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ABSTRACT

Background: Globally, micronutrient use has increased over the last few decades for disease prevention and
holistic health. This article has analyzed the worldwide search trends of micronutrients in the Google Trends (GT)
platform to understand the significance and correlation of search trends, comparing the search interests across
countries and recognizing the factors involved.

Methods: Specific search terms were used to identify the search trends of micronutrients in the GT platform.
Statistical analysis was done to evaluate the outcomes of significance and correlation of search terms from 2004
to 2021 by using statistical softwares.

Results: There was a rise in searches for micronutrients vitamin D, vitamin C, zinc, & iron from 2004 to June 2021
with a steep increase during 2020 correlating with the COVID-19 pandemic. A stable search has been reported in
iron searches. Significance and correlation of vitamin D, vitamin C, zinc, & iron over the years and search interest
popularity score of countries for micronutrient searches have been described.

Conclusions: The GT tool can be a necessary tool for healthcare communities and government sectors to
understand people’s interests, necessities and respond to their concerns accordingly, thus helping us promote
population-centric awareness and achieve better evidence-based outcomes.
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mechanisms against respiratory pathogens [8-10]. Vitamin C
(Vit-C), water-soluble immune booster vitamin, and acts as an
effective antioxidant to maintain normal immune functions by
preventing cell oxidation and inhibiting inflammatory
processes [11]. Zinc is recognized to promote antiviral and
antibacterial immunity and regulate the inflammatory
response [12]. It may reduce the viral replication rate by
inhibiting SARS-CoV-2 RNA polymerase or increasing the
synthesis of the anti-oxidative enzyme superoxide dismutase,
promoting immune functions and helping people resist

INTRODUCTION

Nowadays, there is growing attention to the role of the
micronutrients in disease prevention, optimizing and
maintaining health for holistic health [1,2]. Despite requiring
small amounts, consumption of micronutrients is of
paramount importance to support at every stage of the
immune response [2,3]. Deficiencies of micronutrients
suppress immunity by affecting innate and adaptive immunity,

augmenting susceptibility to infections [3-5]. Micronutrients
deficiencies impair the immune system in battling viral
infections and contribute to more virulent strains via genetic
alterations of the viral genome [1,4].

Vitamin D (Vit-D) is a known anti-inflammatory, immune
booster and antiviral agent that safeguard respiratory health
from bacteria and viruses [1,6,7]. It mainly inhibits pulmonary
inflammatory  responses, enhancing innate defence

infectious diseases [12,13]. Iron deficiency decreases the ability
of theimmune system to limit viral infection [3,14]. Asignificant
reduction in morbidity due to upper respiratory tract infections
has been associated with iron supplementation [2,9]. These
deficiencies are preventable through nutrition education and
consumption of a healthy diet containing diverse foods and
food fortification and supplementation, where needed [1-4,7].
Coronavirus disease (COVID-19) damages the immune system

Copyright © 2022 by Author/s and Licensed by Modestum. This is an open access article distributed under the Creative Commons Attribution License which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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through dysregulation of the macrophage antiviral response,
induction of excessive cytokine-mediated immune system
responses, activation of complement and coagulation
cascades, resulting in enhanced infectivity leading to worse
outcomes [5,10,15-17]. During the COVID-19 pandemic, intake
of these micronutrients showed a good safety net to improve
immunity and fight against the inflammatory process with
reducing disease severity [1,17,18]. An ecological study has
reported correlation of the suboptimal consumption of Vitamin
D, Vitamin C, Vitamin B12, and iron with either COVID-19
incidence or mortality indicators; highlighting the importance
of Vitamin D and iron for the immune system as well as for the
prevention and fight against COVID-19 [19]. One of the
observational study have reported low levels of multiple
micronutrients in most patients with severe COVID-19
pneumonia- especially low level Vitamin A and zinc [20].

Google search engine is the largest search engine used in
the world [21]. Google search terms or topics can be beneficial
in understanding the public’s interest and perspective. It also
helps us assess disease outbreaks’ global activity and people’s
reactiveness and responses [22]. Thus, the key intention of this
study is to highlight the worldwide search trends of
micronutrient use by utilizing Google Trends (GT) application
to understand the significance and correlation of search
trends, comparing the search interests across countries and
recognize the factors involved.

METHODOLOGY

GT is an openly available tool dissecting web queries made
via the Google search engine and displaying the results on a
normalized scale [23]. It determines the proportion of searches
for a user-specified term /topic performed on Google. It
inspects and delivers data across a specified geographic region
and time frame as relative search volume [24]. Relative search
volume ranges from 1to 100, representing search interest close
to the peak popularity for the used search term. A relative
search volume (RSV) value of 100 indicates peak popularity,
and a score of 0 indicates that the term is below 1% of its peak
popularity [25]. It also analyzes the search interest over time
(loT): Numbers represent search interest relative to the highest
point on the chart for the given region and time. A value of 100
is the peak popularity for the term. A value of 50 means that the
search term is half as popular. A score of 0 means there was not
enough data for this term [24-26]. We set the extraction date to
be weekly and extracted data from January 2004 to June 2021.
We extracted the search data on June 24-26th, 2020. This
allowed for a sufficiently long observation window to review
possible changes over the years and in the wake of the
pandemic. The initial formulation of the study with the choice
for the list of search terms such as micronutrient types and the
list of countries to be analyzed. We first searched for user-
specified search terms related to the “Coronavirus,” “SARS-
CoV-2,” “Vitamin-D,” “Vitamin-C,” “Zinc,” and “Iron,” among all
searches performed using GTs.

Data Analysis

Statistical analyses were conducted using Microsoft Excel
and R-4.1.0 software with GT R package (developed by Philippe
Massicotte, Dirk Eddelbuettel; available link:
https://github.com/PMassicotte/gtrendsR) and  statistical
package for the social sciences (SPSS). Microsoft Excel was

used to calculate the mean and standard deviations from the
relative search volume data from GTs. We have reviewed the
pattern of search after transporting the data into R software.
We have conducted ANOVA test followed by linear regression,
multivariate logistic regression analysis and spearman
correlation coefficient using SPSS.

We estimate the relationship between given micronutrients
by using line regression equation as below:

VY= by+ by + -+ b, + €,
where bo and b; are coefficients; xiis micronutrients- Vitamin D,

Vitamin C, zinc, and iron; and € is error or residual term i.e.
difference between observed and predicted Y value.

We have reviewed interest over the time and geographical
locations using the data and visuals using the GT. Search
interest over time for specific micronutrients across
geographical locations is also gathered.

RESULTS

Trends of “Vitamin D, Vitamin C, Zinc and Iron” Across
Countries since January 2004 to June 2021

Mean searches for Vit-D, Vit-C, zinc and iron from January
2004 to June 2021 were 3.80+1.96, 3.49+2.09, 5.02+1.19, and
44.63+7.71, respectively (Table 1). Looking at searches for
micronutrients over 2004 to June 2021, there was a rise in Vit-
D, Vit-C, and Zinc since 2004, a peculiar surge in searches noted
over 2020 as presented in the Figure 1.

Table 1. Year wise mean and SD for micronutrients

Year VitaminD  Vitamin C Zinc Iron

2004 1+0 2.67+0.65 5.75+0.45 43.67+1.37
2005 1.08+0.29 2.50+0.52 5.67+0.65  43.17+2.21
2006 1.08+0.29 2.33+0.49 5.25+0.62  39.33+1.87
2007 1.75+0.45 2.00+0.00 4.67+0.49  37.58+1.62
2008 2.08+0.29 2.00+0.00 4,58+0.51 48.58+13.88
2009 3.17+0.39 2.17+0.39 4.50£0.52  40.92+2.19
2010 3.83+0.39 2.00+0.00 4.25+0.45 50.17+13.99
2011 3.67+0.49 2.33+0.49 4.33+0.49  39.83+1.59
2012 4.17+0.39 2.75+0.45 4.08+0.29 46.50+3.75
2013 4.0+0.51 2.92+0.29 4.42+0.51 56.50+16.94
2014 4.17+039 3.00+0.00 4.33+0.49  44.08+1.73
2015 4.42+0.51 3.42+0.51 4.50+0.52 44,67+2.15
2016 4.67+0.49 3.75+0.45 4.75+0.45 44,58+2.91
2017 4.83+0.72 4.00+0.00 5.00£0.43 43.75+4.65
2018 5.33+0.65 4.42+0.51 5.00£0.00 43.92+2.57
2019 5.42+0.51 5.08+0.29 5.33£0.49 46.25+5.21
2020 7.75%£1.06 9.42+2.81 8.17+1.47 44,9242.71
2021 8.00+1.41 8.83+0.75 8.0010.63 45.50+1.76
Total 3.80+1.96 3.50+2.10 5.06%1.19 44.64+7.72

There was a stable trend in Iron searches over the years. Vit-
D searches haverisen eight-fold since 2004, with a slow, steady,
sharp rise in 2020 of 40%. This rise continued further in 2021.
Countries that have recorded the highest 10T in searching for
Vit-D are Norway, United Arab Emirates, United Kingdom,
Germany, and the United States. At the same time, Japan,
Mexico, Brazil, France and Spain reported the lowest IoT. Vit-C
searches have increased fourfold since 2004. These searches
noted a peak in 2020 with an 85% rise. This trend subsequently
started declining in 2021. Malaysia, the Philippines, Jamaica,
Trinidad & Tobago, and Ghana reported the highest interest.
Countries that have recorded the lowest IoT in searching for
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Vit-C are Brazil, Japan, France, Russia, and Mexico. Zinc
searches have risen close to two-fold since 2004. These
searches noted a peak in 2020 with a rise of 53% and started
declining in 2021. Brazil, Russia, Japan, Italy, and Poland report
the lowest loT, while Nicaragua, Bolivia, Chile, Ghana, and
Panama reported the highest interest over time. Iron searches
noted a stable rise since 2004. There was a drop in Iron
searches during the year 2020. The United States, Australia,
Canada, New Zealand, and the United Kingdom reported the
highest interest, while Japan, Taiwan, China, Iran, and Ukraine
reported the lowest loT.

Interest overtime of micronutrients 2004-2021
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Figure 1. Trend of searches of Vit D, Vit C, zinc, and iron since
2004-2021

Significance and Correlation of Vit-D, Vit-C, Zinc & Iron
Over Years

Aresidual plot with residuals on the x-axis and fitted values
(Vit-D, Vit-C, zinc and iron) on the y-axis are examined to
understand the correlational analysis model. Figure 2 signifies
that the residuals are randomly distributed around the
horizontal access indicating the relationship between the
independent and the dependent variables are linear, thus
directing us to use an appropriate linear regression model.
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© —
0175,
o 0189
i il B ggg o oo0 o
= ,g og % o Ogo ogo, &Oé)o?q o% %
2 2 °”g@*ugow~%ﬂr—v‘1~°6’ %g 0RO -
D =} 0,070 &% 0% % o ° oy
@ o0 ® o o o5
4 I 4 2 o o
195°
o
T T T I I
2005 2010 2015 2020 2025
Fitted values

Im(year ~ Vit_D + Vit_C + Zinc + Iron)

Figure 2. Residual plot depicting correlation of trend of
searches of Vit D+ Vit C+zinc+iron since 2004-2021

The multivariate linear regression model is used to test the
significance of the dependent variable and the predictors.
Coefficient and residual statistics, spearman rank correlations
were calculated using SPSS. The multivariate linear analysis is
done considering the independent variable as the year and
then the explanatory variable is Vit-D, Vit-C, zinc, and iron
(Table 2). The p-value was <0.0001 for Vit-D, Vit-C, and zinc,
indicating statistical significance, so there is a significant

increase in search trends for Vit-D, Vit-C, and a significant
decrease in search trends for zinc over the years. For iron, p-
value is >0.05. The coefficient is not statistically significant,
meaning there is no significant increase in iron search over the
recent years.

Table 2. Significance of Vit-D, Vit-C, zinc, and iron GT searches
since 2004-2021

Coefficients

Unstandardized Standard

Model coefficients coeficients t Sig.
B Std. error Beta

(Constant) 2008.869 1.112 1806.240 .00
Vitamin D 1.915 112 741 17.089 .00
1 VitaminC 1.010 157 418 6.427 .00
Zinc -1.434 .198 -.337 -7.236 .00
Iron -.004 .016 -.005 -.221 .82

Dependent variable: year

We also calculated the T-test, F-statistic, and R? (coefficient
of determination) and residual statistics in R software. The
multiple regression’s R* was 0.8788, and the adjusted R? was
0.8764. An R? is closer to 1 indicates that the majority of the
dependent variables are dispersed to uncertainty, which can
be explained by the regression equation, indicating better
goodness of fit.

Spearman’s rho coefficient was calculated to express the
strength of association between the four micronutrients. From
the Table 3 by using spearman’s rho correlations for four
micronutrients, we can conclude that there is a statistical
significance difference between Vit-D with Vit-C (p<0.01), zinc
(p<0.05), iron (p<0.01), Vit-C with zinc (p<0.01) and iron
(p<0.01). However, there is no significance between iron with
zinc (p>0.05).

Table 3. Spearman correlation between the micronutrients

Spearman correlation coefficients

Unstandardized Standard

Model coefficients coeficients t Sig.
B Std. error Beta

(Constant) 2008.869 1.112 1806.240 .000
Vitamin D 1.915 112 .741 17.089 .000
1 VitaminC 1.010 157 418 6.427 .000
Zinc -1.434 .198 -.337 -7.236  .000
Iron -.004 .016 -.005 -.221 .825

Dependent variable: year

Popularity of Vit-D, Vit-C, Zinc and Iron by Countries

Countries that have recorded the highest 10T in searching
for Vit-D are Norway, United Arab Emirates, United Kingdom,
Germany, and the United States, while Japan, Mexico, Brazil,
France, and Spain reported the lowest loT. Malaysia, the
Philippines, Jamaica, Trinidad & Tobago, and Ghana reported
the highest interest in searching Vit-C. Countries that have
recorded the lowest |oT in searching for Vit-C are Brazil, Japan,
France, Russia, and Mexico. Brazil, Russia, Japan, Italy, and
Poland report the lowest |oT for zinc search, while Nicaragua,
Bolivia, Chile, Ghana, and Panama reported the highest
interest over time. The United States, Australia, Canada, New
Zealand, and the United Kingdom reported the highest interest
in searches for iron, while Japan, Taiwan, China, Iran, and
Ukraine reported the lowest |oT (Table 4).
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Table 4. Search interest popularity score of countries for
micronutrient searches

Countries Countries
Micronutrient  with high Popularity withlow Popularity
interest interest
Norway 100 Spain 3
Ug:ﬁ:ﬂa/::;b 96 France 2
Vitamin D %Jnlted 92 Brazil )
Kingdom
Germany 84 Mexico 2
United States 84 Japan 1
Malaysia 100 Mexico 2
Philippines 70 Russia 1
Vitamin C JfarTﬁaica 67 France 1
Trinidad & 61 Japan 1
Tobago
Ghana 59 Brazil 1
Nicaragua 100 Poland 4
Bolivia 87 Italy 4
Zinc Chile 80 Japan 3
Ghana 78 Russia 3
Panama 76 Brazil 3
United States 100 Ukraine 10
Australia 97 Iran 10
Canada 92 Taiwan 9
Iron -
New Zealand 85 China 7
United
Kingdom 82 Japan 4

Popularity: Relative search volume (RSV), which is a measure of the
number of searches for a chosen term compared to the number of
searches for all other terms over a selected time period

DISCUSSION

This is one of the unique studies that have explored the
growing evidence of people’s interest in micronutrient
searches using an online platform, Google trends. Our analysis
shows a steady rise in micronutrient searches for Vit-C, Vit-D,
and zinc since 2004. A steep climb in the search popularity of
micronutrients -Vit-C, Vit-D, and zinc has been observed during
2020-2021, correlating it with the COVID-19 pandemic. These
micro nutrients’ search trends could reflect increasing concern
that translates into population behaviour of increased usage of
these micronutrients. Google searches for “micronutrients,”
along with other keywords “Vitamin D,” “Vitamin C,” “zinc,”
and “iron,” which reached an all-time high in February 2020.
This is more important and relevant to COVID-19 spread, also
increased but not in the magnitude of the search for
“micronutrients.”

Vit-D searches have risen by eight-fold in 2020-21 since
2004 while nearly doubling throughout 2019-2021. This
increase directly correlates with the significant rise during the
pandemic. Vit-D searches were highest in Norway, United Arab
Emirates, United Kingdom, Germany, and the United States.
Figure 3 depicts the popularity of Vit-D across the countries.
The search was prominent in the first world nations deprived of
sunlight. Low Vit-D status is seen in Norway, United Kingdom,
Germany, United States, and other Nordic countries during
winter due to inadequate sun exposure from October to March
[26-28]. These searches were highest in the United Arab
Emirates (UAE), with a high prevalence of hypovitaminosis D,
despite abundant sunlight [29]. This probably was pointed
towards people’s curiosity about the effectiveness of Vit-D

during COVID-19. It has possibly translated into their
Vitamin D Zinc
|
Vitamin C Iron
3 v : {a.‘ ' . ;

Higher Research interest | ‘:5 &0 l Higher Research interest {gg’\?
Lower Research Interest s Lower Research Interest ! \") .
Lower Research Volume v Saszarchvelioes: | ? v 7

Figure 3. Worldwide graphic map of search term popularity for “Vitamin D, Vitamin C, zinc, and iron” by location
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behaviour, reflecting increased Vit-D supplements usage or
exposure to sunlight. During COVID-19, this search might have
reached its peak by the research pointing out the significant
association between Vit-D deficiency and COVID-19 infection,
the mortality rate of COVID-19 among European countries
[26,27]. Interestingly, low searches were prominent in Japan,
Mexico, Brazil, France, and Spain in Vit-D deficient or
insufficient countries [27-34].

Vit-C searches have increased fourfold since 2004, with
doubled searches during the pandemic with an 85% rise. This
trend subsequently started declining in 2021. Malaysia, the
Philippines, Jamaica, Trinidad & Tobago, and Ghana reported
the highest popularity. This correlates with Vit-C deficiency in
low-income groups and low-middle income countries
requiring supplementation. These are countries with
progressively growing and expanding health care systems. This
search has been extensive in developing countries, considering
Vit-C’s readily available and cost-effective dietary resources
[35]. Most developed countries, including Brazil, Japan, France,
Russia, and Mexico, reported the lowest Vit-C searches.

Zinc searches have risen close to two-fold since 2004. These
searches noted a peak during the COVID-19 pandemic with a
rise of 53% and started declining in 2021.The highest
investigations for zinc were reported in populous countries in
America, including Nicaragua, Bolivia, Chile and Panama. The
national health and nutrition survey conducted in the US has
reported zinc deficiency in specific targeted population groups
like pregnant women, the elderly and adolescents [36]. The
severity and mortality of COVID-19 were closely correlated with
serum iron levels. Low serum iron concentration was an
independent risk factor for death in COVID-19 patients [37].
Despite this, there was a stable marginal rise in iron search
since 2004. On the contrary, there was a drop in iron searches
during the pandemic time. This is possible because of existing
policies of regular iron supplementation in pregnant women,
children and malnourished patients. There is a significant
increase in Vit-D, Vit-C searches with p-value search over the
recent years is <0.0001 & significant decrease in zinc searches.
This significant rise in Vit-D and Vit-C can correlate with the
COVID-19 pandemic and people’s awareness about their
health, while there is no significant increase in iron search over
the recent years. As iron supplementation is standard in
pregnant women and malnourished, possibly that has resulted
in an almost stable trend in searches.

This research article has the strength of using GTs being
aggregated (grouped), anonymized (no one is personally
identified) and categorized (determining the topic for a search
query). This research also comes with some limitations of using
GTs for analysis. This data represents the Google search trends
and popularity but does not correlate with the actual data of
the world’s prevalence of micronutrient use, so a strict
association cannot be made with the search interest and real-
life utility. This study of real-time data from GTs and existing
dataset analysis shows that popularity has led to the respective
micronutrient use among the population.

CONCLUSIONS

GT searches of micronutrients have increased globally over
the last two decades, especially during the COVID-19
pandemic. A significant increase in Vit-D and Vit-C search
trends during the pandemic shows population interest and
may reflect people’s usage. Further epidemiological studies

are required to assess the extent of global micronutrient use
associated with the COVID-19 pandemic as supplementation
for therapeutic purposes. The GT tool can be a necessary tool
for health care workers to understand people’s interests as
necessities and respond to their concerns accordingly, thus
helping the health care workers to promote population-centric
awareness and achieve better evidence-based outcomes.
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