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Telemedicine:
Transforming

Healthcare Access

Revised by Daniella Ling

INTRODUCTION

During the COVID-19 pandemic, telemedicine emerged as an important solution for helping patients
manage their health safely and effectively. This innovative technology enables individuals to consult with
doctors and healthcare providers from the comfort of their homes, minimizing the risk of spreading
infections. By utilizing telemedicine, many professionals and patients can communicate easily and share
medical information, even when they may be physically distant.
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Telemedicine 1tself 1s defined as an electronic tool
to communicate medical information and connect
patients with providers (American Telemedicine
Association). There are three main components to
telemedicine: the technology employed,
functionality, and the applications it can offer. The
technology encompasses a variety of tools
including video calls, telemonitoring, and online
platforms that can facilitate health
communication. The functionality includes
multiple methods including consultations,
diagnoses, general education, and health
monitoring. For instance, telediagnosis uses

technology to send images and data to healthcare
providers, enabling them to make diagnoses
without needing an in-person exam. Given the
impacts of chronic diseases on individuals and
healthcare systems, it 1s important to also
understand how telemedicine can be involved in
these conditions. Chronic diseases are long-lasting
health conditions that can greatly impact a
person’s health. These diseases often lead to a
decline 1n well-being, reduced mobility, emotional
challenges, and higher mortality rates. Common
chronic diseases include hypertension, diabetes,
and rheumatoid arthritis. As interest in using
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telemedicine for chronic disease management
increases, but there 1s still no clear agreement on its
overall effectiveness. Therefore, we will examine
how this study aims to review and analyze the
impacts of telemedicine on managing a variety of
chronic diseases.

Effects of Telemedicine in
Patients with Chronic Diseases

Telemedicine Intervention Methods:

Telemedicine consultation and telemonitoring are
some of the most commonly used telemedicine
intervention methods for patients who have
diabetes, hypertension, and rheumatoid arthritis
(all chronic diseases). Telemedicine consultation
involves patients talking directly with their doctors
through video or phone calls, allowing them to
receive medical advice without needing to go into a
clinic. For example, those with diabetes can
measure their blood pressure or blood sugar levels
at home, which can be sent to their doctors for
further review and discussion.

Within this paper, several studies that used
methods to help patients with diabetes were
analyzed. One study by Han et al. found that after
a year of telemedicine consultations, patients’
fasting blood glucose (FBG) levels decreased. FBG
measures how much sugar 1s in the blood after
fasting, making this an important indicator for
diabetes management. However, another study by
Sood et al. did not find any significant
improvements in a different measure of
Hemoglobin A1C (HbAIc) Test, which also
depicts the average blood sugar levels throughout
the body. This test is also important in
understanding blood sugar control as 1t analyzes
the average blood sugar levels over the previous
two to three months. Despite this, many other
studies showed positive results from
telemonitoring; for instance, Feng et al. reported
improvements in both FBG and HbA1c levels as
patients used telemonitoring.

Low A1C

High A1C

Hemoglobin A1C (HbA1c)

HbA1c measures the average
glucose level for the past 3
months.

Higher % of hemoglobin Lower % of hemoglobin
has glucose attached. +  has glucose attached.

© Glucose
© Hemoglobin

For hypertension, four studies were examined to
analyze the impacts of telemedicine on blood
pressure. Hypertension 1s a condition characterized
by consistently high blood pressures that arise from
clogged or blocked arteries that can lead to serious
health issues like heart disease or strokes. These
high pressures arise as the space for blood to travel
decreases, so the corresponding pressure exerted
onto the blood vessels rises. In one study, after six
months of telemedicine consultation, patients
experienced lower blood pressure. Another study
also found that monitoring blood pressure at home
over 12 months helped keep blood pressure stable.
High blood pressure can often go unnoticed
because 1t does not typically have any obvious
symptoms, but 1t can significantly increase the risk
of health problems, especially in the heart.

Rheumatoid arthritis, which 1s an autoirmmune
disease that occurs when the body’s immune
system mistakenly attacks its joint tissues was also
investigated. Two studies that were analyzed
looked 1nto the effects of telemedicine
consultations. One study found that telemedicine
consultations helped reduce anxiety and depression
in patients, which are very common among
individuals who have chronic pain and/or diseases.
The constant discomfort and limitations on
physical activity can lead to various emotional
challenges, highlighting how mental health
supports another important aspect of overall
healthcare. The second study demonstrated that
while telemedicine did not lead to improvements in
any physical systems, it did help patients stick to
their prescribed medication plans, which 1s still
crucial in managing their conditions effectively.

RESULTS
Outcome Measures:

In this paper, a total of fifteen articles were
analyzed on how telemedicine could help manage
different chronic diseases. The specific important
indicators: HbAlc and FBG were determined. To
recap, HbAlc 1s a test that gives an average
person’s blood sugar levels over the past two to
three months, while FBG measures blood sugar
after fasting, both indicating how well diabetes 1s
being managed. Additionally, studies analyzing
hypertension measured two key numbers: systolic
blood pressure and diastolic blood pressure.
Systolic blood pressure is the maximum blood
pressure during the contraction of the ventricles
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within the heart (two lower chambers), and
diastolic pressure 1s the minimum pressure just
before the next contraction (when the ventricles
relax). Combining the results of these studies, a
meta-analysis was conducted. This is a statistical
method that helps find patterns by pooling data
together from various studies. Using this method,
we could see 1f telemedicine 1s effective in helping
patients manage various chronic conditions.

Results of Meta-Analysis
Hypertension after 6 Months:

Mean Difference
IV, Random, 95% CI

Experimental Control Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV.Random, 95% Cl

FENGYakun2016 68 07 110 74 13 110 230% -060F088-037 |
HAN Yun 2018 800 209 46 997 25 45 128% -1.95(290-1.00] '
JinYangLee2019 833 099 120 836 064 120 238% -0030.24018) '
Yuli Hu 2021 096 178 72 663 112 70 197% 0334016,082)

0

Znivwei Lu 2021 5 0% 60 817 13 89 200% -067[1.06-0.26 !

Total (95%CI) 408 404 100.0% -046(.0.94,0.01]
Heterogenelty. Tau*= 0.23: Chi*= 3196, df=4 (P <0,00001); F= 87%
Testfor overall effect 2=1.92(P=00%)

Mmoo 0 B W
Favours [experimental] Favours [control

After analyzing the HbAlc results, it was
determined that there was a high level of variability
in the results indicated by an 12 value of 87% (an 12
value informs the proportion of the variance in the
observed effect that is due to variance in the true
effects over sampling errors). This indicates that
the results from the studies analyzed were different,
so to tackle this variability, a random-effects model
was conducted. This model assumes the studies
represent a random sample, each with its
underlying effect size. It 1s also assumed that there
was a mean population effect size about which the
study-specific effect varied. After the analysis, it
was found that there were no significant differences
in HbAIc levels between the group of patients who
used telemedicine and those who did not after six
months. These findings showed a mean difference
(MD) of -0.46 with a 95% confidence interval. This
means that the change in HbAlc levels was very
close to zero, suggesting telemedicine did not lead
to a notable improvement compared to traditional
care. Therefore, there was no clear advantage of
telemedicine.

Hypertension after 12 Months:

Experimental ——— Contrl Mean Dference
Studyor Subgroup  Mean S0 Total Mean SO Total Weight IV, Random, 954 IV, Random, 95's
WY 2008 727 187 46 953 200 45 WU9% 226306149 -
JnYangLee 2019 869 0055 120 87 004 120 378% -000{002000) b
She 2006 09T 112 700 770 14 77 3% Q74E087 06 /

Mean Difference

Total (984 C) 866 882 1000% 084 (153 0.16] ¢
Heterogenedy Tau'= 0.32,Chi°= 146,95, df= 2 (P < 0.00001) = 89% |

A M
Tl et =42 =002 Favoursexperimenta Faiours conko]

There were high variabilities over the 12-month
analysis with an 12 value of 99%. This indicates the
results were once also different, so another
random-effects model had to be conducted. After
that, 1t was found that there were statistically
significant differences between the group using
telemedicine and the control group that received
regular care. The mean difference was -0.84 with a
95% confidence interval, meaning that the group
using telemedicine had a lower average HbAlc
level. This means that telemedicine can be an
effective tool for managing diabetes when given an
adequate amount of time.

FBG after 6 Months:

Experimental Control Wean Difference
Study or Subaroup  Mean SO Total Mean SD Total Weight V. Random, 95% Cl IV, Random, 95% C|
FENGYakun2016 73 18 10 76 26 10 222% 0304089029 '
HAN Yun 2018 831 208 46 1033 343 45 77% -2004334.070) 1
JinYanLee2019 876 076 120 882 077 120 385% -0.064025,013) I
Diweilu2021 730 084 60 764 143 59 7% 033069 003)

Mean Diference

Total (95% CI) 336 334 100.0% 0.35[-0.75, 0.06]
Heterogeneity Tau*= 0.10; Chi*=9.72, df= 3 P= 0.02) P= 6%
Testfor overall effect Z=1.69(P=0,09)

moa 0 0
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Using another random-effects model, it was found
that there were once again no significant
differences in FBG levels. The mean difference was
-0.35 with a 95% confidence interval, indicating
that while there was a slight reduction in FBG
levels for those using telemedicine, it is not enough
to be considered statistically significant. This
indicates that telemedicine did not lead to any
noticeable improvements in FBG levels for
diabetes patients over 6 months.

Systolic Blood Pressure:

Results showed a significant difference in systolic
BPs between the group receiving telemedicine and
the control group. Specifically, there was a 6.71
mmHg reduction 1n the telemedicine group. This
means we can confidently say that telemedicine was
effective in lowering systolic blood pressure.
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Diastolic Blood Pressure:

Results indicated no significant differences between
the telemedicine and control groups. This suggests
while telemedicine had slightly lower diastolic BPs,
this 1sn’t strong enough to be significant.
Therefore, we can’t confidently say telemedicine
had a meaningful impact on diastolic BPs.

DISCUSSION

Improvments

Duration of Telemedicine Intervention
and HbA1c Improvment for Diabetes:

From this paper and 1ts analyzed studies, the
length of time patients were involved 1n
telemedicine interventions played a crucial role in
improving their HbAlc levels. Compared to the six
months, after twelve months of telemedicine, there
were much more noticeable differences between the
groups that used telemedicine compared to those
who did not. This suggests that longer telemedicine
interventions lead to better control of blood sugar
levels. However, FBG changes were not significant
after the six months, highlighting that FBG may
not be as reliable of an indicator compared to
HbAlc.

Improvements in Systolic BP:

For patients with hypertension, significant
improvements in systolic blood pressure were
observed after 6 months of telemedicine
intervention. The majority of patients saw a
notable drop in their blood pressure after 6 months
of monitoring through telemedicine. This indicates
that telemedicine can effectively assist in managing
hypertension.

Positive Effects of Telemedicine on
Rheumatoid Arthritis:

Rheumatoid arthritis is a common chronic
inflammatory condition that can lead to symptoms
like joint pain, nodules, and various systemic
issues. Patients often experience long-term joint
damage and functional limitations, which can
seriously disrupt their daily lives. In addition to
physical symptoms, individuals with rheumatoid
arthritis frequently face psychological challenges,
such as anxiety and depression.

These emotional struggles can impact their overall
quality of life. Telemedicine has gradually emerged
as a key method for managing rheumatoid
arthritis. By using telemedicine, patients can
experience improvements in their emotional well-
being and adherence to medication regimens.

CONCLUSION

This study systematically reviewed the effects of
telemedicine on patients with hypertension,
diabetes, and rheumatoid arthritis. The findings
revealed that telemedicine consultations and
telemonitoring are the main strategies used for
intervention. Overall, telemedicine proved
beneficial for managing these chronic conditions.
For hypertensive patients, significant
improvements 1n systolic blood pressure were
noted after just 6 months of intervention. Diabetic
patients showed more substantial improvements in
HbAc levels after 12 months. Thus, telemedicine
has the potential to greatly enhance disease
management and overall quality of care.

Based on these results, telemedicine should be
recommended as an effective tool for managing
chronic diseases. Additionally, 1t can help alleviate
negative emotions and promote adherence to
medication in patients with rheumatoid arthritis.
Specifically, a 12-month telemedicine intervention
should be considered for diabetic patients to
achieve better management of their condition.
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Globally, antimicrobial resistance (AMR) and climate change (CC) are two of the top health emergencies and

priorities. Here, we provide an overview of the current knowledge about the relationship between AMR and CC. The

studies emphasize the need for applying a systemic approach to planetary health. Firstly, CC increasingly brings humans

and animals into contact, leading to outbreaks of zoonotic and vector-borne diseases with pandemic potential. Although

it 1s well-established that frequent antimicrobial use is a main drivers of AMR, the COVID-19 pandemic 1s exacerbating

the current scenario, influencing antibiotic use, personal protective equipment, and biocides. This results in higher

concentrations of contaminants (e.g., microplastics) in natural water bodies, which cannot be completely removed and

sustain the AMR spread. Our overview underlines the lack of studies on the direct relationship between AMR and CC

and encourages further research to investigate the various aspects involved and their effects on human health.

INTRODUCTION

Antimicrobial resistance (AMR) is one of the most pressing
global health challenges. While antimicrobial use exerts an
ecological pressure on bacteria, poor infection prevention
and control (IPC) practices support their spread. Bacteria
could acquire resistance mechanisms, severely limiting
treatments and sustaining the spread of such multidrug
resistant (MDR) organisms. Hence, the prudent use of
antimicrobials, and an improvement of IPC are needed.
Climate change (CC) is also affecting human health through
the following direct effects: rising temperatures, increased
number of heat-related mortality and morbidity, and more
common occurrences of high-intensity storms. Some
indirect effects include: human health, environmental
conditions, food and nutritional security, and shifting
ecosystems. These result in higher risk of foodborne, water
borne and vector-borne diseases, and the potential increase
in negative mental health outcomes. The high occurrence of
diseases described could further increase the improper use
of antimicrobials. To reduce the burden of infectious
diseases and AMR, the protection of humans, animals and
environment 1s necessary, in a perspective defined by the so-
called One Health approach.

The resulting pandemic has only further underlined the
need for antimicrobial stewardship to prevent AMR. The
pandemic has made the AMR crisis worse due to

increasing antibiotic usage and drug-resistant secondary
infections in hospitals. It 1s also necessary to understand
that these two 1ssues are not uniformly distributed. There
are greater impacts on low-medium income countries, and
individuals with pre-existing health conditions or close

connections to local environments often experience higher
burdens from CC.

Current evidence regarding the potential link between AMR
and CC 1s still lacking, suggesting the need for ad-hoc
surveillance and multidisciplinary research. To sum up what
has been done so far, we provide an overview of the current
knowledge we understand. To do so, we utilized PubMed
and Web of Science databases for articles published from
inception to 1 September 2022, using the following
combination of terms: “Climate change” AND
(“Antimicrobial resistance” OR “Antibiotic resistance”).
After removing duplicates, 346 articles were obtained from
literature databases and additional studies were 1dentified
from their reference lists. For study selection, we did not
apply specific criteria in terms of publication year, study
design, settings, target of study and/or specific aspects of the
relationship under consideration. Due to the general aim of
this overview, the studies were selected 1f they discussed the
potential relationship between climate change and 10
antimicrobial resistance.



Need for Global Solutions Against AMR

The main contributing factor 1s the high consumption of
antibiotics. Low and middle-income countries are seeing
rates of antibiotic usage, hospitalization and prevalence of
healthcare associated infections (HAIs) increase. The causes
of AMR mainly arise as a consequence of mutations in
bacteria and the selection pressure from antibiotics that
provide a competitive advantage for mutated strains. The
emergence and spread of MDR pathogens continue to
threaten the ability to deal with many of the most common
infections. Mortality for AMR 1is also rising in developing
countries, especially for new-borns with maternal-acquired
neonatal infections.

AMR is associated with longer states of illness, higher
mortality rates, increased costs, and ineffective antibiotic
treatments. The economic burden of AMR is also
aggravated by the inability of performing surgeries or
therapies (i.e., chemotherapy) in absence of effective
antibiotics. The global and rapid spread of multi- and pan-
resistant bacteria (also known as “superbugs”) 1s especially
alarming as they are not treatable with existing antibiotics.

Moreover, in many low and middle-income countries,
people do not have full access to novel and more effective
antibiotics and so they often resort to using common
antibiotics without prescription. This situation is also
increased by the uncontrolled antibiotic use in non-clinical
fields (e.g., agriculture, aquaculture and intensive farming),
accounting for a volume four-times higher than that
observed 1in humans.

In this scenario, several comprehensive strategies should be
implemented to control AMR such as surveillance of
antibiotic use, detection of resistance in human beings and
animals, awareness campaigns on the correct use of
antibiotic, and antibiotic stewardship programs in
healthcare settings. Cooperation between prescribers,
dispensers and patients will also be necessary. Actions from
single countries may also have potential effects on others
and improve the situation globally; for this reason, global
and national contributions are urgently required today
more than ever.

AMR and CC: One Health Approach

Although AMR is a natural phenomenon, the main drivers
of its development and spread are man-made. Findings
from studies regarding animal-to-human transfer of
resistance genes confirm the need of international actions
tackling AMR across multiple sectors.

The most logical attack is through the One Health
approach, focusing on the simultaneous protection of
humans, animals and the environment. Early identification
of infectious disease related to CC 1s crucial to manage
“outbreaks” in all settings. Additionally, the high use of
antimicrobials in livestock farms and agriculture and the
increase in AMR necessitate a strict collaboration between
veterinarians and clinicians. For example, mass vaccination
of animals—Dboth feasible and cost-effective—could help
reducing livestock-mediated zoonoses.

In the same way, intersectoral strategies may be effective
also against the climate crisis. The majority of studies has
thus far been focused on one of these dimensions. In
general, evidence of their relationship is lacking, suggesting
the need for interdisciplinary research with the One Health
approach. Thus, a deep investigation of the potential
relationship between AMR and CC should be encouraged
to implement the synergy between human, animal and
environmental health partners.

Two Intertwined Global Challenges

Relationships between CC and AMR at Human, Animal
and Environmental Levels

The effects of CC on human health 1s worsening with time,
as well as its impact on Public Health that affects all the
physical, natural, social and behavioural dimensions. This is
very similar to that observed for AMR. Factors that
potentially contribute to the relationship between CC and
AMR are summarized in Figure 1. Understanding how
AMR evolved alongside CC can provide insights to better
design future efforts and for this reason, it would be
necessary to better understand: (1) the relationship between
CC and AMR with a focus on humans, animals and the
environment; (i1) current strategies and future
interdisciplinary research on their interactions; (ii1) the
impact of financing, political advocacy and global actions;
and (iv) the role of the COVID-19 pandemic in this
alarming scenario.

Climate

change
and AMR

Environmental
contaminants

Storms and
precipitations

Figure 1: The main factors involved in the relationship between climate
change and antimicrobial resistance.

While temperatures rise as a consequence of CC, AMR 1s
increasing in humans, animals, plants and the environment.
Increasingly higher temperatures are associated with
increased bacterial growth rates and horizontal gene
transfer. In line with this, the climate crisis may also be
responsible for the spread of new and re-emerging
pathogens which could harbour new resistance mechanismes.
Heat and humidity are considered as two important tetors
involved in its spread.
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Similarly, vector-borne infections typical of tropical
climates are slowly migrating towards countries with
warmer temperatures, even in winter months. A seasonality
has been documented for influenza and some bacterial
infections.

It has also been demonstrated that warmer climates might
affect heavy metals or biocides concentrations in soil and
water, as well as their bacteria uptake, triggering AMR by
co-resistance mechanisms. Stated by Kusi, healthcare
facilities, wastewater, agricultural settings, and foods are
major vehicles of AMR in the mentioned concentrations.
Although CC could be considered an additional
determinant of AMR in the aquatic environment, its causal
effect should be considered with caution.

Rising temperatures are closely linked with flooding,
displacement and overcrowding caused by storms and
precipitations. These lead to an increase in waterborne
infections, which result in increased pressure on health
systems and a collapse of sanitation infrastructures. Several
waterborne diseases—such as cholera outbreaks in Haiti
and Nepal after the earthquakes—are well-documented.

In addition, extreme weather events could lead to drought
that determine higher risk of acquiring antibiotic-resistant
enteric pathogens. Furthermore, ensuring the global high
quality of water requires addressing. However, further
efforts are needed to improve the quality of water and
contain the spread of common infections. Findings
described above are summarized in Table 1.

Table 1. Summary of the relationship between climate change and infections.

Table 1. Summary of the relationship between climate change and infections

Microorganisms Role of Climate Change

Disease

Rising tempearatures in waler system contnbutes to better survival of these
mecroorganisms [31,58,59,82)

Campyiobacter spp. and Saimoneila spp

Waterborne and foodbome diseases

Rising temparatures led 1o natural disasiers, determining betler conditions for

Vibno choderae

Waterbome diseases (Cholera)

the microorganism survival [59,116)

Candida auns
[31, 78,77

Gained thermotloderance and salnity lolerance on the wetland acosystem

Fungal infection (Candidiasis)

Plasrmadiurm Ralcinarim
paur [56.78.80]

EISI:I"IH lemperatures and humedity contnbutes 1o ncreased tramsmissidbity

Vacior-borme diseasa (Malaria)

Warmer temperatures led 1o nsng spread of vectors, even in winter months

Zika, Chikungunya and Dengue viruses, Tnpanosoma orudi 83]

Veclor-bome diseases (Zika, Chikungunya, Dengue
and Chagas diseases)

FPseudomaonas aeruginosa, Kiebsiella pneumnoniae, Escherichia
coli, and Sfaphyococcus auraus

Warm-season changes in temperature confributes 1o their optimal growth
conditions at 32-36 °C [101]

Gram negative infections (especially in healthcare
settings)

increased andity and prolonged droughts ked to Dats migration and InCreased

SARS-CoV-2
viral transmission [32,33)

COVID-19 disease

Storms and precipitations can also damage wastewater- a
reservoir for antibiotic-resistance genes (ARGs) and sewage
infrastructure, increasing the risks of floodwater pollution.
AMR bacteria and ARGs are not totally removed during
wastewater treatment, being discharged into the
environment. The characterization of the environmental
resistome allows us to quantify and assess ARGs, with
sewage and wastewater treatment plants (WW'TPs) as the
main objects of international monitoring studies. Municipal
wastewater could be considered as a major vital source for
ARGs, suggesting an alarming antibiotic use in the
community. Moreover, the abundance of certain ARGs
reflects the abuse of these antibiotics for the treatment of
livestock and aquaculture.

In this scenario, microplastics are defined as conventional
plastic with dimension <5 mm, accumulated in landfills or
in the natural environment- particularly in waters, soils and
air [136]- that fragment rather than decompose. They have
been proposed as hotspots of horizontal gene transfer and

crucial factors for the evolution of environmental microbial.

For this reason, metagenomic sequencing methods could
assess the effects of microplastics on the spread of ARGs in
several environmental settings, including waters, soils and
air. With respect to soil, pollutants have been shown to
increase AMR levels.

It 1s therefore plausible to state that the impacts of CC will
result in an increased use of antimicrobials. As a result of
heat stress, for instance, poultries are overtreated with
antibiotics. Industrial animal farming also contributes to
the rise of AMR by expanding deforestation, which makes
human contact with wild animals that are carriers of
zoonotic diseases closer. Without shifts in global meat
consumption, agriculture will consume the global carbon
budget needed for keeping global temperature rises under 2
°C by 2050. Urgent efforts are also required for the
productive industrial activity of aquaculture—defined as
“the farming of aquatic organisms including fish, mollusks,
crustaceans, and aquatic plants”—which involves antibiotic
use for treatment and prophylaxis. In Mediterranean
aquaculture facilities, the overuse of antibiotics leads to
their higher levels in the surrounding sediments and water
column. As reported by several studies, aquaculture is a
hotspot for ARGs. With respect to the relationship between
AMR and CC, antibiotic-related modifications in bacterial
cells are similar to those caused by increased temperatures.
The AMR indices of aquaculture are related with those of
human clinical bacteria, temperature and climate
vulnerability of countries. Since further increase in AMR
may be experienced, innovative and sustainable solutions
are needed through the One Health approach.
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Current Strategies and Future Research

Current evidence about the effects of CC on AMR should
be translated into a common vocabulary and a fruitful
dialogue between political leaders, policymakers, media,
and the general public. With respect to the public, climate
activists are used to shock people by exaggerating the
problem:; it is unlikely this kind of approach could sustain
behavioural changes. Instead, people should be guided in
the fight against AMR and CC by reducing the
prescriptions of unnecessary antibiotics, involving
clinicians, who need resources to reduce unnecessary
prescribing. Since the current evidence 1s relatively scarce,
multidisciplinary research is encouraged to develop
epidemiological studies. The application of artificial
intelligence (AI) and machine learning (ML) could provide
a different point of view from which the well-known
problem can be tackled. Nowadays, the main efforts in the
field of CC and AMR are related to forecasting and
surveillance: the first one is necessary for deploying
prophylactic measures and limiting the spread of diseases;
the second one for monitoring their spread. Disease
surveillance should be implemented in the context of Big
Data. Therefore, both direct and indirect effects of climate
crisis on AMR should be deeply investigated using
multidisciplinary and innovative approaches.

Economic and Political Interventions

The psychological distance represents a key barrier to
people’s engagement with global problems, leading to
inaccurate perceptions of the consequences on human
health. Policymakers need to develop novel ways to make
the 1ssue closer to reality. A growing interest in the
establishment of an Intergovernmental Panel on Climate

Change (IPCC) for AMR i1s well-known. 117 countries have

AMR National Action Plans approved by their
governments and are aligned with the Global Action Plan
for AMR. However, global challenges, such as CC may
threaten current AMR mitigation efforts. The Global
Leaders Group on Antimicrobial Resistance underlines the
need for a more high-level political advocacy to ensure
AMR’s inclusion in climate crisis discussions. Additional
financing is also needed to incorporate linkages between
AMR and CC into existing One Health strategies and
initiatives. Thus, a comparison has been proposed between
the Paris Climate Agreement and the existing global AMR
efforts.

First, AMR needs a unifying target to benchmark global
progress. It 1s also necessary to focus on social, collective
and economic transformation instead of emphasizing
individual behaviours. Escalating commitments through
national AMR action plans is required to improve current
efforts is also another necessary measure. Multi-stake-
holders forum on AMR could be useful for ensuring an
ongoing and inclusive dialogue, as well as for shaping
equitable goals and actions. Moreover, ongoing AMR
action would be best informed by a global scientific stock
taking every 5 years. Lastly, an international legal
framework could generate progress on AMR by creating a

sustainable system with the active contribution of countries.

Designing the trajectory of AMR changes is complex, due
to complexities in cost estimation, which includes: specific
pathogen prevalence; AMR mechanisms; the level of
transmissibility and the burden of infections; health
consequences (e.g., chronic diseases and longer hospital
stays); and the available alternative treatments. An
approach to anticipate the possible risk 1s “scenario
planning”—defined as a type of foresight method that
enables exploration of alternative future worlds.
Specifically, experts from multiple sectors involved in the
study conducted by Lambraki and colleagues construct
three alternative futures for two promising interventions: (1)
taxation of antimicrobials at point of sale, and (ii) infection
prevention measures. The infection prevention measures are
considered as key strategies for containing AMR 1n 2050,
contributing for the achievement of the Sustainable
Development Goals (SDGs). In this way, 1t could be
possible to tackle inequities underpinning AMR and CC,
with the perspective of a holistic approach.

COVID-19 Impacts

Countries and health systems continue to deal with the
health and socio-economic effects of the COVID-19
pandemic. The economic losses associated with climate
crisis determine increased pressure on economies already
modified by synergistic effects of the COVID-19 pandemic.
For instance, the coexistence of outbreak infections and
COVID-19 pandemic has a negative impact on the
healthcare system. Similarly, food security and availability
are affected by CC and the COVID-19 pandemic. It has
been reported that COVID-19 pandemic has reduced
financing available for climate action. Urgent action 1s
needed to strengthen health-system resilience. With the
COVID-19 pandemic, an increased number of hospital-
acquired infections was evident, with higher risk for AMR.
Although COVID-19 1s a viral infection, it could clinically
progress to bacterial pneumonia, requiring antibiotic
administration. Along with antibiotics, a broad spectrum of
pharmaceutical products used to address the spread of the
virus can be collectively referred to Pharmaceutical and
Personal Care Products (PPCPs). Although the WHO have
developed guidelines for the PPCP usage, lack of knowledge
and the COVID-19-related panic can lead to adverse effect
on health.

As stated above, the contamination of waters with the so-
called “emerging contaminants” (e.g., biocides,
disinfectants, pharmaceuticals, hormonal drugs and
cosmetic products) was a pre-existing problem. The
pandemic did nothing more than aggravate this problem.
Similarly, the overuse of plastics in the COVID-19 era (e.g.,
facial and surgical mask) determines the build-up of
microplastics, a stable substrate for microbes and ARG
exchange. Urgent interventions are thus needed to evaluate
the impact of COVID-19 on AMR and the climate crisis,
and to contain the consequently harmful effects. The
promotion of Public Health strategies to reduce the spread
of AMR 1is therefore recommended.
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DISCUSSION

CC and AMR are two of the greatest threats currently
facing the world, both being exacerbated by, and can be
mitigated with, human actions. The burden of infectious
disease could be still reduced focusing on One Health
strategies. Sitmultaneously, climate crisis has an impact by
determining higher risk of emerging diseases and AMR.
Future generations will not enjoy the benefits of carbon and
antibiotic consumption. However, the trajectories of CC
and AMR are strongly dependent on population levels and
densities. Alongside with natural CC (e.g., in water and
ecosystems) involved in the potential increased spread of
AMR, there 1s the urgent need for evaluating antimicrobial
stewardship principles to prevent AMR during the COVID-
19 pandemic. Proper resources and education should be
improved for the entire population. Successful public health
interventions are based on cooperation; there is a need to
apply a systemic approach to the health of the planet.
Further efforts are needed to investigate the relationship
between environmental change and human health and to
evaluate the political and socio-economic systems
underpinning those effects.

CONCLUSION

The complex commonalities between AMR and CC should
be deeply investigated in a One Health perspective. Our
overview on the current knowledge about the relationship
between AMR and CC pointed out the need for further
research to deeply investigate these two intertwined global
challenges. It should be clear that CC increasingly brings
humans and animals into contact, leading to outbreaks of
zoonotic and vector-borne diseases with pandemic
potential. Moreover, it is well-established that antimicrobial
use in human, animal and environmental sectors is one of
the main drivers of AMR. The COVID-19 pandemic is
exacerbating the current scenario, influencing the use of
antibiotics, personal protective equipment and biocides,
resulting in higher concentrations of contaminants in
natural water bodies. For this reason, contaminants cannot
be completely removed from wastewater treatment plants,
sustaining the AMR spread. Thus, a planetary health
approach could offer potential solutions to commonly
tackle these important public health issues.
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The Role of Genomics
and Biotechnology in

Personalized Medicine

Revised by Nathan Zhuang

In recent years, the field of Genomics —the act of
customizing treatment for each individual patient—
has advanced at an alarming rate. The goal of
Genomics 1s to improve diagnosis treatment based
on personal requirements, thus minimizing both
side effects and cost. Genomics has allowed the rise
of Personalized Genomic Medicine and Surgery
(PGMYS). The reason that this 1s significant is due
to the help it gives in classifying diseases and
finding effective treatments based on genetic
variations.
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sugg{l:;ue ‘ Genomic Dete ) I“l"“.."
J genes
Biobank Database EMR ,
J J

Research J

The foundation of PGMS was laid through
research projects, beginning with the Human
Genome Project in 2003. This international
initiative successfully mapped the entire human
genome, providing a map of human genetic
structure. The International HapMap Project from
2002-2009 followed, 1dentifying genetic variations,
including single nucleotide polymorphisms (SNPs)
and copy number variations (CNVs), that

contribute to disease susceptibility. Finally, the
1000 Genomes Project in 2008 cataloged genetic
variants to enhance our understanding of disease
mechanisms and treatment responses. Together,
these efforts have transformed genetic insights into
actionable medical tools.

Genetic profiling has enabled the identification of
individuals at higher risk for specific diseases.
Variants such as SNPs and CNVs play a critical
role 1n this process. For instance, SNPs in the
apolipoprotein E (APOE) gene are directly linked
to Alzheimer’s disease. CN'Vs have been associated
with human immunodeficiency virus (HIV)
resistance and autoimmune disorders.
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A notable example is the Breast Cancer Type 1 and
Breast Cancer Type 2 gene mutations, which
significantly increase the risk of breast and ovarian
cancer. Early detection strategies, such as regular
mammograms and colonoscopies, are now tailored
to individuals with these mutations, offering
proactive approaches to disease prevention.

Pharmacogenomics, a cornerstone of PGMS,
studies how genetic variations influence drug
metabolism. This knowledge has transformed
medication management, ensuring optimal efficacy
and minimizing side effects.

For example, the anticoagulant warfarin, namely, a
drug to prevent clotting in the blood, requires
precise dosing due to genetic variations in the
CYP2C9 and VKORCI enzymes, which affect
drug metabolism and bleeding risk. Similarly,
genetic testing for CYP2D6 helps determine the
effectiveness of tamoxifen, a common breast cancer
treatment. Recognizing the significance of these
genetic factors, the FDA now recommends genetic
testing for various medications.
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Cancer treatment has greatly benefited from
identifying molecular biomarkers that guide
targeted therapies. A prominent example 1s the
Receptor tyrosine-protein kinase (HER?2)
biomarker in certain breast and gastric cancers.
Patients with HER2-positive tumours benefit from
therapies like trastuzumab (Herceptin), which
specifically targets this biomarker, improving
survival rates and treatment outcomes. Without
Genomics finding this specific genome would be
nearly impossible to determine.

Despite its transformative potential, PGMS faces
significant hurdles. One major challenge 1s the cost
of genome sequencing, which, although decreasing,
remains prohibitively expensive for widespread use
(costing around 2000 USD per extensive test).
Another 1ssue 1s the complexity of genetic variants,
as many factors influencing disease and treatment
responses require further research to translate into
clinical practice.

Cost per Genome
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The future of PGMS lies in combining genomic
data with other medical disciplines. The updated
Genomic, Imaging, Function, and Therapy Model
(GIFT) envisions a different approach, where
genomic insights inform clinical decision-making
alongside imaging and functional analyses. As
technology advances, genomic information may
become a routine part of medical records,
empowering healthcare providers to deliver
personalized care.

Personalized Genomic Medicine and Surgery
represent a huge shift in healthcare. By using
genetic information, 1t

PERSONALIZED
MEDICINE
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not only enhances our ability to diagnose and treat
diseases but also paves the way for preventive

strategies that improve overall health outcomes. As

research progresses, the cost of PGMS may

become more accessible. Integration of PGMS into

mainstream medicine holds the promise of a
healthier and more precise future for all.
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Regenerative

Medicine

Revised by Jessica Lu

Regenerative medicine 1s an innovative field of
medicine that aims to rejuvenate and replace
damaged and diseased tissue. This encompasses
tissue engineering, drug delivery,
immunomodulation, and genetic engineering.
Scientists hope to build off the basis of the human
body’s natural growth to replicate environments
where targeted regeneration can occur. For
example: wound healing processes demonstrate the
natural regenerative potential of cells, platelets and
neutrophils collected at the wound site release
growth factors and chemoattractants. These trigger
the arrival of white blood cells (macrophages,
lymphocytes), fibroblasts, and endothelial cells.
These cells remove damaged tissue and supply the
wound site with new connective tissue, termed
collagenous granulation tissue.

Many significant factors affect the success of
regenerative therapy. For example, whether the
tissue 1s sourced from the patient (autologous) or a
donor (allogeneic). Tissue from the patient is
preferred due to the possibilities of immune
rejection and iatrogenic infection with donor tissue;
1atrogenesis refers to the side effects and risks of
medical intervention. Furthermore, innate and
adaptive immunity create challenges for therapies
that involve bringing in biomaterials from outside
the body. Innate immunity involves a non-specific
inflammatory response after a substance is
recognized as foreign, known as allorecognition.
The immune response includes phagocytosis,
apoptosis, and opsonization. Adaptive immunity 1s
a specific response that provides long-term
immunological memory. It includes the activation
of natural killer cells (e.g. T cells, B cells). Other
factors to be considered are whether to use stem
cells or pre-specialized cells, and whether or not to

use like-for-like cell types to replace damaged cells.

Furthermore, stem cells can exhibit either
multipotency or pluripotency, either being able to
differentiate certain cell types or differentiate into
any of the cells in the body, respectively. The in
vitro (meaning outside a living organism),
controlled differentiation of pluripotent stem cells
(1IPSCs) has allowed for a greater variety of cells to
be created and used for therapeutic purposes.
Coincidently, in vitro differentiation comes with the
risk of tumorigenicity, where stem cells have the
tendency and capability to form tumours. This can
affect many regenerative therapies, which require
implanted biomaterials to interact with the
surrounding environment, to restore biological
function. These biomaterials will also often invoke
a host immune response (1.e. foreign-body
reaction) that can negatively impact integration
and performance. Figure B illustrates the process
of fibrous capsule formation resulting from an
implanted biomaterial.

B. FOREIGN BODY REACTION
Macrophages
and FBG Cells

v 4

Serum Proteins Platelats

Neutrophils

Fibrous Capsule

(i) Protein
Adsorption

(iii) Acute
Inflammation

(iv) Chronic
Inflammation

(v) Capsule
Formation

(ii) Provisional
Matrix Deposition

The type and severity of an immune response is
dependent upon several factors, including the size
of the biomaterial and the location of the implant.
Accordingly, researchers have begun to develop
immune evasive therapies, such as using
hydrophilic polymer coatings to minimize the
immune response, and pharmacological or cell-
based immunosuppression to inhibit T-cell activity.



Developments 1n 1n vivo (inside a living organism) imaging, such as magnetic resonance imaging (MRI)
and computed tomography (CT), are crucial for understanding the constraints and effectiveness of
regeneration during clinical trials. For example, computed tomography (CT) has been used to monitor
bone ingrowth into an implanted scaffold, or temporary structure. The table below provides examples of
successful clinical trials during the 2018-2019 interval.

Indication Trial Details | Regenerative Therapy Reference
Macular - Phase |Human iPSC derived retinal L. Da Cruz et al. Nat.
degeneration -2 pigment epithelium delivered on a | Biotechnol. 2018 (70)

patients PET membrane.

Thoracic spinal - Phasel Human NSCs (NSI-566) injected E. Curtis et al. Cell Stem
cord injury - 4 locally using a stereotactic floating |Cell 2018 (71)

patients ' cannula.

[schemic stroke - Phase I |Intra-carotid artery transfusion of |P.-H. Sungetal. Am. .
-9 autologous CD34" cells in the Transl. Res. 2018 (94)

patients |infarct area.

Compensated - Phase | Peripheral infusion of matured F. Moroni et al. Nat. Med.
liver cirrhosis -9 autologous monocyte-derived 2019 (95)

patients 'macrophages.

The technical risks associated with regenerative therapies include harmful transformation, disease
transmission, immune rejection, and toxicity. Additional risks can arise during storage, delivery, surgery,
and other handling processes. The article suggests increased automation, closed systems that limit
contamination, and genetic divergence-reducing culture protocols to increase the reliability and
reproducibility of regenerative therapies. The field of regenerative medicine continues to grow and
expand, working to create reproducible, cost-effective, and safe therapies for widespread clinical use.
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