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Abstract 
Background 
Large-scale data show that the mortality of COVID-19 varies dramatically across 
populations, although the cause of these disparities is not well understood. In this study 
we investigated whether severe COVID-19 is linked to Vitamin D (Vit D) deficiency.  
Method 
Daily admission, recovery and deceased rate data for patients with COVID-19 from 
countries with a large number of confirmed patients (Germany, South Korea (S. Korea), 
China (Hubei), Switzerland, Iran, UK, US, France, Spain, Italy) as of April 20, 2020 were 
used. The time-adjusted case mortality ratio (T-CMR) was estimated as the number of 
deceased patients on day N divided by the number of confirmed cases on day N-8.  The 
adaptive average of T-CMR (A-CMR) was further calculated as a metric of COVID-19 
associated mortality in different countries. Although data on Vit D level is not currently 
available for COVID-19 patients, we leveraged the previously established links between 
Vit D and C-Reactive Protein (CRP) and between CRP and severe COVID-19, 
respectively, to estimate the potential impact of Vit D on the reduction of severe COVID-
19.  
Findings 
A link between Vit D status and COVID-19 A-CMR in the US, France, and the UK 
(countries with similar screening status) may exist. Combining COVID-19 patient data and 
prior work on Vit D and CRP levels, we show that the risk of severe COVID-19 cases 
among patients with severe Vit D deficiency is 17.3% while the equivalent figure for 
patients with normal Vit D levels is 14.6% (a reduction of 15.6%). 
Interpretation 
Given that CRP is a surrogate marker for severe COVID-19 and is associated with Vit D 
deficiency, our finding suggests that Vit D may reduce COVID-19 severity by suppressing 
cytokine storm in COVID-19 patients. Further research is needed to account for other 
factors through direct measurement of Vit D levels. 
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1. Introduction 
The recent global outbreak of COVID-19 imposed catastrophic impacts on every society, 
specifically among elderly populations. Currently, no treatment or vaccine has been 
produced. Consequently, there is a significant need to elucidate potential approaches that 
can reduce the number of severe COVID-19 cases and thus reduce the mortality rate of 
the disease. It has also been proposed that the immune system in some patients may 
manage COVID-19 better than in others.  
Time series analysis of the number of confirmed, deceased and recovered cases reveal 
patterns of how COVID-19 has impacted different populations, which may help improve 
understanding of the immune system’s defense mechanisms against COVID-19 and aid 
in developing effective treatments for the viral infection. Data show that the mortality rate 
of COVID-19 varies dramatically across countries. For example, a higher case fatality 
ratio has been reported in Spain, Italy, and the UK compared to that of the US and 
Germany. The cause for these disparities is not well understood. Several hypotheses 
have been proposed, including the circulation of different strains of the virus [1–3], 
idiosyncrasies in COVID-19 testing strategies and policies across countries, quality and 
access to health care, demographic factors such as the prevalence of elderly within a 
given population, and socioeconomic factors [4]. Some experts have suggested an 
analysis of age-specific case fatality ratio (CFR) and time-adjusted case mortality ratio 
(T-CMR) for a more insightful study of COVID-19 infection [5,6]. Initial reports and data 
obtained from various studies suggest that the elderly have disproportionately been 
impacted by COVID-19 [7]. The substantially higher CFR of the elderly population thus 
compels an age-specific analysis of COVID-19 data.  
Aging can lead to a weakening of the innate immune system [8] which may play a role in 
the development of severe COVID-19. Specifically, a weak innate immune system 
response in the elderly can lead to a higher load of COVID-19 and a consequent 
overactivation of the adaptive immune system, with a high level of cytokine production 
[9]. Clinical data obtained from COVID-19 patients in China showed high concentrations 
of cytokines such as GCSF, IP10, MCP1, MIP1A, and TNFα in patients admitted to the 
ICU, which suggests the presence of cytokine storm in these cases [10].  
The role of Vit D in regulating the immune system is supported by multiple studies [11]. 
Vit D can suppress cytokine production by simultaneously boosting the innate immune 
system and avoiding the overactivation of the adaptive immune system to immediately 
respond to viral load. Some researchers have suggested the potential role of Vit D in 
suppressing cytokine storm during the 1918-1919 viral influenza pandemic [12]. 
Moreover, the impact of Vit D in enhancing immune response (including in flu and 
previous coronaviruses) has been established [11,13]. It is this ability to suppress 
cytokine production [14,15] that motivated our focus on Vit D deficiency and its 
association with severe COVID-19.  
To the best of our knowledge, no randomized blinded experiment has yet reported Vit D 
status and cytokine levels in patients with COVID-19. Despite this, it is possible to 
estimate the association between Vit D status and severe COVID-19 based on a potential 
link between Vit D deficiency and C-reactive proteins (CRP) [16]. CRPs are produced by 
the liver in response to inflammation to minimize damage to arteries, cells, and tissue 
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from autoimmunity, infection, and other causes. The inflammatory cells’ ability to convert 
Vit D metabolites into calcitriol (the active form of Vit D) and to express the nuclear 
receptor of Vit D suggests a potential inverse association between CRP and Vit D, which 
is also supported by epidemiological studies [17,18]. Early studies have shown that 
calcitriol treatment attenuates both CRP and inflammatory cytokines (CD4(+) IFN-γ) in 
hemodialysis patients [19]. Researchers have proposed that calcitriol modulates cytokine 
levels (such as TNF-α and IL-1β) using the intercellular role of calcium [20,21].  
Below we combine data from studies of Vit D and CRP [16] with data from COVID-19 
patients [22] to investigate the potential role of Vit D in severe COVID-19.    

2. Methods 
Data regarding the number of affected cases, deaths, and recoveries from COVID-19 was 
obtained from Kaggle [23] as of April 20, 2020. Data regarding testing cases was obtained 
from Our World in Data [32]. Age distribution of confirmed cases, those admitted to ICU, 
and deceased patients in Spain was based on data available from the Spanish Ministry 
of Health [24]. The concentration of 25(OH)D among the elderly population in each 
country was obtained from prior studies [25–30]. Data on the link between Vit D and CRP 
were taken from a nationwide cross-sectional dataset from the National Health and 
Nutrition Examination study in the US [16]. The link between CRP and severe COVID-19 
was examined based on data from a study investigating the characteristics of COVID-19 
patients in China [22]. The T-CMR is defined as the estimated ratio of deceased patients 
on day N (DN) to confirmed patients on day N-8 (CN-8). Adaptive averaging of T-CMR (A-
CMR) was calculated based on a weighted average technique as shown in Equation (1). 
  A-CMR= ∑ 𝑎# ×	#&'

#&( T-CMR [n],  𝑎# = cn / ∑ 𝑐++&'
+&(  ,                                                                                  (1) 

where N is the number of days with more than 10,000 confirmed cases in the country 
(except in S. Korea where the threshold is 5,000), ci is the number of confirmed cases at 
day i, T-CMR (n) is T-CMR on day n, and an is a coefficient that describes the weight of 
T-CMR on day n. Positivity change (PC) is calculated using a moving average of size 5 
on the ratio of new daily confirmed cases to the new daily tested individuals on day N as 
shown by Equation (2).  
PC = ∑ 0.2+&/

+&( ´(CN+1-i – CN-i ) / (TN+1-i  - TN-i),                                                                                                      (2) 

 where CN is the total confirmed cases on day N and TN is the total number of tested cased 
on day N. Risks and conditional risks of the events were estimated using the ratio of the 
number of events in a treated group to the number of patients in the group. 

3. Results and Interpretation 
3.1. COVID-19 Fatality  
 Ambiguity on the incubation period of COVID-19 makes the calculation of the true 
mortality rate for COVID-19 a challenging task [5,6]. Bureaucratic screening policies, as 
well as demographic and cultural variables further diminish the possibility of estimating 
disease onset and calculating an accurate case mortality rate (CMR). Analysis of time 
events reported from 41 deceased patients in Wuhan (Hubei, China) shows a median 
time of 8 days between admission and time of death, and 14 days between the onset of 
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symptoms and time of death (shown in the inset in Figure 1 (a)) [31]. This suggests a 
delay between the time the confirmed cases are reported and the time deceased patients 
are counted. In other words, the total number of deceased patients at day N (DN) is 
attributed to the total number of confirmed patients at day N-8 (CN-8) which is equal to the 
total number of cases at the onset of the symptoms on day N-14 (ON-14). Time adjusted-
CMR (T-CMR) with a delay of 8 days (DN/ CN-8) is therefore used in this study (shown in 
Figure 1(a)). Calculating the percent difference between T-CMR on April 20 and April 6 
for three different delays of 0 days, 8 days and 14 days suggests an 8-day delay presents 
the least variation across countries. This analysis acknowledges that the calculation of T-
CMR with an 8-day delay is less sensitive to an abrupt change in the number of 
confirmed/deceased patients in a single day for a given country. Figure 1(a) shows time 
series data for T-CMR drifting for some countries. Intense variations in the ratio of 
confirmed to tested patients can change the results for T-CMR over the pandemic for 
multiple reasons. With the deaths of the most vulnerable members of a population, T-
CMR is expected to decrease over time. In addition, increasing screening capabilities, will 
increase the chance of identifying mild cases thus reducing T-CMR.  As a result, different 
values for T-CMR are calculated throughout the pandemic, and the question arises of 
which value is more representative of the intrinsic mortality characteristic of the virus 
within each country. 
A-CMR 
In countries with a wide variation in confirmed cases, T-CMR varies each day and this 
increases the uncertainty in the actual T-CMR within the country. To calculate a more 
accurate estimate of T-CMR we created a framework based on two hypotheses. First, we 
considered only outbreaks of 10,000 confirmed patients or greater (except in S. Korea 
where the threshold was 5,000) to provide a reliable T-CMR. Next, an average of the T-
CMRs was calculated given a higher weight for the T-CMRs that represent a higher 
population. A-CMR for each country is calculated using Equation (1) and the results 
(shown in Figure 1 (b)) suggest varying A-CMR values across countries.  
S. Korea and Germany report a comparably low A-CMR of 1.8% and 3.1%. The A-CMR 
in Switzerland (A-CMR = 5.3%) and China (A-CMR = 5.5%) is higher than in S. Korea 
and Germany but is lower than in the US (A-CMR = 8%) and Iran (A-CMR of 9.8 %). 
Spain (A-CMR = 17.5%), Italy (A-CMR = 18.6%), France (A-CMR = 20.7%) and the UK 
(A-CMR = 24.5%) report the highest A-CMR. Multiple factors may contribute to the 
difference in A-CMR across these countries.  Figure 1 (c) shows the average ratio of 
confirmed (C) to tested (T) cases in each country. Comparison of Figure 1(b) and 1(c) 
shows that countries with mass screening policies (low C/T ratio) report a substantially 
lower A-CMR than other countries. One reason could be countries with an aggressive 
screening policy tend to detect more cases of mild COVID-19 and will thus report a lower 
A-CMR, as mild COVID-19 cases are generally not fatal. In addition, a slow growth rate 
of confirmed patients may potentially cause a different and less fatal version of the virus 
to circulate across countries as the more fatal version of the virus is contained in hospitals. 
When the virus is spreading across the country with a fast growth rate, more fatal versions 
of the virus have more ways and likelihood of spreading, which may result in an increase 
of A-CMR in a country. We consider positivity (C/T) or PC to be a better indicator of the 
impact of screening policy than total tests per capita. The reason is that a low number of 
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tests per capita can be used when the total number of patients is low, but as the number 
of patients increases substantially higher tests per capita are required to facilitate 
detection of mild COVID-19 cases.  

  
                                                                     (a) 

  
                                     (b)                                           (c) 
Figure 1 (a) The T-CMR (8 days) as of April 20. A two week error (100 × (T-CMRApril 20 – T-CMRApril 6)/ T-
CMRApril 6) calculated at different T-CMR delays of 0 days, 8 days and 14 days. (b) A-CMR as of April 20 
[23]. (C) Percentage of confirmed to tested ratio suggests an impact of screening policies in different 
countries on A-CMR [23,32–35]. France has reported the number of tests [32]. The UK data includes 
reported number of tests (from April6-April 20) and estimated number tests by multiplying the number of 
tested patients by 1.26 (estimated from the relation between the number of tests and patients after April 
6-April 20) [32]. US data is mainly the number of people tested (some labs have reported the number of 
tests) [32]. The number of tests conducted in Iran and Spain is estimated from two reported 
statements by public authorities [32–35]. 
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Age distribution of the population is also important factor that impacts mortality for a given 
country as COVID-19 has shown to be deadlier in elderly patients [7]. In the following, 
information obtained from PC and prevalence is used to conduct a more in-depth analysis 
of screening strategies in different countries. 
Screening Status  
It is important to control for screening strategies and age distribution across countries 
before comparing Vit D status as such variables may notably impact A-CMR. Two factors 
can be used to evaluate the screening status in different countries; 1) PC, and 2) the 
prevalence of the COVID-19. We first calculated the PC to provide an illustration of the 
variation in positivity in different countries over time in Figure 2. The average PC value in 
the first 14 days is calculated and the results are shown in the inset of Figure 2. Based 
on this analysis, we observed that S. Korea, Germany, and Switzerland have lower PC 
values consistently, while Iran, the US, France, Italy, Spain, and the UK share higher PC 
values. The starting point of each curve is the day that the country reported at least 10,000 
patients in total (except S. Korea > 5,000).  

 
Figure 2- PC over time compares growth rate of COVID-19.   

A weakness in this analysis is that positivity depends on the prevalence of COVID-19. 
Next, we advanced our analysis by evaluating PC as a function of prevalence. We 
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calculated an average number of  confirmed cases per 1 million population per day in 21 
days (rc) and used it as an indicator of the prevalence of COVID-19 in each country. We 
plotted the PC against rc for two weeks in Figure 3 and the results suggest the countries 
are divided into two groups where a more aggressive screening strategy is used in S. 
Korea, Germany and Switzerland compared to Spain, Italy, France, the UK, the US, and 
Iran. The initial state of each curve is similar to the one in Figure 1 and Figure 2 where at 
least 10,000 confirmed patients (except 5,000 for S. Korea) are used to start the analysis. 
A testing aggressiveness index (TAI) is calculated using Equation (3) which presents a 
quantitative illustration for Figure 3.  
TAI= ∑ 	#&(0

#&( rc[n] / PC [n], rc[n] = (Cn – Cn-21)/ P                                                                                         (3) 

Where P is the population in millions of the countries, Cn is the total number of confirmed 
patients on day n. TAI values for each country are presented in the inset in Figure 3. 

  
Figure 3- PC against rc for two weeks after each country reaches 10,000 patients (except S. Korea 

>5,000 patients). 

A small TAI is associated with a large delta in PC with a small delta in prevalence which 
indicates the population of the tested subjects (associated with PC) does not represent 
the population of confirmed subjects across the country’s population (associated with 
prevalence), indicating a less aggressive screening strategy. The quantitative illustration 
of TIA suggests a more aggressive screening status (2.60<TIA<6.70) in Germany, S. 
Korea, and Switzerland, while a less aggressive screening status in Spain, Italy, France, 
the UK, the US, and Iran (0.55<TIA<1.65). The least aggressive screening status is 
suggested by Iran with TIA of 0.57. It needs to be noted that Spain and Iran have reported 
a complete daily confirmed patients' information however they have reported limited data 
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about their testing cases. The screening data from Iran and Spain are estimated from 
only two testing data points with an average new daily test rate reported by the public 
authorities. The limited number of data points may increase the error in our estimation, 
which is why their presented results are highlighted in gray instead. Information about all 
the countries’ age distributions is shown in the inset of Figure 3 suggest a similar age 
distribution between the US, the UK, France, Spain and Germany. 
Possible Effect of Vit D on A-CMR 
The screening status and the age distribution can notably impact A-CMR in a population 
of a given country. To evaluate the possible association of A-CMR with Vit D we need to 
ensure that both the screening status and age distribution of the elderly are similar 
between targeted countries that are being compared.  
Countries with Less Aggressive Screening Status 
The 25(OH)D concentration among the elderly (age>60 yo or age>65 yo) in countries 
with less aggressive screening policies are shown in Figure 4 (a). A comparison of the A-
CMR and the mean 25(OH)D concentration among the elderly suggests an inverse 
relationship between the two. In particular, the UK, with the lowest mean 25(OH)D level, 
reports the highest A-CMR while the US with the highest mean 25(OH)D reports the 
lowest A-CMR. Iran and France, countries with higher mean 25(OH)D concentration than 
the UK, report a lower A-CMR. The age distribution of the elderly among these countries, 
shown in the inset in Figure 3, indicates the US, France, and the UK have a similar elderly 
distribution while Iran and China have a lower elderly population than others.  

  
                                           (a)                                         (b) 

Figure 4- (a) Mean 25(OH)D in the elderly population in the US [36], Iran [37], France [38] and the UK 
[39], Average of three reported median 25(OH)D for Italy [25–27], Average of two reported median 
25(OH)D among elderly Spain. Median of 25(OH)D in Spain has been estimated from a Figure in the 
manuscript . Error bar shows the range of reported median 25(OH)D in a different study [28]. (b) A-CMR 
for the US, Iran, France,  UK, Italy and Spain (countries with less aggressive screening status). 
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An estimate of 25(OH)D concentration from Italy and Spain is also included in this figure. 
Unfortunately, since we were unable to determine the mean 25(OH)D concentration for 
Italy and Spain, thus, an average for the reported median of 25(OH)D concentration from 
different studies has been provided with a dashed line for these two countries [25–28]. 
Studies involving different cohorts (the Asturias study and the Pizarra study) in Spain 
estimated a slightly different concentration of 25(OH)D among the Spanish population. 
This led us to expect a median concentration between 53nmol/L to 59.5 nmol/L (values 
estimated from a figure) [28]. The variation of reported 25(OH)D concentration of the 
elderly population in Italy was concerning. A study of 13,110 adults in Northwestern Italy 
estimated the median 25(OH)D concentration of 47 nmol/L among the elderly living there 
[25], while another study using data from 2,694 community-dwelling elderly from Northern 
Italy (results from the Progetto Veneto Anziani study) estimated a median of 75 nmol/L 
[26]. A third study of 697 elderly women in southern Italy estimated a mean 25(OH)D 
concentration of 37.9 nmol/L [27].  
Countries with Aggressive Screening Status 
Based on our analysis, Germany and S. Korea appear to have an aggressive screening 
strategy (Figures 2 & 3). The mean 25(OH)D concentration and A-CMR (shown in Figure 
5) indicate that S. Korea is reporting a lower A-CMR than Germany while also reporting 
a higher mean 25(OH)D among the elderly. Although sensitivity analysis comparing Vit D 
status in the elderly population in countries with similar screening status suggests a 
possible role of Vit D deficiency of the elderly population in affecting A-CMR, more 
countries should be compared to better substantiate this analysis.     

  
                           (a)                         (b) 
Figure 5- Mean 25(OH)D concentration in the elderly population in Germany [29] and 
S. Korea [30]. 

3.2. Disparity in Confirmed, Hospitalized and Admitted to ICU Cases across Age 
Groups 

The impact of aging on innate immunity may influence the body’s response against 
COVID-19. Figure 6 shows the age distributions of patients who were hospitalized, 
admitted to the ICU, and deceased based on 145,429 cases from Spain. It shows COVID-
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19’s alarming impact on the elderly. In particular, 61% of the patients above 70 yo were 
hospitalized and 20% died. Other studies have shown a similar vulnerability to COVID-19 
among elderly populations [41][42][43][44]. The results shown in Figure 6 suggest a 
higher risk of hospitalization and admission to the ICU for elderly patients. A possible 
explanation for this is that a weak innate immune system response to COVID-19 can 
allow a high viral load, which then leads to a higher rate of complications and 
hospitalization. Consequent overactivation of the adaptive immune system and high 
levels of cytokine production [9] could then lead to complications that must be addressed 
in the ICU. A notably higher ratio of deceased to ICU-admitted patients among the elderly 
suggests that the impact of cytokine storm is more severe, and the threshold for tolerating 
its side effects is lower, for elderly patients. Figure 6 (b) also shows a higher ratio of 
admission to the ICU for children (<4 yo) which could be due to a relatively immature 
immune system [45]. A very low fatality rate among children suggests a higher threshold 
for tolerating complications associated with COVID-19 than among the elderly. 

    
(a) (b)  

Figure 6- Age distribution of the a) hospitalized, b) admitted to ICU or deceased in Spain based on data 
from 145,429 cases [24].  

3.3. CRP and Severe COVID-19 
Table 1 shows the risks of severe and mild COVID-19 under different CRP levels, based 
on clinical data from 793 confirmed COVID-19 patients in China (up to 52 hospitals in 30 
provinces) [22]. According to this dataset, patients with severe COVID-19 have a higher 
percentage of cases with CRP ≥ 10 mg (81.5%, 110 cases out of 135) than those with a 
mild form of the disease (56.5%, 371 cases out of 658). Conversely, patients with high 
CRP have a higher risk of severe COVID-19 (23%) than their counterparts with low CRP 
(8%). This trend also persists in the cases of mild COVID-19.  
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Table 1. The risks of severe and mild COVID-19 under different CRP levels, based on data reported by 
[22]. 

  Number of Events/Total 
Patients (Risk) 

Risk of High CRP 481/793 (61%) 
Risk of Low CRP 312/793 (39%) 
Risk of High CRP given Severe COVID-19 110/135(81%) 
Risk of Low CRP given Sever COVID-19  25/135(19%) 
Risk of Severe COVID-19 given High CRP 110/481 (23%) 
Risk of Severe COVID-19 given Low CRP 25/312 (8%) 
Risk of High CRP given Mild COVID-19 371/658(56%) 
Risk of Low CRP given Mild COVID-19  285/658(44%) 

3.4. CRP and Vit D Deficiency  
The relationship between CRP and Vit D has been investigated in multiple clinical studies. 
Laboratory data from 1,873 participants (NHANES, 2007-2008) and analyzed by Li et al. 
shows a strong relationship between severe deficiency of Vit D and high levels of CRP 
[16]. Using this dataset, Table 2 estimates the risks of high CRP for different Vit D levels. 
We observed a risk factor of 1.4 for high CRP plasma in subjects with severely deficient 
Vit D levels (25(OH)D < 25nmol/L). Put another way, subjects with a severe deficiency of 
Vit D have a 1.4 times higher risk of high CRP.  

Table 2. Risk of high CRP given Vit D status based on the data reported in [16]. 

25(OH)D (nmol/L) High CRP/Low CRP (Risk of High CRP) 
at Normal Vit D (>75) 495/597 (45%) 
at Insufficient Vit D (50-75) 729/717 (50%) 
at Deficient Vit D (25-50) 639/476 (57%) 
at Severely Deficient Vit D (<25)  122/73 (63%) 

3.5. Risk of Severe COVID-19  
Because high CRP (a surrogate of cytokine storm) levels are associated with severe 
COVID-19 and severe Vit D deficiency is associated with high CRP, we can estimate the 
extent to which eliminating Vit D deficiency may lower the risk of severe COVID-19. 
Conditional risk of severe COVID-19 given the severe deficiency of Vit D or given a normal 
Vit D status can be calculated using Equation (4).  
Risk (Severe COVID-19|Vit D Status) = Risk (High CRP|Vit D Status) ´ Risk (Severe COVID-19|High CRP) 
+ Risk (Low CRP|Vit D Status) ´ Risk (Severe COVID-19|Low CRP)                                                       (4)    
 We found that the Risk (Severe COVID-19|Severe Deficient Vit D) = 63% ´ (110/481) + 
37% ´ (25/312) = 17.4% while the Risk (Severe COVID-19|Normal Vit D) = 45% ´ 
(110/481) + 55% ´ (25/312) = 14.7%. This calculation suggests the potential for a 15.6% 
reduction in the risk of severe COVID-19 cases by eliminating severe Vit D deficiency. 



4. Discussion 
Our findings suggest that Vit D deficiency may be a contributing factor to severe COVID-
19. One possible explanation for this association is that the weak response of the innate 
immune system in the elderly may increase viral load [8,46] while a shortage in memory 
B cells leads to misfire and over-activation of the adaptive immune system by producing 
a high level of cytokines, or a cytokine storm. These processes are exacerbated by low 
levels of Vit D. On the other hand, Vit D plays a role in enhancing the innate immune 
system while, at the same time, partially suppressing adaptive immunity and some of its 
complications such as the induction of cytokine storm. In turn, cytokine storm [47] may 
instigate further complications such as ARDS, exacerbation of the effects of pneumonia, 
acute kidney failure, acute heart failure, and rhabdomyolysis [22] that in some cases may 
become fatal. Even moderate lung damage due to a weak cytokine storm could lead to 
hypoxemia that in turn results in mortality due to underlying conditions. 
Of particular note is that the time interval for the development of a substantial adaptive 
immune response, which has been estimated to be approximately 7 days [48], is 
consistent with the time course of COVID mortality [31]. Differentiation of CD8+ T cells 
into cytotoxic T lymphocytes (CTLs) by the adaptive immune system [49] may initiate the 
production of cytokines after about 7 days. Overproduction of cytokines can necessitate 
the transfer of the patient to the ICU or become fatal in the next few weeks [50]. The 
reported potential role of ibuprofen in worsening COVID-19 treatment [51] might also be 
partially explained by its suppression of innate immunity [52,53] which leads to a higher 
viral load and consequent overactivation of the adaptive immune system which again may 
become fatal in elderly patients [54,55]. Vit D, on the other hand, may boost the innate 
immune system and suppress the adaptive immune system, thus lowering cytokine levels 
[11,13]. Therefore the role of Vit D in regulating immunity and suppression of cytokine 
storm may help avoid potential complications in elderly and African-American patients as 
these individuals are more likely to experience a severe Vit D deficiency [8].  
One important limitation of the present country-level analysis is the assumption that Vit D 
levels in COVID-19 patients follow the same distribution with subjects in previous Vit D 
studies. In addition, the difference in age range, ethnicity, gender, social status, 
geographic latitude, the season of sample collection, and year of study may impact the 
reported value of Vit D status in different studies. Analysis of data on Vit D levels and 
cytokine levels from individual patients with COVID-19 may reveal stronger evidence for 
this link. The intrinsic cross-sectional nature of this study does not prove a relationship 
between Vit D, CRP levels, cytokine storm, and severe COVID-19. Vit D data have been 
collected from different sources and variation between and within different studies 
introduces variations in the data. Another important limitation of this study is that crude 
mortality data is used instead of age-specific mortality data. This is because the age 
distribution of confirmed patients in the US and UK were not available. The onset of 
COVID-19 for confirmed cases is unknown and is assumed to be similar for all subjects. 
In addition, other underlying conditions associated with the populations at risk of Vit D 
deficiency makes it more challenging to assess the actual impact of Vit D versus other 
factors. Finally, our data suggest differences in the COVID-19 testing strategies and 
policies across countries. This makes an accurate assessment of mortality difficult. To 
address this issue, in our analysis we grouped countries based on the presumptive 



similarities between their testing strategies. These limitations can be addressed by 
following Vit D and COVID-19 status in individual patients within a given population. Such 
data, however, is currently unavailable. The link between Vit D and the probability of 
severe COVID-19 and associated mortality that is indicated by this work may serve as an 
impetus for such studies.  

5. Conclusion 
Large-scale data shows that different countries have differing A-CMR among confirmed 
cases. Screening status notably impacts A-CMR, as countries with aggressive COVID-
19 screening show decreased A-CMR. A sensitivity analysis across countries with similar 
screening status and age distribution (e.g. US, France, and the UK) suggests that Vit D 
may have an effect on A-CMR. Our preliminary analysis of COVID-19 patient data [22] 
combined with a Vit D research study [16] suggests that Vit D may reduce COVID-19 
fatality by suppressing cytokine storm [10,14,21]. Specifically, the risk of severe COVID-
19 cases among patients with severe Vit D deficiency is 17.3% while the equivalent figure 
for patients with normal Vit D level is 14.6% (a reduction of 15.6%). This potential effect 
may be attributed to Vit D’s ability to suppress the adaptive immune system, regulating 
cytokine level and thereby reducing the risk of developing severe COVID-19. For more 
accurate estimates, future work needs to account for more factors and to collect patient-
level data, particularly regarding Vit D levels. 
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