Tropical Biomedicine 41(1): 78-83 (2024)
https://doi.org/10.47665/tb.41.1.010 Y
Under a Creative Commons license

RESEARCH ARTICLE

Sunlight exposure might account for the relatively low COVID-19 morbidity
and mortality in tropical countries

Muhammad, M.}, Loong, S.K.Z*, Khor, C.S.2, Mohd-Azami, S.N.l.2, Kafle, A.3, Useh, U.4, Bello, B.4,
AbuBakar, S.2

1Graduate School (Neuroscience Program), Faculty of Medicine, Khon Kaen University, 40002 Khon Kaen, Thailand

2Tropical Infectious Diseases Research & Education Centre, Higher Institution Centre of Excellence, Universiti Malaya, 50603 Kuala Lumpur, Malaysia
3Tropical Medicine Graduate Program, Department of Tropical Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen 40002, Thailand
4Lifestyle Diseases, Faculty of Health, North-West University, Vanderbijlpark 1900, South Africa

*Corresponding author: loongsk@um.edu.my

ARTICLE HISTORY ABSTRACT

Received: 22 May 2023
Revised: 20 September 2023
Accepted: 21 September 2023
Published: 25 March 2024

The present study aimed at exploring whether sunlight exposure might account for the relative
difference in COVID-19-related morbidity and mortality between tropical and non-tropical countries.
A retrospective observational study was designed and data from the World Health Organization
weekly COVID-19 epidemiological update was compiled. We examined the total number of confirmed
COVID-19 cases per 100 000 population, as well as the total number of COVID-19-related mortalities
per 100 000 population. Solar variables data were obtained from the Global Solar Atlas website
(https://globalsolaratlas.info/). These data were analyzed to determine the association of sunlight
exposure to COVID-19-related morbidity and mortality in tropical and non-tropical countries. Results
revealed a statistically significant decrease in the number of confirmed COVID-19 cases per 100 000
population (P<0.001), as well as the number of COVID-19-related mortalities per 100 000 population
(P<0.001) between tropical and non-tropical countries. Analyses of sunlight exposure data found that
specific photovoltaic power output, global horizontal irradiation, diffuse horizontal irradiation and
global tilted irradiation at optimum angle were significantly inversely correlated to COVID-19-related
morbidity and mortality. This suggests that stronger sunlight exposure potentially leads to lower
COVID-19-related morbidity and mortality. Findings from this study suggest that the relatively low
COVID-19-related morbidity and mortality in tropical countries were possibly due to better sunlight
exposure that translates into adequate vitamin D status.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) has caused the deadliest
global pandemic since the emergence of HIV/AIDS over 40 years ago
(Worobey et al., 2008; Barin, 2022), and the deadliest respiratory
pandemic in a century, accounting for 6 927 378 deaths to-date (as
of 15t May 2023) (Ruiz-Beltran et al., 1990). This has profoundly
impacted the health of humanity, the economy and the social well-
being of people globally. There have been unprecedented, concerted
efforts by scientists all over the globe to tackle the emergence
of COVID-19, and an impressive number of studies have been
undertaken to unravel the impact of the pandemic. The development
of effective vaccines against SARS-CoV-2 represents a significant
advancement in the global fight against COVID-19. However, despite
this progress, a definitive therapeutic intervention for COVID-19
has yet to be identified and remains an active area of investigation
(Yousefifard et al., 2020; Gyselinck et al., 2021).

Countries located on the equator and in tropical zones, in
general; have lower COVID-19 associated cases and mortality as
compared to sub-tropical and non-tropical countries (Carta et
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al., 2020; Yudistira et al., 2020; Aabed & Lashin, 2021; Amariles
et al., 2021). Based on a study in both tropical and non-tropical
countries, it was suggested that warmer areas have relatively
lower SARS-CoV-2 transmission and disease severity (Njenga
et al., 2020; Shao et al., 2021). In the Southeast Asia, a study
from Indonesia has reported a significant correlation between
temperature and the reduction of COVID-19 cases (Tosepu et al.,
2020). A separate study in Indonesia found that longer period
of sunlight exposure was associated with greater recovery rates
from COVID-19 (Asyary & Veruswati, 2020). This correlation was
consistent with an earlier report implying that sunlight exposure
cannot stop the COVID-19 infection; however, sunlight exposure
may positively modulate the immune system of COVID-19
sufferers, allowing them to recover from the infection. Moreover,
the spread of SARS-CoV-2 in Malaysia has been postulated to
be curbed by higher ambient temperature as a result of strong
sunlight exposure (Suhaimi et al., 2020).

Solar irradiation was shown to have strong negative
correlation with incidences of COVID-19 infection in Brazil
(Rosario et al., 2020). Even though the number of COVID-19 cases
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increased considerably in Africa, case fatality rates remained low
(Ghosh et al., 2020) and sunlight exposure was hypothesized as
one of the factors impacting the spread of COVID-19. In contrast,
Europe was badly affected in the initial phase of the COVID-19
pandemic, especially in the Lombardy region in Italy where
the crude mortality rate was reported to be 167.6 per 100 000
population (Villani et al., 2020). Spain, followed by England and
Wales were most likely to have experienced the largest rise in
mortality over the first wave of the pandemic, with ~100 excess
deaths per 100 000 population (Kontis et al., 2020). A separate
study justified the above findings as they found that mortality
rates among people afflicted with COVID-19 to be much lower in
East Asian countries (0.3-5.0 deaths/million people), compared
to Central European countries (391-548 deaths/million people)
(Yamamoto & Bauer, 2020).

Carleton et al. (2021) suggested that ultraviolet (UV)
exposure reduces the cumulative daily growth rate of COVID-19
cases over the subsequent 2.5 week. It is a known fact that
vitamin D is obtained from type B UV exposure from sunlight
(Ribeiro et al., 2020) and adequate sunlight exposure contributes
to good vitamin D levels in humans (Okonji et al., 2021). The
emerging evidence in the literature also suggests vitamin D’s
importance as a determinant for COVID-19 morbidity and
mortality (Benskin, 2020; Santaolalla et al., 2020; Siddiqui et
al., 2020; Xiao et al., 2021). This may shed light on the role of
sunlight exposure in the incidence and severity of COVID-19
(Meltzer et al., 2020). There were suggestions that the severity
and mortality from COVID-19 were much moderate in the tropical
region relative to other regions of the world (Lone & Ahmad.,
2020). This was due to the observation that some of the worst
hit countries by the COVID-19 pandemic, such as Italy and Spain,
have populations with very high vitamin D deficiency rates and
are located at temperate latitudes (Calder et al., 2020; Ebadi &
Montano-Loza, 2020; Laird et al., 2020).

Still, it remains uncertain whether better sunlight exposure
in tropical countries accounts for the relatively low morbidity
and mortality due to COVID-19 compared to countries in other
geographical locations. Thus, the present study aimed at analyzing
the correlation between sunlight exposure and COVID-19-related
morbidity and mortality in tropical and non-tropical countries of
the world.

MATERIALS AND METHODS

Tropical regions of the world are named as such because of their
relatively outstanding feature of having more direct sunlight
than the rest of the world. Hence, the list of tropical (n = 96) and
non-tropical (n = 125) countries were listed in Supplementary
Tables 1 and 2. The World Health Organization weekly COVID-19
epidemiological update (https://covid19.who.int/data) was
accessed, from which data for the total number of confirmed
cases per 100 000 population and the total number of mortalities
per 100 000 population (data as of 1 January 2023) were

retrospectively extracted for each country in the list of tropical
and non-tropical countries (Supplementary Tables 1 and 2).

Sunlight exposure was represented by various solar index
obtained from the Global Solar Atlas website. The solar index
variables; (i) specific photovoltaic power output (PVOUT specific);
(ii) direct normal irradiation (DNI); (iii) global horizontal irradiation
(GHI); (iv) diffuse horizontal irradiation (DIF); and (v) global tilted
irradiation at optimum angle (GTI opto) were extracted from
https://globalsolaratlas.info/support/user-guide based on the
values recorded in the capital cities of each country. Several
countries (i.e. Democratic Republic of Congo, Singapore, Faroe
Islands, Finland and Iceland) have been excluded from this study
due to the unavailability of data from the website.

The normality of the data for the number of cases per
100 000 population and the number of deaths per 100 000
population were examined using the Shapiro-Wilk test (Shaphiro
& Wilk, 1965). The Shapiro-Wilk test found the data to be non-
normally distributed, therefore the Mann-Whitney U test was
employed as a non-parametric test to compare differences
between the number of cases per 100 000 population and the
number of deaths per 100 000 population (Mann & Whitney,
1947). Spearman rank correlation test was performed to test the
hypothesis on whether the solar index variables were associated
to COVID-19 confirmed cases and mortality. Data collected were
analyzed using the SPSS program for Windows, version 20.0
(SPSS Inc, Chicago, IL). A heatmap was generated using Seaborn
(v0.12.2) to visualize the correlation coefficients between COVID-
19-related cases and mortality with various solar index variables
(Waskom, 2021).

RESULTS

Since the data collected was non-parametric (Table 1), the Mann-
Whitney U test (Table 2) was performed to compare differences
between the number of COVID-19 cases per 100 000 population
and the number of COVID-19 deaths per 100 000 population,
respectively.

In Table 2, statistical analyses were performed between tropical
and non-tropical countries based on the accumulated COVID-19-
related morbidity and mortality data, with the total number of 96
tropical and 125 non-tropical countries, respectively. The tropical

Table 1. Analysis of the normality of the number of cases per 100 000
population and the number of deaths per 100 000 population

Variable Statistic df Significance, P
Total confirmed cases 0.870 221 <0.001
per 100 000 population

Total mortality per 0.871 221 <0.001

100 000 population

Table 2. Statistical analyses of the variables between tropical and non-tropical countries based on COVID-19-related morbidity and mortality

Variable Country

Mann-Whitney

Median (IQR) Significance, P

U test
Total confirmed cases per 100 000 population Tropical 96 3469 (449.15-16567.80) 3085 <0.001
Non- tropical 125 22572.90 (7995.65-43713.40)
Total mortality per 100 000 population Tropical 96 39.45 (7.60-157.28) 3877 <0.001
Non- tropical 125 131.60 (46.60-243.80)
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Table 3. Solar index variables of tropical and non-tropical countries

Specific Direct Global Diffuse Global tilted
photovoltaic normal horizontal horizontal irradiation at
Country Data power output, irradiation, irradiation, irradiation, optimum angle,
PVOUT specific DNI GHI DIF GTI opto
(kWh/kWp) (kWh/m2) (kWh/m?) (kWh/m?2) (kWh/m2)
Tropical Min. 1077 631 1322 632 1345
Median 1642 1628 1991 847 2069
IQR 1506-1730 1267-1885 1850-2108 777-939 1894-2178
Max. 1973 2488 2322 1063 2453
Non-tropical Min. 957 762 160 473 1121
Median 1532 1609 1688 626 1908
IQR 1260-1709 1164-1886 1296-2018 574-734 1519-2134
Max. 1982 2860 2346 1031 2551
countries group was associated with COVID-19 by median values Correlation of COVID-19 Confirmed Cases and Mortality with Solar Index Variables
of 3469 (Interquartile range (IQR): 449.15-16567.80) for the total i ~0.0
number of confirmed cases per 100 000 population, and 39.45 §_ 2155
(IQR: 7.60-157.28) for the total mortality per 100 000 population. i L a1
By comparison, the non-tropical countries group was numerically i — L
having higher median values of 22572.90 (IQR: 7995.65-43713.40) P =
for the total number of confirmed cases per 100 000 population, E
and 131.60 (IQR: 46.60-243.80) for the total mortality per 100 15
000 population, respectively. The Mann Whitney-U test revealed E 3
a statistically significant increase in the total number of confirmed &
cases per 100 000 population (P<0.001) and total mortality per 100 04
000 population (P<0.001) for non-tropical countries in comparison to
tropical countries, respectively (Table 2). This suggests that tropical s
countries have lower burden of COVID-19 compared to non-tropical
countries. “"""“c"’f.’.m {per 100,000 population) —

Solar index variables data showed that the tropical countries
have higher values of the minimum PVOUT specific, GHI, DIF and
GTI opto, as compared to the non-tropical countries (Table 3).
However, the minimum value for DNI is higher in non-tropical
countries (Table 3). Non-tropical countries also recorded higher
maximum values of PVOUT specific, DNI, GHI and GTI opto (Table
3). The overall solar index variables data indicated that there
are differences in solar irradiation between tropical and non-
tropical countries. Based on the Spearman rank correlation test,
the average of PVOUT specific, DNI, GHI, DIF and GTI opto were
correlated with COVID-19 confirmed cases per 100 000 population
by -0.261, -0.074, -0.367, -0.539 and -0.305, respectively
(Figure 1). A similar pattern was found with COVID-19 mortality
per 100 000 population with the average of PVOUT specific, DNI,
GHI, DIF and GTI opto correlation coefficient values of -0.195,
0.006, -0.306, -0.506 and -0.233, respectively (Figure 1). The
analyses indicated that PVOUT specific, GHI, DIF and GTI opto
were inversely correlated with the COVID-19 confirmed cases
and mortality, and these correlations were statistically significant.
As for DNI, it was inversely correlated with COVID-19 confirmed
cases but directly correlated with COVID-19 mortality; however
these correlations were not statistically significant.

The heatmap in Figure 1 also illustrates the correlation
coefficients between different solar index variables (PVOUT, DNI,
GHI, DIF, and GTI opto) and the number of COVID-19 confirmed
cases per 100 000 population, as well as between solar index
variables and the number of COVID-19 mortality per 100 000
population. The heatmap analysis indicated that the correlation
of COVID-19 cases and mortality with solar index variables
were generally negative, with the exception of DNI (Figure 1).
The darker the gradient of the blue color, the more intense the
negative correlations (Figure 1). The annotations within each
cell indicated the correlation coefficient values. The heatmap
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Figure 1. Heatmap analysis of the correlation coefficients
between COVID-19 confirmed cases and mortality with solar
index variables. The P values for the correlation coefficients for
specific photovoltaic power output, PVOUT (confirmed cases,
P<0.001; mortality, P=0.004), direct normal irradiation, DNI
(confirmed cases, P=0.2821; mortality, P=0.928), global horizontal
irradiation, GHI (confirmed cases, P<0.001; mortality, P<0.001),
diffuse horizontal irradiation, DIF (confirmed cases, P<0.001;
mortality, P<0.001), global tilted irradiation at optimum angle, GTI
(confirmed cases, P<0.001; mortality, P<0.001).

analysis showed that as the values of the solar index variables
increased, the number of COVID-19 cases and mortality declined.
Specifically, we observed that DIF has the strongest negative
correlation with both COVID-19 cases and mortality, followed by
GHI, GTI opto and PVOUT. DNI has a weak positive correlation
with COVID-19-related mortality (Figure 1).

DISCUSSION

This study investigated whether the relative difference in morbidity
and mortality due to COVID-19 between tropical and non-tropical
countries could be a result of sunlight exposure. The main finding
from this study suggested that there is a statistically significant
decrease in the number of confirmed cases of COVID-19 per 100 000
population as well as in the number of mortality due to COVID-19
per 100 000 population, in tropical countries as compared to non-
tropical countries. This is particularly interesting because we took
into account the variations in population size and demographics
across countries by considering the number of confirmed COVID-19
cases and fatalities per 100 000 population. This approach was used
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to ensure that the sample size or population structure across the
countries under investigation did not influence the results. This
finding further corroborated results from a plethora of previous
studies that found that the mortality and morbidity as a result
of COVID-19 varied between tropical and non-tropical countries,
with tropical countries reported to have relatively lower COVID-19
morbidity and mortality (Carta et al., 2020; Njenga et al., 2020;
Yudistira et al., 2020; Aabed & Lashin, 2021; Amariles et al., 2021;
Shao et al., 2021). In addition, sunlight exposure represented by
solarindex variables provided by the Global Solar Atlas website was
found to be inversely correlated to the COVID-19 confirmed cases
and mortality in tropical and non-tropical countries, implying that
the more intense the sunlight exposure, the lower the COVID-19-
related morbidity and mortality.

Lansiaux et al. (2020) and Naudet et al. (2020) first reported
a correlation between the average annual sunlight hours and
COVID-19 mortality rate, suggesting the potential protective effect
of sunlight exposure against COVID-19 mortality among the residents
of metropolitan continental of France. Despite facing heavy criticisms
for shortcomings, including major statistical flaws that might have
undermined the credibility of its findings, the studies still prompted
a discourse regarding the correlation between sunlight exposure and
COVID-19. A study by Panarese & Shahini (2020) that analyzed the
worldwide mortality caused by the COVID-19 pandemic according
to geographical distribution in 108 countries found that COVID-19
mortality and hospitalization rates were higher in the northern
latitude countries compared to those closer to the equator. These
findings suggest the possible relationship between sunlight exposure
and COVID-19 as countries in the northern latitude have relatively
low UV exposure, hence possibly lower vitamin D levels (Baktash et
al., 2021).

The potential role of vitamin D in COVID-19 has received a lot
of attention since 2020 (Bilezikian et al., 2020; Cutolo et al., 2020;
Martineau & Forouhi, 2020; Zemb et al., 2020) partly due to its
immunomodulatory function through innate/adaptive immunity
and its inflammatory-modulation function that mitigate cytokine
storm (Muhammad et al., 2022). At least 14 observational studies
involving different locations and populations around the world have
reported that serum vitamin D (25-hydroxyvitamin D) concentrations
were inversely correlated to COVID-19 severe morbidity (Mercola
et al., 2020). While the precise mechanism of association between
vitamin D levels and COVID-19 severity and mortality needs further
investigation, several biological roles of vitamin D have been
established such as the immunomodulatory effects on both innate
and adaptive immunity (Mohan et al., 2020), modulatory effects
on inflammatory cytokine production (Weir et al., 2020), increased
expression of angiotensin-converting enzyme 2 concentrations
(Bergman, 2021) and maintaining endothelial integrity (Mercola et
al., 2020).

Sulliet al. (2021) undertook a comparative study on 65 COVID-19
patients and 65 sex- and age-matched control subjects to correlate
their serum level of 25-hydroxyvitamin D with clinical parameters of
lung functional status. The study revealed that vitamin D deficiency
is associated with more severe lung involvement, longer disease
duration, and risk of death due to COVID-19 in elders. Radujkovic
et al. (2020) further demonstrated an association between death
due to COVID-19 in a cohort of 185 COVID-19 patients with vitamin
D deficiency or insufficiency. A study also reported the insufficiency
and deficiency of vitamin D in COVID-19 patients (Pinzon et al., 2020).
Studies by Brenner and Schéttker (2020) stressed a compelling
emerging number of evidence on vitamin D deficiency and outcome
of COVID-19, imploring the potential of vitamin D supplementation
as countermeasures for prevention and reducing the severity of
COVID-19.
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The findings of this study were consistent with previous
research that demonstrated a potential link between sunlight
exposure, vitamin D status, and COVID-19 outcomes (McCartney &
Byrne, 2020; Meltzer et al., 2020; Gibbons et al., 2022). The inverse
correlation between sunlight exposure and COVID-19 outcomes
observed in this study suggests that sunlight exposure may play
a protective role against the virus (D’Avolio et al., 2020; Rhodes
et al., 2020). However, it is important to note that this study has
several limitations. Firstly, this study was a data-based observational
study, so causality cannot be established. Secondly, the study did
not consider demographical factors that may contribute to the
observed differences in COVID-19 outcomes between tropical and
non-tropical countries, such as population density, age distribution,
and healthcare system capacity. Finally, the present study did not
account for the impact of miscellaneous factors, such as vitamin
D supplementation and daily exposure of sunlight, on COVID-19
outcomes.

While the present study provided further support to the
potential important role of vitamin D sufficiency in mitigating
COVID-19, more definitive studies involving actual measurement
of vitamin D level in the population and actual exposure to sunlight
still need to be done. Further research is required to confirm these
findings and to elucidate the underlying mechanisms by which
sunlight exposure may influence COVID-19 outcomes.

CONCLUSIONS

The present study found significant decrease in the total
number of COVID-19 confirmed cases per 100 000 population
and the mortality per 100 000 population in tropical countries
in comparison to non-tropical countries, respectively. Sunlight
exposure, represented by various solar index variables were
significantly inversely correlated to COVID-19-related morbidity
and mortality, suggesting that sunlight exposure may account for
the relatively low COVID-19-related morbidity and mortality in
tropical countries. This finding carries significant implications, as
it is well-established that UV irradiation resulting from sunlight
exposure is a crucial determinant of the important regulator of
the immune system; vitamin D.
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