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ABSTRACT

At least 70% of US adults have metabolic dis-
ease. However, less is done to address early dis-
ease (e.g., overweight, obesity, prediabetes)
versus advanced disease (e.g., type 2 diabetes
mellitus, coronary artery disease). Given the
burden of advanced metabolic disease and the
burgeoning pandemics of obesity and predia-
betes a systematic response is required. To
accomplish this, we offer several

recommendations: (A) Patients with over-
weight, obesity, and/or prediabetes must be
consistently diagnosed with these conditions in
medical records to enable population health
initiatives. (B) Patients with early metabolic
disease should be offered in-person or virtual
lifestyle interventions commensurate with the
findings of the Diabetes Prevention Program.
(C) Patients unable to participate in or other-
wise failing lifestyle intervention must be
screened to assess if they require pharma-
cotherapy. (D) Patients not indicated for,
refusing, or failing pharmacotherapy must be
screened to assess if they need bariatric surgery.
(E) Regardless of treatment approach or lack of
treatment, patients must be consistently
screened for the progression of early metabolic
disease to advanced disease to enable early
control. Progression of metabolic disease from
an overweight yet otherwise healthy person
includes the development of prediabetes, obe-
sity ± prediabetes, dyslipidemia, hypertension,
type 2 diabetes, chronic kidney disease, coro-
nary artery disease, and heart failure. Systematic
approaches in health systems must be deployed
with clear protocols and supported by stream-
lined technologies to manage their population’s
metabolic health from early through advanced
metabolic disease. Additional research is needed
to identify and validate optimal system-level
interventions. Future research needs to identify
strategies to roll out systematic interventions
for the treatment of early metabolic disease and
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to improve the metabolic health among the
progressively younger patients being impacted
by obesity and diabetes.

Keywords: Diabetes; Obesity; Overweight;
Population health; Prediabetes; Prevention

Key Summary Points

Diabetes and other metabolic diseases are
highly undesirable.

Prediabetes and obesity should be
consistently diagnosed to facilitate
population health initiates.

With patient-specific factors considered,
evidence supports treating prediabetes
and obesity with lifestyle intervention,
medications, and bariatric surgery.

Systematic approaches to preventing or
delaying the progression of metabolic
disease are needed, given the pandemics
of obesity and prediabetes.

Additional research is needed to identify
the best ways to roll out interventions to
treat early metabolic disease.

Additional research is needed to improve
interventions targeting the metabolic
health of youths.

A speaker asked for hands to be raised in an
auditorium where there were more held doc-
torate degrees than people and the average body
mass index (BMI) likely approximated 22 kg/
m2. ‘‘If you’d like to participate, please raise
your hand if you do not have type 2 diabetes.’’
Many hands went up. Then the speaker asked,
‘‘please keep your hand in the air if you are
indifferent to whether or not you develop
type 2 diabetes.’’ No hands remained in the air.
Next, the speaker asked, ‘‘please raise your hand
if you address new-onset type 2 diabetes in
clinic.’’ Many hands went up. Then the speaker
asked, ‘‘please keep your hand in the air if you

have seen a baseline glycated hemoglobin of at
least 8%.’’ No hands went down. ‘‘How about
9%?’’ No hands went down. ‘‘What about 10%?’’
Still, no hands went down. ‘‘Ok, 11%?’’ The
hands of a few of the younger clinicians went
down. Not until 14% were only a few hands
remaining. When this exercise is repeated, the
results are invariable. No one wants to develop
type 2 diabetes, and many patients present for
care after type 2 diabetes has had the opportu-
nity to cause irreparable damage to life [1], limb
[2], and a bank account [3].

Why, then does the American Diabetes
Association write, ‘‘[p]rediabetes should not be
viewed as a clinical entity in its own right but
rather as a risk factor for progression to diabetes
and cardiovascular disease’’ [4]? How is this
different from hypertension, which daily causes
no symptoms, but rather is a risk factor for
myocardial infarction, stroke, and heart failure
[5]? Why, as a health system, are we not doing
more to treat overweight, obesity, and predia-
betes? There appears to be a disconnect between
clinician preference for their health, their
interpretation of the evidence, and their
approach to patient care. This commentary will
reconcile this disconnect and propose a way
forward. This article is based on previously
conducted studies and does not contain any
new studies with human participants or animals
performed by any of the authors.

THE STATE OF THINGS

At least 70% of United States (US) adults have
metabolic disease (e.g., overweight, obesity,
hypertension, prediabetes, diabetes, coronary
artery disease), including over 100 million US
adults with prediabetes [5]. There is debate
among guidelines and nations regarding what
should be indicative of prediabetes; however, it
is somewhat trivial as it does not impact the
primary patient care approach. Whether a
patient has overweight, obesity, or prediabetes
(either defined as a fasting blood glucose of
100 mg/dL or 110 mg/dL), they would benefit
from improvements in their diet and exercise
habits, as would all patients with metabolic
disease [6].
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Disagreement becomes meaningful in
choosing pharmacotherapy. The American
Diabetes Association reserves medication ther-
apy, specifically metformin, for patients with
higher degrees of dysglycemia [6]. Metformin is
recommended to prevent type 2 diabetes in
adults aged 25–59 years, with BMI C 35 kg/m2,
fasting glucose C 110 mg/dL, glycated hemo-
globin C 6.0%, and in women with prior ges-
tational diabetes [6]. The American Association
of Clinical Endocrinology does not require a
higher degree of dysglycemia for medication
therapy (i.e., metformin, pioglitazone, acar-
bose) and further recommends glucagon-like
peptide 1 (GLP-1) receptor agonists or phenter-
mine/topiramate extended-release among
patients with prediabetes also indicated for
weight loss pharmacotherapy (obesity or BMI
C 27 kg/m2 with weight-related comorbidity)
[7]. Conversely, others have advocated for no
pharmacotherapy for prediabetes [8–10]. Indeed
a state-of-the-art review from the Journal of the
American College of Cardiology concluded,
‘‘[w]ith regard to primary prevention of [car-
diovascular disease], it is clear that for [diabetes
mellitus]… there is no role for pharmacological
interventions in individuals without overt dis-
ease.’’ But was this clear then, and if so, is it still
now?

HARD OUTCOMES
AND THE DIABETES PREVENTION
PROGRAM

Improving lifestyle, noted by healthier diet and
more exercise, is the core approach to prevent-
ing new-onset type 2 diabetes [6]. Notable goals
and approaches to intensive lifestyle interven-
tion include achieving and maintaining a 7%
reduction in baseline body weight through
moderate-intensity exercise (C 150 min/week)
and a healthy reduced-calorie diet (500–-
1000 kcal per day below the amount needed to
maintain body weight) [6]. While the Diabetes
Prevention Program focused diet change on
reducing total dietary fat and calories, several
patient-tailored approaches to diet can be used
for diabetes prevention including Mediter-
ranean-style, low-carbohydrate, vegetarian,

plant-based, and Dietary Approaches to Stop
Hypertension (DASH).

The Diabetes Prevention Program demon-
strated the impact of intensive lifestyle inter-
vention in preventing new-onset type 2
diabetes [11]. As such, the trial offered a group-
implemented lifestyle intervention to all par-
ticipants after the 3-year initial study of inten-
sive lifestyle intervention, metformin, and
placebo [12]. Yet, even at 21 years of follow-up,
both metformin and intensive lifestyle inter-
vention resulted in significantly fewer cases of
new-onset type 2 diabetes versus placebo (pla-
cebo 60%, metformin 55%, lifestyle interven-
tion 53%, p\ 0.01 for both interventions versus
placebo) [13]. Several important points can be
gleaned from these data.

First, an absolute reduction of 5–7% over
21 years in new-onset type 2 diabetes is not
dramatic [13]. Second, with the small difference
in the development of type 2 diabetes overall, it
is not surprising that the study did not
demonstrate a difference in microvascular or
macrovascular outcomes between treatment
groups [13, 14]. Third, the smaller absolute dif-
ference is less surprising as all participants were
offered a group lifestyle intervention following
year 3. Fourth, the lifetime risk of developing
new-onset type 2 diabetes is high among adults
with prediabetes, even in a controlled trial with
optimized care. In addition to the findings by
treatment assignment, overall findings demon-
strated significant benefit from not developing
versus developing type 2 diabetes in the long-
term follow-up. At 15 years, not having diabetes
was associated with a 28% lower prevalence of
microvascular complications [14]. Additionally,
at an average follow-up of 22 years, not having
diabetes was associated with a 57% lower risk of
early eye changes, a 37% lower risk of kidney
disease, and a 39% lower risk of major cardio-
vascular disease endpoints [15].

A clinical treatment approach either values
preventing type 2 diabetes or it does not. Clin-
icians cannot abdicate the decision with a
patient in front of them. No decision to pro-
mote metabolic health is a decision not to
promote metabolic health. So, each clinician
must answer whether attempting to prevent
type 2 diabetes helps. The evidence suggests it
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does. Importantly, there is no economic ratio-
nale for withholding lifestyle intervention or
metformin as both are cost-saving in attempt-
ing to prevent of type 2 diabetes [16–18]. A key
point in the preceding sentence is the word
‘‘attempting’’ as adherence significantly waned
over time in the group assigned to receive
metformin [13]. Even so, diabetes prevalence
remained lower with metformin, and cost-sav-
ings were achieved [12, 16, 17]. Therefore, even
if the evidence suggesting a macro- and
microvascular benefit from not developing
type 2 diabetes is discounted, the primary
interventions to delay or prevent new-onset
type 2 diabetes are cost-saving, with the added
benefit of avoiding type 2 diabetes in some
patients as highlighted above. Indeed, as illus-
trated above and in the literature, type 2 dia-
betes impacts a range of patient-centered
outcomes [19]. Thus, lifestyle intervention and
metformin should be deployed systematically
to improve patient outcomes and reduce
healthcare spending.

In addition to the overall benefits observed
in the Diabetes Prevention Program, five key
points further highlight the expected benefit of
metformin for diabetes prevention in practice.
First, the benefit of metformin in preventing
type 2 diabetes is not simply masking type 2
diabetes. The majority of metformin’s benefit
was retained following metformin washout in
the Diabetes Prevention Program [20]. Second,
it is established that greater adherence to met-
formin improved its effect on reduced new-on-
set type 2 diabetes [21]. Thus, patients choosing
and staying on metformin can expect benefits
beyond those observed in the Diabetes Preven-
tion Program. Third, it is established that a
major health disparity exists in diabetes preva-
lence [22, 23]. Diabetes prevention efforts must
account for health disparity and access to care
[22]. Not all patients have access to healthy
foods or intensive lifestyle interventions. As
such, patients should be offered metformin
when indicated as the ‘‘in practice’’ alternative
to metformin for some patients would be no
intervention, far below the level of care pro-
vided to patients in the placebo group of the
Diabetes Prevention Program. Fourth, key sub-
groups benefited from metformin more or less

in the Diabetes Prevention Program. These
subgroups are mirrored in the American Dia-
betes Association’s recommendations [6]. Thus,
targeting metformin therapy in practice toward
patients younger and more obese would gener-
ate a benefit greater than that observed in the
Diabetes Prevention Program as obesity is a
trigger for increasing insulin resistance and
subsequent new-onset type 2 diabetes [24].
Fifth, men, particularly younger men, are
underrepresented among those participating in
the National Diabetes Prevention Program [25].
In the Diabetes Prevention Program, men
experienced a reduction in coronary artery cal-
cium with metformin therapy [26]. Thus, the
patients least likely to participate in intensive
lifestyle interventions (i.e., younger patients
and men) are also the most likely to benefit
from metformin.

A WAY FORWARD

Overweight, obesity, and prediabetes must be
diagnosed for two key reasons. First, this
enables population health approaches to
improve patient care and outcomes [27]. With a
diagnosis, these efforts can be done efficiently.
Population health studies in hypertension and
diabetes have demonstrated improvements in
care, and patient identification is simplified
when International Classification of Diseases
(ICD) codes can be searched electronically
[28, 29]. Without a diagnosis, population health
initiatives become less efficient if they must
start with screening [30, 31]. Specific to predia-
betes, when patients are already screened for
type 2 diabetes in practice, the return on
investment of screening is diminished when
prediabetes is identified… but not diagnosed
[31]. Second, patients receiving a diagnosis
should receive a plan in a progress note for the
new problem identified as standard care.
Indeed, it has been demonstrated that diag-
nosed obesity prompts action by clinicians [32].
However, many patients with prediabetes
receive no diagnosis and no intervention [33].
Regardless of intervention, the diagnosis of
overweight, obesity, or prediabetes can be done
at no added cost (as screening is already being
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done) and can improve the process for contin-
ued screening for progression to overt metabolic
disease, including type 2 diabetes. By formaliz-
ing a follow-up plan for subsequent screening, it
may be possible to limit patients being lost to
follow-up and later presenting with significant
glucose elevations as their new baseline or other
advanced metabolic disease.

Recommendations for screening for predia-
betes and type 2 diabetes have been established
by multiple guidelines [4, 6, 34]. Patients lost to
follow-up with prediabetes who later present
with type 2 diabetes and significantly elevated
glucose appear to be at substantially higher risk
for complications [35–37]. Conversely, patients
benefit from the early treatment and control of
type 2 diabetes [35, 38, 39]. Moreover, the
benefit of early treatment and control of type 2
diabetes is likely underestimated as newer
medications for the treatment of type 2 diabetes
significantly reduce cardiovascular events
[40–44]. Given the benefit of early treatment
and control of type 2 diabetes [35], and the
harm associated with developing type 2 dia-
betes versus not developing type 2 diabetes
[14, 15], we propose it is appropriate for clini-
cians to operate with the understanding that
patients significantly benefit when they do not
develop type 2 diabetes. Among various popu-
lations, the interventions which appear to have
the clearest data regarding diabetes prevention
and cardiovascular benefit are intensive lifestyle
intervention [11, 15, 16, 45], metformin
[11, 12, 20, 35, 46], pioglitazone [47, 48], and
liraglutide and semaglutide [40–42, 49, 50]. As
such, we propose these interventions should be
systematically deployed as supported by evi-
dence and guideline for the prevention of type 2
diabetes [6, 7, 34].

Patients with the early metabolic disease
(e.g., overweight) are at notable risk for the
continued progression of their metabolic dis-
ease, including obesity ± prediabetes, dyslipi-
demia, hypertension, chronic kidney disease,
coronary artery disease, heart failure, and death
[4, 51–55]. Therefore, as population health ini-
tiatives across health systems seek to improve
care quality, prediabetes should be incorporated
into overall metabolic health for two reasons.
First, it is presently undertreated and a

necessary component of comprehensive meta-
bolic care. Second, it is an early diagnosis of
metabolic disease in addition to overweight and
obesity. By identifying prediabetes, there is a
greater chance to intervene to slow metabolic
disease progression overall. Particularly in
younger patients, treating overweight, obesity,
and prediabetes earlier and more aggressively
has to potential to support healthier aging.
Moreover, employer-based health insurance
tends to have better prescription drug coverage
versus Medicare, thus potentially enabling
greater access to novel medications and treat-
ments with greater effects in working-age
patients.

MORE IS NEEDED

Greater action is needed to systematically
deploy interventions known to be effective in
treating overweight, obesity, and prediabetes.
Two key approaches include health system
protocol and electronic health record decision
information support [56]. Health system proto-
col is needed to prompt clinician behavior. No
medication has a specific US Food and Drug
Administration-approved indication for predia-
betes, though medications are approved for
obesity and overweight (BMI C 27 kg/m2 with
weight-related comorbidity). However, evi-
dence and guideline strongly support ‘‘off-label’’
use for prediabetes. As such, health systems
must enact protocols to encourage evidence-
based treatments and destigmatize off-label
pharmacotherapy for prediabetes in addition to
streamlining the appropriate use of medications
for weight loss and standardize referrals to bar-
iatric surgery. Decision information support can
facilitate these efforts by promoting the con-
sistent diagnosis of overweight, obesity, and
prediabetes. Moreover, it can be paired with
one-click referral to community lifestyle inter-
ventions partnered with the National Diabetes
Prevention Program. It is in these programs
where patients can receive the education and
support needed to adopt healthy patterns of
diet and exercise [25]. Additionally, based on
predetermined parameters, decision informa-
tion support can identify patients that may be
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indicated for pharmacologic or surgical
treatment.

The health system approaches outlined
above can be implemented broadly today.
Research is needed to refine replicable methods
to deploy these interventions. However, the
20-plus-year trends in obesity and diabetes
suggest systemic factors negatively impacting
metabolic health [57–59]. One analysis identi-
fied Sugar Research Foundation sponsored
research as problematic [60], the timing of
which roughly corresponded to the start of the
increasing prevalence of obesity and diabetes
[57–59]. Now many commonly purchased food
items contain added sugars [61, 62], a known
risk factor for cardiovascular disease mortality
[63]. The food supply must be examined and
addressed to enable healthy choices, without
the economic burden of ‘‘organic’’ items which
are also less accessible [64–66]. Through public
health approaches to improve the food supply it
may be possible to improve the metabolic
health of whole populations by addressing
excess (and empty) calories [67], insufficient
vitamin D [68], insufficient dietary fiber [69],
and insufficient healthy proteins [70].

The need to address metabolic health sys-
tematically is urgent. While some cling to BMI
as inaccurate with the hope that the metabolic
health of the USA is better than as measured by
BMI, recent data indicate that, if anything, BMI
underidentifies people with obesity and that the
metabolic health of the USA is even worse than
BMI would suggest [71, 72]. And today, poor
metabolic health impacts younger adults, ado-
lescents, and children more than ever [73–76].
Indeed, the number of children developing and
maintaining an unhealthy lifestyle portends an
insurmountable wave of metabolic disease
[74–76]. Recent evidence suggests the trend of
increased new pediatric type 2 diabetes is not
reversing post-pandemic [77]. Moreover, body
image, depression, social media, gaming, screen
time, parental role, school role, and socioeco-
nomic status complicate reaching and posi-
tively impacting children and adolescents
[73, 78, 79], those most likely to benefit long-
term from adopting and maintaining a healthy
lifestyle. Therefore, we propose research needs
with the potential to improve the metabolic

health of youth without compromising, and
hopefully improving, mental health.

What is the Best Way to Start
Conversations with Children, Adolescents,
and Parents About Metabolic Health?

It is quite possible, and even likely, that the
answer to this question will vary by age, sex,
culture, and socioeconomic status. Addition-
ally, we expect various individuals to be able to
positively impact a child or adolescent’s life and
metabolic health, though each may need a dif-
ferent conversation starter. Parents and guar-
dians are a vital influence in a child’s life and
need to be equipped to address health with their
child in a positive way. Other key childhood
points of contact include teachers, pediatri-
cians, and dentists. The start of conversations
regarding metabolic health in all circumstances
is vital to promote healthy change in lifestyle,
while being cognizant of mental health issues,
body image/self-esteem issues, and identity. We
hypothesize empowerment and a focus on
wellness will be important in broadly support-
ing physical and mental health. Regarding par-
ents, particularly the parents of students who
are elementary-age or younger, research is nee-
ded on how to deliver nutrition and physical
activity education to parents and prompt par-
ents to impose healthy dietary and physical
activity habits on their children in an appro-
priate way.

What is the Best Way to Systematically
Increase Physical Activity Among Public
School Attendees?

Lifestyle interventions focusing on improving
eating and physical activity behaviors have
become standard approaches to improving
health, although generally yielding only mod-
est impact [80]. Unfortunately, sweat, stigma,
fitting in, time, and comparison may jeopardize
consistent participation in physical activity
among various groups [81–83]. Moreover,
training among school teachers in physical
activity, if any, is not standardized [84–86].
Limited time, resources for exercise, space, and
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personnel appear to be obstacles [81, 82]. We
hypothesize these obstacles can be overcome
using current school resources and personnel
through additional targeted pieces of training
for school teachers, protocolized in-class physi-
cal activity curriculum, and directing teachers
to prioritize physical activity time [84, 85].

What is the Best Way to Combat Social
Media, Screen Time, and Gaming Among
Children and Adolescents?

There appears to be a link between social media
and depression [78, 87]. A bidirectional rela-
tionship between obesity and depression is
known [79, 88]. Limited data suggest video
game time impairs physical health, having an
impact on total sedentary time [89]. As time has
been established as a key limiting factor in
physical activity, we pose time spent playing
video games as an important factor in poten-
tially limiting physical activity time. Indeed,
digital addiction has become a major problem
exacerbated by the pandemic [90]. Youth have
long been known to be particularly susceptible
to addiction based on neurodevelopment [91],
and screen time, social media, and gaming
appear to impact the same dopamine reward
pathway as opioids [92, 93]. Together, there
appears to be a great but ill-defined harm asso-
ciated with screens in all forms, with a pro-
gressively worse impact as use increases and age
decreases, at the very least by promoting
increased sedentary time. More research is nee-
ded to clarify this harm and support children
and parents in methods to avoid this harm.

A CALL TO ACTION

Systematic approaches to promote metabolic
health are available but must be deployed
including the use of health system protocols
and technological approaches to streamline
metabolic care in an already burdened health
system [94]. However, these approaches are
limited to the extent they are an institutional
priority. Smaller physician groups may not have
an information systems team able to deploy
decision information support. Additionally,

depending on the physician group’s business
structure, there may not be a medical officer or
therapeutics committee able to enact and
monitor protocols. Even in larger health sys-
tems, approving protocols and building out the
needed support in electronic health records can
be a long process. Thus, institutional commit-
ment and incentive from insurers are needed. A
1-year time horizon for quality metrics and
shared savings is not likely to capture the ben-
efit of systematically treating early metabolic
disease. Thus, research, streamlined and repli-
cable systems, and updated policy are needed to
optimize a systematic approach to treating early
metabolic disease, its institutional rollout, and
its incentivization.

The systematic treatment of early metabolic
disease must include support for adopting a
healthy diet and regular exercise in addition to
the judicious, but systematic, use of medica-
tions and surgery [6, 45, 95]. While evidence
supports lifestyle intervention, medications,
and surgery, again more research is needed.
Specifically, research is needed to identify the
best way to get patients engaged in and adher-
ent to a lifestyle intervention program. Simi-
larly, research is needed to identify the best way
to identify and approach patients suitable for
metformin or other medication therapy for
early metabolic disease. Unfortunately, newer
medications are expensive and approaches to
increase patient access without overwhelming
the healthcare system need to be developed. As
part of this, the impact of higher-dose GLP-1
receptor agonists on cardiovascular outcomes
needs to be assessed in addition to assessing
their cardiovascular outcomes in patients with-
out type 2 diabetes. A Study of Tirzepatide on
the Reduction on Morbidity and Mortality in
Adults with Obesity (SURMOUNT-MMO) will
help shed light on this as it plans to enroll
15,000 patients without diabetes and will assess
the composite outcome of all-cause mortality,
nonfatal myocardial infarction, nonfatal stroke,
coronary revascularization, and heart failure
events [96].

Lifestyle diseases require a lifetime of action.
Indeed, the impact of metabolic disease on
human health begins prior to conception, as the
metabolic health of mothers impacts their
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offspring [97]. The impact of obesity and dia-
betes globally has escalated over the past
20 years and the projections are ominous as
obesity is expected to drive the global preva-
lence of diabetes to 1.3 billion by 2050 [98].
While food supply and societal factors need to
be improved, patients cannot wait. Continuing
the approach of diet and exercise only for
metabolic health is not patient-centered, pro-
motes health disparity, and is illogical as it has
failed for over 20 years [22, 23, 57–59].
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