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From the scorching streets of Phoenix,
Arizona, where temperatures soared

to arecord-breaking 118°F (48°C), to

the sweltering cities of Europe, where
thousands succumbed to heat-related
illnesses, the impact of rising temperatures
on human health is undeniable. In India, a
prolonged heat wave claimed the lives of
over thousands of people, while in China,
emergency services struggled to cope with
the influx of heatstroke victims.
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While everyone

is susceptible to
heat-related illness,
certain populations
are particularly
vulnerable. The
elderly, with

their diminished
physiological
reserves and often
compromised
thermoregulatory
function, are at
heightened risk.
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Prologue

Precision Medicine:
A New Era in Diabetes Care

hen discussing precision medicine,
I'm often reminded of the adage
attributed to Hippocrates or Sir
William Osler: "It is much more im-
portant to know what sort of patient
has a disease than what sort of disease a patient

has." This principle lies at the heart of personalized
medicine, which becomes even more powerful when
combined with precision. Precision medicine repre-
sents the evolution of evidence-based practice, aiming
to minimize errors and maximize outcomes. It holds
particular significance in the realm of diabetes care.

Diabetes, a global health crisis affecting over half a
billion individuals, demands an approach that rec-
ognizes its multifaceted nature. Precision medicine
offers a transformative solution by acknowledging
that diabetes isn't a single entity but a spectrum of
conditions with diverse origins and manifestations.
This paradigm shift moves us away from generic treat-
ments towards tailored interventions that consider
each patient's unique genetic makeup, lifestyle,
metabolic profile, and medical history.

Diabetes is a complex disease with multiple path-
ways leading to its development. Effective manage-
ment hinges on understanding the specific metabolic
dysfunctions involved. A significant step forward
is the "Second International Consensus Report on
Gaps and Opportunities for the Clinical Translation
of Precision Diabetes Medicine,” published in Nature
Medicine on October 5, 2023. This report, a collabora-
tion of 200 experts from 28 countries and supported

by leading diabetes organizations like the American
Diabetes Association (ADA), the European Associa-
tion for the Study of Diabetes (EASD), and the Novo
Nordisk Foundation, underscores the progress made
and identifies areas for further research.

Precision medicine could help refine our diagnosis
of sub-types of diabetes, predict treatment responses
or outcomes, and thereby allow us to better target our
clinical management, treatment recommendations,
and reduce diabetes-related complications.

The consensus report highlights areas where preci-
sion medicine can have a significant impact on clinical
practice, providing a framework for future research.
Precision medicine stands poised to revolutionize
diabetes care. Advancements in genomics, data analyt-
ics, and artificial intelligence have equipped us with
tools that were once unimaginable. We now have the
power to unlock the secrets hidden within our DNA,
predict disease progression, and tailor treatments
with unprecedented accuracy.

This is a watershed moment in diabetes care. This
isn't merely a scientific endeavor; it's a moral impera-
tive to provide our patients with the best possible
chance at a healthy, fulfilling life.

Dr Azad Moopen, MD, FRCP
Founder Chairman & Managing Director,
Aster DM Healthcare
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The Dark Web:
A Case Report

The inferior vena cava outflow
membrane is an unusual, but a
potentially treatable cause. We
present a case of 4 year old child
with IVC membranous web causing
venous outflow obstruction

and successfully managed with
endovascular technique.

Clinical Research
Methodology Series
Paper 2: Research Designs

The second paper in the clinical
research methodology series
focuses on understanding different
study designs used in clinical
research. The paper provides an
overview of how different study
designs are derived in clinical
research and what a researcher
should know before conducting
clinical research with the evidence-
based questionnaire.

Neuromyelitis Optica
Spectrum Disorder
(NMOSD)

Neuromyelitis Optica Spectrum
Disorders (NMOSD) represents
recurrent autoimmune disease,
generally beginning with optic
nerve neuritis or acute transverse
myelitis.

Perforated Marginal Ulcer
After OAGB Managed with
Conversion to Roux-en-Y
Gastric Bypass

This is a case of perforated
marginal ulcer in a patient who’s
undergone one-anastomosis
gastric bypass around 2 years
prior to presentation, and the
laparoscopic approach taken to
revise the gastric bypass to Roux-
en-Y configuration as a means of
treatment.
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Editorial

Tailoring Diabetes Treatment:
The Precision Medicine Approach

n this issue of AM]J, we delve into the critical

importance of precision medicine for diabetes

in the context of a consensus report jointly

released by the American Diabetes Association

(ADA) and the European Association for the
Study of Diabetes (EASD). This report urgently calls
for the adoption of precision medicine in diabetes
care, urging the medical fraternity to integrate this
approach into their practice.

The complexity of diabetes, a heterogeneous
disease influenced by intricate metabolic pathways
and diverse genetic, environmental, and lifestyle
factors, demands a paradigm shift in treatment
strategies. Precision medicine offers a tailored
approach that considers the unique characteristics
of each patient. This methodology extends beyond
generalized treatment protocols to incorporate
genetic information, biomarkers, and other personal
health data. By predicting which treatments will be
most effective for which patients, precision medicine
aims to optimize outcomes and minimize adverse
effects.

A pivotal study conducted in Sweden, known
as the ANDIS (All New Diabetics in Scania) study,
underscores the necessity of this approach. This
research identified five distinct subtypes of diabetes,
each with unique genetic and clinical profiles. These
subtypes, ranging from severe autoimmune diabetes
to mild age-related diabetes, demonstrate why a
one-size-fits-all treatment strategy is suboptimal.
Each subtype responds differently to treatments,

necessitating personalized management plans.

Furthermore, the Swedish study highlighted that
approximately 37% of patients were misclassified
when relying solely on traditional diagnostic criteria.
This misclassification can lead to inappropriate
treatment plans and suboptimal patient outcomes.
the world

Our cover
e
| ;
’r Iy
=
last summer.

story delves
deeper into these
themes. We also =
bring a feature
story on the

pathophysiology

Additionally, this issue includes a cross-sectional
study on sleep patterns and insomnia and a study
on risk factors for cardiovascular and metabolic
comorbidities in patients with obstructive sleep
apnea.
Happy reading!

— e,

of heatwave-
related mortality,
which swept ‘s =

Dr Geetha Philips, MD, FRCP
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The brief NEWS FROM THE FRONTIERS OF HEALTH AND MEDICINE

Endometriosis: Lack of Care Pathway and Poor
Symptom Recognition Hindering Care

atients with endometriosis are pitals, and 941 patients, revealing that maternities in the previous three-

facing significant challenges  over half of the patients had to repeat- year period (2017-19).

due tothelack of awareness  edly visit their GP before any investiga- ¢ Excluding COVID-19-related deaths,

among healthcare profession- tions were initiated. This highlights the maternal death rate for 2020-22
als and the absence of a standardized  acritical need for better recognition (11.54 deaths per 100,000 materni-
NHS care pathway. A report by the and management of endometriosis ties) still surpasses that of 2017-19.
National Confidential Enquiry into in the healthcare system.Key findings + Thrombosis and thromboembolism
Patient Outcome and Death (NCEPOD) include: emerged as the primary cause of
found that many patients experience =~ + The maternal death rate from maternal deaths, with COVID-19
delayed investigations and dismissed 2020-22 was 13.41 deaths per 100,000 ranking second, followed by heart
symptoms. The study reviewed maternities, a significant increase disease and mental health-related
responses from 623 clinicians, 167 hos- compared to 8.79 deaths per 100,000 issues.

Kidney Functionin Extreme Heat LLMsNotFitto

[ ]

esearchers have in blood markers of kidney PraCtlse

investigated the ﬁ function (creatinine and

impact of extreme har & cystatin C). However, in recent diagnostic accura-

heat on kidney humid conditions (40°C, cy study in Nature Medi-
function by analyzing blood : 40% humidity), these cine has raised serious
samples from volunteers a markers did not change concerns about the use
exposed to high tempera- significantly. This study of large language models (LLMs)
tures and varying humidity levels. highlights the potential risks to as Al diagnosticians. The study
In dry heat conditions (47°C, 15% kidney health during heat waves and found that current state-of-the-art
humidity), older volunteers (>65 suggests that higher humidity may LLMs do not accurately diagnose
years) showed significant increases offer some protective effects. patients across all pathologies,

perform significantly worse than
physicians, fail to follow diagnostic

Pfizer Moves Forward with or treatment

guidelines,

[ ] [ ] [ ]
Once-Daily Weight-Loss Pill and cannot
interpret

fizer plans to advance more convenient alternative to laboratory

areworked, once-daily injections. Pfizer will evaluate results. The

version of its weight-loss multiple doses of the reformu- authors

pill, danuglipron, into lated drug in the second half of highlight that
clinical trials later this year. This this year before advancing it into LLMs pose a
decision follows the scrapping of clinical trials. The weight-loss serious risk to
a twice-daily version of the drug drug market, currently domi- patient health
due to high rates of side effects nated by Novo Nordisk's Wegovy and are not easily integrated into
such as nausea and vomiting. and Eli Lilly's Zepbound, is existing medical workflows due
The new formulation is part of expected to be worth more than to their frequent failure to follow
the second generation of weight- $150 billion in annual sales by the instructions.
loss pills, which aim to offer a early 2030s.
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The brief

Bird Flu Hits Antarctica’s
Ad¢lie Colonies

délie penguins in Antarctica are In November last year, researchers warned

testing positive for bird flu without that mass mortality in these colonies could

showing outward signs of the signal one of the largest ecological disasters

disease, according to researchers who  of modern times. During December 2023
journeyed to 13 remote breeding sites aboard an  and January 2024, scientists tested 16 Adélie
ice-breaking cruise ship. Since bird flu reached penguins on Beagle Island in the Antarctic
the region this year, concerns have grown about = Peninsula for H5N1, with seven (43%) testing
the impact on the fragile penguin populations. positive.

Vol.4/lssue13/July 2024 Aster Medical Journal 9



THE BRIEF

Brain-Eating Amoeba

Brain-Eating Amoeba
Claims Lives of Three
Children in Kerala

Naegleria fowleri is a single-celled
organism that thrives in warm, freshwater
environments such as lakes, rivers, hot

springs, and even soil.

n a distressing series of events,
an Indian state, Kerala has
reported the deaths of three
children due to infections
caused by the brain-eating amoeba,
Naegleria Fowleri. This rare and
often fatal organism has raised
serious health concerns, prompting
a call for increased awareness and
preventive measures.
Overview of Naegleria fowleri

Naegleria fowleri is a single-celled

organism that thrives in warm,
freshwater environments such as
lakes, rivers, hot springs, and even
soil. It is considered a free-living
amoeba because it does not require
a host to survive. When it infects
humans, it causes primary amoebic
meningoencephalitis (PAM), a
severe and usually fatal infection of
the central nervous system.
How Infection Occurs

The primary mode of infection is
through the nasal passages. When
individuals swim, dive, or engage
in water activities in contaminated
water, the amoeba can enter the
body through the nose. From there,
it travels to the brain, causing
severe inflammation and damage.
In rare cases, infection can occur
from using inadequately chlori-
nated swimming pool water or
contaminated tap water for nasal

rinsing. It is important to note that
Naegleria fowleri infections do not
occur from drinking contaminated
water.
Symptoms and Progression

The symptoms of PAM usually
appear suddenly and are severe
from the outset. Initial signs
include:
+ High fever
+ Severe headache
+ Nausea and vomiting
+ Stiff neck and photophobia (sensi-

tivity to light)

+ Mental confusion

As the infection progresses,
patients may experience seizures,
hallucinations, and eventually
coma. The incubation period ranges
from two to 15 days post-exposure.
Unfortunately, the fatality rate for
PAM exceeds 97%, even with treat-
ment.

Diagnosis

Diagnosing PAM can be challeng-
ing due to its rarity and nonspecific
symptoms. Healthcare providers
typically perform a spinal tap

(lumbar puncture) to detect the

presence of the amoeba in cerebro-

spinal fluid (CSF). In some cases, a

brain biopsy might be necessary to

confirm the diagnosis.

Treatment

There is no definitive treatment
for PAM, but the antifungal drug
amphotericin B is commonly

used. Some patients have shown

improvements when treated with

a combination of drugs, includ-

ing amphotericin B, rifampin,

fluconazole, and miltefosine. Early

diagnosis and prompt initiation

of this drug regimen, along with

therapeutic hypothermia (cooling

the body to reduce brain swelling),
have led to successful recoveries in

a few cases.

Prevention

Given the high mortality rate and
lack of effective treatment, pre-
vention is crucial. Key preventive
measures include:

+ Avoiding swimming in warm
freshwater bodies known to
harbor the amoeba.

+ Using nose clips when swimming
in freshwater to prevent water
from entering the nasal passages.

+ Using only distilled or sterilized
water for nasal rinsing. If using
tap water, ensure it is boiled for
at least one minute and cooled
before use. At altitudes above
6,500 feet, boil for three minutes.

+ Ensuring swimming pools are

properly chlorinated and main-

tained.

The Kerala health department has

issued a notification emphasizing

the dangers of Naegleria fowleri
and the importance of preventive
measures.

*
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Transforming

Diabetes Care

with Precision
Medicine

As precision medicine evolves, it transforms how
we diagnose, treat, and manage diabetes, heralding
a new era in personalized healthcare.
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IN FOCUS

iabetes, a complex and multifaceted disease affecting
hundreds of millions worldwide, has long been a signifi-
cant global health challenge. Traditional approaches to
diabetes care, which often involve broad, generalized
treatment plans, are increasingly being supplemented by

precision medicine. This innovative approach tailors interventions to
the unique genetic, environmental, and lifestyle factors of individual
patients, offering the potential to significantly improve outcomes and
quality of life for those living with diabetes. As precision medicine
evolves, it transforms how we diagnose, treat, and manage diabetes,
heralding a new era in personalized healthcare.

PRECISION MEDICINE TAKES
AN INDIVIDUAL APPROACH

Precision medicine represents a logical evolu-
tion of evidence-based medicine, aiming to
reduce errors and optimize outcomes through
individualized care. By recognizing and address-
ing the heterogeneity in the etiology, clinical
presentation, and pathogenesis of diabetes, preci-
sion medicine seeks to deliver more effective and
targeted interventions. This approach is particu-
larly crucial for diabetes, a disease characterized
by its varied forms and diverse patient profiles.

The traditional classification of diabetes into
type 1 (T1D) and type 2 (T2D) categories, along
with rarer forms such as monogenic diabetes
and gestational diabetes mellitus (GDM), does
not fully capture the disease's complexity. Preci-
sion medicine leverages advances in genomics,
proteomics, and other omics technologies to
better understand the underlying mechanisms of
diabetes and to develop more precise diagnostic
and therapeutic strategies.

The Four Pillars of Precision Diabetes Medicine

The Precision Medicine in Diabetes Initiative
(PMDI) has identified four key pillars of preci-
sion diabetes medicine: prevention, diagnosis,
treatment, and prognosis. These pillars provide
a framework for translating precision medicine
research into clinical practice, with the goal of

improving patient outcomes across the spectrum
of diabetes types.

PREVENTION

One of the most promising aspects of precision
medicine is its potential to prevent diabetes before
it develops. By identifying individuals at high risk
through genetic testing and other biomarkers,
clinicians can implement targeted interventions
to delay or prevent the onset of the disease. For
instance, genetic risk classification has emerged
as a powerful tool for predicting type 1 diabetes.
Researchers have identified genetic markers that
indicate an increased risk of developing T1D, al-
lowing for early monitoring and intervention.

In type 2 diabetes, precision medicine aims to
identify subgroups of patients who will benefit
most from specific preventive measures. For
example, individuals with certain genetic profiles
or lifestyle factors may respond better to interven-
tions such as dietary changes, increased physical
activity, or weight loss programs. By tailoring
these interventions, precision medicine can more
effectively reduce the risk of developing type 2
diabetes.

DIAGNOSIS
Accurate diagnosis is a cornerstone of effec-
tive diabetes management. Precision medicine

12 Aster Medical Journal Vol.4/lssue 13/ July 2024
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enhances diagnostic accuracy by integrating
genetic, molecular, and clinical data to classify
diabetes subtypes more precisely. This approach
is particularly valuable for monogenic diabetes,
where specific genetic mutations can guide
diagnosis and treatment.

For example, glucokinase maturity-onset
diabetes of the young (GCK-MODY) is a mono-
genic form of diabetes caused by mutations in
the GCK gene. Patients with GCK-MODY typically
have mild, stable hyperglycemia that does not
require treatment. Identifying these patients
through genetic testing allows for appropriate
management without unnecessary interventions.
Similarly, patients with HNF1A-MODY, another
monogenic diabetes subtype, can often be treated
effectively with low doses of sulfonylureas, avoid-
ing the need for insulin therapy.

In gestational diabetes, precision medicine can
help predict which women are likely to benefit
from specific treatments based on their genetic
and clinical profiles. By tailoring treatment plans
to individual patients, clinicians can improve
outcomes for both mothers and their babies.

TREATMENT

Precision medicine revolutionizes diabetes
treatment by customizing therapeutic strategies
to individual patient profiles. This approach is
particularly relevant for type 2 diabetes, where a
one-size-fits-all treatment model often falls short.
By analyzing genetic, molecular, and clinical data,
clinicians can identify which patients are likely to
respond to specific medications, thereby optimiz-
ing treatment efficacy and minimizing adverse
effects.

For instance, some patients with type 2 diabetes
have genetic variations that affect their response
to metformin, a commonly prescribed first-line
medication. Precision medicine can help identify
these patients and guide the selection of alter-
native treatments that may be more effective.
Similarly, precision diagnostics can improve car-
diovascular risk prediction in diabetes patients,
enabling more precise allocation of treatments to
prevent cardiovascular events.

In type 1 diabetes, precision medicine holds
promise for developing personalized insulin regi-

o™
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Patient Education of
engagement patients and
healthcare workers
o L]
1!\. ::-"!-{
Decision support
health equity systems
Basic and Regulatory
translational engagement

research

mens and advanced technologies such as closed-
loop insulin delivery systems. These systems
continuously monitor blood glucose levels and
automatically adjust insulin delivery, providing
more precise and effective glucose control.

PROGNOSIS

Predicting disease progression and outcomes is
a critical aspect of diabetes management. Preci-
sion medicine enhances prognostic accuracy by
integrating genetic, molecular, and clinical data
to identify patients at higher risk of complica-
tions. This information allows for more targeted
monitoring and intervention, potentially improv-
ing long-term outcomes.

For example, patients with specific genetic
markers may be at increased risk of developing
diabetic kidney disease, a common and serious
complication of diabetes. Early identification
of these high-risk individuals enables proactive
management, such as more frequent monitoring
and early initiation of nephroprotective thera-
pies, to slow disease progression.

AI AND ML IN PRECISION MEDICINE
Artificial intelligence (AI) and machine learning

(ML) are rapidly becoming indispensable tools in

the translation of precision medicine into clinical

Aster Medical Journal 13



practice. These technologies have the potential to
enhance every aspect of diabetes care, from diag-
nosis and treatment to monitoring and prognosis,
by providing data-driven insights and facilitating
personalized medical decisions.

ENHANCING DIAGNOSIS
AND TREATMENT

Al and ML algorithms can analyze vast amounts
of genetic, molecular, and clinical data to identify
patterns and correlations that may not be appar-
ent to human clinicians. For instance, Al can help
in the early detection of diabetes by analyzing
genetic markers and predicting disease onset
with high accuracy. This allows for timely inter-
vention and potentially preventing the disease
from developing.

In treatment, Al can optimize medication
regimens by predicting individual responses to
different drugs based on genetic and clinical pro-
files. For example, Al-driven models can analyze
patient data to determine which type 2 diabetes
patients will respond best to metformin versus
other medications, thereby enhancing treatment
efficacy and minimizing adverse effects.

PERSONALIZED MONITORING
AND MANAGEMENT

Continuous glucose monitoring systems inte-
grated with Al can provide real-time data analysis
and personalized feedback to patients. These

In treatment, Al can
optimize medication
regimens by

predicting individual
responses (o different

drugs based on
genetic and clinical
profiles.

systems can predict blood glucose trends and rec-
ommend adjustments in diet, exercise, or medi-
cation, enabling patients to maintain optimal
glucose levels more effectively. Closed-loop
insulin delivery systems, also known as artificial
pancreas systems, leverage Al to automate insulin
delivery based on continuous glucose monitor
readings, significantly improving glucose control
for type 1 diabetes patients.

PREDICTIVE ANALYTICS
FOR COMPLICATIONS

Al and ML can also play a crucial role in
predicting and preventing diabetes-related
complications. By analyzing patient data, these
technologies can identify individuals at higher
risk for complications such as diabetic nephropa-
thy, retinopathy, or cardiovascular diseases. Early
detection and proactive management of these
risks can significantly improve patient outcomes
and reduce healthcare costs.

CASE STUDIES AND
GLOBAL INITIATIVES

Several global initiatives and studies are
already demonstrating the impact of Al and ML
in precision diabetes medicine. For example,
the Lund University Diabetes Centre in Sweden
utilizes Al to analyze extensive diabetes regis-
tries, providing insights into genetic markers
and patient outcomes that inform personalized
treatment strategies. These efforts have led to
better management and reduced complications
for diabetes patients in Sweden.

The PMDI is also leveraging Al to foster inter-
national collaboration and accelerate the adop-
tion of precision medicine. By sharing data and
standardizing practices, the initiative ensures
that advancements in Al-driven precision medi-
cine are accessible to all patients, regardless of
geographic or socioeconomic status.

THE CONSENSUS REPORT: FROM
ASPIRATIONAL TO ACTIONABLE

The second international consensus report on
precision diabetes medicine, published by the
PMDI, represents a significant milestone in the
journey towards personalized diabetes care. This
comprehensive report, supported by the Ameri-
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can Diabetes Association (ADA), the European
Association for the Study of Diabetes (EASD), and
the Novo Nordisk Foundation, synthesizes find-
ings from systematic reviews and expert opinions
across the key pillars of precision medicine.

The PMDI was established to address the
untenable health and economic burdens of
diabetes prevention and care. The consensus
report underscores the substantial progress made
in the field and outlines a clear roadmap for the
implementation of precision diabetes medicine
in clinical practice. It emphasizes that the era of
discussion and theoretical exploration is over;
precision medicine is poised to become a reality
in diabetes care.

Key milestones highlighted in the report
include the development of common standards
for clinical readiness, including considerations of
cost-effectiveness, health equity, predictive accu-
racy, liability, and accessibility. These standards
are crucial for the broad clinical implementation
of precision diabetes medicine within the next
decade.

The report also identifies important gaps in
knowledge that need to be addressed through
further research. These include the need for
high-quality evidence on the clinical utility of
precision medicine approaches, the development
of new diagnostic and therapeutic tools, and the
integration of precision medicine into healthcare
systems worldwide.

GLOBAL IMPLICATIONS AND
FUTURE DIRECTIONS

The implications of precision diabetes
medicine are profound, extending beyond high-
income countries to benefit populations world-
wide. As noted by Dr. Shivani Misra, clinical
senior lecturer in Diabetes and Endocrinology
at Imperial College London, resource-restricted
settings may derive the greatest benefits from
precision medicine. By improving the efficiency
and effectiveness of diabetes care, precision
medicine can help address the growing burden
of diabetes in low- and middle-income coun-
tries.

Vol.4/1ssue 13/ July 2024 Aster Medical Journal 15



A prime example of this is the work being done
at Lund University in Sweden. Their extensive di-
abetes registry and research into genetic markers
and patient outcomes have provided invaluable
insights that are shaping the future of precision
diabetes medicine. Studies from the registry have
highlighted the benefits of personalized treat-
ment plans, leading to better management and
reduced complications for diabetes patients.

Additionally, initiatives like the PMDI are
fostering international collaboration to accelerate
the adoption of precision medicine. The initiative
brings together experts from around the world
to share knowledge, standardize practices, and
develop innovative solutions. This global ap-
proach ensures that advancements in precision
medicine are accessible to all patients, regardless
of geographic or socioeconomic status.

As we continue (o
uncover the genetic
and molecular
underpinnings of
diabetes, precision
medicine will

cnable us to tailor
interventions to the
unique needs of each
patient, ultimately
improving outcomes
and enhancing quality
of life for millions of
people worldwide.

THE FUTURE OF PRECISION
DIABETES MEDICINE

The future of diabetes care lies in the con-
tinued integration of precision medicine into
clinical practice. This requires a concerted effort
from researchers, clinicians, policymakers, and
patients to advance the field and overcome exist-
ing challenges. By fostering collaboration and
leveraging the latest scientific advancements,
we can move closer to a world where every
diabetes patient receives the right diagnosis, the
most effective treatment, and the best possible
prognosis.

Precision medicine has the potential to
revolutionize diabetes care, transforming it
from a reactive, one-size-fits-all approach to a
proactive, personalized model. As we continue
to uncover the genetic and molecular underpin-
nings of diabetes, precision medicine will enable
us to tailor interventions to the unique needs
of each patient, ultimately improving outcomes
and enhancing quality of life for millions of
people worldwide.

In conclusion, precision medicine represents
a paradigm shift in diabetes care, offering
the promise of more effective, personalized
interventions. By addressing the heterogeneity
of diabetes and focusing on the individual,
precision medicine can transform the way
we prevent, diagnose, treat, and manage
this complex disease. The journey towards
widespread clinical implementation of precision
diabetes medicine is ongoing, but the progress
made so far offers a glimpse into a future
where diabetes care is truly personalized and
optimized for each patient.

As the field continues to evolve, the consensus
is clear: precision medicine is not just a theoreti-
cal concept but a practical approach that will
shape the future of diabetes care. The work done
by the PMDI and other global initiatives provides
arobust foundation for this transformation,
ensuring that the benefits of precision medicine
reach patients worldwide. With continued
research, collaboration, and innovation, we can
look forward to a new era in diabetes care—one
where precision medicine fulfills its promise of
improving lives and outcomes for millions of
people living with diabetes.
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Abstract

Introduction: Insomnia is one of the major problems that cause accidents

in job site and road traffic accidents. Also it is one of the main illnesses that
physicians encounter. So it is mandatory to know prevalence of insomnia in
out patients.

Aim: To study the prevalence of insomnia and different types of sleep pattern
in the outpatient clinic of internal medicine department in a quaternary care
hospital in South India.

Methods And Materials: A questionnaire according to Athens insomnia scale
will be given to 800 patients in medical OPD of Aster Medcity hospital Kochi,
with exclusion criteria. Questionnaires are tabulated and analyzed to reach a
possible conclusion.

Results: The prevalence of insomnia in our studied population is 57% (460
members). The patients with more insomnia are seen in the 40-60 age groups.
Late nit mobile users had 3 times risk of insomnia compared to normal
population. Insomnia increases accidents in worksite. Mean sleep duration is
reduced in insomnia. Most of the population have biphasic sleep pattern.
Conclusion: Insomnia is seen nearly equal in both sexes. Late night mobile/
computer use and daily smoking have an increased risk of having insomnia than
the normal population. So cessation of late night use of mobiles can decrease the
incidence of insomnia. Insomnia can cause an increased incidence of work site
accidents. So we have to decrease the incidence of insomnia to decrease ac-
cidents Road traffic accidents and insomnia is controversial in our study. Most of
the people in our study have a monophasic sleep pattern. The duration of sleep
in our population is less than that of the recommended duration of sleep.
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INTRODUCTION

Disturbed sleep patterns and insomnia are among
the most frequent health complaints that physician
encounters. Various studies noted that the symp-
toms of insomnia were present in about 33-50% of
the population while higher rates were seen among
divorcees or widowed people, older age, female
general population and presence of comorbid or
psychiatric illness'?. About 30% of adults complain
of acute insomnia and 10% have chronic insomnia.
In a study conducted in South India found a preva-
lence of insomnia as 18.6% among healthy adults ¢\,
In developed countries like the United States, more
than 50% of adults report consistently experience
at least intermediate sleep disturbances™. Only 30%
of the population is obtaining at least a sufficient
amount of sleep . The Institute of Medicine has
estimated that 50 -70 million Americans suffer from
a chronic disorder of sleep and wakefulness which
can adversely affect daytime functioning as well as
physical & mental health .

Normal nocturnal sleep in adults displays a
consistent organization from night tonight. After
sleep onset, sleep usually progresses through NREM
stages N1-N3 sleep within 45-60 min. NREM stage
N3 sleep (also known as slow-wave sleep) predomi-
nates in the first third of the night and comprises
15-25% of total nocturnal sleep time in young adults.
Sleep deprivation increases the rapidity of sleep
onset and both the intensity and amount of slow-
wave sleep. The first REM sleep episode usually
occurs in the second hour of sleep. NREM and REM
sleep alternate through the night with an ave age
period of 90-110 min (the "ultradian"” sleep cycle).
Overall, in a healthy young adult, REM sleep consti-
tutes 20-25% of total sleep, and NREM stages N1 and
N2 constitute 50-60%. Age has a profound impact
on sleep state organization. N3 sleep is most intense
and prominent during childhood, decreasing with
puberty and across the second and third decades
of life. N3 sleep declines during adulthood to the
point where it may be completely absent in older
adults. The remaining NREM sleep becomes more
fragmented, with many more frequent awakenings
from NREM sleep. It is the increased frequency of
awakenings, rather than a decreased ability to fall
back asleep, that accounts for the increased wake-
fulness during the sleep episode in older people.
While REM sleep may account for 50% of total sleep

time in infancy, the percentage falls off sharply over
the first postnatal year as a mature REM-NREM
cycle develops; thereafter, REM sleep occupies about
25% of total sleep time. Sleep deprivation degrades
cognitive performance, particularly on tests that
require continual vigilance. Paradoxically, older
people are less vulnerable to the neurobehavioral
performance impairment induced by acute sleep
deprivation than young adults, maintaining their
reaction time and sustaining vigilance with fewer
lapses of attention.

INSOMNIA
The word insomnia originates from Latin words

'in'(no) and 'somnus'(sleep)®?. The international

classification of sleep disorders defines insomnia

as difficulty with initiation, maintenance, duration
or quality of sleep that results in the impairment

of day time function, despite adequate opportunity

and circumstances for sleep . It is a sleep disorder
that occurs acutely and may become chronic if not
treated in time. The presenting complaints are often
that of difficulty in falling asleep in the bed, waking
up during the night and having trouble in going
back to sleep, waking up too early in the morning
and or not having a fresh sleep'?.

According to the National Sleep Foundation,
insomnia can be categorized into many types.

1) Acute insomnia: It is a brief episode of difficulty
in sleeping caused by a stressful life event, such
as hearing a bad news. Here insomnia resolves
without any treatment

2) Chronic insomnia: If a person has trouble falling
asleep or staying asleep at least 3 nights/ week
for three months or longer

3) Onsetinsomnia: It is the difficulty in falling
asleep at the beginning of the night

4) Maintenance insomnia: People with mainte-
nance insomnia wake up during the night and
have difficulty in returning to sleep

5) Comorbid insomnia: Insomnia associated with
comorbid conditions®

Chronic insomnia represents a more complex
condition than acute which accompanies day time
impairment of cognition, mood, performance with
impact on the patient, family, coworkers®. They
also make errors and accidents at work and fatal
road traffic accidents. 20% of all accidents that
cause deaths are due to drowsy drivers™. Chronic
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insomnia has a risk to develop medical and psychi-
atric comorbidities. So it is mandatory to evaluate
sleep pattern and insomnia in outpatients.

SLEEP PATTERN

A healthy young adult has to sleep 7-8 hours/
night™. Timing, duration and internal structure of
sleep vary among individuals. Sleep patterns can be
mainly divided into three types.

1) Monophasic: In this kind of sleep pattern
person has one episode of sleep per 24 hours which
is mostly at night.

2) Biphasic: Here a person has two episodes of
sleep, one in the afternoon and another at night

3) Multiphasic: Here person has more than two
episodes of sleep™.

In some persons, it may be early night sleeping
with early morning awakening (go to bed at 8-9pm
and awakens at 4-5pm). Some others are more
nocturnal, seen in urban areas, which go to bed at
late night (11pm-12am) and late morning (6-8am).
The pattern of sleep considerably changes over the
life span as infants and young have a longer dura-
tion of sleep than the older one. So it is mandatory
to assess the sleep pattern of the patient.

AIM AND OBJECTIVES
Aim:

To study the prevalence of insomnia and different
types of sleep pattern in the outpatient clinic of
internal medicine department in a quaternary care
hospital in South India.

Objectives:

1) To find out the relationship between age and
insomnia.

2) To find out the relationship between gender and
insomnia.

3) To categorize sleep patterns of the patients.

4) To assess the effect of technologies in causing
insomnia.

5) To find out the consequence of insomnia in
worksite.

MATERIALS AND METHODS

1) Study area: Outpatient clinic of the Internal
Medicine Department Of Aster Medcity Hospital,
Kochi, Kerala

2) Study Population: Inclusion criteria includes
all outpatients who come in the internal medi-

Figure 1. The prevalence of insomnia

Insomnia Case Distribution

M Not Insominia
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Figure 2. The prevalence of insomnia in male
and female
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cine department of Aster Medcity Hospital more
than 18 years of age

Exclusion criteria:

a) Patients onlong term psychiatric medications

b) Patient with COPD and history of orthopnea

c) Patients with diagnosed sleep apnea syndrome

d) Patients on major depression

e) Patients who have night shifts

f) Lactating patients

g) Patients with diagnosed cirrhosis of the liver

h) Patients diagnosed with chronic kidney disease
on dialysis

i) Patients on thyroid medication

3) Sample size: 800 outpatients

4) Study design: It is a type of descriptive study
to know the prevalence of insomnia in an
unknown population. It is a cross-sectional
descriptive study were we are taking a snapshot
of the study population for the prescribed time
period.®
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Table1
Age Class Total
<40 40to60 >60
Count 98 140 102 340
Not Insomnia
% 28.8% 41.2% 30% | 100.0%
. Count 167 176 17 460
Insomnia
% 36.3% 38.3% 25.4% | 100.0%
Count 265 316 219 800
Total
% 331% 39.5% 27.4% | 100.0%

P value:0.07 (Not significant)

5) Study duration:15 months
6) Methods of measurement:

This is a descriptive cross-sectional study in
which the method going to use is by preparing a
questionnaire including personal details of the
patient, the questions revealing sleep pattern of
the patients, then the questions about insomnia, to
categorize insomnia and consequences of insomnia
and other factors that affect insomnia. The ques-
tions for exclusion criteria will be present in a
questionnaire to exclude them
7) Data collection Method:

A questionnaire based on sleep pattern and the
Athens insomnia scale in English and Malayalam
will be given to the outpatients who are more than
18 years old coming in the internal medicine outpa-
tient department. Questions in the questionnaire
can be divided into 4 categories.

1) Personal details and questions about exclusion
criteria

2) Questions about sleep pattern

3) Questions based on Athens insomnia scale

4) Questions based on usage of technologies

According to the Athens insomnia scale, if the
patient had Athens insomnia score more than or
equal to 6, he had insomnia. Thus we can classify
patients with insomnia from the patients without
insomnia.

STATISTICAL METHODS

Sample size: The sample size is calculated using
formula

n=z2pq/d2

Where n is sample size, z =1.96, p is prevalence
in previous studies, q is 1-p and d is sampling error
which is considered as 3%.

Here the prevalence from previous south Indian
study was 33%. By using this formula, the sample
size will be nearly 800.

Other statistical methods: The information
from the questionnaire were be tabulated and
analyzed by using Microsoft Excel and IBM SPSS
Statistics 2d version. According to Athens criteria,
the classification between the patient with insom-
nia and the patient without insomnia was made. All
categorical variables are described as frequency and
percentage. All continues variable is described as
mean and standard deviation and compared using
independent sample t-test. The Pearson Chi-square
test is used to find the association between the
categorical variable. P value <0.05 was considered to
be statistically significant.

REVIEW OF LITERATURE

The present study reveals the prevalence of
insomnia in the adult population in an outpatient
clinic of internal medicine department in a mul-
tispecialty hospital. A similar study conducted in
South India had found a prevalence of 18.6% among
healthy adults'®.In another study on the Indian
population in West Bengal, it was found that 43.2%
of patients who had insomnia never seek medical
advice for insomnia and only 15.3% consulted a
doctor for their sleep problem.!®!

Another international survey of sleep disorders in
the general population found that many individuals
with insomnia (47%-67%) did not seek medical at-
tention for their sleep difficulties. Among those who
sought medical help, 50%-90% received treatment.
Thus, insomnia remains largely underdiagnosed
and undertreated problem.”

Another study done in Latin American countries
using Athens Insomnia Scale in middle-aged
women showed 56.6% of surveyed women suffered
from either insomnia, poor sleep quality, or both.

A study done in the US showed that, in patients
attending primary care clinics, more than 50%
complained of insomnia, only if specifically asked
about it. 30% visit their general practitioners on
their own initiative, and only 5% go to consultation
with the main objective of receiving treatment to
solve their problem.™!

A study on Malaysian patients attending primary
care clinics showed that 38.9% of patients had
frequent insomnia symptoms (>3 times/week),
30.7% had chronic insomnia without daytime
consequences, and 28.6% had chronic insomnia
with daytime dysfunction. Indian ethnicity, age
>50, anxiety symptoms, and depression symptoms
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Table 2
Group
Not Insomnia Insomnia
Count and excessive daytime sleepiness.™ Another study
NO — in Japanese high school students reported that long
% within 50% 50% 100% hours of mobile phone use was associated with
MOBILE short sleep time and fatigue.l®
Count 63 193 266 The association between insomnia symptoms or
YES % within syndromes and accidents is still controversial™”,
MOBILE 27.4% 72.6% 100% and is often limited to the debate concerning the
potential side effects of hypnotics on driving ability.
Count 340 460 800 Some other studies showed an association of
% within 100% insomnia in accidents
MOBILE R 2L In our study also we are including a patient with
p value< 0.05 acute illness and excluded patients with a chronic
disorder that causes insomnia. So the prevalence
of the study will be a reflection of the prevalence of
Table3 insomnia in a normal population.
Group Also, no recent studies are done in Kerala for the
Not Insorm- prevalence of insomnia. So this study reflects the
T e prevalence of insomnia of Kerala state.
nia
i RESULTS
According to our study, there are 800 patients

NO | % within . . . as sample size. Out of them, 508 members were

:tc\cnl/(cj)(thssite 43% 57% 100.0% female and 292 were male (Fig. 1). The prevalence
of insomnia in our studied population is 57% (460
Count 15 29 44 members).

YES | % within The prevalence of insomnia in the female popu-
accidents 341% 65.9% | 100.0% lation is 56.7% and of the male population is 58.9
at work site %. and the p-value is 0.553 which is not significant
Count 340 460 800 (Fig. 2).

% within Age Groups vs insomnia:
accidents 425% 575% | 100.0% The study population is divided into 3 age groups.
at work site 1) below 40 years

P value:<0.05( Significant)

were risk factors for chronic insomnia with daytime
dysfunction.™

A survey among the adult French population
in 2001-2002 regarding insomnia found that 25%
of randomly selected respondents were dissatis-
fied with their sleep and only 13% had consulted a
health-care provider, especially for insomnia.l?!

In another study conducted in South India, the
prevalence of chronic insomnia was found to be
33% with a statically significant correlation with
increasing age and diabetes.™!

In a study conducted among adolescents in Hong
Kong, long hours of mobile phone use were cor-
related with short sleep duration, poor sleep quality,

2) 40- 60 years

Figure 3. Insomnia in late night mobile users
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Figure 4. insomnia in patients who had accidents

at the worksite
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Figure 5.Percentage of people with insomnia in
total no. of Road traffic accidents happened
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3) above 60 years

Out of 265 members in below 40 years of age
group, 167 patients have insomnia and it is about 36.
3 % of total insomnia patients.

Out of 316 members in 40-60 years age group, 176
patient have insomnia and it is about 38.3% of total
insomnia patients

Out of 219 members in the above 60 year age
group, 117 patients had insomnia and it is about 25.4
% of insomnia.

From the above analysis, the patient with more
insomnia is seen in the 40-60 age group (Table 1).
Late night Mobile/ computer use VS Insomnia:

Out of 266 people who use mobile at night, 72.6 %
of people have insomnia. This study is significant
with P value of less than 0.05. So late night mobile
use is a cause for insomnia according to our study.

The odds ratio is 3.06

According to our study, late night use of mobiles
can cause 3 times more risk of having insomnia
comparing to others (Table 2, Fig. 3).

Accident at worksite VS Insomnia:

In the members who had an accident in worksite
due to sleepiness(44 members), 65.9% of patients
have insomnia. This analysis has a p-value of less
than 0.05, which is significant. So insomnia can
increase accidents in worksite (Table 3, Fig. 4).
Road Traffic Accidents and Insomnia:

In patients who had Road traffic accidents, only
36.7 % of patients have insomnia. So in our study
insomnia is not a risk for road traffic accidents (Fig.
5).

Duration of sleep and Insomnia:

In our population average duration of sleep in
people without insomnia is 6.53+0.79. The average
duration of sleep in people with insomnia is
5.56+0.78. This study is statistically significant with
p value<0.001 (Fig. 6).

Duration of sleep and Age group:

By analyzing duration in sleep in different age
groups, Average sleeping hour of patients with age
less than 40 years is 5.83 hours and that off patients
with age between 40-60 is 5.92 hours. Patients with
age more than 60 have more sleeping hours than
others with 6.22 hours. This study is statistically
significant with P value of less than 0.05 (Fig. 7).
Sleep Patterns:

Out of 800 patients, 705 patients are following a
monophasic pattern. Only 95 patients following a
biphasic pattern of sleep. None of them is following
a multiphasic pattern. So most of them are fol-
lowing a monophasic pattern of sleep. Mostly job
and work in the house attributed to monophasic
pattern of sleep (Fig. 8).

DISCUSSION

The prevalence of insomnia in our study is 57%. A
similar study conducted in South India had found
the prevalence of 18.6% among healthy adults ®! and
another study on the Indian population in West
Bengal, it was found that 43.2% of patients who had
insomnia never seek medical advice for insomnia.
Another south Indian study showed a prevalence of
33% among the normal population!.

But international studies almost correlate with
the prevalence of our study. A study done in Latin
American countries using Athens Insomnia Scale
and other sleep scales in middle-aged females
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Figure 8. Sleep patterns

Figure 6. Mean sleep durations
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Figure 7. Average sleeping hours in
different age groups
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showed 56.6% of surveyed women suffered from
insomnia . In our study also, the prevalence of
insomnia in women is 56.7% which is correlat-
ing with the above study. A study done in the US
showed that, in patients attending primary care
clinics, more than 50% complained of insomnia,
only if specifically asked about it™!,
Age group and Insomnia

In our study, the prevalence of insomnia is more
in the middle age group comparing to the younger
and older age group. In our study, 38.3 % of total
insomnia is falling under the age group 40-60 years.
Work stress and family stress may be the reason
for insomnia in this age group. In other studies, in-

H Monophasic
M Biphasic
¥ Multiphasic

somnia increases as age advances!. So in the Indian
population, Expenditure of a family increases as the
children in the family grew up for education, food,
clothes, and every commodity. So there is a chance
of getting mental stress thinking about expenditure
for both father and mother who can lead to insom-
nia in this age group.
Mobile / Computer use and Insomnia

In our study, the use of late-night mobile/ com-
puter use can attribute to increasing the incidence
of insomnia. In our study persons who are using a
mobile phone in the late night had a 3 fold risk of
getting insomnia than the normal population. In a
study conducted among adolescents in Hong Kong,
long hours of mobile phone use were correlated
with short sleep duration, poor sleep quality, and
excessive daytime sleepiness™!. Another study in
Japanese high school students reported that long
hours of mobile phone use was associated with
short sleep time and fatigue®!. Our study is also cor-
relating with other studies in the case of mobile use.
So, to avoid late night mobile use is a good practice
to get good sleep and to decrease the incidence of
insomnia.
Accident at the worksite, Road traffic accident,
and Insomnia

In our study, In patients who had an accident at
work site 63% had insomnia, which is statistically
significant. So insomnia can cause an increase in
accidents at the worksite. But road traffic accidents
are not correlating with insomnia in our popula-
tion. In other studies also, the association between
insomnia symptoms or syndromes and accidents
is still controversial™, and is often limited to the
debate concerning the potential side effects of hyp-
notics on driving ability. Some other studies showed
an association of insomnia in accidents.
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Duration of Sleep

In our study, the mean duration of sleep in the
normal population is 6.53 hours and that of people
with insomnia is 5.56 hours. The duration of sleep
needed for a normal man is 7-8 hours!. So the mean
duration of sleep in our normal population is less
than that of the normal duration of sleep advised.
When the age increases the duration of sleep will
decrease in the normal population™. Surprisingly,
in our population duration of sleep increases while
aging increases.

LIMITATIONS OF THE STUDY

Athens Insomnia scale is a subjective scale. So
here the definition of insomnia is taken on a subjec-
tive basis. Since other confirmatory sleep studies
will increase the cost and time to be spent by the
patient, this is the most acceptable tool. Patient to
patient variability will be present.

The method we adopted is a questionnaire
method. so there can be errors while answering
questionnaire.

Many patients would not be ready to correctly
answer the question since it includes details about
addictions and mobile use. Not many studies were
done to correlate mobile use and accidents.
Advantages

Since it is a questionnaire method, a large sample
size is obtained It is a cost-effective method. We will
get an idea of prevalence in Kerala population.

CONCLUSIONS OF THE STUDY
The prevalence of insomnia in our studying
population is 57% is more than half the population.

These are the cases that came to the Outpatient

clinic for other acute illnesses. So prevalence will

be more than what we see above. The problem is
most of them are not taking medical attention for
insomnia.

+ Insomnia is seen nearly equal in both sexes.

+ Late night mobile/ computer use and daily
smoking have an increased risk of having insom-
nia than the normal population. So cessation of
late night use of mobiles can decrease the inci-
dence of insomnia.

+ Insomnia can cause an increased incidence of
work site accidents. So we have to decrease the
incidence of insomnia to decrease accidents.

+ Road traffic accidents and insomnia is controver-
sial in our study.

+ Most of the people in our study have a monophasic
sleep pattern.

+ The duration of sleep in our population is less
than that of the recommended duration of sleep.
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Abstract

Obstructive sleep apnoea syndrome (OSAS) is characterized by partial or
complete recurrent upper airway obstruction during sleep, resulting in
periods of apnoea, oxyhaemoglobin desaturation, and frequent night awaken-
ings with excessive daytime sleepiness therby reducing performance at work
and in social activities in many cases. The identification of co-morbidities in
OSAS patients is necessary to define the clinical picture and consequently to
find the more adequate treatment. However, as the onset of co-morbidities is
influenced by the level of OSAS severity and duration, this relationship needs
to be well defined. This study addresses the association between OSAS and
co-morbidities as a function of OSAS severity and duration, considering it as
factors that could influence the morbid condition.

The study will help in providing individualised care to OSA patients with due
importance to early identification and treatment of OSAS, thereby preventing
the occurrence and reducing the severity of associated comorbidities. Knowl-
edge about the sites of collapse will help in making tailor made approaches for
the effective management of obstructive sleep apnoea.

INTRODUCTION

Obstructive sleep apnoea syndrome (OSAS) is a sleep disorder characterised by
intermittent, complete and partial airway collapse resulting in frequent episodes
of apnoea and hypopnoea. Association of OSA with serious morbidities have shown
that untreated OSA is a substantial but underappreciated public health threat.
Population based epidemiological studies have uncovered the high prevalence and
wide severity spectrum of undiagnosed OSA and have consistently found that even
mild OSA is associated with significant morbidity. The factors affecting severity of
OSA include endoscopic characteristics of different sites of airway, age, sex, BMI,
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Table 1. Statistical details of age of participants

thyroid disorder, alcoholism, smoking etc.

About 1 billion people out of the total world adult
population of 7.3 billion is estimated to be suffering
from OSAS. However, there is gross disparity in the
diagnosis and treatment of OSAS. Untreated OSAS
can result in significant morbidity and mortality in
thelong run. It is associated with significantly reduced
quality of life (QoL) and depression. There is also an
increased need for clinical consultations and health
care services. The increased day time sleepiness and
compromised vigilance leads to reduced work per-
formance, decreased productivity, absenteeism and
workplace and motor vehicle accidents, resulting in
unemployment and underemployment.

Theidentification of comorbidities in OSAS patients
is necessary to define the clinical picture and conse-
quently to find the more adequate treatment. However,
asthe onset of comorbidities is influenced by the level
of OSAS severity and duration, this relationship needs
to be well defined.

OBJECTIVES
Primary Objective

To determine if the severity of OSA (determined by
AHI and lowest desaturation) along with its duration
(years), has any role in the development of comorbidi-
ties-hypertension, diabetes mellitus, dyslipidemia and
stroke (number of comorbidities in a person).
Secondary Objective

Correlation of flexible endoscopic evaluation of sites
of collapse at nose, palate, tongue base and larynx
(number of sites and pattern of collapse) on the severity
of OSA (AHI and lowest desaturation).

MATERIALS AND METHODS

The study was conducted in the ENT department
of Aster Medcity, Kochi. Patients aged 18 and above
reporting to ENT OP with complaints of snoring and
increased day time sleepiness satisfying Epworth
Sleepiness Score > 10 and polysomnographic finding
of AHI greater than 5 were considered under inclusion
criteria. The study was designed to be a prospective
study and was conducted for a duration of 8 months
from May 2023 to December 2023. with 95% confidence
level and 10% allowable error (precision) the minimum
sample size required for the present study was calcu-
lated to be 87. All the patients underwent sleep study
and flexible fibreoptic nasopharyngo-laryngo-scopic
examination and the findings were noted.

Descriptive statistics was used to assess the baseline
characteristics of the data obtained from a question-

Std. Devia-

Mean

46.29

Range Minimum Maximum

tion
13.49 66 19 85

Table 2. Distribution of BMI

BMI Defined range Frequency
Normal 18.5-24.9 10
Overweight 25.0-29.9 45
Obese-1 30.0-34.9 30
Obese-2 35.0-39.9 13
%‘;g‘x >40.0 2
Total 100

Table 3. Correlation for cumulative number of comorbidities

Parameter No. of comorbidities Pearson Correlation
AHI Significant 0.480
Lowest .
Desaturation Significant -0.278
Duration of -
Snoring Significant 0.318
BMI Significant 0.292

naire. All quantitative variables presented as mean
and standard deviation and qualitative variables in
frequency and percentages with diagrams and graphs.
The association of severity of OSAS with comorbidities
was evaluated using Chi-square test, point biserial and
Pearson correlation test using SPSS tool.

RESULTS
Analysis of age

Out of 100 patients enrolled in the study, 15 patients
were above the age of 61, 75 patients were between
the age of 31-60 and the remaining 10 were below the
age of 30.

The youngest patient was 19 years old and the oldest
patient was 85 years old. The Mean age was 46.29 years
with Standard Deviation (SD) of 13.49.

AHI, Lowest Desaturation and Duration of snoring
and BMI Distribution

Out of 100 patients, 32 patients (32%) reported to have
Mild: AHI (5-15 per hour), 25 patients (25%) reported to
have Moderate: AHI (15-30 per hour), and 43 patients
(43%) reported to have Severe: AHI (> 30 per hour). 7
patients were reported to have lowest desaturation
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Figure 1. Distribution of AHI, lowest desaturation and duration of snoring

AHI Lowest Desaturation
M 40-55 W55-70

515 1530 ®m>30

between 40-55%, whereas majority of the patients
(40%) of the patients were reported to have lowest
desaturation in range of 70-85%.

Majority of patients (40) were reported to have dura-
tion of snoring less than 5 years whereas the number of
patients who are reported to have duration of snoring
between 5 - 10 years is 26 and the number of patients
who are reported to have duration of snoring between
both 10 to 15 years and greater than 15 years are 17
respectively.

Most of the patients (45) were reported to have over-
weight whereas the number of patients were obese
were totally 43 with 30 patients classified as Obese-1
and 13 patients as Obese-2. The number of patients
who are extremely obese are 2 patients.

Only one person presented with stroke and the
patient had other comorbidities of hypertension,
diabetes mellitus and dyslipidemia also.
Prevalence of comorbidities in
study population

The most common comorbidity is hypertension oc-
curring in 60% of the patients, followed by dyslipidemia
in 50% and diabetes mellitus in 31%. The percentage of
patients with both hypertension and diabetes mellitus
is 3%, diabetes mellitus & dyslipidemia is 5% whereas
percentage of patients with hypertension & dyslipid-
emia is 18%. The percentage of patients with all three
comorbidities of hypertension, diabetes mellitus and
dyslipidemia are 18%.

Statistical analyses

Correlation with respect to cumulative number
of comorbidities: The direction of the relationship
between AHI, lowest desaturation, duration of snoring
BMIwith the number of comorbidities were analysed
using Pearson correlation
Correlation of BMI with various comorbidities

The evaluation of correlation with cumulative
number of comorbidities with hypertension, diabetes
mellitus, dyslipidemia was conducted using Pearson
correlation.

It is observed that there is significant association
between BMI with hypertension, and dyslipidemia.

Duration of Snoring

70-85 M 85-100 H<5 W510 1015 ®m>1

Hence, a multivariate analysis is conducted to ascer-
tain the most significant correlation. It is seen that
BMI has the strongest influence on the development
of dyslipidemia.

Association with respect to presence of comorbidi-
ties using Chi-square test

The evaluation of association with AHI, lowest
desaturation, duration of snoring and cumulative
number of comorbidities using Chi-square test was
conducted.

A multivariate analysis is conducted to ascertain
the most significant association between the various
risk factors to the development of comorbidities The
strongest variable determining the development of
comorbidity is duration of snoring.

Distribution of sites of obstruction according to
flexible endoscopy evaluation

The most common site of obstruction is at the level
of palate - circumferential, followed by obstruction

Table 4. Correlation for cumulative number of comorbidities

Parameter BMI Pearson Correlation
Hypertension Significant 0.253
Diabetes L
Mellitus Insignificant 0.042
Dyslipidemia Significant 0420

Table 5. Association for presence of comorbidities using
Chi-square test

Parameter No. of comorbidities Chi-Square
AHI Significant 7420
Lowest desatu- A
ration Insignificant 4.205
Duration of R
snoring Insignificant 5.830
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Figure 2. Venn diagram depicting comorbidities

Table 6. Association for presence of comorbidities using
Chi-square test

of participants.

Hypertension
21

18

Diabetes
Mellitus

5 9

Dyslipidemia

at thelevel of larynx and then in the tongue base. The
most common direction of obstruction in the palate
is circumferential, followed by lateral, followed by
anteroposterior.
Association Between the levels of obstruction and
AHI

The association between the levels of collapse viz.
nose, palate-circumferential, palate-lateral, palate
anteroposterior, tongue base and larynx evaluated
using Chi-square test using univariate analysis.

Significant association was found between levels of
collapse in palate-circumferential, palate-lateral and
AHI. Hence multivariate analysis using binary logistics
was done and the most significant site of collapse
affecting AHI was determined to be circumferential
collapse at the level of palate.
Correlation between sites of collapse and lowest
desaturation

A significant correlation was found between levels
of collapse in palate-anteroposterior and palate-lateral
and lowest desaturation. Hence multivariate analysis
using binary logistics was conducted and the most
significant site of collapse affecting lowest desatura-
tion was determined to be at lateral collapse at level
of palate.

DISCUSSION

The primary objective of the study was to determine
if the severity of OSAS (as determined by AHI and
lowest desaturation) along with its duration (years),
has anyrole in the development of comorbidities- hy-
pertension, diabetes, dyslipidemia and stroke (number
of comorbidities in a person). It is found that 61%
of population with obstructive sleep apnoea had at
least one comorbidity. Out of 32 patients with mild
OSA, 65% had comorbidities, out of 25 patients with
moderate OSA, 76% had comorbidities and out of 43

Site of

obstruction Association Chi-Square
Nose Insignificant 6.871
el e i Significant 14.655
ferential
Palate-lateral Significant 10.026
Palate-antero- A
posterior Insignificant 4468
Tongue Insignificant 7.098
Larynx Insignificant 7.852

Table 7. Correlation between sites and lowest desaturation

Site of

obstruction Significance Coefficient
Nose Insignificant -0.154
Palate-circum- A
ferential Insignificant 0.074
Palate-lateral Significant 0.246
Palate-antero- L
posterior Significant -0.218
Tongue Insignificant -0.012
Larynx Insignificant -0.099

patients with severe OSA, 93% had comorbidities. This
is comparable to the study by Luis Silva, Daniela Cunha
et al. wherein of a total of 128 patients with OSA,75%
had comorbidities. The percentage of comorbidities
in severely apnoeic patients in the current study are
higher than that found in the study of Luis Silva et
al. where, out of the 39 patients with severe OSA, 31
implying 79.5% had comorbidities.

The present study of positive correlation between
AHI and hypertension is further corroborated by the
data from the ESADA study in which 4372 subjects
with mild OSA were found to have an independent
association with hypertension. As per the study by
Meslier et al., 494 patients with sleep apnoea were
evaluated and diabetes was present in 30.1% patients.
This is comparable to present study where the preva-
lence of diabetes is about 48%. As per the study by Yu
-Ting Chou et al. on 236 patients with OSA, the overall
prevalence of hypercholesterolaemia was 61.1% and
hypertriglyceridemia was 55.3%. Desaturation index
was a significant independent risk factor for the de-
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Figure 3. Distribution of sites of obstruction.

Frequency of site(s) of collapse (%)
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velopment of dyslipidemia in OSA patients which was
also found in the present study.

Hyo Yeol Kim et al. recruited 33 patients with sleep
disordered breathing and did flexible fibreoptic endo-
scopic evaluation with Mullers manouever and found
that retroglossal collapse correlated significantly with
AHI. But, in the present study, larynx and anteropos-
terior collapse correlates significantly with AHI. As
per the study by Miljeteig et al., in which patients were
classified based on their nasal resistance, no significant
correlation could be found. In the present study, a
positive significant correlation was found between
obstruction at the level of nose and AHI.

CONCLUSIONS

The maximum number of comorbidities are in
patients with severe OSA. A significant positive cor-
relation was observed to be present between AHI,
BMI and duration of snoring with the cumulative
number of comorbidities. There also is a significant
negative correlation between the lowest desaturation
and cumulative number of comorbidities.

Comorbidities evaluated individually implies there
is a positive significant correlation between AHI and
duration of snoring on duration of hypertension. A
positive significant correlation exists between AHI
and diabetes and between AHI with dyslipidemia
and a significant negative correlation between lowest
desaturation and dyslipidemia. BMI is significantly
correlated with development of hypertension, diabetes
and dyslipidemia; with the strongest association with
dyslipidemia. The strongest risk factor contributing to
development of comorbidities is dyslipidemia.

With respect to flexible endoscopy findings, the
most common site of collapse is at the level of palate
at circumferential, followed by collapse at the level of
tongue, nose and subsequently larynx. The collapse at
the level of palate (anteroposterior) and nose shows
a positively significant association with AHI. Tongue

80

100

www.theamj.org

collapse also shows a positive correlation with AHI and
the most significant effect on AHI is by the collapse at
the level of palate (circumferential). Similarly, there
is a significant negative correlation between lowest
desaturation and palatal (anteroposterior and lateral)
collapse.

The comorbidities studies showed a positive as-
sociation with OSA with significant associations
between severity of OSA and duration of snoring in
the development of comorbidities hypertension and
dyslipidemia. Obesity is a risk factor in the develop-
ment of comorbidities in patients with OSA. Lowest
desaturation is also a determinant in the development
of comorbidities with maximum effects on develop-
ment of hypertension and dyslipidemia. The strongest
risk factor determining the development of comorbid-
ity is the duration of snoring. The most common level
of collapse is palatal collapse circumferential. There
is significant correlation between collapse at the level
of nose, anteroposterior palatal collapse and AHI.
Anteroposterior and lateral collapse show negative
correlation with lowest desaturation.
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trial fibrillation (AF) has strong associations with other car-

diovascular diseases, such as heart failure, coronary artery

disease (CAD), valvular heart disease, diabetes mellitus, and

ypertension. Whether a person has, Paroxysmal, persistent,

long standing or permanent atrial fibrillation , select patients require a an
anticoagulation regimen in order to prevent cardioembolic consequences
.Choosing antithrombotic therapy for patients with atrial fibrillation who
have an acute coronary syndrome or have undergone percutaneous coro-
nary intervention (PCI) is challenging. Dual antiplatelet therapy is proven to
reduce the incidence of recurrent ischemic events and stent thrombosis but
is less effective in reducing the incidence of cardioembolic stroke associ-
ated with atrial fibrillation. Regimens including non-vitamin K antagonist
oral anticoagulants appear to offer a number of advantages over vitamin K
antagonists, including the potential for less bleeding.

The Augustus trial (a two-by-two factorial, randomized, controlled
clinical trial) to assess the safety and efficacy of standard-dose apixaban as
compared with a vitamin K antagonist and of low-dose aspirin as compared
with placebo, on a background of concomitant P2Y12 inhibitor therapy
for 6 months in patients with atrial fibrillation and recent acute coronary
syndrome or PCI.

METHODS

The trial was designed and led by an academic steering committee whose
members were responsible for the conduct of the trial and the Duke Clinical
Research Institute (DCRI, Durham, NC) was the academic coordinating
center.

TRIAL DESIGN AND REGIMEN

AUGUSTUS was a prospective, multicenter, two-by-two factorial, random-
ized clinical trial comparing apixaban with a vitamin K antagonist and
comparing aspirin with placebo in patients with atrial fibrillation who had
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arecent acute coronary syndrome or underwent
PCI (or both). The 2 x 2 factorial design calls for
randomizing each participant to treatment A or B
to address one question and further assignment at
random within each group to treatment C or D to
examine a second issue, permitting the simultane-
ous test of two different hypotheses.

Patients underwent randomization within 14
days after having an acute coronary syndrome or
undergoing PCI, with explicit guidance provided to
enroll eligible patients and start the trial regimen
as soon as possible after the index event once
parenteral anticoagulation had been stopped. To
be eligible, patients were required to be planning
to use an approved P2Y12 inhibitor for at least 6
months. The choice of P2Y12 inhibitor was left to
the discretion of the treating physician.

Patients were randomly assigned by means of an
interactive voice-response system to receive apixa-
ban or a vitamin K antagonist and to receive aspirin
or matching placebo. The treatment regimen com-
paring apixaban with a vitamin K antagonist was
open-label; however, the regimen comparing aspirin
with matching placebo was double-blind. The dose
of Apixaban was fixed based on patient factors like
Age, creatinine, and weight . The dose of Vitamin K
antagonist was optimised to achieve a target PTINR
between 2-3 . Aspirin dosing was set at 81 mg for
those receiving aspirin instead of the placebo.

TRIAL POPULATION

Patients eligible for inclusion:

1. An age of at least 18 years; previous, persistent,
permanent, or paroxysmal atrial fibrillation and
planned long-term use of an oral anticoagulant

2. Recent acute coronary syndrome or PCI; and
planned use of a P2Y12 inhibitor for at least 6
months.

Exclusion criteria:

1. Patients who were using anticoagulation for
other conditions (e.g., prosthetic valves, venous
thromboembolism, and mitral stenosis) were
not eligible).

2. Severe renal insufficiency,

History of intracranial hemorrhage

4. Recent or planned coronary-artery bypass graft
surgery, coagulopathy or ongoing bleeding, and
contraindication to a vitamin K antagonist,
apixaban, all P2Y12 inhibitors, or aspirin

w

ASPIRIN(A) PLACEBO(P)

APIXABAN(X) XA XP
VITAMIN K
ANTAGONIST(V) s e

2X2 Factorial Study

This study for combinations of patient groups -
Aspirin+Apixaban, Aspirin + Placebo, Vitamin K Antagonist +
Aspirin, Vitamin K antagonist + Olacebo.

Stroke and bleeding risks were assessed with the
use of two scores:

CHA2DS2-VASc scores reflect the risk of stroke
among patients with atrial fibrillation who are not
receiving anticoagulant therapy; scores range from
0 to 9, with higher scores indicating greater risk.

HAS-BLED scores reflect the risk of bleeding
among patients with atrial fibrillation who are
receiving anticoagulant therapy; scores range from
0 to 9, with higher scores indicating greater risk.

PRIMARY OUTCOMES

The primary outcome for both factorial compari-
sons was major or clinically relevant nonmajor
bleeding as defined by the International Society on
Thrombosis and Haemostasis (ISTH). ISTH major
bleeding was defined as bleeding that resulted
in death, occurred in a critical organ (intracra-
nial, intraspinal, intraocular, retroperitoneal,
intraarticular, intramuscular with compartment
syndrome, or pericardial), or was associated with
either a decrease in the hemoglobin level of at least
2 g per deciliter or a transfusion of at least 2 units
of packed red cells.12 Clinically relevant nonmajor
bleeding was defined as bleeding that resulted
in hospitalization, medical or surgical interven-
tion for bleeding, an unscheduled clinic visit, or
a change in physician-directed antithrombotic
therapy. Bleeding was also classified according
to the Global Use of Strategies to Open Occluded
Arteries (GUSTO) and Thrombolysis in Myocardial.

SECONDARY OUTCOMES

Included the composite of death or hospitaliza-
tion and the composite of death or ischemic events
(stroke, myocardial infarction, stent thrombosis
[definite or probable], or urgent revascularization).

RESULTS

From September 2015 through April 2018, a total
of 4614 patients from 492 sites in 33 countries were
randomly assigned to receive open-label apixaban
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Table 1. Characteristics of the Patients at Baseline.*

Apixaban

Characteristic (N=2306)
Age —yr

Median 70.4

Interquartile range 64.1-77.2
Female sex — no. (%) 670 (29.1)
Race or ethnic group — no./total no. (%)

White 2097/2282 (91.9)

Black 29/2282 (1.3)

Asian 70/2282 (3.1)

Native American 10/2282 (0.4)

Other 76/2282 (3.3)
Serum creatinine — no. /total no. (%)}

<1.5 mg/dl 2101/2274 (92.4)

215 mg/dl 173/2274 (7.6)
CHA;DS,-VASc scoref 3.9+1.6
HAS-BLED score€| 2.9+1.0
Hypertension leading to medication use — no. (%) 2042 (88.6)
Heart failure — no. (%) 975 (42.3)
Diabetes mellitus — no. (%) 842 (36.5)
Stroke, TIA, or thromboembolism — no./total no. (%) 326/2289 (14.2)
Concomitant P2Yy, inhibitor at randomization — no./total no. (%)

Clopidogrel 2105/2253 (93.4)

Prasugrel 27/2253 (1.2)

Ticagrelor 121/2253 (5.4)
Previous use of oral anticoagulant — no. (%) | 1192 (51.7)
Qualifying index event — no./total no. (%)

Acute coronary syndrome and PCI 873/2297 (38.0)

Medically managed acute coronary syndrome 547/2297 (23.8)

Elective PCI 877/2297 (38.2)
No. of days from acute coronary syndrome or PCl to randomization** 6.7+4.2

Vitamin K Antagonist
(N=2308)

70.9
64.3-77.2
667 (28.9)

2087/2275 (91.7)
3072275 (1.3)
7072275 (3.1)

6/2275 (0.3)
82/2275 (3.6)

2051/2258 (90.8)
207/2258 (9.2)
4.0+1.6
2.9+0.9

2031 (88.0)
998 (43.2)
836 (36.2)

307/2292 (13.4)

206072243 (91.8)
242243 (1.1)
159/2243 (7.1)
1070 (46.4)

841/2298 (36.6)

550/2298 (23.9)

907/2298 (39.5)
6.6+4.2

Aspirin
(N=2307)

70.8
64.4-77.3
696 (30.2)

2082/2276 (91.5)
29/2276 (1.3)
74/2276 (3.3)

6/2276 (0.3)
85/2276 (3.7)

2078/2260 (91.9)
182/2260 (3.1)
3.9:16
2.840.9
2031 (88.0)
982 (42.6)
842 (36.5)
297/2289 (13.0)

2075/2253 (92.1)
31/2253 (1.4)
147/2253 (6.5)
1132 (49.1)

844/2293 (36.8)

547/2293 (23.9)

902/2293 (39.3)
6.7+4.3

Aspirin-Matched
Placebo
(N=2307)

70.6
63.8-77.2
641 (27.8)

2102/2281 (92.2)
30/2281 (1.3)
66/2281 (2.9)
10/2281 (0.4)
73/2281 (3.2)

2074/2272 (91.3)
198/2272 (8.7)
3.9:1.6
2.9+1.0
2042 (88.5
991 (43.0
836 (36.2)
336/2292 (14.7)

)
)

209072243 (93.2)
202243 (0.9)
133/2243 (5.9)
1130 (49.0)

870/2302 (37.8)

550/2302 (23.9)

882/2302 (38.3)
6.5+4.1

Total
(N=4614)

70.7
64.2-77.2
1337 (29.0)

4184/4557 (91.8)
59/4557 (1.3)
140/4557 (3.1)
16/4557 (0.4)
158/4557 (3.5)

4152/4532 (91.6)
380/4532 (8.4)
3.9:1.6
2.940.9
4073 (88.3)
1973 (42.8)
1678 (36.4)
633/4581 (13.8)

4165/4496 (92.6)
5174496 (1.1)
280/4496 (6.2)
2262 (49.0)

1714/4595 (37.3)

1097/4595 (23.9)

1784/4595 (38.8)
6.6+4.2

*  Plus—minus values are means +SD. The characteristics of the patients at baseline were well balanced among the trial groups. PCl denotes percutaneous coronary intervention, and TIA

transient ischemic attack.

To convert the values for creatinine to micromoles per liter, multiply by 88.4.

—_ e

Race or ethnic group was determined by the investigator and recorded on the case-report form.

*% |f the patient both had acute coronary syndrome and underwent PCI within 14 days before randomization, the date of acute coronary syndrome was used.

CHA;,DS,-VASc scores reflect the risk of stroke, with values ranging from 0 to 9 and with higher scores indicating greater risk (Table S1 in the Supplementary Appendix).
HAS-BLED scores reflect the risk of major bleeding, with values ranging from 0 to 9 and with higher scores indicating greater risk (Table S1 in the Supplementary Appendix).
Shown are the numbers of patients who discontinued use of any oral anticoagulant on or before the date of randomization.

or avitamin K antagonist and to receive double-
blind aspirin or matching placebo.

The median age among all the patients was 70.7
years, and 29.0% of the patients were women.
Among the patients who underwent randomiza-
tion, 1714 of 4595 (37.3%) had acute coronary
syndrome and underwent PCI, 1097 (23.9%) had
medically managed acute coronary syndrome, and
1784 (38.8%) underwent elective PCI.

Clopidogrel was the P2Y12 inhibitor used in
92.6% of the patients. A total of 229 of 2290 patients
(10.0%) who had been randomly assigned to receive
apixaban received the dose of 2.5 mg twice daily.

The median percentage of time in the therapeutic
range, as calculated by the Rosendaal method,15
was 59% among patients assigned to receive a
vitamin K antagonist . The median percentage of
time that patients assigned to a vitamin K antago-
nist had an INR above 3.0 was 3%, and the median
percentage of time with an INR below 2.0 was 23%.

BLEEDING OUTCOME
No significant interaction was noted between
the two randomization factors with regard to the
primary outcome (P=0.64 for interaction).This

can be understood from the Cox proportional
plot below . As the p values are far greater than
0.05, this disproves the hypothesis of interac-
tion between apixaban and aspirin or Vitamin
K Antagonist and aspirin for the primary and

secondary outcomes .

At 6 months, 241 of 2290 patients (10.5%) receiv-
ing apixaban had an ISTH major or clinically
relevant nonmajor bleeding event, as compared
with 332 of 2259 (14.7%) receiving a vitamin K an-
tagonist, resulting in an event rate per 100 patient-
years that was significantly lower among patients
receiving apixaban than among those receiving
avitamin K antagonist (hazard ratio, 0.69; 95%
confidence interval [CI], 0.58 to 0.81), which met
the prespecified criteria for both noninferiority
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Figure. Kaplan-Meier Curves for Primary Outcome of Major or Clinically Relevant Nonmajor Bleeding.

The primary outcome was major or clinically relevant nonmajor bleeding as defined by the International Society on

Thrombosis and Haemostasis. Insets show the same data on an enlarged y axis.
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Table. Time in therapeutic range among patients
assigned to VKA

Timein target INR range 1977
(Rosendaal Method) 58.57% (33.31%, 81.03%)
n 55.95% (30.586%)
Median (25th, 75th) 0.0%,100.0%
Mean (SD)

Min, Max

Time below INR range 1977

2.0 22.86% (4.82%, 50.29%)
n 32.03% (31.273%)
Median (25th, 75th) 0.0%,100.0%
Mean (SD)

Min, Max

Time above INR range 1977

3.0 2.96% (0.00%, 17.55%)
n 12.02% (18.819%)
Median (25th, 75th) 0.0%,100.0%
Mean (SD)

Min, Max

INR indicates international normalized ratio; SD, standard deviation.

(P<0.001) and superiority (P<0.001). The number
needed to treat over a period of 6 months to avoid
one ISTH major or clinically relevant nonmajor
bleeding event with apixaban instead of a vitamin
K antagonist was 24. The Kaplan Meier curves
highlight the same .

In the antiplatelet-regimen comparison, 367
of 2277 patients (16.1%) receiving aspirin had an
ISTH major or clinically relevant nonmajor bleed-
ing event, as compared with 204 of 2279 (9.0%)
receiving placebo. The event rate was significantly
higher among those receiving aspirin than among
those receiving placebo (hazard ratio, 1.89; 95%
CI, 1.59 to 2.24; P<0.001) The number needed to
harm over a period of 6 months to cause one ISTH
major or clinically relevant nonmajor bleeding
event with aspirin instead of placebo was 14. The
percentage of patients with a primary bleeding
outcome event was highest among those receiv-
ing a vitamin K antagonist and aspirin (18.7%)
and lowest among those receiving apixaban and
placebo (7.3%).

DEATH AND HOSPITALISATION

No significant interaction was noted between
the two randomization factors with regard to
the secondary outcome (P=0.64 for interaction)
. At 6 months, 541 patients (23.5%) who had been
assigned to receive apixaban had died or had been
hospitalized, as compared with 632 (27.4%) who
had been assigned to receive a vitamin K antago-
nist . The event rate per 100 patient-years for death

or hospitalization at 6 months was lower among
patients assigned to receive apixaban than among
those assigned to receive a vitamin K antagonist
(hazard ratio, 0.83; 95% CI, 0.74 to 0.93; P=0.002).
The difference between groups was driven by a
lower incidence of hospitalization (518 patients
[22.5%] in the apixaban group vs. 607 [26.3%] in the
vitamin K antagonist group) since the frequencies
of death were similar. The number needed to treat
over a period of 6 months to avoid one death or
hospitalization with apixaban instead of a vitamin
K antagonist was 26.

In the antiplatelet-regimen comparison, 604
patients (26.2%) who had been assigned to receive
aspirin died or were hospitalized, as compared
with 569 (24.7%) who had been assigned to
receive placebo . Patients who had been assigned
to receive aspirin had an incidence of death or
hospitalization at 6 months that was similar to
that among patients assigned to receive placebo
(hazard ratio, 1.08; 95% CI, 0.96 to 1.21). The
cumulative incidence of death or hospitalization
at 6 months was highest among patients who had
been assigned to receive a vitamin K antagonist
and aspirin (27.5%) and lowest among those as-
signed to receive apixaban and placebo (22.0%).

No significant interaction was found between
the two randomization factors with regard to
death or ischemic events (P=0.28 for interaction)
.At 6 months, 154 patients (6.7%) who had been as-
signed to receive apixaban had died or had had an
ischemic event — including myocardial infarction,
definite or probable stent thrombosis, stroke, or
urgent revascularization — as compared with 163
(7.1%) who had been assigned to receive a vitamin
K antagonist .In the antiplatelet-regimen compari-
son, 149 patients (6.5%) who had been assigned to
receive aspirin died or had an ischemic event, as
compared with 168 (7.3%) who had been assigned
to receive placebo This difference was not signifi-
cant, but more ischemic events occurred in the
placebo group.

The overall event rates per 100 patient-years
for death or ischemic events were similar in the
anticoagulant-regimen and antiplatelet-regimen
comparisons. The event rate per 100 patient-years
for stroke was lower among patients receiving
apixaban than among those receiving a vitamin
K antagonist (hazard ratio, 0.50; 95% CI, 0.26 to
0.97).
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Figure. Kaplan-Meier Curves for the Composite of Death or Hospitalization.
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Coeffi- Std. HR (95% CD)* 2-Sided
cient Error p-Value for
Superiority
Test
ISTH major or CRNN
bleeding
Interaction: 0.08 018 1'019 5(2)'77’ 0.64
Apixaban/VKA and ’
Aspirin
Death or
hospitalization
Interaction: 015 012 | 116 (0.92,1.46) 0.21
Apixaban/VKA and
Aspirin
Death or ischemic
events
Interaction: 024 0.23 12?;8')82’ 0.28
Apixaban/VKA and ’
Aspirin

* Cox Proportional Hazards Model for time to first event stratified by enrollment indication.
Clindicates confidence interval; CRNM, clinically relevent nonmajor, HR, hazard ratio; ISTH,

International Society on Thrombosis and Haemostasis.

DISCUSSION

1. The study was conducted without bias at all
levels . An independent data and safety monitor-
ing board reviewed unblinded patient-level data
at regular intervals during the trial. Although
Bristol-Myers Squibb assisted with data manage-
ment, all the statistical analyses were performed
independently at the DCRI.( The Duke Clinical
Research Institute ). All bleeding and ischemic
events (except for urgent revascularization) were
independently adjudicated by the clinical-events
classification committee at the DCRI, whose
members were unaware of the trial-group assign-
ments.

2. Use of Apixaban led to a lower incidence
of both bleeding and the composite of death or
hospitalization than did a vitamin K antagonist;
the latter result was driven by a lower incidence of
hospitalization.

3. Aspirin led to a higher incidence of bleeding
than placebo, and the rates of death or hospital-
ization and of ischemic events were similar in the
two groups.

4. Trial showed a significantly lower rate of
death or hospitalization, driven by the incidence
of hospitalization, and a 50% lower incidence
of stroke than were observed with a vitamin K
antagonist

5. Avoiding aspirin resulted in a 47% lower risk
of bleeding than using aspirin and in a nonsig-

nificantly higher incidence of coronary ischemic
events. This finding suggests that the price for a
significantly lower incidence of bleeding events
without aspirin may be a modestly higher risk of
coronary ischemic events

LIMITATIONS

1The time in the therapeutic range for the
patients who received a vitamin K antagonist was
modestly lower than in some previous random-
ized trials of stroke prevention involving patients
with atrial fibrillation. The median percentage of
time that patients assigned to a vitamin K antago-
nist had an INR above 3.0 was 3%, and the median
percentage of time with an INR below 2.0 was 23%

2The trial wasn’t designed to be large enough
to detect small but potentially meaningful differ-
ences in the incidence of ischemic event.

3.The trial period was only for 6 months . A
longer trial period might have given more insight
into certain clinical aspects especially in case of
the anticoagulant comparison.

4.29% of the patients included were women .
More equal representation may have been war-
ranted .

CONCLUSION

The Author concludes that in patients with
atrial fibrillation and a recent acute coronary
syndrome or PCI treated with a P2Y12 inhibitor,
an antithrombotic regimen that included apixa-
ban, without aspirin, resulted in less bleeding
and fewer hospitalizations without significant
differences in ischemic events than regimens that
included a vitamin K antagonist, aspirin, or both.
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Abstract

Precision medicine is part of the logical evolution of contemporary
evidence-based medicine that seeks to reduce errors and optimize
outcomes when making medical decisions and health recommendations.
Diabetes affects hundreds of millions of people worldwide, many of
whom will develop life-threatening complications and die prematurely.
Precision medicine can potentially address this enormous problem by
accounting for heterogeneity in the etiology, clinical presentation and
pathogenesis of common forms of diabetes and risks of complications.
This second international consensus report on precision diabetes medi-
cine summarizes the findings from a systematic evidence review across
the key pillars of precision medicine (prevention, diagnosis, treatment,
prognosis) in four recognized forms of diabetes (monogenic, gestational,
type 1, type 2). These reviews address key questions about the translation
of precision medicine research into practice. Although not complete,
owing to the vast literature on this topic, they revealed opportunities for
the immediate or near-term clinical implementation of precision dia-
betes medicine; furthermore, we expose important gaps in knowledge,
focusing on the need to obtain new clinically relevant evidence. Gaps
include the need for common standards for clinical readiness, including
consideration of cost-effectiveness, health equity, predictive accuracy,
liability and accessibility. Key milestones are outlined for the broad clini-
cal implementation of precision diabetes medicine.

iabetes is a major global problem, with many hundreds of millions of
people affected by the disease, many of whom are undiagnosed. The
major burden of diabetes is exerted through the development of life-
threatening complications, often involving damage to large and small

blood vessels. The disease is currently classified into several types of diabetes.
The two most common forms are type 1 diabetes (T1D), an autoimmune disease
accounting for ~2% of all forms of diabetes worldwide?, and type 2 diabetes
(T2D), which accounts for most of the remaining cases. Rare ‘monogenic’ forms
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of diabetes also exist, with gestational diabetes
mellitus (GDM) being an additional category (Box
1). A major challenge with most diabetes is that it
is heterogeneous in etiology, clinical presentation
and prognosis. Understanding and leveraging
this heterogeneity is a core objective of precision
diabetes medicine (Fig. 1).

This second international consensus report
from the Precision Medicine in Diabetes Initiative
(PMDI) summarizes the comprehensive system-
atic reviews and resulting consensus among the
PMDI consortium for the pillars of precision
medicine prevention, diagnosis, treatment and
prognosis? across monogenic diabetes mellitus
(MDM), GDM, T1D and T2D3? (Fig. 2). The objec-
tives of the PMDI consortium were to identify (1)
where current evidence supports the application
of precision approaches in diabetes prevention
and care, and (2) key gaps where additional and/or
higher quality evidence is needed before precision
medicine can be implemented. Areas of consensus
for these objectives are reflected in key milestones
put forth to support the evidence-based and
scalable implementation of precision diabetes
medicine within the next decade.

The PMDI was established in 2018 by the Ameri-
can Diabetes Association (ADA) in partnership
with the European Association for the Study of
Diabetes to address the untenable health and eco-
nomic burdens of diabetes prevention and care".
The first consensus report on precision medicine
in diabetes published in 2020 (ref. 2) highlighted
that precision medicine involves tailored diagnos-
tics or therapeutics (for prevention or treatment)
applied to population subgroups sharing similar
characteristics, thereby minimizing error and risk
while maximizing efficacy (Box 2). Four key pillars
of precision medicine were also defined: preven-
tion, diagnosis, treatment and prognosis, which
can be applied throughout the life course (Fig. 3).

The data inputs, technologies and tools for
subgroup characterization are incredibly diverse
and readiness for valid and cost-effective imple-
mentation in diabetes medicine varies widely. The
first consensus report concluded with a call for
arigorous review elucidating effective precision
medicine strategies, areas of promise and notable
gaps across MDM, GDM, T1D and T2D to inform an
evidence-based road map to optimize the integra-
tion of precision medicine into the global response
to the diabetes crisis.

The key findings of this second consensus
report are that, within the areas examined, several
actionable and near-actionable examples of preci-
sion diabetes medicine exist. However, the quality
of data is generally low, and few studies have been
explicitly designed to test precision medicine
hypotheses. There is also a dearth of relevant,
high-quality research in people of non-European
ancestry, hindering the development and imple-
mentation of precision diabetes medicine in
many of the most heavily burdened populations
worldwide.

Evidence evaluation process

After the first consensus report in 2020 (ref.
2), the PMDI executive committee established
the PMDI consortium to represent each of the
precision medicine pillars within the four types
of diabetes across 15 working groups. The consor-
tium comprises >200 clinical and research inves-
tigators across all career stages and domains of
diabetes expertise, residing in 28 countries across
four continents (see author list). A separate cross-
cutting methodology working group provided
critical training and guidance and the executive
committee provided strategic direction and
administrative oversight. The working groups
were supported by administrative staff (C.G., E.M.,
P.S.) and medical librarians (M.B., K.A.).

Working groups were tasked with defining
the key research questions that would need to
be addressed for precision diabetes medicine to
be implemented into practice by 2030. The first
consensus report opted for this specific timeline
to instill a sense of urgency while allowing time
for proof-of-conduct research to be undertaken.

Systematic literature review protocols were
developed by the working groups for the priority
research questions, with principles for procedure,
synthesis and consensus reporting outlined by
the methodology working group to ensure a
rigorous and consistent process. Working groups
were permitted to generate expert opinion
statements for hypotheses that did not reach the
level of priority for a full systematic review. All
systematic review protocols were prospectively
registered on the PROSPERO database!®'’. The
full methods, results and working group conclu-
sions are described in the individual systematic
reviews>e,
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Synthesis of evidence

The following summarizes the results and syn-
thesis reported in the supporting series of system-
atic evidence reviews from the PMDI consortium
for the second consensus report316,

MDM

MDM results from a mutation in a single gene?°.
It can be diagnosed in the neonatal period (neo-
natal diabetes) or typically, but not exclusively,
before the age of 45 years. MDM diagnosed outside
the neonatal period has historically been known
as maturity-onset diabetes of the young. There are
autosomal dominant, recessive and maternally
inherited forms as well as varieties that arise from
de novo mutations and chromosome abnor-
malities?. Although MDM is rare, collectively it
accounts for up to 5% of diabetes and presents op-
portunities for precision medicine?. Despite the
clinical benefits of making a diagnosis of MDM,
many patients are misdiagnosed with T1D or T2D
owing to overlapping clinical features.

Precision diagnosis

We systematically reviewed the evidence
underpinning two priority questions for preci-
sion diagnosis of MDM”: (1) who should be tested,
and (2) how should they be tested? Our eligible
literature review included 98 studies among
pediatric or adult populations of testing criteria
and 32 studies of testing methods among indi-
viduals with suspected neonatal diabetes mellitus
or MDM.

Based on our evidence synthesis, the data
support precision diagnostics testing for (1)
neonatal diabetes in all infants aged <1 year
diagnosed with diabetes, (2) MDM in individuals
aged <30 years without obesity who are islet cell
autoantibody-negative with detectable C-peptide,
(3) GCK-related hyperglycemia in women with
GDM without overweight or obesity and fasting
glucose >5.5mmoll* and (4) GCK-related hypergly-
cemia in young individuals without obesity with
persistent mild fasting hyperglycemia regardless
of family history. Ethnic-specific body mass index
(BMI) thresholds should be used to determine
overweight and obesity.

Testing modalities include the use of (1) tar-
geted next-generation sequencing for neonatal
diabetes and MDM, (2) targeted genetic panels
with all known causes of MDM, including mito-
chondrial diabetes, detection of known noncod-
ing mutations, and copy-number variants, (3) a

comprehensive panel that includes all recessively
inherited genes, particularly in populations

with high rates of consanguinity, (4) a separate
multiplex ligation-dependent probe amplifica-
tion assay for copy-number variants detection or
genotyping assay (such as pyrosequencing) for
detection of m.3243A>G, (5) a methylation-based
assay, such as methylation-specific multiplex
ligation-dependent probe amplification for
neonatal diabetes testing, since 6q24 imprinting
defects are a common cause of transient neonatal
diabetes mellitus, and (6) rapid Sanger sequencing
of GCK in suspected GCK-related hyperglycemia,
and the KCNJ11, ABCC8 and INS genes in suspected
neonatal diabetes.

Additional considerations for causality, pen-
etrance, reporting, disparities in testing access
and barriers to genetic testing and follow-up
of causal variant reporting were qualitatively
reviewed. We noted a critical gap across the
literature addressing access to genetic testing for
MDM to mitigate health disparities, including
concerns with replication and external validation
in non-European ancestry populations. There was
inconsistent measurement of islet autoantibodies
and C-peptide diabetes diagnosis under the age of
45 years with ancestry-appropriate T1D genetic
risk score data. We encourage the development
of guidelines tailored to additional MDM types
and genes, de-identified case-sharing platforms to
gather the evidence to evaluate pathogenicity and
deep mutational scanning maps of MDM genes
for variant classification. The clinical guidance
for genetic counseling, subsequent referrals
and family testing, as well as research on the
outcomes of implementation will also be essential
to maximize precision diagnostic approaches for
monogenic forms of diabetes.

Precision treatment

Precision treatment of MDM is potentially opti-
mized by characterizing an individual’s molecular
genetic subtype and pathophysiology; thus, we
reviewed the evidence for comparative effective-
ness of therapies among populations with specific
monogenic subtypes of $-cell diabetes and severe
insulin resistance®.

Most diabetes that occurs at ages <6 months is
monogenic neonatal diabetes. Sulfonylureas were
recently established as the most effective treat-
ment for neonatal diabetes due to a potassium
channel mutation?. Our systematic review for
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Figure 1: Sources of heterogeneity in diabetes.
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The success of precision diabetes medicine will be enhanced by successfully leveraging heterogeneity in diabetes. To do so will
require parsing ‘signal’ from ‘noise’; the figure illustrates the key sources of heterogeneity within each of these domains.

the effects of noninsulin treatments included 19
studies in individuals with 6g24-related transient
neonatal diabetes4; all studies graded as having
moderate or serious risk of bias. In some, but not
all, studies, sulfonylurea use during the neonatal
period improved diabetes outcomes, allowing ces-
sation of insulin, and was well tolerated. Evidence
for the efficacy of a variety of noninsulin therapies
was more consistent later in life during a relapse
phase. We reviewed 32 studies in individuals with
SLC19A2-related neonatal diabetes, also known

as thiamine-responsive megaloblastic anemia, all
with moderate or serious risk of bias. Most studies
described some potential benefits of thiamine,
such as reduction or cessation of insulin use and/
or improved glycemic control, with no reports of
adverse effects. We concluded that the current
evidence is low quality for clinical guidance on
use of noninsulin therapy with 6q24-related
diabetes or thiamine in thiamine-responsive
megaloblastic anemia.

We evaluated the effects of therapies for HNF1A
diabetes, HNF4A diabetes and GCK-related hyper-
glycemia reported in 34 studies, including four
randomized controlled trials (RCTs). Sulfonyl-
ureas are effective specifically in HNF1A diabetes
for glycemic control, more so than in individuals
with T2D. For HNF1A and HNF4A diabetes, transi-
tioning from insulin or other noninsulin therapies
to sulfonylureas may improve glycemic control.
Some experimental studies demonstrate glinides

and glucagon-like peptide-1 receptor agonists
(GLP1-RAs) may be alternatives to sulfonylureas
for HNF1A diabetes, as well as dipeptidyl pepti-
dase 4 inhibitors as augmentative therapy. For
GCK-related hyperglycemia, published case series
indicate that treatment should not be given and
can be discontinued.

Monogenic disorders of severe insulin resis-
tance include generalized lipodystrophy caused
by mutations in AGPAT2 and BSCL2, partial lipo-
dystrophy with mutations in LMNA and PPARG,
and pathogenic variants in the INSR gene. Safety
and efficacy of recombinant human leptin (me-
treleptin) and thiazolidinediones were analyzed
in populations with lipodystrophy syndromes
and recombinant insulin-like growth factor-1in
INSR mutation carriers. Of 43 nonrandomized
experiments and cause series included for review,
most individuals had partial lipodystrophy, some
had generalized lipodystrophy and few carried
INSR mutations. This evidence had moderate
or serious risk of bias. Response to metreleptin
was described in subgroups with familial partial
lipodystrophy and congenital generalized lipo-
dystrophy, where treatment was related to lower
triglycerides in aggregated lipodystrophy, partial
lipodystrophy and generalized lipodystrophy, as
well as those with LMNA, PPARG, AGPAT2 or BSCL2
mutations. HbAlc levels decreased in all but
AGPAT2. Thiazolidinediones lowered triglycerides
and HbAlc levels in aggregated lipodystrophy, and
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Figure 2: Organogram of the PMDI consortium and workflow.
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triglycerides in LMNA but not PPARG. Response to
insulin-like growth factor-1, alone or in combina-
tion with IGFBP3, lowered HbA1c levels. There
were very few adverse events reported for any
therapies, possibly due to small samples sizes and
underreporting.
Precision prognosis

We reviewed evidence describing the incidence
and severity of diabetes-related microvascular and
macrovascular complications in populations with
permanent neonatal diabetes due to pathogenic
variants in KCNJ11 and ABCC8, and MDM due to
pathogenic variants in HNF1A, HNF4A and GCK®.
Extra-pancreatic complications (for example,
hepatic adenomas in HNFI1A diabetes, develop-
mental delay, epilepsy and neonatal diabetes
syndrome) were beyond the scope of the review.

Individuals with most forms of MDM are at high
risk of microvascular and macrovascular com-
plications, impacted by poor glycemic control.
Many studies focused on younger populations
diagnosed with neonatal diabetes, where rates
of severe microvascular complications were low.
Their risk may be in part mitigated by improved
glycemic control in neonatal diabetes related
to pathogenic variants in the KCNJi1 and ABCC8
genes and HNF1A diabetes and HNF4A diabetes,
where precision therapy with sulfonylureas is
available. Additional long-term follow-up studies
will be important to understand the natural
progression of microvascular and macrovascular

complications in permanent neonatal diabetes
mellitus from mutations in KCNJ11 and ABCCS.

From 78 articles, retinopathy and microalbu-
minuria were reported in cases with neonatal
diabetes mellitus, but progressive retinopathy and
severe renal disease were uncommon. Popula-
tions with isolated GCK-related hyperglycemia
have overall very low rates of diabetes-related
complications. Indeed, microvascular com-
plications were very rare in cohort studies of
populations with GCK-related hyperglycemia and
prolonged disease duration (>50 years).

Recent studies of HNF1A diabetes reported
lower rates of complications compared to those
published earlier (for example, for retinopathy;
17% in recent versus 47% earlier; for cardiovascu-
lar disease (CVD), 7% in recent years versus 16%
earlier). In recent studies, rates of microangio-
pathic complications observed were less than
in T1D, although rates were similar or higher
among these populations in older studies. More
recent studies of patients with HNF1A diabetes
and HNF4A diabetes show improved prognosis
of diabetes microvascular and macrovascular
complications, likely reflecting an earlier molecu-
lar diagnosis, tighter treatment targets and higher
rates of precision therapy.

GDM
GDM is abnormal glucose tolerance with onset
or first recognition during pregnancy. GDM is the
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most common metabolic complication of preg-
nancy. Unlike most other forms of diabetes, the
onset of GDM is rapid and typically resolves after
delivery. Nevertheless, the short- and long-term
health risks that GDM poses to the mother and
offspring can be substantial, underscoring the
importance of widely available screening, diagno-
sis and effective treatment.

Precision prevention

We systematically reviewed results of 116
interventions on GDM prevention, including diet
and/or exercise (diet n = 16; exercise n =17; diet
and exercise combined n = 59), metformin (n=13)
and supplements such as myoinositol/inositol,
probiotics and fish oil (n=12)°. We considered
interventions initiated in the preconception or
antenatal period and reporting GDM among its
outcomes for prevention efficacy.

In our meta-analyses, lifestyle interventions led
to lower incidence of GDM compared with control
care: diet only by 25%, exercise only by 31%, and
combined diet and exercise by 18% (moderate-to-
low-quality evidence). Metformin reduced GDM
by 34%, and myoinositol/inositol supplements by
61%; however, this evidence was rated very low
quality. Only seven trials initiated interventions
in the preconception period. Metformin interven-
tions implemented in the preconception period
had better GDM risk reduction when compared
to those initiated during pregnancy. For exercise-
only interventions, greater risk reduction for GDM
was seen in studies enrolling women with a BMI
in the normal range. Combined diet and exercise
interventions were more effective in GDM reduc-
tion among women with overweight or obesity;,
without polycystic ovary syndrome, without
history of prior GDM and with advanced maternal
age at pregnancy. Metformin was relatively more
effective in preventing GDM among women with
a history of polycystic ovary syndrome, with
older maternal age and with higher fasting blood
glucose at enrollment. Parity, education and em-
ployment status, race and history of having a large
for gestational age infant did not appreciably
impact the effectiveness of interventions. These
findings came primarily from comparing effect
estimates across trials with different participant
characteristics rather than from within-study
analyses stratified by participant characteristics.
Overall, the strength of evidence for GDM risk
reduction with the use of lifestyle modification,

metformin and myoinositol/inositol is moderate
to very low. Moreover, few data were available to
determine which individual characteristics might
predict who would benefit most from a given type
of intervention.

Future research should include interventions
in early pregnancy with sufficient sample size to
assess GDM as a primary outcome as well as to
provide results stratified by pertinent participant
characteristics, including social and environ-
mental factors, clinical traits and other novel
risk factors to predict the effectiveness of GDM
prevention programs.

Precision diagnosis

The overarching goal of the GDM precision
diagnosis working group was to review evidence
of precision markers beyond glycemic level (that
is, information about a person’s pathophysiol-
ogy, environment and/or context) that might
help refine the diagnosis of GDM. Through the
lens of clinical translation, we investigated the
evidence supporting GDM subtypes and etiologic
or pathologic heterogeneity, as well as associa-
tions with adverse perinatal outcomes'. The
systematic review and meta-analysis focused on
observational studies evaluating maternal and
fetal anthropometry, clinical and sociocultural/
environmental risk factors, genetics, omics and
nonglycemic biomarkers that could identify
subgroups of individuals with diagnosed GDM at
differentially higher risk of adverse pregnancy
outcomes. Of 137 studies included, 68 studies
evaluated maternal anthropometry as a potential
modifier or precision marker related to pregnancy
outcomes. The meta-analysis among a subset of
studies reporting on maternal BMI in relation to
risk for neonatal large for gestational age and/
or macrosomia. Forty-nine studies evaluated
maternal clinical or sociocultural factors, and
30 studies evaluated nonglycemic biomarkers,
lipids and insulin sensitivity/secretion indices.
Few studies incorporated fetal anthropometry
(11 studies), risk-prediction models with multiple
variables (six studies) or genetics/genomics and
other omics (five studies).

Anthropometry measures were the most ana-
lyzed risk factor with outcomes among pregnan-
cies complicated by GDM. Meta-analyses demon-
strated that women with GDM and overweight/
obesity have two to three higher risk for neonatal
macrosomia or neonatal large for gestational
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Box 1

Contemporary diagnostic definitions of
the established forms of diabetes

Based on the ADA Standards of Care 2022, diabetes can be classi-
fied into the following general categories:

(1) TID s a disease caused by autoimmune damage of the insulin-

producing B-cells of the pancreatic islets, usually leading
to absolute endogenous insulin deficiency, including latent
autoimmune diabetes of adulthood.

(2) T2D is a disease characterized by a progressive loss of
adequate B-cell insulin secretion frequently in the presence of
excess adiposity and insulin resistance.

(3) GDM is a disease characterized by persistent hyperglycemia,
often diagnosed in the second or third trimester of pregnancy,
which was not determined to be prepregnancy diabetes.

Other rarer types of diabetes include:

(1) MDM, which represents a rare form of diabetes due to specific
genetic defects that cause 3-cell dysfunction with minimal or
no defects in insulin action and include neonatal diabetes and

maturity-onset diabetes of the young.

(2) Secondary forms of diabetes, such as diabetes due to other
causes such as the exocrine pancreas (for example, cystic
fibrosis) and pancreatitis and drug- or chemical-induced

diabetes (such as with glucocorticoid use, in the treatment of

HIV/AIDS or after organ transplantation).

age. Larger birth size is the leading risk factor for
birth trauma (shoulder dystocia) and emergency
C-section. Regarding nonglycemic biochemical
markers (n=33 studies), lipids and insulin resis-
tance or secretion indices were the most studied,
with elevated maternal triglycerides and insulin
resistance generally associated with greater risk
of neonatal large for gestational age and macro-
somia; study findings were inconsistent. Studies
reporting on genetics and omics were scarce.
Few studies described risk-prediction models
with multiple variables. Traditional GDM risk
factors, such as advanced maternal age, parity,
prior history of GDM or family history of diabetes,
were not consistent markers of adverse perinatal
outcomes in women with GDM. There was sparse
evidence to support conclusions for the role of
race, ethnicity or country of origin as precision
markers, given high heterogeneity across studies,
and that data interpretation is dependent on so-
ciocultural context. Very few studies investigated
diet, physical activity or psychological health as
precision markers for diagnosis of GDM.

For most of the precision markers (other than
BMI), it will be necessary to conduct validation
and replication studies in adequately powered

studies of people representing the diversity of
target populations. For precision biomarkers,
validated, standardized and affordable assays are
required for broad adoption by clinical laborato-
ries. There is a need to identify and test different
clinical decision and management strategies if a
precision diagnostic identifies a woman at high
risk of perinatal complications. Finally, for modi-
fiable precision markers (for example, lipid levels,
insulin sensitivity), novel interventions should be
developed and validated that specifically target
these markers during pregnancy.

Precision treatment

It is unknown whether precision treatment of
GDM could improve maternal and/or offspring
outcomes. We conducted a systematic review
of evidence for precision markers of GDM treat-
ment success to determine (1) which precision
approaches in addition to standard of care can
enable achievement of glucose targets with
lifestyle measures alone, and (2) which charac-
teristics predict whether glucose targets can be
achieved in women treated with diet and lifestyle
alone, and in women receiving oral agents°.

Only two studies reporting personalized ap-
proaches of tailoring lifestyle-based treatments
in GDM met the inclusion criteria for review, with
variable findings for prepregnancy BMI or exces-
sive gestational weight gain as precision markers
for intervention efficacy and implementation.
For predictors of escalation with the need for
pharmacological interventions, 48 studies were
included, and 34 studies were included in meta-
analyses. Precision markers for successful GDM
management with lifestyle measures without
the need for additional pharmacological therapy
(insulin, metformin and/or glyburide; 34 studies)
were (1) younger maternal age, (2) nulliparity, (3)
lower BMI, (4) no previous history of GDM, (5)
lower levels of HbAlc, fasting glucose and postch-
allenge glucose concentrations (at 1, 2 and 3h), (6)
no family history of diabetes, (7) later gestation
of diagnosis of GDM, and (8) no previous macro-
somia. Similar precision markers for successful
treatment with metformin and/or glyburide
without requiring supplementary insulin were
found with the addition of later gestation of
initiation of the oral agent (12 studies). Data were
lacking to identify precision markers of responses
to one agent versus another. Only two studies in-
cluded genetics or omics as potential markers for
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Figure 3: Precision medicine across the life course and the role of precision diabetes medicine.
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The collection of deep phenotypic, environmental and social data through the life course will allow the generation of prediction
algorithms to identify individuals with shared characteristics that are more likely to benefit from targeted screening and
preventive and treatment strategies for the prevention, diagnosis and management of diabetes.

treatment escalation. The studies were limited by
the predominant focus on high-income settings
and the small sample sizes.

Overall, based on findings from moderate-to-
good quality, key maternal characteristics were
identified that may be used to build prediction
models for pharmacological GDM treatment.
Precision markers for GDM treatment are usually
available from routine clinical measures; however,
it is unknown whether other precision markers
could be identified (for example, genetics or
omics) or whether these can be implemented
in clinical practice. Future studies should be
appropriately powered and designed to assess
individual precision markers or algorithms incor-
porating multiple precision markers. Validation
and replication in diverse populations are lacking
and are also needed.

Precision prognosis

GDM incurs health risks to both a mother and
her offspring, not only during pregnancy and
at delivery but also over the longer term. The
systematic evidence evaluation focused on studies
describing predictors of postpartum and long-
term cardiometabolic outcomes in women with
GDM and their offspring®. The evidence synthesis
focused on prognostic endpoints of T2D and CVD
for women with prior GDM, as well as anthropo-

metric features and preclinical cardiometabolic
biomarkers among offspring exposed to GDM in
utero. We included 89 studies of which 55 report-
ed on maternal outcomes (52 observational, three
RCTs) and 45 reported on offspring outcomes (37
observational, eight RCTSs).

Collectively, studies reported that women with
a history of GDM are at higher risk of T2D and
CVD, with a dose-dependent relationship between
degree of pregnancy hyperglycemia and these
outcomes. Similarly, offspring born to women with
more severe GDM had more adiposity and higher
risk of being overweight or of obesity across the
life span. GDM severity was also associated with
greater risk of incident T2D and CVD among
women and with an unfavorable cardiometabolic
profile in offspring later in life. Broadly, the rela-
tionships between GDM severity and the maternal/
offspring outcomes were robust to adjustment for
gestational week at diagnosis, offspring birth size
and family-level socioeconomic status; however,
failing to adjust for maternal BMI and lifestyle
factors was a concerning source of bias for the
relationships of GDM with offspring outcomes.

Some studies considered whether the type of
treatment needed to achieve glycemic targets in
women with GDM is a precision marker for long-
term outcomes. Treatment with insulin, but not
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lifestyle, had a worse prognosis for both mothers
and offspring; however, this apparent effect
could be due to the prescription of insulin when
GDM is ‘more severe, which may be partly due to
confounding by indication. Unfavorable maternal
and child outcomes associated with GDM history
(exposure) were modified by lifestyle. For mater-
nal outcomes, the primary risk mitigators were
healthy diet and regular moderate-to-vigorous
physical activity. For offspring outcomes, the
offspring’s diet and physical activity modified
cardiometabolic risk. Greater exclusivity and
longer duration of breastfeeding attenuated car-
diometabolic risk among GDM-exposed offspring,
although this literature was less robust than that
for reduction of the risk for T2D in breastfeeding
women with prior GDM. There is presently very
limited evidence about the role of omics biomark-
ers and polygenic scores (for T2D or CVD) in
women with prior GDM.

Despite the above insights, studies regarding
GDM prognostic factors indicative of future
maternal and offspring cardiometabolic health
are generally low quality. Most current literature
describes retrospective studies leveraging registry
data and observational cohort studies; inferring
causal relationships from these data about prog-
nostic factors is hampered by risk of confounding
and reverse causation (attributable, for example,
to preexisting conditions and other pregnancy
characteristics).

TID

T1D results from autoimmune-induced destruc-
tion of the pancreatic p-cells, requiring insulin
treatment for survival. While representing ~2% of
all forms of diabetes worldwide!, T1D has a large
healthcare cost owing to the early age at onset for
many affected, the high cost of insulin and related
technologies (insulin infusion pumps, continu-
ous glucose monitors (CGM), hybrid closed loop
systems) and elevated risk of both microvascular
and macrovascular complications. Growing
insights into the pathogenesis of T1D motivated
the classification of the disease in different stages,
with stage 0 being presence of 1 autoantibody in
people at high genetic risk, stage 1 and 2 being
the presence of two or more islet autoantibodies
in normo- (stage 1) or dysglycemia (stage 2) and
clinical diabetes (stage 3). Etiologic heterogeneity
is recognized in both children and adults.

Precision prevention

A key question in T1D is whether individual
characteristics or biomarkers can be used to
identify those most likely to respond to disease-
modifying therapy before clinical T1D onset (stage
3). We conducted a systematic review of RCTs
focused on the identification of features associ-
ated with treatment response published over the
past 25 years®. Multiple trials were identified that
compared disease-modifying agents, mostly im-
munotherapies, to placebo. A formal meta-analy-
sis was not conducted given the heterogeneity of
interventions and approaches. Of 75 manuscripts
extracted for review, 15 described prevention
trials with the remainder focused on treatment in
the recent- or stage 3-onset period.

Prevention trials generally enrolled individu-
als at elevated genetic risk, typically based on
the presence of a first-degree relative with T1D
and/or with islet autoimmunity, with or without
changes in p-cell function (stages 0 to 3). Studies
commonly used time-to-diabetes as an outcome.
Stage 3 studies used more consistent eligibility
criteria and frequently tested C-peptide area
under the curve as a primary outcome. Fifty-seven
studies, including primary trials and longitudinal
follow-up of trials, performed precision analyses,
specifically testing features associated with treat-
ment response. Analyses tested the associations
of many features with treatment response, most
commonly age, measures of $-cell function and/or
an immune phenotype.

Overall, the RCTs received high-quality ratings
and were graded to have a low risk of bias;
however, precision prevention analyses had
lower quality rankings. Reasons for this were that
studies typically did not prespecify an analytic
plan, had inconsistent reporting of key meth-
odologic details (for example, sample size or a
correction for multiple comparisons) and tended
to report only positive (that is, statistically signifi-
cant) findings. There is large interest in precision
features associated with treatment response to
disease-modifying therapy in T1D; however, most
analyses were exploratory without follow-up with
prespecified prospective analyses.

We recommend that future studies are powered
to undertake multiple prespecified analyses to
permit statistically robust testing of features
associated with treatment response (for example,
through stratified effects or biomarker-treatment
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interactions). These data will be required for
the effective identification and implementation
of precision approaches to disease-modifying
therapies.

Precision diagnosis

Islet autoantibodies are validated predictors of
disease progression and are being incorporated
into clinical practice. We focused this system-
atic evidence review® on determining whether
autoantibodies help stratify subgroups across
four settings: (1) disease progression before
stage 3 diagnosis, (2) disease presentation/stage
3 diagnosis, (3) disease progression after stage 3
diagnosis and (4) response to disease-modifying
interventions.

We identified 151 publications, 90 relevant to
progression before stage 3, 44 for heterogeneity
at stage 3, 11 for progression after stage 3 and 13
for interventions. While insulin autoantibodies
are commonly the first to appear before diag-
nosis in younger children, the presence of IA-2
autoantibodies corresponds with faster disease
progression. Interactions between high-risk
HLA alleles (for example, HLA-DRB1*03:01 and
HLA-DRB1*04:01), the number and types of islet
autoantibodies, and age at seroconversion are
most often used in models (or added to existing
models) to predict disease. The replacement of
traditional radio-binding assays with electroche-
miluminescent assays improved the sensitivity of
some autoantibody testing and identified high-
risk subgroups (individuals with two or more
autoantibodies) who were previously low risk
(positive for a single autoantibody).

At stage 3 diagnosis, the presence of specific
autoantibodies correlated with age, suggesting
that the inciting antigens are different in younger,
compared to older, individuals. The primary
antibodies at seroconversion often disappeared
at the time of stage 3 diagnosis. There was weak
evidence that declining islet autoantibody titers
and the number of autoantibodies after stage 3
diagnosis corresponded to preserved residual
C-peptide level, thereby not supporting the use
of islet autoantibodies to define heterogeneity
in metabolic outcomes. Evidence of islet autoan-
tibody features to predict response to disease-
modifying therapies was modest, making the
impact of a specific antigen (and its correspond-
ing autoantibody) less significant. For clinical
implementation, the grade of evidence is limited

Box 2

Revisions to definitions described in the
first PMDI consensus report

Several definitions used in the first consensus report on preci-

sion diabetes medicine2 are revised here to (1) highlight key
benchmarks used to determine the success of precision diabetes
medicine in practice and (2) distinguish individual-level processes
that can be objectively quantified and incorporated into prediction
models from those that cannot, yet are integral to the transfer of
medical or health recommendations to recipients.

The following terms are revised:

Precision medicine:
From: “Precision (or stratified) medicine emphasizes tailoring
diagnostics or therapeutics (prevention or treatment) to sub-
groups of populations sharing similar characteristics, thereby
minimizing error and risk while maximizing efficacy”2

To: “Precision medicine focuses on minimizing errors and
improving accuracy in medical decisions and health recom-
mendations. It seeks to maximize efficacy, cost-effectiveness,
safety, access for those in need and compliance compared
with contemporary evidence-based medicine. Precision
medicine emphasizes tailoring diagnostics or therapeutics
(prevention or treatment) to subgroups of populations sharing
similar characteristics.”

Personalized and individualized medicine:
From: both terms are used interchangeably, defined as:
“the final step in the process of translating knowledge into
practice”2

To: “The use of a person’s own data to objectively gauge

the efficacy, safety, and tolerability of therapeutics, and,
subjectively, to tailor health recommendations and/or medical
decisions to the individual’s preferences, circumstances, and
capabilities”61.

by the reports (1) being mainly from European
ancestry populations, (2) rarely correcting analy-
ses for multiple comparisons, (3) consisting of
observational measurements from RCTs limited
to observational endpoints and (4) inconsistently
reporting on assay methods and validation.

These results suggest that islet autoantibodies
are useful to define heterogeneity in T1D before
stage 3 diagnosis, and that benefit will be gained
by incorporating age and genetics into risk scores.
Thoughtfully designed, prospective trials are
needed to apply these observations and develop
precision medicine approaches to diagnosis and
treatment. In a corresponding paper®, a methods
checklist is proposed to ensure reproducibility
and applicability of islet autoantibody-based
research.
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Precision treatment

Treatment of clinical, stage 3 T1D includes
insulin therapy, adjunctive agents, nutrition,
exercise, behavioral health, glycemic targets and
transitions of care; however, in the last decade,
the major development for people living with T1D
has been in technology. This systematic evidence
review focused on whether diabetes management
technologies impact clinically relevant outcomes,
based on differences between subpopulations®.

A systematic review of 71 peer-reviewed RCTs
and related secondary/extension studies with
at least 50 participants from the past 10 years
concluded that novel technologies (ranging from
isolated CGM, decision-support tools, continuous
subcutaneous insulin infusion pumps, to ad-
vanced hybrid closed loop systems) have resulted
in lower HbA1c levels, increased CGM-defined
time-in-range glucose between 70-180 mgdl,
reduced hypoglycemia risk and improved person-
reported outcomes. The broad array of technolo-
gies permits the application of individualized
treatment plans for people living with T1D but
limits cross-trial comparisons or meta-analyses.
CGM use among very young children reduced
the risk of hypoglycemia and lowered parental
distress while having minimal impact on HbAlc
level and time-in-range when compared to self-
monitoring of blood glucose. Technologies that
include sensor-augmented pump therapy, predic-
tive low glucose suspend pumps and automated
insulin-delivery systems improved hypoglycemia,
time-in-range and HbAlc levels across all age
groups. Age of the individual should be consid-
ered in clinical decisions related to technology
use. Variation in baseline glycemic status (for
example, suboptimal versus targeted HbAlc level)
did not consistently impact these outcomes.

Important limitations of published trials were
identified. There is limited availability of pre-
planned or well-powered analyses in subgroups
(for example, children, older adults or people
with advanced complications). While the quality
of evaluated RCTs is high with a low risk of bias,
high-quality data related to these subpopulations
is needed, and results are considered explor-
atory until appropriately powered studies are
conducted and findings are adjusted for multiple
comparisons. Confounding variables, including (1)
access to technologies, (2) education with device
initiation, (3) concomitant behavioral modifica-

tions and (4) frequent contact with the healthcare
team are rarely described in enough detail to
assess their impact.

Precision prognosis

The landmark Diabetes Control and Complica-
tions Trial demonstrated that intensive glucose
control effectively prevents microvascular
complications in individuals with uncomplicated
and recent-onset T1D (<5 years), as well as those
with more than 5 years since diagnosis and
mild nonproliferative diabetic retinopathy??23.
However, glucose control accounts for only 50%
of T1D complication risk?*?’. Moreover, certain
subgroups, including the el