elderly Population
using Theil Sen Regression from 2020-2022.

Increase in COVID-19 Mortality Rate due to Eldery using Linear Regression in each Continent, Year 2020-2022
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Fig. 5. Trends of Rate of Change in COVID-19 Mortality Rate per 1,000 Due to Change in Elderly Population
using Linear Regression from 2020-2022.

elderly population. The rate of change is very high due to the outliers and variation in each continent. To adjust
this, we present the Theil-Sen estimate as a robust method.

Figure 4 presents the rate of change in COVID-19 morbidity rate due to the unit change in the percentage
of elderly for each continent, year, continent-year, and overall using the Theil-Sen model. The results from
the continent-wise Theil-Sen model indicated that Oceania experienced a significant rise in the COVID-19
morbidity rate of 9 per 1,000 with each 1% increase in the proportion of the elderly. With a 1% increase in the
elderly population, Europe can experience a significant rise in the COVID-19 morbidity rate of 6 per 1,000.
The results from the year-wise model indicated that a 1% increase in the elderly population was significantly
associated with an increase in the morbidity rate of COVID-19 from 2020 to 2022, with rates of 1, 5, and 6 per
1,000, respectively. The results from the continent-year-wise model revealed that in 2022, Europe experienced
a significant increase in morbidity rate, 30 per 1,000, with a 1% increase in the elderly population. In 2021
and 2022, North America had a significant rise, while Oceania also observed a significant rise in 2022, with a
morbidity rate ranging from 5 to 18 due to a 1% increase in the elderly population. The overall morbidity rate
increase is 4 per 1,000 with a 1% increase in the elderly population.

Figure 5 displays the rate of change in COVID-19 mortality rate due to the change in the percentage of the
elderly population using the linear regression model. There was a significant relationship between the rate of
change in COVID-19 mortality due to change in the elderly proportion. The results from the country-wise linear
regression model indicated that Africa experienced a notable higher rate of change in the COVID-19 mortality
rate of 0.05 per 1,000 with each 1% increase in the proportion of elderly individuals. While the North American
continent experienced a higher rate of change COVID-19 mortality rate of 0.03 per 1,000 when 1% increase in
the elderly population. The results from the year-wise model indicated a notable increase in the mortality rate
of COVID-19 in 2021 and 2022, with rates of 0.05 and 0.03 per 1,000, respectively, coinciding with a 1% rise in
the proportion of elderly individuals. In 2021, Africa experienced a significant increase in mortality rate, with a
rise of 0.11 per 1,000, with a 1% increase in the elderly population. In 2021 and 2022, North America witnessed
a substantial rise, while South America also observed a significant higher in 2022, with a mortality rate ranging
from 0.03 to 0.04 due to a 1% increase in the elderly population. The overall mortality rate was 0.04 per 1,000.

Scientific Reports |

(2026) 16:7399 | https://doi.org/10.1038/s41598-026-37968-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Figure 6 displays the rate of change in COVID-19 mortality rate due to the change in the percentage of
the elderly population using the Theil-Sen regression model. The results from the continent-wise Theil-Sen
model showed that South America experienced higher rate of change in the COVID-19 mortality rate, 0.05
per 1,000, with a 1% increase in the proportion of elderly individuals. While the North American continent
experienced a higher rate of change in the COVID-19 mortality rate, 0.04 per 1,000, with a 1% increase in the
elderly population. The results from the year-wise model indicate a higher rate of change in the mortality rate
of COVID-19 in 2020 to 2022, with rates of 0.025, 0.07, and 0.02 per 1,000, respectively, with a 1% rise in the
proportion of elderly individuals. In 2021, Europe experienced a significantly higher mortality rate, with a rise
of 0.07 per 1,000, with a 1% increase in the elderly population. In 2021 and 2022, North America witnessed a
substantial rise, while Oceania and South America also observed a significant rise in 2022, with a mortality rate
ranging from —0.025 to 0.025 and —0.01 to 0.02 due to a 1% increase in the elderly population. The overall slope
of the mortality rate was 0.03 per 1,000.

The rate of change in COVID-19 morbidity and mortality rates due to the change in the percentage of the
elderly is illustrated in Fig. 7 through the slope coefficient. Europe experienced a significant higher rate of change
in COVID-19 morbidity rates, which accounted for a substantial 30%. On the other hand, Africa experienced
the lowest COVID-19 morbidity rate. North America experienced a significant increase in the rate of change
in COVID-19 mortality due to elderly population. Africa experienced the lowest rate of change in COVID-19
mortality when the percentage of the elderly population increased by 1%.

Discussion

This study employed linear regression and Theil-Sen regression to explore the global COVID-19 morbidity and
mortality trend due to the change in the proportion of the elderly population in 2020-2021. The Theil-Sen
regression model provides robust findings for global situations when high variations and outliers are there. The
change in the elderly proportion in Europe affects the slope of COVID-19 morbidity rates, followed by Oceania
and North America, whereas the change in the elderly proportion in North America had a notable rate of change
in COVID-19 mortality, followed by Europe and Africa. The rise in the elderly population also indicated a higher
rate of change in morbidity and mortality during the years 2020-2021. The increase in the elderly population was
associated with an increase in morbidity and mortality across nearly all regions during the years 2021 and 2022.

The increase in the elderly population was significantly associated with the increase in morbidity across
Europe, North and South America, and Oceania, while the same demographic change was associated with a
signiﬁcant increase in mortality in Europe, North America, Africa, Asia, and Oceania. Europe, North America,
and Oceania are already experiencing aging societies, whereas Asia and Africa have a lower elderly proportion.
The findings are consistent with prior studies>®!3- 14, suggesting that an increase in the elderly population
played a role in the rise of COVID-19 cases and deaths. The elderly often experience a decline in immune
function, which, coupled with chronic conditions such as hypertension, diabetes, and cardiovascular diseases,
makes them more vulnerable to severe illness'. This may reflect the region’s demographic structure and the
prevalence of healthcare disparities, as suggested by prior studies®.

In our study, the United States exhibited high morbidity and mortality rates, which may be partly attributed
to its large elderly population. However, countries such as Japan and Australia, despite having similarly high
proportions of older adults, reported considerably lower COVID-19 morbidity and mortality. This contrast
suggests that factors beyond population age structure, particularly the effectiveness of containment strategies,
played a crucial role in mitigating the impact of the pandemic!’}- !, Cheng et al. reported that countries
implementing stringent containment measures achieved significant reductions in excess mortality by 5.7%
in 2020 and 12.9% in 2021 compared with countries exhibiting weaker responses. Similarly, nations with
moderately effective strategies experienced reductions of 6.7% in 2020 and 10.6% in 2021. However, by 2022,
these differences across performance groups were no longer statistically significant, likely due to the rapid spread
of the Omicron variant and the widespread development of herd immunity within populations'”.

Increase in COVID-19 Mortality Rate due to Eldery using Theil Sen Regression in each Continent, Year 2020-2022
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Fig. 6. Trends of Rate of Change in COVID-19 Mortality Rate per 1,000 Due to Change in Elderly Population
using Theil Sen Regression from 2020-2022.
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Continent wise Trend in COVID-19 Morbidity Rate due to unit change in Elderly (%)
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Fig. 7. Trend of COVID-19 Morbidity and Mortality Due Elderly Percentage in Each Continent.

The year-wise results also indicated a significant association between the rise in the elderly population and
the increasing rates of COVID-19 morbidity and mortality. However, results from continent-year-wise showed
the significant association of percent change in the elderly in the years 2021 and 2022 in North America, Europe,
Africa, and Asia on COVID-19 morbidity and mortality, whereas the significant association was observed in
2020 in Africa and South America.

This study has a few limitations. COVID-19 data may be gathered and reported in different ways by each
country. The data were categorized based on continents by assuming the homogeneity of the environmental and
regional situation due to neighboring countries. However, the effect of the change in the aging population on
morbidity and mortality may be limited due to the ecological study. In addition, the proportion of vaccinated
individuals was not included in the analysis. Since COVID-19 mortality is influenced not only by the proportion
of elderly individuals but also by vaccination coverage, this omission may affect the results.

Conclusion

The global COVID-19 morbidity and mortality rates are associated with elderly data across countries. The
outliers significantly affect the results from the linear regression model, but this problem can be mitigated by
employing Theil-Sen regression. Regions with high proportions of elderly as Europe, North America, and Africa,
suffered with higher COVID-19 morbidity and mortality rates. The experience with the COVID-19 pandemic
has enabled us to make data-driven decisions that are resilient to future outbreaks of new diseases with similar
transmission characteristics, to reduce morbidity and mortality rates, especially in elderly populations.

Data availability

The data used in this study is free and available online. The data related to COVID-19 morbidity and mortality
is available on the website Our World in Data (OWID) (https://ourworldindata.org/). The data on the elderly
population is available from the website of the World Bank (https://data.worldbank.org/).
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