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Abstract
Background: After the coronavirus disease-19 (COVID-19) pandemic, the definition of 
health continuity, well-being, and well-dying is also evolving.
Objectives: This review is about the utilization of nuclear factor erythroid 2-related 
factor 2 (NRF2) for customized inner beauty products and customized cosmetics 
through Direct-To-Consumer (DTC) genetic testing in the non-face-to-face era that is 
evolving after the global pandemic.
Methods: In May 2021, we proposed a narrative review as a new report and com-
mentary. It was written with reference to keywords such as “Covid DTC Genetic Test,” 
“Covid 4th industrial revolution,” “Covid NRF2,” and “Antioxidants.” This study was 
performed by searching on PubMed, Google Scholar, Scopus, and ResearchGate. A 
total of 432 papers were retrieved, of which 40 were successfully included in this 
study.
Results: With the rapid transition to a non-face-to-face society after COVID-19, the 
concept of DTC was born, which allows consumers to receive genetic testing directly 
without visiting a medical institution. Based on the 4th industrial revolution, a con-
vergence medical device is needed to secure the function as an NRF2 regulator of 
antioxidants in customized inner beauty products and customized cosmetics.
Conclusion: Therefore, let us look at the fact that a fusion medical device based on 
the 4th industrial revolution has emerged in the global DTC genetic test market, which 
is still insufficient to summarize important research results. This study is expected to 
be an important data for the development of antioxidants as NRF2 regulators in cus-
tomized inner beauty products and customized cosmetics. As mobile use increases in 
the future, additional research focusing on app development is needed, and various 
follow-up studies are also needed.
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1  |  INTRODUC TION

Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) has be-
come a global pandemic with unprecedented consequences. These 
coronaviruses are becoming an increasingly serious situation in our 
society due to their long incubation period and unpredictable high 
prevalence. Although effective vaccines are available, the epidemic 
is uncontrolled due to high mortality and rapid spread.1 To minimize 
this risk of infection, additional general preventive and protective 
measures are needed to isolate and manage secondary or tertiary 
waves. So far, four vaccines have reported varying efficacy of ap-
proximately 62%–95%, and two of them (Pfizer/BioNTech Corp. 
and Moderna Corp.) are urgently approved for use by the FDA. 
Additional access and distribution of these vaccines will save many 
lives in all countries.2 If we look at the cases of severe acute respi-
ratory syndrome (SARS) in the past, it was the first infectious dis-
ease of the 21st century, killing more than 700 people worldwide. 
Again, no effective anti-SARS vaccine or drug has been found, de-
spite the urgent need for adequate preparation against SARS out-
breaks. Therefore, the characterization, familial classification, and 
kinetic mechanism of SARS coronavirus (SCV) helicase-nsP13 were 
studied. Potent inhibition of SARS helicase by the native flavonoids, 
myricetin, and scutellarein has revealed the identification of novel 
chemical inhibitors of nsP13.3 Coronavirus disease-19 (COVID-19) 
is a universal target in a variety of institutions, producing patho-
genic effects. It has been shown to be a multifaceted, multisystem, 
multiorgan disorder with roles involved in oxidative stress and in-
flammatory processes. Accordingly, along with the development 
of treatment, there are research results that the use of health 
functional food or health functional food for the prevention or 
treatment of SARS-CoV-2 infection will be an effective treatment 
method in the field of alternative and auxiliary treatment.4 In addi-
tion, the identification of myricetin and scutellarein, novel chemical 
inhibitors of SARS coronavirus helicase and nsP13 in the past, was 
conducted. A study result showed that selected natural flavonoids 
such as myricetin and scutellarein could act as SARS-CoV chemi-
cal inhibitors.5 Nuclear factor erythroid 2-related factor 2 (NRF2) 
plays an important role in a redox-sensitive transcription factor that 
protects organisms from various types of electrophiles or oxidizing 
agents. NRF2 levels remain low in normal cells but rise very high in 
cancers that develop chemical or radiation resistance. NRF2 main-
tains redox balance and plays an important role in autophagy, apop-
tosis, cell cycle progression, and stem cell differentiation, which can 
be attributed to the presence of all multiple binding proteins, the re-
sults of the study have shown.6 Meanwhile, in Korea, genetic analy-
sis, which was used for disease treatment or paternity confirmation 
through early diagnosis, has recently been introduced to the cos-
metic field through Direct-To-Consumer (DTC) gene analysis. DTC 
genetic testing (GT) allows consumers to receive genetic testing 
directly without people visiting various medical institutions such as 
hospitals, and it is called DTC. In August 2020, “My own health food 
recommendation and sales service” suitable for individual health 

conditions and lifestyles passed the Korean Chamber of Commerce 
and Industry and the government's sandbox and was able to enter 
the market. The Ministry of Trade, Industry and Energy and the 
Sandbox Support Center of the Korea Chamber of Commerce and 
Industry announced that they had held the “Industrial Convergence 
Regulatory Special Exception Review Committee” in writing and 
approved 11  sandbox projects (exemption from regulations for a 
certain period for new businesses, deferment of regulations). In ad-
dition, to foster innovative medical devices, VR/AR-based medical 
device items were newly established, and the new medical tech-
nology evaluation system was improved. Currently, there are no 
separate licensed items, but the establishment of separate licensed 
items for convergence medical devices such as VR (Virtual Reality) 
and AR (Augmented Reality)-based cognitive behavioral therapy 
software is in progress.7,8 Due to the circumstances of the times, 
the desire to live a healthy life has become common all over the 
world. People are getting more and more interested in a healthy 
life in the middle-aged and older people to be free from disease, 
to manage beautiful skin, and to prepare for an aging society. The 
focus is on the qualitative aspects of “how to live happily” and “how 
to live beautifully,” rather than simply extending life in old age. 
Gradually, the definition of health and wellness in terms of beauty 
is evolving and being emphasized. Therefore, it is necessary to pay 
attention and support to the concept of various inner beauty and 
antioxidants of the middle-aged and elderly people related to im-
munity, and various studies that can be processed in combination 
are urgently needed.9

Therefore, this study intends to investigate the use of NRF2 
through DTC-GT after COVID-19. DTC is possible, meaning that 
consumers can receive genetic tests directly without visiting med-
ical institutions as the society rapidly shifts to a non-face-to-face 
society after COVID-19. Based on this 4th industrial revolution, it is 
expected that these data will be a helpful major research on NRF2 
and NRF2 regulators of antioxidants using customized inner beauty 
by introducing convergence medical devices. In addition, this study 
is intended to be helpful as a reference material for activation of 
sales of customized cosmetics and customized inner beauty in the 
future, the right to know individual genetic information, the still 
incomplete domestic DTC-GTmarket, and agile response to rapidly 
changing market conditions.10

2  |  MATERIAL S AND METHODS

In May 2021, we proposed a narrative review as a new report 
and commentary. It was written with reference to keywords such 
as “Covid DTC Genetic Test”, “Covid 4th industrial revolution,” 
“Covid NRF2,” and “Antioxidants.” This study was performed by 
searching on PubMed, Google Scholar, Scopus, and ResearchGate. 
A total of 432 papers were retrieved, of which 40 were success-
fully included in this study. As a result, the disease management 
mechanism of NRF2, primary NRF2 function proven by past 
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disease cases, disease prevention management through DTC-GT, 
and health management through non-face-to-face application 
were presented in 4 tables.

3  |  RESULTS

3.1  |  Disease management mechanism of NRF2

The molecular mechanisms of various natural dietary compounds 
with chemopreventive effects have been intensively studied in 
various ways. Phase II detoxification and induction of antioxidant 
enzymes are oxidized through activation of Nrf2/ARE-dependent 
genes. It is recognized as one of the major cellular defense mech-
anisms against heterologous stress and currently represents an 
important chemopreventive mechanism.11 The causes of many dis-
eases in humans, including inflammation, cancer, cardiovascular and 
neurodegenerative disorders, are strongly related to environmental 
toxins. To counter the detrimental effects of the environment, mam-
malian and human cells have been studied to develop hierarchies of 
sophisticated sensing and signaling mechanisms that turn on or off 
endogenous antioxidant responses in various contexts. One of the 
cellular antioxidant responses is the cytoplasmic oxidative stress 
system (Nrf2-Keap1) activated by a variety of natural and synthetic 
chemopreventive agents, which function as antioxidant and car-
cinogen detoxifying enzymes. Keap1 anchors the Nrf2 transcription 
factor in the cytoplasm to target ubiquitination and proteasome 
degradation, thereby maintaining low levels of Nrf2, which mediates 
constitutive expression of Nrf2 downstream genes. When these 
cells are exposed to chemopreventive agents and oxidative stress, 
phosphorylation and redox modification signals of cysteine residues 
in Keap1 inhibit the enzymatic activity of the Keap1-Cul3-Rbx1 E3 
ubiquitin ligase complex, thereby degrading or inhibiting Nrf2 ubiq-
uitination.12 As such, research results have been found that dietary 
phytochemicals induce the expression of enzymes involved in the 
antioxidant defense of cells and the removal and inactivation of 
electrophilic carcinogens. Induction of cytoprotective enzymes in 
various edible phytochemicals has cancer chemopreventive and 
chemoprotective activities. Nrf2 plays an important role in many 
stress responses and coordinated induction of genes encoding cell 
fusion enzymes and related proteins. These studies include NAD(P)
H:quinone oxidoreductase-1, heme oxygenase-1, glutamate cysteine 
ligase, glutathione S-transferase, glutathione peroxidase, and thiore-
doxin etc. Nrf2 is sequestered in the vagina of cells as an inactive 
complex with the inhibitor Kelch-like ECH-related protein 1 (Keap1). 
Using the Nrf2-Keap1 system as a key molecular target, some rep-
resentative recognition has highlighted cytoprotective gene expres-
sion induced by chemopreventive phytochemicals. Representative 
recognition using the Nrf2-Keap1 system as a key molecular target 
has been reported to highlight cytoprotective gene expression. 
Also, some of them are induced by chemopreventive phytochemi-
cals.13 Table 1 summarizes previous studies on antioxidants related 
to the central role of Nrf2.

3.2  |  Primary NRF2 function demonstrated by past 
disease cases

In the past, SARS was caused by a novel coronavirus. Viral heli-
case, one of the components, has been studied in various ways 
for chemical SARS inhibitors. Characterization of the SARS coro-
navirus (SCV) helicase-nsP13, familial classification, and kinetic 
mechanism studies made novel findings in the potent inhibition 
of SARS helicase by natural flavonoids, myricetin, and scutella-
rein. A similar study also discussed novel chemical inhibitors of 
nsP13.3 Myricetin and scutellarain were subjected to SARS coro-
navirus helicase, nsP13, fluorescence resonance energy trans-
fer (FRET)-based double-stranded (ds) DNA unwinding to SARS 
coronavirus helicase, nsP13, and hepatitis C virus (HCV) helicase. 
Results were obtained for a novel inhibitory effect on the activity 
of NS3h. These results demonstrate that none of the compounds 
inhibited the DNA unfolding activity or ATPase activity of human 
HCV helicase protein. However, myricetin and scutellarein inhib-
ited the SARS-CoV helicase protein by affecting ATPase activity 
in vitro. In addition, the study results showed that it had no effect 
on the unwinding activity of nsP13.5 SARS and COVID-19  share 
the same characteristics as pneumonia and acute infectious dis-
eases characterized by ARDS. These diseases are started by SARS-
CoV-2, which belongs to the class of coronaviruses. MERS-CoV 
and SARS-CoV-1 are responsible for virus survival, replication, and 
spread within the host. It has positive sensing RNAs in its genome 
that link about 26 proteins. These viruses are transmitted through 
contact with aerosol droplets from an infected person. Exploring 
the use of these natural compounds could be a new alternative to 
COVID-19. In addition, there are studies showing that functional 
foods have immune-enhancing, antiviral, antioxidant, and anti-
inflammatory effects. These studies include Zn, vitamin D, vitamin 
C, curcumin, cinnamaldehyde, probiotics, selenium, lactoferrin, 
and quercetin. These phytonutrients, in the form of food supple-
ments, could serve to strengthen the immune system and prevent 
viruses.14 SARS-CoV2 inhibition of NRF2 demonstrated novel an-
tiviral and anti-inflammatory activities of 4-octyl-itaconate and di-
methyl fumarate. Results obtained from patients with COVID-19 
confirmed that the NRF2 antioxidant gene expression pathway was 
suppressed. In addition, the NRF2 agonist 4-octyl-itaconate (4-OI) 
and the clinically approved dimethyl fumarate (DMF) induce cellu-
lar antivirals that potently inhibit the replication of SARS-CoV2 in 
cell lines.15 Table 2 summarizes previous studies on the pivotal role 
of Nrf2 in the therapeutic approach of disease.

3.3  |  Preventive management of diseases through 
DTC-GT

DTC-GT, which first appeared in the early 2000s as a means of giv-
ing consumers access to their genetic information without the in-
tervention of a physician, is called DTC-GT. Although controversial 
in the medical and regulatory fields, the early the model has created 
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a new popularity among consumers.16 The recent increase in pub-
lic interest in genetics and genomics is driving the rapid growth of 
the DTC-GT. As yet, regulatory issues have limited true DTC-GTs 
that can be used without a physician's order. The future paradigm,​ 
however, has gradually shifted to a consumer-oriented GT model, 
in which patients research their own testing options and request 
specific genetic testing from healthcare providers.17 DTC-GT 
has the advantage that it can be purchased directly through the 
Internet without a doctor's request or test approval. This makes 
it possible to retrieve genetic information outside the clinical con-
text. It is true that there is still a lot of debate about the validity of 
these tests and their impact on individuals and people's knowledge 
and perceptions. However, research on systematic reexamination 
in which consumers directly conduct genetic tests based on the 
Internet is being conducted from various angles. As a result, the 
effect of DTC-GT on consumers’ health perception and behavior 
has emerged as a new concern. However, no direct negative ef-
fects on health benefits for consumers were observed. Therefore, 
as the online market of DTC-GT is expected to grow rapidly, the 
study results suggest that awareness of the potential impact is 
important.18 Precision medicine is well established to provide a 
wealth of novel genomic information data sets. However, the num-
ber of certified professionals in the United States is still small, with 
4244  genetic counselors and 1302  clinical geneticists. A study 
was conducted to evaluate how to interpret genetic test results 
for 264  healthcare workers nationwide. As a result of the study, 
self-confidence and self-efficacy were confirmed by interpreting 
the results of the patient and genetic test. As a result of analyzing 
genetic tests sold DTC-GT, it was found that the percentage of ac-
curate interpretation results (providers 74.4%, specialists 83.4%), 
age, past genetic test counseling experience, and report content 
were relatively high. The effectiveness of self-selection and the pa-
tient's readiness for counseling about the genetic outcome were 
higher in the expert group than in the provider group. Although 
DTC-GT is the best group of experts to support patients, a new 
conclusion has been confirmed that primary care providers can re-
ceive accurate interpretation of test results without the need for a 
specialist.19 This suggests a better acceptance of the DTC-GT in the 
future. However, most counselors also tend to feel uncomfortable 
with the provision of these services. Only 6.9% of consumers said 
they were positive or very positive about themselves. For 40.1% 
of all respondents, a consumer study was conducted in the clinic 
for the purpose of reviewing the DTC-GT results. These findings 
show that most respondents are more likely to accept DTC-GT if 
DTC-GT is part of the genetic counseling process. Although 90.9% 
of respondents thought that participation of a genetic counselor 
would improve DTC-GT, only 31.2% “agree” or “strongly agree”. 
Confirmation of these findings suggests that most respondents are 
more likely to accept DTC-GT if genetic counseling is part of the 
process. However, most counselors conclude that it is inconvenient 
to provide these services.20 Table 3 summarizes disease prevention 
management through DTC -GT.

3.4  |  Health management through applications 
in the non-face-to-face era

The global economy is now in serious trouble due to COVID-19. 
In this context of the times, the non-face-to-face era is expand-
ing. Effective consumption promotion in the future is seen as an 
important task to counter the impact of the epidemic. With the 
popularization of mobile shopping in the non-face-to-face society, 
shopping behavior is no longer limited by time and space.21 There 
are results of a study on mobile shopping awareness and develop-
ment potential of COVID-19 customized cosmetics conducted for 
women in their 40s and 60s in Korea. This study focused on the 
recognition and development potential of customized cosmetics in 
mobile shopping as the country rapidly shifted to a non-face-to-
face society due to COVID-19. As a result of the study, it was re-
vealed that in the unexplored era after COVID-19, the possibilities 
of developing customized cosmetics through mobile shopping will 
be limitless. There was an opinion that app development should 
be carried out additionally due to the 4th industrial revolution.22 
Even in a systematic evaluation study of popular and commer-
cially available mobile apps providing healthy family food, mod-
ern households face conflicting demands for time and resources. 
This has the potential to degrade the quality of children's and 
families’ diets. Behavioral support providing parents with healthy 
food could alleviate this problem with innovative nutritional inter-
ventions. Studies have shown that mobile apps can provide these 
interventions because they can provide actionable behavioral 
support remotely, interactively, and in context.23 Mobile apps are 
widely used in the medical field. The quality of clinical technology 
mobile apps is systematically searched for and the quality of apps 
that meet specified criteria is widely used to measure general app 
quality. These mobile app rating scales (MARS) and their values 
are being measured and studied.24The importance of mobile ap-
plications is being emphasized as modern society is undergoing 
overall social development and change called the mobile revolu-
tion. Governments and IT companies are launching mobile applica-
tions in various fields. Attention is focused on the medical field. 
Applications in the medical field are gradually expanding into fields 
such as exercise, eating habits, and safety, and the proportion is 
also increasing. However, there is a trend of overlap-ping devel-
opment with mostly limited topics. In addition, there is currently 
no precedent for separately naming and classifying applications 
in the medical and health fields in the domestic mobile content 
industry. In this situation, it is necessary to establish an accurate 
classification or category.25A mobile healthcare application is a 
healthcare software application that runs on mobile devices such 
as smartphones and tablet computers. Mobile healthcare applica-
tions have a lot of potential, such as managing and monitoring the 
daily lives of patients with chronic diseases. As a preliminary ex-
periment, the possibility of using the application in daily life was 
confirmed.26 Table 4 summarizes health management through non-
face-to-face applications.
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4  |  DISCUSSIONS

The virus causes COVID-19, a disease characterized by shortness of 
breath, fever, and pneumonia, which can be fatal to people's bod-
ies. SARS-CoV-2 has similar characteristics to past human corona-
viruses. It has the same genomic similarity. So, just like coronavirus, 
SARS-CoV-2 is transmitted through droplet inhalation and interac-
tion with contaminated surfaces. Candidate vaccines for viruses 
are being developed through vaccine trials worldwide. In addition, 
various drugs for possible treatment and prevention are being con-
sidered. As a result, a wide range of vaccines are being developed 
and tested at an unprecedented rate through close collaboration 
between academia, industry, and government sectors.27,28,29 This is 
a multifaceted effort worldwide to develop new treatments and 
protect public health. Research is underway to develop a successful 
vaccine to prevent another future COVID-19. An exit strategy for 
returning to daily life is urgently needed. Despite various efforts, 
there is still no sign of a global resolution of COVID-19.30 A wide 
range of heterologous metabolic enzymes catalyze both phase 1 
(oxidation and reduction) and phase 2 biotransformation (conjuga-
tion) reactions involving the activation or inactivation of carcino-
gens. Modulation of various antioxidant response elements (ARE) 
such as glutathione S-transferase, NAD(P)H-quinone oxidoreduc-
tase-1, UDP-glucuronosyltransferase, gamma-glutamate cystein li-
gase, and hemeoxygenase-1. The gene product serves this 
detoxification and antioxidant function. It protects cells from geno-
toxic damage. Transcription of ARE-inducing genes is regulated by 
the nuclear transcription factor erythrocyte 2p45 (NF-E2)-related 
factor 2 (Nrf2) with sequestered from the cytoplasm by Kelch-like 
ECH-related protein 1 (Keap1). This could lead to a two-step de-
toxification or de novo synthesis of antioxidant genes via the Nrf2-
ARE key signaling pathway, allowing chemoprevention to protect 
DNA and other important cellular molecules.31 Studies have shown 
that Jun protein-related Nrf2 and Nrf1 regulate antioxidant re-
sponse element-mediated expression and coordinated induction of 
genes encoding detoxification enzymes. From these studies, it can 
be confirmed that nuclear transcription factors Nrf2 and Nrf1 are 
related to Jun (c-Jun, Jun-B, and Jun-D) proteins. It upregulates 
ARE-mediated expression and regulates the induction of antioxi-
dants and detoxifying enzymes in response to xenobiotics.32 
Studies have shown that antioxidant response element (ARE)-
mediated expression and coordinated induction of antioxidant en-
zymes play an important role in the protection of chemically 
induced oxidative electrophilic stress. NF-E2-related nuclear fac-
tors (Nrf1 and Nrf2) bind to AREs and regulate ARE-mediated gene 
expression and induction. Nrf2 is more potent than Nrf1 in the ac-
tivation of ARE-regulated gene expression. Nrf2 is maintained in 
the cytoplasm by the inhibitor INrf2. An increase in oxidative elec-
trophilic stress with chemical exposure leads to activation of pro-
tein kinase C (PKC) and other cytoplasmic factors. In addition, 
additional nuclear factors, including small Mafs (MafG and MafK), 
large Maf (c-Maf), c-Fos, and Fra1, also bind to AREs, causing nega-
tive regulation of ARE-mediated gene expression.33 Cellular 

responses coordinated to oxidative stress occur in part through cis-
acting sequences known as antioxidant response elements (AREs). 
NF-E2-related factor 2 (Nrf2), a member of the Cap'n'Collar family 
of basic region-leucine zipper (bZIP) transcription factors, has been 
implicated as an essential component of the ARE-binding transcrip-
tion complex. However, the signaling pathways leading to activa-
tion are not yet clear. In addition, there is also a study result showing 
that PKC precipitated from cells treated with tBHQ or betaNF 
showed enhanced activity against Nrf2. These findings show that 
the PKC pathway plays an important role in ARE-mediated gene 
expression.34 Research has been done on whether NRF2 activation 
could be a strategy against COVID-19. In that study, exacerbated 
proinflammatory cytokine resecretion (cytokine storm) and T lym-
phocyte loss (leukopenia) were the most aggressive symptoms. It 
has been proposed that a multifaceted anti-inflammatory strategy 
based on the pharmacological activation of nuclear factor erythroid 
2p45-related factor 2 (NRF2) could be deployed against viruses. 
These strategies serve as powerful cell protections by restoring 
redox and protein homeostasis, promoting resolution of inflamma-
tion, and promoting recovery. In addition, various studies have 
been conducted, such as NRF2 activators such as sulforaphane and 
bardoxolonemethyl.35 Research has been conducted to develop 
nutrients that interact with Nrf2 and adaptation strategies for 
COVID-19. As a result, some very low-mortality environments, 
such as East Asia, Central Europe, the Balkans, and Africa, had a 
common feature of consuming high intake-related fermented 
foods, such as Nrf2 nuclear factor (erythrocyte-derived 2). In this 
study, antioxidant transcription factors and Nrf2-interacting nutri-
ents (berberine, curcumin, epigallocatechin gallate, genistein, 
quercetin, resveratrol, and sulforaphane) all acted similarly. It has 
been shown to reduce insulin resistance, endothelial damage, lung 
damage, and cytokines. The suggestion that it could have a serious 
impact on COVID-19 is encouraging. Additionally, foods and nutri-
ents that interact with Nrf2 re-modulate insulin resistance. 
Therefore, consuming these foods may restore the optimal natural 
balance to the Nrf2 pathway, which may affect COVID-19 severity 
relief.36 Additionally, research suggests that TRPA1  may be acti-
vated by reactive oxygen species and thus may be upregulated in 
COVID-19. TRPA1 and TRPV1 can be activated by many nuclear 
factors (erythrocyte-derived 2) (Nrf2) that interact with food, in-
cluding stimulatory compounds that desensitize the channel. 
Interactions between Nrf2-related nutrients and TRPA1 and 
TRPV1 may partially alleviate the severity of some COVID-19 symp-
toms. The regulation of TRPA1 and TRPV1 by Nrf2 is not yet clear, 
but it can be confirmed with very limited clinical evidence. It has 
also been suggested that COVID-19  may reduce the severity of 
symptoms of TRPA1 and TRPV1 caused by some components of 
food and may provide a strategy for new treatments.37 A rand-
omized trial study of electronic personal health records for patients 
with severe mental illness was also conducted. This study evalu-
ated the impact on quality of care in community mental health set-
tings. As a result, the study found that the presence of an individual's 
health record significantly improved the quality of medical services 
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and increased the use of medical services by patients when evalu-
ating the quality of medical services, patient activation, service use, 
and health-related quality of life.38 The use and scope of DTC-GT, 
also known as consumer-led direct genetic testing, are increasing. 
As a result, consumers can receive genetic counseling to under-
stand the consequences and determine their impact on health care. 
Recently, these studies have been multifaceted. In these studies, 
people who requested genetic counseling after receiving DTC-GT 
results were interviewed, and their motivations, expectations, and 
experiences were explored. As a result, it was reported that 
DTC-GT results could be valid and potentially impactful in health 
care. They wanted a more thorough explanation in "lay terminol-
ogy" that combined the results with family and personal health re-
cords and "game plans." Consumers reported concerns about clinic 
visits for DTC-GT genetic counseling sessions.39 Genomic data, as 
well as uncertainty and rumors surrounding the business practices 
of DTC-GT service providers, showed clinical value and sensitivity. 
As a result, DTC-GT has received considerable criticism from re-
searchers and practitioners. However, research in this area has fo-
cused on the ethical and legal implications of providing genetic 
testing directly to consumers. The business of the DTC-GT market 
has recently witnessed a surge in DTC-GT services due to the de-
velopment of genomic data collection and analysis technology. In 
addition, the era of the "genetic revolution", which analyzes infor-
mation about an individual's disease and physical characteristics 
through genes, is now being opened. This is because the price and 
period of analysis are rapidly decreasing due to the development of 
genetic analysis technology in recent years. Human DNA contains 
genes in 3 billion pairs of base sequences. This is because of the 
great advances in the computer's ability to analyze it. In line with 
this era, the government hasalso implemented the industrial con-
vergenceregulatory sandbox system for certification and permit 
standards for new products and services related to genetic testing. 
A regulatory sandbox is a system that exempts or suspends existing 
regulations for a certain period until a new product or service is 
launched in a new industry/technology field. In Korea, this sandbox 
has made it possible to perform genetic tests that can be easily 
performed in everyday life. In June 2016, the market for genetic 
analysis services and DTC products was opened. In Korea, the 
DTC-GT allows the processing of 56 wellness items related to indi-
vidual characteristics with regards to 13 types of skin-related genes 
such as skin aging, freckles, pigmentation, tanning reaction, stretch 
marks, and acne outbreaks and 13 types of health care-related 
genes, etc. and health and analyzes the personal genetic DTC test 
kit products provided in Korea from the point of experience design. 
It is very meaningful to propose the most suitable genetic test kit 
product, from test application to actual sample collection and re-
turn. Genetic test kit products developed based on user experience 
will be able to utilize basic data for efficient and popular personal 
genetic testing in the future. It is also expected to help form a new 
medical culture and improve public health care.40A randomized trial 
study of personal health records from Behavioral Health Homes 
mobile tested whether the application improved the quality of 

health care for individuals receiving care in these settings. Severe 
mental illness was found across two behavioral health centers to 
receive either a mobile personal health record application or rou-
tine care, and 311 participants with one or more cardiac metabolic 
risk factors were enrolled. The secure mobile personal health re-
cord (mPHR) app provided intervention group participants key in-
formation on diagnostics, medications, and laboratory test values 
and enabled them to track health goals. The use of the mPHR app 
showed statistically significant results for the quality of care in in-
dividuals with severe psychiatric disorders and comorbid cardiac 
metabolic disorders. However, it has been clinically reported to be 
associated with a moderate differential benefit.41 In addition, dur-
ing the COVID-19 pandemic, research on DTC-GT for customized 
cosmetics underlined the evolution of DTC-GT since then. As a re-
sult, it was confirmed for the first time that the consumption of 
customized inner beauty formulations and the use of customized 
cosmetics would be more effective. Based on the above meaningful 
research results, it has been announced that it is necessary to study 
the combined effect of customized inner beauty products and cus-
tomized cosmetics in the global DTC-GT market.10

5  |  CONCLUSIONS

Therefore, this study is also evolving the definition of health sustain-
ability, well-being, and well-dying after the global COVID-19 pan-
demic. Accordingly, we considered the use of NRF2 through DTC 
-GT in the non-face-to-face era. To summarize the above important 
research results, it is necessary to introduce convergence medical 
devices based on the 4th industrial revolution in the still insufficient 
global DTC-GT market. It is hoped that this study will serve as key 
data to help develop the potential of antioxidants as NRF2 modula-
tors in customized inner beauty products and customized cosmet-
ics. Due to the increase in mobile usage in the future, it is judged 
that additional and various follow-up studies on app development 
are needed.
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