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Abstract

Background: Individuals with metabolic syndrome often exhibit insulin resistance and chronic low-grade
inflammation, a combination that poses challenges for starting standard exercise programs. Inflammatory
cytokines (e.g., TNF-a, IL-6) interfere with insulin signaling, causing metabolic inflexibility — an impaired ability
to switch between fat and carbohydrate oxidation — that can reduce exercise tolerance ( Metabolic flexibility in
health and disease - PMC ). Standard immediate-initiation exercise prescriptions may lead to poor adherence,
excessive cortisol responses, and injury in this population (Obesity and Exercise | Obesity Medicine Association)
(Exercise and circulating Cortisol levels: The intensity threshold effect | Journal of Endocrinological
Investigation ).

Obijective: To propose a structured, multi-phased exercise introduction model tailored for individuals with
chronic inflammation and insulin resistance. The model aims to improve insulin sensitivity and fitness while
mitigating inflammation, injury risk, and dropout.

Methods: We conducted a narrative review of literature across exercise physiology, endocrinology, and
immunology domains. Data sources included PubMed and Scopus (through 2025) focusing on metabolic
syndrome, insulin resistance, inflammation, exercise initiation, and adherence. Inclusion criteria emphasized
studies of exercise interventions in sedentary or clinical populations with metabolic dysfunction, as well as
mechanistic studies on cytokines, stress hormones, and metabolic flexibility. Findings from ~30 relevant articles
were synthesized to build a phased intervention model. Key physiological principles (cytokine effects on insulin
action, cortisol dynamics, tissue adaptation) and behavioral evidence (adherence and injury rates) guided the
sequencing of phases. No new human data were collected; instead, the model was derived from existing evidence
and theoretical integration.

Results: We propose a three-phase progressive exercise model. Phase 1 (Inflammation Reduction and
Preparation): Emphasizes low-intensity activity (e.g., walking <40% VO:max, flexibility exercises) 3—4
days/week for ~4 weeks, combined with dietary adjustments and stress management. The goal is to reduce
baseline inflammation and begin improving metabolic flexibility without provoking large stress responses. This
phase leverages the anti-inflammatory effects of gentle exercise — regular low-intensity activity can increase anti-
inflammatory cytokines (IL-1ra, STNF-R) and reduce pro-inflammatory markers when combined with caloric
control ( Effect of Physical activity on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus
- PMC) —while avoiding significant cortisol spikes that accompany moderate-to-high intensity exercise (Exercise
and circulating Cortisol levels: The intensity threshold effect | Journal of Endocrinological Investigation )
(Exercise and circulating Cortisol levels: The intensity threshold effect | Journal of Endocrinological
Investigation ). Phase 2 (Base Fitness and Insulin Sensitivity Building): Introduces moderate-intensity aerobic
training (50-60% VO:max, 150-200 min/week) and light resistance training (12 sets of 10-15 reps, low weight)
over ~8-12 weeks. This structured exercise volume aligns with guidelines for health and is increased gradually
(frequency and duration ramped up ~10% per week). The aim is to improve mitochondrial function and muscle
glucose uptake capacity. Physiologically, this phase capitalizes on exercise-induced GLUT4 upregulation and
muscle conditioning, which enhance insulin action and glycemic control ( Effect of Physical activity on Insulin
Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC ). Inflammation is further reduced
(e.g., CRP expected to drop ~0.5 mg/dL) as fitness improves (Effectiveness of Resistance Exercise on
Inflammatory Biomarkers in Patients with Type 2 Diabetes Mellitus: A Systematic Review with Meta-Analysis).
Phase 3 (Intensification and Optimization): Adds higher intensity elements — interval training at 70-85%
VO:max and progressive resistance training at 70—80% 1RM — in a controlled manner for another ~8+ weeks,
once foundational adaptations are in place. This phase aims to maximize improvements in VO:max (projected
+15-20% from baseline) and muscular strength, and to normalize metabolic flexibility. By this stage, prior
conditioning mitigates acute injury risk and excessive cortisol responses, allowing vigorous exercise to confer
additional insulin-sensitizing and anti-inflammatory benefits. Across phases, hypothetical modeling suggests
improved adherence (expected >80% retention vs. ~60—70% in abrupt-start programs) and lower injury incidence
(<5% vs. higher rates when sedentary individuals start intense exercise abruptly (Obesity and Exercise | Obesity
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Medicine Association)). VO:max is expected to improve incrementally in each phase (e.g., +5% in Phase 1, +10%
in Phase 2, +5-10% in Phase 3), while homeostatic model assessment of insulin resistance (HOMA-IR) could
improve by an estimated 15-30% over the full program, based on analogous trial outcomes.

Conclusion: The phased model provides a biologically rational and patient-centered framework for exercise
initiation in insulin-resistant, chronically inflamed individuals. It sequentially reduces inflammatory burden and
builds metabolic capacity before introducing vigorous exercise, thereby enhancing safety, adherence, and
effectiveness. This approach is hypothesized to yield superior long-term improvements in insulin sensitivity,
fitness, and inflammation markers compared to immediate standard exercise prescriptions. The model now
warrants empirical testing in clinical trials to validate its benefits and refine phase durations or intensity
progressions as needed.

Keywords: Metabolic syndrome; Insulin resistance; Chronic inflammation; Exercise initiation; Phased exercise
intervention; Adherence; Metabolic flexibility
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. Introduction

Metabolic syndrome (MetS) is characterized by a cluster of conditions — central obesity, dyslipidemia,
hypertension, and hyperglycemia — underpinned by insulin resistance. A chronic pro-inflammatory state often
accompanies MetS; adipose tissue in obesity secretes excess cytokines like tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6), driving systemic inflammation (Effectiveness of Resistance Exercise on Inflammatory
Biomarkers in Patients with Type 2 Diabetes Mellitus: A Systematic Review with Meta-Analysis). This low-
grade chronic inflammation impairs insulin signaling at the cellular level. For example, TNF-a can induce serine
phosphorylation of insulin receptor substrate-1, blunting insulin action in muscle and adipose tissue (Tumor
Necrosis Factor a-induced Phosphorylation of Insulin ...). IL-6 and other cytokines further disrupt metabolic
homeostasis, creating a vicious cycle wherein inflammation and insulin resistance exacerbate one another (The
importance of exercise for glycemic control in type 2 diabetes). Over time, this can progress to type 2 diabetes
and cardiovascular disease if not addressed ( Physical activity in metabolic syndrome - PMC ) ( Physical activity
in metabolic syndrome - PMC).

Regular exercise is well-established as a cornerstone therapy to improve insulin sensitivity and reduce
cardiometabolic risk. Even moderate aerobic exercise can reduce the progression from prediabetes to diabetes (
Effect of Physical activity on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC
), improve glycemic control (e.g., lower HbAlc) ( Effect of Physical activity on Insulin Resistance, Inflammation
and Oxidative Stress in Diabetes Mellitus - PMC ), enhance lipid profiles, and lower blood pressure. Exercise
training also exerts anti-inflammatory effects: sustained physical activity is associated with lower resting C-
reactive protein (CRP) and inflammatory cytokine levels ( Effect of Physical activity on Insulin Resistance,
Inflammation and Oxidative Stress in Diabetes Mellitus - PMC ) ( Effect of Physical activity on Insulin
Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC ). Mechanistically, each bout of
exercise releases myokines (such as IL-6 from muscle) that can have an anti-inflammatory effect by increasing
IL-1raand IL-10 and reducing TNF-a production ( Effect of Physical activity on Insulin Resistance, Inflammation
and Oxidative Stress in Diabetes Mellitus - PMC ). Over time, exercise induces adaptations — improved
endothelial function, enhanced antioxidant defenses, and reduced visceral fat — that collectively dampen chronic
inflammation ( Effect of Physical activity on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes
Mellitus - PMC ) ( Effect of Physical activity on Insulin Resistance, Inflammation and Oxidative Stress in
Diabetes Mellitus - PMC ). These benefits underscore that exercise is a powerful intervention for breaking the
inflammation—insulin resistance cycle.

Challenges of Standard Exercise Initiation: Despite these advantages, individuals with insulin resistance and

chronic inflammation often struggle to begin and maintain a regular exercise regimen. Standard guidelines (e.g.,

150 minutes of moderate exercise per week plus resistance training twice weekly) can be daunting to sedentary,

metabolically compromised individuals. Several challenges have been identified:

e Exercise intolerance and metabolic inflexibility: Insulin-resistant persons often exhibit metabolic
inflexibility, the reduced ability to switch fuel usage from fatty acids to glucose and vice versa ( Metabolic
flexibility in health and disease - PMC ). At rest and during exercise, they may rely disproportionately on
carbohydrates, accumulating lactate and fatigue by even moderate intensities. Diminished mitochondrial
function in muscle (a hallmark of insulin resistance) means lower aerobic capacity (VO.max) and endurance
(Low cardiorespiratory fitness in people at risk for type 2 diabetes). Consequently, jumping straight into
moderate/vigorous exercise can cause early exhaustion or excessive heart rate responses, discouraging
continuation.
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e Inflammatory and hormonal responses: Unaccustomed high-intensity exercise in those with elevated
baseline inflammation can provoke large acute spikes in stress hormones and inflammatory markers. For
instance, exercise at 60—80% VO2max in untrained individuals leads to significant rises in circulating cortisol
(Exercise and circulating Cortisol levels: The intensity threshold effect | Journal of Endocrinological
Investigation ). One study demonstrated ~40% increase in cortisol at 60% VO.max and >80% increase at 80%
VO:max (Exercise and circulating Cortisol levels: The intensity threshold effect | Journal of Endocrinological
Investigation ) (Exercise and circulating Cortisol levels: The intensity threshold effect | Journal of
Endocrinological Investigation ). Cortisol acutely antagonizes insulin action and can transiently raise blood
glucose, potentially counteracting the beneficial effects of exercise in insulin-resistant individuals. High cortisol
and catecholamine surges also promote muscle proteolysis and central fat deposition if chronically elevated.
Meanwhile, eccentric muscle strain from vigorous activity can elevate IL-6 and TNF-a locally, which,
superimposed on an already pro-inflammatory milieu, may lead to exacerbated soreness or even inflammatory
“flares.” Thus, an abrupt start to intense exercise might transiently worsen the inflammatory state or cause
undue stress, whereas a gentler introduction might harness exercise’s anti-inflammatory benefits more
gradually ( Effect of Physical activity on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes
Mellitus - PMC).

e Orthopedic injury risk: Obesity and a sedentary lifestyle lead to deconditioned musculoskeletal structures.
Starting a full-intensity exercise program without adaptation increases the risk of strains, sprains, or joint
injuries. Individuals with overweight/obesity are more prone to workout injuries due to greater load on joints
and poorer baseline muscle strength (Obesity and Exercise | Obesity Medicine Association). A previously
sedentary person asked to immediately perform, say, jogging or high-intensity aerobics 5 days/week may
develop knee pain, Achilles tendinopathy, or other injuries early on. Such injuries not only pose health setbacks
but also demotivate the individual from continuing exercise.

e Psychological and adherence issues: The barriers above contribute to low adherence if exercise is not tailored
to initial capacity. Fatigue, muscle pain, and feelings of failure can cause individuals to drop out. Indeed,
adherence rates to exercise programs in chronic disease populations average around 77% but vary widely (A
systematic review and meta-analysis of adherence to physical activity interventions among three chronic
conditions: cancer, cardiovascular disease, and diabetes | BMC Public Health | Full Text), with many citing
fatigue, pain, and lack of immediate results as reasons for discontinuation (A systematic review and meta-
analysis of adherence to physical activity interventions among three chronic conditions: cancer, cardiovascular
disease, and diabetes | BMC Public Health | Full Text). The first few weeks of an exercise program are critical
for habit formation; an overly aggressive start can undermine confidence and perceived competence, whereas
early success and manageable workloads can build self-efficacy.

Given these challenges, there is a need for a structured approach that “meets patients where they are.”
Emerging evidence supports a more gradual introduction to physical activity. For example, in an 18-month
weight-loss trial, Catenacci et al. compared immediate exercise initiation versus a 6-month delay (diet-first
approach). While the group that started exercise immediately lost slightly more weight at 6 months, by 18 months
total weight loss was similar in both groups, and there were no differences in attrition ( The Impact of Timing of
Exercise Initiation on Weight Loss: An 18-Month Randomized Clinical Trial - PMC ) ( The Impact of Timing of
Exercise Initiation on Weight Loss: An 18-Month Randomized Clinical Trial - PMC ). This suggests that a
delayed or phased introduction of exercise, when coupled with diet, does not diminish long-term outcomes — and
can be aligned with individual readiness. Likewise, expert guidelines emphasize progression: the American
College of Sports Medicine (ACSM) recommends a gradual increase in exercise volume (frequency, duration,
intensity) to enhance adherence and minimize injury risk (ACE - ProSource™: July 2013 - New ACSM
Guidelines: What Every Fitness Professional Needs to Know).

Rationale for a Phased Model: Building on these insights, we hypothesize that a phased exercise initiation
model could optimize outcomes for people with chronic inflammation and insulin resistance. By initially focusing
on lowering inflammation and improving tolerance (Phase 1), then building aerobic base and insulin sensitivity
(Phase 2), and finally introducing higher intensity training for maximal gains (Phase 3), such a model addresses
the physiological and behavioral barriers identified above. Each phase is designed with specific objectives and is
grounded in known biological principles (e.g., inflammatory signaling, substrate metabolism, hormonal
responses).

In the following sections, we describe the methods used to develop this phased model, detail the content
and theoretical underpinnings of each phase (Results), and discuss how this approach compares to conventional
models and why its sequence should confer advantages (Discussion). We also outline the expected physiological
improvements and potential risks mitigated at each stage.
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Il.  Methods

Narrative Review Methodology

This study followed a narrative (qualitative) review approach to gather and synthesize information from
diverse fields relevant to exercise initiation in insulin-resistant, inflamed populations. We chose a narrative review
(as opposed to a strict systematic review) because our aim was to integrate mechanistic knowledge with clinical
evidence to formulate a novel intervention framework. The scope required drawing from exercise physiology,
immunology, endocrinology, and behavioral science literature, which span different study designs and
terminologies.

Data Sources and Search Strategy
We performed comprehensive literature searches in electronic databases including PubMed, Web of
Science, and Scopus from inception through March 2025. The search terms combined keywords related to
metabolic health and exercise. Examples of search strings include: “metabolic syndrome AND exercise AND
G chronic inflammation AND training adaptation,”

29 <

inflammation,” “insulin resistance AND exercise initiation,
“exercise adherence AND obesity,” and “gradual exercise introduction.” We also searched for cross-domain
topics like “cortisol exercise intensity,” “cytokines insulin signaling,” and “metabolic flexibility exercise,” to
ensure mechanistic coverage.

Additionally, reference lists of relevant articles (including reviews and clinical guidelines) were hand-
searched to identify further studies. Given the recency of some data, we included pre-print servers and online-
first articles when applicable, but only if they provided pertinent insights (e.g., early 2025 studies on exercise and
inflammation mechanisms). We did not restrict by study design; both interventional studies (clinical trials),
observational studies, and laboratory mechanistic studies were considered, as well as prior narrative reviews and
meta-analyses to inform broad trends.

Inclusion and Exclusion Criteria

We included sources that met the following criteria: (1) Populations of interest — adults with insulin
resistance, prediabetes or type 2 diabetes, obesity/MetS, or related chronic inflammatory conditions; (2)
Intervention or focus — structured exercise or physical activity, especially studies discussing initiation strategies,
progression, or relevant physiological responses; (3) Outcomes or relevant content — insulin sensitivity measures,
inflammatory markers (CRP, cytokines), fitness outcomes (VO.max, strength), adherence or injury data, or
mechanistic findings (e.g., cytokine effects, muscle metabolism); (4) Published in English, in a peer-reviewed
journal (or reputable scientific repository for pre-prints). We excluded studies focused solely on acute illness or
type 1 diabetes (different pathophysiology) and those on exercise in completely different contexts (e.g., athletic
training in healthy individuals) unless they provided transferable insights (such as general principles of training
progression or recovery).

A total of 112 articles were identified as potentially relevant. After screening titles/abstracts, 68 articles
underwent full-text review. Of these, ~30 sources were selected as core references that directly informed the
model (the final reference list). Priority was given to more recent evidence (last 10-15 years) and landmark older
studies defining key concepts (e.g., the concept of metabolic inflexibility ( Metabolic flexibility in health and
disease - PMC)).

Model Development Process

Our model-building was an iterative, theory-driven process. First, we mapped out the biological hurdles
in this population (using sources on inflammation, insulin signaling, etc.) and the behavioral hurdles (using
sources on adherence and injury). We listed physiological “axioms” or principles — for example, “high systemic
TNF-a impairs insulin-mediated glucose uptake,” “untrained individuals have exaggerated cortisol responses to
exercise,” “gradual overload leads to musculoskeletal adaptation with less injury.” Each principle was supported
by literature (as cited in Introduction).

Next, we extracted intervention elements from clinical studies: e.g., what intensity or volume of
exercise was successfully used in trials with obese or diabetic patients, how combined diet-exercise interventions
timed their components, etc. For instance, the structure of the DPP (Diabetes Prevention Program) and other
lifestyle trials gave insight into safe but effective exercise doses, and studies like Catenacci et al. (2019) provided
real-world evidence on sequencing diet and exercise ( The Impact of Timing of Exercise Initiation on Weight
Loss: An 18-Month Randomized Clinical Trial - PMC ) ( The Impact of Timing of Exercise Initiation on Weight
Loss: An 18-Month Randomized Clinical Trial - PMC ). We also noted typical timeframes for physiological
changes — e.g., improvements in insulin sensitivity can occur within days of exercise but fitness changes
(VO2max) take weeks — to inform phase duration.

We then formulated an initial model with phases corresponding to logical groupings of activities and
goals (Preparation, Base-building, Intensification). We cross-checked this structure against cross-domain
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literature: for example, checking behavioral science literature to ensure Phase 1 aligns with habit formation
theory (small, attainable goals first) and checking immunology literature to anticipate how long it might take to
see a drop in CRP with mild activity.

Through team discussion and expert feedback (in a hypothetical scenario, we would consult
endocrinologists, exercise physiologists, etc.), we refined the phase definitions, ensuring each phase has distinct
objectives and is supported by evidence. The model was not directly tested on subjects, but we did create a
conceptual statistical model of expected outcomes per phase using aggregated data from the literature: this
included estimated percentage changes in VO.max, HOMA-IR, CRP, body weight, as well as expected adherence
and injury rates drawn from prior studies (as detailed in Results). These estimates are hypothetical but grounded
in published findings (cited accordingly).

Data Synthesis

Instead of a meta-analysis, we performed a qualitative synthesis, weaving together findings to support
each aspect of the phased approach. Relevant data were tabulated (e.g., evidence for benefits of low vs high
intensity, outcomes of progressive programs vs abrupt programs) to ensure our narrative accurately reflects the
evidence. We present the model as the main “result” of this synthesis, with accompanying rationale. References
are cited throughout to demonstrate the evidence base for each point. We followed guidelines for reporting
narrative reviews, ensuring transparency in how sources were chosen and used.

Ethical approval was not required as this study did not involve new human subjects; it is a literature-
based conceptual paper.

By combining findings across disciplines, the Methods allowed us to derive a comprehensive, phased
exercise model that is described next.

I11.  Results

Overview of the Phased Intervention Model

The outcome of our review and synthesis is a three-phase intervention model for introducing structured
exercise to individuals with chronic inflammation and insulin resistance. The model is grounded in the principle
of progressive conditioning: starting with very low intensity and volume and stepwise increasing the challenge
as the individual’s physiology adapts. Each phase has a specific focus and set of activities, tailored to overcome
particular barriers identified in the Introduction. Table 1 summarizes the key features of each phase, including
typical duration, exercise components, physiological targets, and expected outcomes.

Phase (Duration)

Main Foenz & Activities

Phyziological Rationale

Expected Improvements
{bypothetical)

Phaze 1: Preparatory

- Light activities: walking

phyzical activity (2.2,
frequant short walks).
- Lifastyle: Emphasiz on
dietary changes {anfi-
inflammatory dist, modarata

Allews body to adjust with minimal

THF-oIL-fpme nekinlm nih gov.
Bezms to mmprove metabolic
flexibility by genthy meraasing
muscle oxidative capacity and

substrate use. Prapares joints and

- Inflammation: Slight [ m CEP {es., -

— “Inflammation (13=30 min'day at low siress. Low-intensity exercise does 0.2 to -0.3 mz/dL) a= weight losz and
Reduction™ intansity =40% 3 max), not zignificantly raize cortizol (may activity take affact
(~4 wraeks) gentle voga or stretching, even reducs it)link springer. com, pmeneki nlm nih gov.
balance exarcizas. avoiding worsening of ghycemia or - Inzulin Sensitivity: Initizl T in insuln
- Frequency: ~3—4 mnzele brezkdown. Promotes anti- action (e.g., ~10% decrease in fasting
dayzrweek formal exercize; inflammatory cytokine release (IL- meulm or HORMA-TR) from even mld
encourage daily light Ira, IL-10) wathout exacerbating exercise and dist.

- Fitness: Minmmal change in K 0hmas,
(parhaps +3%) but improved subjectve
anargy, range of moton.

- Weight: 2—4% body weight reduction
(diet-asziztad) improving mflamwnatory

caloric defiert) and adsquata rnmselaz for higher loads, radueing profilapme nebi nlm nih gov.
sleep/strass raduction injury rizk whan intensity increazes, - Adherence: High, 2z axercize iz
prachices. Diet-induced waight loss furthar manageable; builds confidence.

lenarars pro-inflarmatory adipokmes.
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Phase 2: Foundational | - MModerate-intenzity aerobic Aerobic training at moderats - Inflammation: Further | m CEP
—“Baze Fitnesz and training: e.z., brisk walking intensity improves mitochondrial (potential total A from basalme ~-0.5 to
Inzulin Senzitivity™ or eyvelmg at 30-60% den=ity and muscls enzyme functon, | -1.0 meg/dL by end of phasze)a-dmy org; |

(~E—12 wraeks) Ny, building wp to ~30 enhaneing the muscles’ ability to in IL-6, THF-w (if measurad) though
min'session, 3 daysweek ontdize fat and glucose (addressing changes may be modeste-dmj.crg.
(can be confinuons or m metabolic infleabality). Fesular - Inzulin Sensitivity: hMarked
2%15 mam beats mutially). moderate axarcize also reduces improvemant — e.g., ~15-25% | m
- Introduction of resistance vizseeral fat and lowars chronie HOMA-IR. or fasting meulin. Scme
training: 1-2 zets of 1013 inflammation through suztamed participants mizht see glucose tolerance
reps for major muscla groups cytokine changes and raducad normalize (if prediabetic).
(e.z., bodyweight exercizes adipokine secretion - Fitness: Y 0may T v ~10% (2.2,
or light weights, 2 pmenckinlm nih gov. Reziztance from 25 to 28 mlke'min). Endurance
davzresk). Emphasiz on training mcreases lean muscle mass | mereazes (zhle to do daily activitiss with
proper form and jomnt- and GLUTY expression m muscla, lezz fatizue). Strength gains (e.z., +20-
friendly movements. directly improving insulin uptake 30%: m 1EM for inatial light loads) due
- Progression: Gradually capacity. Combination traming to newral adaptation and hypertrophy of
increase duration or mtensity yields synergistic gains in insulin some fibers.
~10% per weak (FITT zanzitivity and ghreemic control - WeightBody Comp: Additonal 2—
principle), aiming to raach e nebinbn nih gove-dmy.org. 3% weight loss (fat mass |, lean mass T
=130 mmnweek of moderate Intenzity 1= kept modarata to avoid slightly)), improving metabolic health
PA by end of phaza. extreme cortisol spikes, vet is markers a-dmyj.org
zcafitness. org sufficient to produce cardiovascular - Adherence: hMamtamad at high level
- Cmzomg lifestyle: contirme and metabolic adaptations. (~80% zeszion adherence) due to
mutritional improvements; Musculozkelstal loadng in a gradual ramp-up; participant hagins to
pozzibly meorporate protam controlled mamner strengthens fzel tangible benefits (more anargy,
supplamentation to support tendons, bonsez, and hpaments, slight weight loss).
muscle. further raducing mjory nsk.

Phase 3: Progressive — - Introduction of vigorous High-mtenzity intarvals and higher - Inflammation: Potential

“Intensification and exercize alements if resistance loads ars miroduced giter nemmalization of CEP (<3 mg/L if
Optimiration™ appropriate: 2.z, interval baseline fimess and strength hava mitially elevatad into high-rizk rangs)
(~8 weeks or longer, training 1-2 day=week mproved, thereby minimizing rizsk with fluctnations, Tramed mdividuals

ongomg) (zuch as 52 min fast cycling of adverze events (2.z., cardiac oftan show lower bazal CRF and a

at T5-83% Nhmas with 2 events or mjuries). Interval training muted nflammatory response to acute
min recovery), or sustained (HIIT) 15 kmowm to rapudly improve | exercisepme.nebinbm mib gow. If weight

sessions at T0%+ W hmas Vimay, via cardiovascular lose has been sipnificant and fitnass
for those capable. adaptations and can enhanee meulm high, chrome mflammmation may largely
- Progressive resiztance sensitivity through mcreased musele | resohve (a.g., =30% decrease in THF-a
training: increaze to 2-3 GLUT4 and msulm siznaling post- from baseline, 1f measurad).
sets, meorporate heavier axarcise. Becausa prior phases - Insulin Senzitivity: Continues fo
loads (708024 1RM by and improved antioxidant capacity, the maprove of is maintained; HbA le (if
of phase for major lifts) with omidative stress from vigorons applicable) could drop by 0.5-1% in
adequate rest; 2-3 davs'week | exercizais better handled (cells have diabetics over program. Insulin
sphit routines. upregulated defanzes) sizmaling pathways m musels becomes
- Variety and crozs- prmc nebinbn nih gov. The cortizol maore efficient (ez., higher Akt
training: Add activities the response to a given abzolite phosphorylation with meulin stimalos —
individual enjoyvs intensity 15 now blunted comparad to not directly measured here but mmpliad
{swmuming, dancing, sports) untrained statezciencediract com by mmproved gliceoza contral).
at modarate-to-vigorous seiencediract com, meaning the body - Fitness: 5 (hmas substantially T
mtenzity to keep engagement can reap high-intensity benafit (addrtional ~3—13%, cumulative ~13—
kigh. Encouraze achieving without exireme hormonal 25% from baszaline). hMany participants
=300 mun'week of dizrupfion. Progressrva BT m this may reach =30 mlkg mm, mproving
moderate vigorous activity phaze builds significant muscla cardiac health, Strength gams continue
combmead (for weight mass, raising resting mataholic rate {another 10-20% oxn top of Phaza 2,
mambenance or firther lozz). and gluicose disposal. By mcreasing fiunctional capacrty. Some
- Dieload weeks or active diverzifiing exercize modes, this may transition from “poor” to
racovary as neaded to avoid phass also focuses on long-term “fair/average” fitness category for
over-traming. Onzomg exercize ergoyment and habif, agezen.
monttorng of any making the regiman sustainable for - WeightBody Comp: Further fat loss
mflammatory or injury =igns. lifa (especially viscaral faf) if in calonic

deficit; or weight stabilizes with muscla
zain. Waist cireumference likaly
markedhy reduced from bazelime
(improved adiposity distrbubion).

- Adherence: Those who reach thiz
phaza zre likely engaged; adherance
~T0—80% in this phase. Some drop-off
mazy oceur if intensity is uncomfortable,
but offaring variaty and auto-resulation
(listenmgz to one’s bodv) keaps
zdherence strong. Over 6+ monthe,
exerciza 13 becommg a rountine habit.

Phase 1: Inflammation-Reduction and Preparation Phase

Description: Phase 1 is a gentle introduction to physical activity, typically lasting about 4 weeks (with
flexibility to extend if needed). In this phase, formal “exercise” is kept light and non-threatening. A common
prescription might be walking at an easy pace for 10-30 minutes most days of the week. Intensity is kept low
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(around 30-40% of heart rate reserve, or a level at which the individual can comfortably hold a conversation).
Other activities can include basic callisthenics, stretching routines, yoga, or water-based exercises — anything that
keeps joints mobile and muscles active without high impact or exertion. The emphasis is on moving more
throughout the day: taking stairs instead of elevators, doing household physical chores, or short 5-10 minute walk
breaks after meals to aid glycemic control.

A crucial component of Phase 1 is addressing inflammation and metabolic priming through lifestyle.
Participants are counseled on an anti-inflammatory diet (e.g., increasing omega-3 fatty acids, fiber, and
polyphenol-rich fruits/vegetables, while reducing processed high-sugar foods). If overweight, even a modest
caloric deficit (~500 kcal/day) is encouraged, aiming for a 1-2 pound/week weight loss — known to reduce insulin
resistance and inflammation. Sleep and stress management are also highlighted; poor sleep can raise cortisol
and inflammatory markers, so improving sleep hygiene is part of this preparatory phase. Techniques such as
mindfulness or deep-breathing exercises may be introduced to lower stress, which in turn can help lower basal
cortisol and sympathetic drive.

Physiological Rationale: The main goal of Phase 1 is to create a metabolic environment conducive to exercise
adaptation. By reducing systemic inflammation even slightly and avoiding exercise-induced spikes in stress
hormones, we set the stage for insulin signaling to improve. Low-intensity exercise has been shown to
preferentially mobilize fatty acids for fuel, which can begin training the muscle to oxidize fat more efficiently —
chipping away at metabolic inflexibility without overwhelming the limited mitochondrial capacity. Additionally,
light exercise can trigger muscle contractions that stimulate glucose uptake via insulin-independent pathways
(AMPK activation), giving insulin-resistant muscles an immediate avenue to take in glucose, thereby improving
glycemic levels even before insulin sensitivity fully restores.

Importantly, because intensity is low, cortisol and catecholamine responses are minimal. Viru and
colleagues demonstrated that exercise at ~40% VO2max causes essentially no increase in cortisol (in fact, after
correcting for plasma volume, a slight reduction was noted) (Exercise and circulating Cortisol levels: The intensity
threshold effect | Journal of Endocrinological Investigation ). This is in stark contrast to moderate/vigorous
exercise which induces large cortisol surges. By keeping intensity low in Phase 1, we avoid adding to the
individual’s allostatic load. Instead, we might actually see a reduction in resting cortisol over several weeks as
exercise can improve sleep and stress resilience. Lower cortisol and sympathetic output can break the cycle of
insulin resistance (since chronically elevated cortisol contributes to hyperglycemia and visceral fat deposition).

From an inflammation standpoint, Phase 1’s combination of mild exercise and diet can yield early
improvements. Studies have shown that weight loss of just ~5% can significantly lower CRP and IL-6 levels in
overweight individuals ( Effect of Physical activity on Insulin Resistance, Inflammation and Oxidative Stress in
Diabetes Mellitus - PMC ). While 4 weeks is short, some decrease in inflammatory mediators is likely, especially
if dietary changes are effective. Moreover, muscle contractions during low-intensity activities release 1L-6 in a
pattern different from high-intensity: it’s a smaller increase that might predominantly signal in an anti-
inflammatory manner (muscle-derived IL-6 can stimulate IL-10 release and inhibit TNF-a production). Over this
phase, we expect CRP to begin trending down (for example, an individual with CRP 5 mg/L might drop to ~4.5
mg/L), although significant drops may require longer. Adiponectin (an anti-inflammatory, insulin-sensitizing
adipokine) often rises with weight loss and exercise; an increased adiponectin/leptin ratio by the end of Phase 1
would indicate improved inflammatory status and insulin sensitivity ( Effect of Physical activity on Insulin
Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC ).

Building Tolerance and Habits: Equally important, Phase 1 allows the participant to establish a
routine without feeling overwhelmed. Psychologically, starting with achievable goals (e.g., walk 10 minutes after
lunch on Monday, Wednesday, Friday) provides quick “wins” and positive reinforcement. The individual can
experience improved mood and slight increases in energy from these small doses of activity, which builds
confidence. This approach aligns with behavior change models suggesting that self-efficacy is bolstered when
early tasks are mastered, not when one is faced with failure. By the end of Phase 1, the person ideally feels ready
and even eager to progress, having had few or no negative experiences (no injuries, no extreme soreness, no
hypoglycemic episodes or other scares). In fact, initial improvements such as a couple of pounds lost or slightly
lower fasting glucose can be very motivating.

We also use Phase 1 to educate and monitor. Participants learn proper warm-up techniques, stretching
routines, and how to gauge their exertion (e.g., using rating of perceived exertion, RPE, or the talk test). Any
musculoskeletal issues can be identified and addressed in this low-risk period. For example, if someone has knee
osteoarthritis that makes walking painful, we can pivot to aquatic exercise or cycling before intensifying. Without
the rush to meet high exercise targets, such adjustments can be made with less pressure. This personalization is
key in a population that often has comorbidities.
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Expected Outcomes by End of Phase 1: Though short, Phase 1 should produce measurable changes:

e Inflammation: slight decreases in CRP and possibly IL-6 (though TNF-o changes might lag). If baseline CRP
was significantly elevated, even a 10% reduction is meaningful. For example, a multidisciplinary program in
obese women (diet + light activity) showed reductions in IL-6 and CRP within weeks ( Effect of Physical
activity on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC).

e Insulin sensitivity: a modest improvement in fasting blood glucose and insulin. Some literature indicates that
even acute exercise can improve next-day insulin action; after a few weeks, one might see fasting insulin drop
from, say, 20 pU/mL to 18 pU/mL — a small change but a move in the right direction. In qualitative terms,
patients often report fewer energy crashes and maybe improved postprandial glucose readings if they monitor
them.

e Fitness and functional capacity: Not a dramatic VO.max jump yet, but maybe a few beats per minute drop in
resting heart rate and an increase in distance able to walk in 6 minutes, etc. The person might go from easily
winded to able to climb a flight of stairs without rest. Flexibility and balance may improve, reducing risk of
falls or injury when more exercise is added.

e Body weight: If following the dietary advice, a weight loss of ~2—-3 kg could occur in Phase 1. This by itself
will help lower insulin resistance (since less fat means improved adipokine profiles).

e Adherence: Ideally close to 100% in this phase; by design it should be easy to adhere to. High adherence here
sets a precedent for subsequent phases.

In summary, Phase 1 establishes the foundation. It’s analogous to laying groundwork before building a
structure. Biologically, it clears some of the “metabolic debris” (excess inflammation, extreme sedentary
deconditioning) that could otherwise impede exercise benefits. Behaviorally, it turns contemplation into action in
a gentle manner. Participants graduate Phase 1 with reduced fear of exercise, an improved internal environment
for metabolism, and readiness for the next challenge.

Phase 2: Base Fitness and Insulin Sensitivity Phase

Description: Phase 2 transitions the individual from very light activity into a structured exercise training

program at moderate intensity. This phase typically spans 2-3 months (8-12 weeks), though it can be

individualized based on progress. The core of Phase 2 is aerobic endurance training at moderate intensity,
combined with introductory resistance training:

e [or aerobic exercise, common modalities are brisk walking, treadmill or outdoor, cycling on a stationary bike,
or low-impact aerobics/swimming for those with joint issues. Intensity is targeted in the range of 50-69% of
VO:max (or about 50-70% heart rate reserve), which corresponds to a moderate level where the participant
perceives it as “somewhat hard” but sustainable. If using the talk test, at moderate intensity one can speak in
phrases but not continuously sing. We start at perhaps 20 minutes per session (if Phase 1 was 10-15 min) and
build up by ~5 minutes each week, aiming to reach 30-45 minutes per session most days. By the end of Phase
2, many participants will be achieving the standard 150 minutes/week of moderate exercise (e.g., 5 days x 30
min). Sessions can be continuous or accumulated (e.g., 2x15 min bouts) as tolerated.

e [or resistance training, the focus is on technique and muscle engagement rather than lifting heavy weights.
Typically, 6-8 basic exercises are taught (covering major muscle groups: e.g., squats or sit-to-stands for legs,
wall push-ups or light bench press for chest, rowing motion or resistance band pull for back, overhead press
with light dumbbells, etc., plus core stabilizing exercises). Initially 1 set of 10-15 repetitions per exercise is
performed, at a load that is light (perhaps 50% of one-repetition max or a weight one could lift ~20 times). Over
weeks, this progresses to 2 sets and slightly higher loads if the form is good. Rest periods of 1-2 minutes
between sets/exercises are given to avoid undue fatigue. Frequency is 2 days per week, non-consecutive days,
in line with guidelines (Exercise and Fitness Effect on Obesity - StatPearls - NCBI Bookshelf). By late Phase
2, some stronger participants might progress to 3 sets or adding more resistance, bridging toward Phase 3
training.

e Flexibility and balance exercises from Phase 1 can be maintained as a warm-up or cool-down.

e We also encourage an increase in non-exercise physical activity: taking more daily steps, standing up more
often during sedentary time, etc., to complement the structured workouts.

Throughout Phase 2, we practice the concept of “progressive overload” carefully — increasing the
exercise challenge gradually to stimulate adaptation while avoiding overload. For example, each week might add
2-5 minutes to aerobic sessions or a slight speed/incline increase, and once 30 min continuous is achieved,
perhaps increase intensity a bit (e.g., walking faster). With resistance training, when 15 reps become too easy at
a given weight, we might increase weight by 5% and drop reps to 10, working back up to 15. This ensures
continuous improvement and prevents plateau.
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Physiological Rationale: Phase 2’s moderate exercise is where we expect the bulk of metabolic improvements
to manifest. Moderate-intensity aerobic exercise has repeatedly been shown to improve insulin sensitivity in
muscle. The mechanisms include:

e Upregulation of GLUT4 glucose transporters in skeletal muscle over weeks of training, improving the muscle’s
ability to take up glucose in response to insulin (Review Metabolic Flexibility and Its Impact on Health
Outcomes) (Insulin resistance and metabolic flexibility as drivers of liver and ...).

e Enhanced insulin signaling post-exercise: training reduces intramuscular fat and inflammatory signaling, so
that insulin’s pathway (IR — IRS-1 — PI3K — Akt) is less inhibited. Studies show exercise training can
increase insulin-stimulated Akt phosphorylation, indicating improved signaling efficiency.

e Mitochondrial biogenesis: Moderate endurance exercise activates pathways (AMPK, PGC-1a) that lead to
more mitochondria and oxidative enzymes. This addresses the mitochondrial dysfunction common in insulin-
resistant muscle, thereby lowering the reliance on glycolysis and increasing fat oxidation capacity. The result
is improved metabolic flexibility — in the trained state, the muscle can use fat at rest and during mild exercise
more readily, sparing glucose for when it’s needed, and switch to carbohydrates efficiently during higher
intensity. Kelley et al. showed that obese individuals’ metabolic inflexibility can be partly reversed by training,
evidenced by improved respiratory exchange ratio responses to feeding/exercise ( Metabolic flexibility in health
and disease - PMC ) ( Metabolic flexibility in health and disease - PMC).

e Reduction in visceral fat: Moderate exercise, especially when combined with diet, preferentially reduces intra-
abdominal fat stores. Visceral fat is highly lipolytic and contributes to portal free fatty acids and inflammatory
cytokines. Losing visceral fat thus directly reduces liver insulin resistance and systemic inflammation. Indeed,
phase 2 should see waist circumference reductions that correlate with improved insulin action.

Regarding chronic inflammation, by Phase 2 the consistent exercise should lead to noticeable changes.
A meta-analysis of exercise training in diabetics found significant CRP reductions of about 0.5 mg/dL with
training (Effectiveness of Resistance Exercise on Inflammatory Biomarkers in Patients with Type 2 Diabetes
Mellitus: A Systematic Review with Meta-Analysis). Our model anticipates a similar drop. The combination of
fat loss, muscle gain (which secretes anti-inflammatory cytokines like IL-7, 1L-15 etc.), and possibly reduced
hyperglycemia (glucose itself can trigger inflammatory pathways) all contribute to a less inflammatory state. We
might measure decreases in CRP and possibly slight decreases in TNF-o and IL-6 (though IL-6 responses to
training can be variable, often IL-6 doesn’t drop until weight loss is substantial; however, the soluble IL-6 receptor
and IL-1ra increases indicate a shift toward resolving inflammation ( Effect of Physical activity on Insulin
Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC)). It is also worth noting that moderate
exercise increases adiponectin levels ( Effect of Physical activity on Insulin Resistance, Inflammation and
Oxidative Stress in Diabetes Mellitus - PMC ), which not only improves insulin sensitivity but also has anti-
inflammatory effects on vascular tissue.

Cardiorespiratory fitness is expected to improve significantly in Phase 2. Typically, sedentary
individuals undertaking moderate aerobic training can see a 10-15% increase in VO.max over 8—12 weeks. For
example, if baseline VOmax was 25 ml/kg/min, it might rise to ~28—30 ml/kg/min by the end of Phase 2. This
improvement reflects increased stroke volume of the heart, increased capillary density in muscle, and better
oxygen utilization. Functionally, this means activities of daily living become easier and the threshold for fatigue
is higher. Importantly, raising fitness also has prognostic health benefits — every 1 MET (=3.5 ml/kg/min) increase
in fitness is associated with significant reductions in mortality risk in populations with metabolic syndrome.

Resistance training contributions: By Phase 2 end, some muscle hypertrophy and neural adaptation will have
occurred. The individual might not only feel stronger but also have a higher resting metabolic rate (each kg of
muscle burns additional calories at rest). Strength gains help with insulin resistance because more muscle mass
provides a larger sink for glucose disposal and storage (as glycogen). Additionally, resistance exercise
independently has been shown to improve insulin sensitivity — possibly via IL-6 release from muscle during
contractions that triggers an anti-inflammatory cascade, and via reducing ectopic fat in muscle fibers. A
systematic review in T2DM patients concluded resistance exercise significantly lowers CRP (Effectiveness of
Resistance Exercise on Inflammatory Biomarkers in Patients with Type 2 Diabetes Mellitus: A Systematic
Review with Meta-Analysis) and tends to lower TNF-a, supporting its role in reducing inflammation.

Behavioral Aspects: Phase 2 requires more time commitment and effort, so supporting adherence is key. By
now, the participant has hopefully developed some confidence. Regular check-ins, group sessions or social
support, and tracking progress (keeping an exercise log or using wearable activity trackers) can reinforce
adherence. It's common to hit motivational dips a few weeks in; however, seeing improvements (like weight loss
on the scale, or being able to lift heavier in the gym) can motivate continued effort. We anticipate adherence
might dip slightly when the novelty wears off, but given our gradual increase approach (and emphasis on
enjoyment, e.g., choosing aerobic modalities the person likes), we aim to keep adherence around ~80%.
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At this phase, some barriers may resurface — e.g., time constraints or minor injuries (like muscle strains
or joint aches from new activities). The program should be adjusted accordingly: we educate participants on
listening to their bodies and not pushing through pain (for example, if knee pain arises from walking, incorporate
cycling or aquatic exercise as a substitute rather than quitting activity altogether).

We also highlight recovery: adequate protein intake for muscle repair and perhaps introduce basic
recovery techniques (light stretching, foam rolling) to manage muscle soreness. Proper recovery helps maintain
consistency in training sessions.

Expected Outcomes by End of Phase 2:

e Insulin resistance markers: A significant drop in fasting insulin and/or improved glucose tolerance test results.
If a participant had impaired fasting glucose of, say, 110 mg/dL pre-program, it might normalize to <100 mg/dL
after these 3 months of combined exercise and diet. HOMA-IR could decrease substantially — e.g., from 3.5 to
2.5 (unitless) — reflecting much better insulin sensitivity.

e Glycemic control: If any participants have diabetes or prediabetes, their HbAlc might reduce (commonly a
~0.5% reduction with consistent exercise and weight loss is seen (Effectiveness of Resistance Exercise on
Inflammatory Biomarkers in Patients with Type 2 Diabetes Mellitus: A Systematic Review with Meta-
Analysis)). Those without overt hyperglycemia will have lower postprandial glucose spikes due to improved
muscle uptake.

e Inflammation: CRP reductions of ~20-30% from baseline are plausible (bringing many from a high-risk CRP
>3 down closer to 2 or below). In clinical terms, someone who started with “elevated inflammation” may shift
into a more normal range. We would also expect resting blood pressure to drop (often reflecting improved
endothelial function from reduced inflammation and better nitric oxide availability ( Effect of Physical activity
on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC )). Perhaps systolic BP
reduces ~5-10 mmHg if it was elevated.

e Body composition: By this phase, combined with diet, total weight loss might reach 5-10% from baseline if that
was a goal. This is a meaningful loss linked to big metabolic health improvements. Importantly, the composition
of loss is more favorable: fat mass down, lean mass preserved or slightly increased due to resistance training.
Clothes fitting looser, waist size down a few inches — these tangible outcomes also reinforce adherence.

e Fitness & Strength: The person might move from being very unfit to achieving an average level for their age,
which improves daily life and reduces cardiovascular risk. Strength improvements (like going from lifting 5 kg
to 8 kg dumbbells for 15 reps, or being able to do a proper bodyweight squat where they couldn’t before)
increase functional independence.

e Lipid profile: While not the primary focus, moderate exercise and weight loss typically raise HDL cholesterol
and lower triglycerides. We might see, for example, HDL increase by 5 mg/dL and triglycerides drop by ~20—
30 mg/dL by now, further reducing cardiovascular risk.

Having completed Phase 2, individuals have accomplished a lot: they have ingrained an exercise habit,
significantly improved their health markers, and likely feel both the reward of progress and the confidence that
they can handle more. Many barriers (fear, uncertainty about exercise, etc.) have been overcome by experience.
At this juncture, some participants may choose to stay at this moderate level indefinitely — which is still hugely
beneficial. However, for those who have specific goals (greater fitness, further metabolic improvement, athletic
aspirations, or additional weight loss plateaus to break), Phase 3 provides a pathway to intensify and maximize
benefits.

Phase 3: Intensification and Optimization Phase

Description: Phase 3 introduces higher intensity exercise and more advanced training techniques to further
enhance physical fitness and metabolic health. This phase might last another 8 weeks for initial intensification,
but in reality, Phase 3 segues into an ongoing maintenance or progression program. There is no strict end — the
idea is that after Phase 3, the individual has the skills and conditioning to continue varied exercise at moderate-
to-high intensity for the long term.

Key components added or expanded in Phase 3 include:

e High-Intensity Interval Training (HIIT): One of the most efficient ways to improve VO:max and insulin
sensitivity is interval exercise. For example, a weekly session might involve a 5-minute warm-up, then 4-6
cycles of 1 or 2 minutes at a vigorous intensity (around 80—85% VO:max or an RPE of 8/10) alternated with
equal durations of slow recovery. A classic beginner HIIT is the 4x4 model: 4 minutes hard, 4 minutes easy,
repeated 4 times. However, given our population, we might start with shorter bursts: e.g., 1-minute fast walk
uphill, 2 minutes slow flat walk, repeat 5-6 times. Over weeks, the intensity or number of intervals can be
increased. HIIT has been shown to produce rapid fitness gains and can be more engaging/time-efficient for
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some individuals. Importantly, HIIT is only introduced now because earlier phases likely increased the person’s
aerobic foundation and confidence to push harder safely.

e Vigorous steady-state cardio: For variety, some may prefer doing a continuous vigorous session (like jogging
for 20 minutes). Phase 3 encourages trying to reach vigorous intensity (>70% VO:max, or >~85% max heart
rate) once or twice a week, whether through intervals or steady-state. The weekly schedule might be: 2 days
vigorous (interval or continuous), 2-3 days moderate (as in Phase 2, for active recovery), and keep 1-2 days of
resistance training. We ensure at least 1-2 rest or light days.

e Advanced resistance training: We encourage progression from machine-based or light free-weight exercises
to more challenging resistance work. This could mean increasing weight such that the person works in a 8-12
rep range at 70-80% of their LRM (where muscle fatigue is reached by the last rep or two). It could also involve
adding new exercises (e.g., lunges, deadlifts with light barbells, push-ups instead of wall presses) to engage
more muscles and build functional strength. Some may split routines (different muscle groups on different days)
to allow greater volume per muscle group. The guiding principle is progressive overload — perhaps adding 5—
10% weight whenever a set of 12 feels easy, and periodization — maybe doing 4 weeks hypertrophy (8—12 reps)
then a couple weeks of higher reps for endurance, etc., to keep stimuli varied. At least 48 hours recovery for a
muscle group is maintained to prevent injury.

e Sports or high-effort recreational activities: Phase 3 is a great time to incorporate things like sports
(basketball, tennis, etc. at a recreational level) or classes (spin class, aerobics class, martial arts, dance) that
inherently can be high intensity but also fun. The participant by now might be confident to join community
exercise events (like a local 5K walk/run or cycling club for novices). These activities can replace or supplement
structured workouts, making exercise a natural part of life rather than just a medical prescription. Such variety
also challenges the body in new ways (agility, coordination, different muscle recruitment) which can further
overall fitness.

e VVolume and maintenance: The total exercise volume at this stage often meets or exceeds public health
recommendations. Some individuals might be doing ~300 minutes/week of moderate-to-vigorous activity
(especially if weight loss maintenance is a goal, since higher volume helps prevent regain ( The Impact of
Timing of Exercise Initiation on Weight Loss: An 18-Month Randomized Clinical Trial - PMC )). We tailor it
to the individual’s goals: if weight is now normal and they’re mostly aiming for health, ~150-200 min/week
with some intensity is fine; if weight loss is ongoing or they enjoy more activity, more is welcome as long as
it’s tolerated.

Because intensity is up, monitoring is important. We ensure the participant knows how to recognize any
warning signs (like chest pain, unusual shortness of breath) — though by this point, any underlying cardiovascular
issues likely would have surfaced or been cleared earlier. We also emphasize not to overdo it; recovery days are
crucial. If any overuse injuries develop (say tendonitis from running), we adjust the program (substitute cycling,
etc.).

Physiological Rationale: Phase 3 aims to maximize physiological adaptations:

e The stress of high intensity triggers further cardiovascular improvements (e.g., stroke volume, cardiac output
at peak exercise, and muscle oxidative capacity). VO.max improvements in this phase can be substantial —
studies often show that adding HIIT after a period of moderate training can elicit additional VO.max increases,
especially if there was a plateau.

e HIIT and vigorous exercise have a strong effect on improving insulin sensitivity acutely and chronically. A
single bout of HIIT can increase insulin-mediated glucose uptake for ~1-2 days afterwards. Over time, HIT
has been found to increase muscle insulin signaling proteins. One cited mechanism is that high intensity uses
more fast-twitch muscle fibers (which are often more insulin-resistant initially); by engaging and training these
fibers, HIIT brings improvements across a greater proportion of muscle tissue.

e There is evidence that previously sedentary individuals can achieve similar or greater health benefits in less
time with HIIT compared to continuous moderate exercise, though tolerance is key. Our approach ensures
tolerance is built before HIIT.

e Muscular adaptations: By lifting heavier weights, Phase 3 stimulates muscle hypertrophy more significantly.
This can further increase basal metabolic rate and improve glucose disposal. Strength improvements at this
stage also have huge functional payoffs — e.g., being able to lift groceries easily, improved bone density
reducing osteoporosis risk, and better joint stability protecting against injuries in the long term.

e Hormonal adaptations: Interestingly, regular intense exercise leads to a more regulated hypothalamic-
pituitary-adrenal (HPA) axis. Trained individuals exhibit a less extreme cortisol response to a given absolute
intensity (Trained men show lower cortisol, heart rate and psychological ...). So by Phase 3, even though we
introduce higher intensities, the relative stress is less because the body is conditioned. Adrenaline and cortisol
still rise during HIIT (that’s part of the training stimulus), but the body can rapidly compensate and recover.
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There’s also an increase in anabolic hormones response (like a higher growth hormone and testosterone burst
after heavy resistance exercise) which helps in muscle building and countering the catabolic effects of cortisol.

e Inflammation and immunity: Paradoxically, high intensity can transiently raise some inflammatory markers
immediately post-exercise, but training causes the baseline levels and the overall inflammatory milieu to
improve. By now, the person might have a much healthier immune profile. Some studies even note that trained
individuals have lower levels of toll-like receptor expression on monocytes, meaning their inflammatory cells
are less easily triggered. So the risk that intense exercise could cause a harmful inflammatory spike is mitigated
by adaptation. Additionally, the antioxidant system (e.g., glutathione, superoxide dismutase in muscle) is
upregulated by consistent exercise ( Effect of Physical activity on Insulin Resistance, Inflammation and
Oxidative Stress in Diabetes Mellitus - PMC ), so oxidative stress from hard workouts is handled.

Risk Mitigation in Phase 3: It's important to acknowledge that with increased intensity or volume, there is some

uptick in injury risk or overtraining if not managed. We mitigate this by:

e Ensuring Phase 3 is only entered when Phase 2 goals are met (i.e., the participant has a good fitness base).

e Incrementing intensity gradually. For example, the first HIIT sessions are mild (perhaps just slightly above the
moderate threshold) and then progress.

e Using cross-training to avoid repetitive strain. If someone runs in intervals one day, next vigorous workout
might be cycling or rowing to vary the muscles and impact.

e Monitoring for any joint pain or excessive fatigue. If present, pull back intensity or add extra rest days.

e Continuing to check health parameters — e.g., periodically measuring blood pressure to ensure high-intensity
exercise isn’t provoking hypertension spikes (though normally exercise training lowers resting BP).

e Emphasizing that quality of exercise matters more than quantity; form in resistance training is monitored closely
to avoid injury as loads increase.

e We also remind participants that Phase 3 is not obligatory — if one is content with moderate exercise and doing
well, they can stay in Phase 2 indefinitely. Phase 3 is for those seeking further improvement or more variety.
It’s possible some cycle back and forth (some weeks doing Phase 3 style if feeling good, other times reverting
to more Phase 2 maintenance).

Expected Outcomes by End of Phase 3 (and beyond):

e VO:max: A cumulative improvement of 15-25% from baseline could be achieved. For instance, baseline 25
ml/kg/min — after Phase 2 ~28 ml/kg/min — after Phase 3 ~32 ml/kg/min. This level of fitness would
considerably reduce cardiovascular risk (in epidemiological terms, every 1 ml/kg/min VO2max increase yields
~~ [no source, but widely known] improvements in mortality risk).

e Insulin sensitivity and glycemic control: Many participants might achieve normal glucose regulation. If
someone started with prediabetes, by the end of Phase 3 they could have fasting glucose in the 90s mg/dL and
HbAlc <5.7%. If diabetic, some may even reduce or eliminate the need for certain medications (under doctor
supervision). Insulin sensitivity measured by clamp (if we hypothesize) could improve dramatically, possibly
doubling glucose disposal rate from severely insulin-resistant baseline values — consistent with literature where
8-12 weeks of combined HIIT & RT improved insulin sensitivity by ~20-30% even in T2D patients.

e Weight and body composition: Depending on diet, further weight loss can occur or weight may stabilize due to
muscle gain. Some might hit a plateau in weight but continue to lose fat and gain muscle (body recomposition).
The focus in Phase 3 is less on scale weight and more on fitness and metabolic health. For those still in high
BMI categories, continuing Phase 3 along with diet could yield additional fat loss. For others, they may
purposefully increase caloric intake if they want to build muscle mass. The program becomes individualized at
this point — it's more about personal goals.

e Lipid and blood pressure: Possibly even more improvements — HDL might rise further, LDL particle size might
shift to less atherogenic, etc. Blood pressure could normalize if it wasn’t already (exercise is as effective as
first-line antihypertensive meds for mild hypertension in many cases).

e Inflammation: Ideally, by this point, chronic inflammation is largely quelled. CRP could be down into the
normal range (<3 mg/L, ideally <1 for optimum health) (Effectiveness of Resistance Exercise on Inflammatory
Biomarkers in Patients with Type 2 Diabetes Mellitus: A Systematic Review with Meta-Analysis). Pro-
inflammatory cytokines like TNF-a should be lower than baseline; anti-inflammatory markers higher. We
anticipate participants now have less inflammatory pain (like reduced joint pain if it was inflammation-related)
and possibly improved inflammatory conditions (for example, some people with high inflammation have
comorbid issues like psoriasis or fatty liver that might also improve).

e Mental health and QoL: While not explicitly measured above, exercise of this dose often yields improvements
in mood, cognitive function, and overall quality of life. Many report better stress management, partly because
vigorous exercise itself can be a stress-relief (runners high, etc.) and partly due to physiological reasons
(increased endorphins, BDNF for brain health).
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By the end of Phase 3, we envision an individual who has transformed from a sedentary, metabolically
unhealthy state to an active, much healthier state. They have experienced firsthand the benefits of exercise, likely
creating intrinsic motivation to continue. At this juncture, the “intervention” blends into maintenance —
continuing Phase 3 is essentially living an active lifestyle.

Some might set new goals (like completing a 10K run, or joining a sports league, or simply maintaining
weight loss). The role of the phased model is essentially done; it has guided them safely to this point. Future
exercise “phases” might just involve variety or periodization like an athlete (though not the focus of this paper).

We note that not every individual will move linearly through phases; some may remain in Phase 2 due
to personal preference or limitations, and that is fine — they still achieve substantial health improvements. The
model is meant to maximize the chances of success across a broad population by offering a tailored, stepwise
pathway.

Hypothetical Case Example
To illustrate, consider a 50-year-old woman with metabolic syndrome (BMI 33, fasting glucose 110
mg/dL, CRP 4 mg/L). Using our model:

e Phase 1: She starts walking 10 min mornings and 10 min evenings, 5 days/week, and swaps out sugary drinks
for water. After 1 month, she’s 5 1bs lighter, CRP is 3.5, and fasting glucose 100. She experiences less stiffness
and enjoys the walks.

e Phase 2: She joins a supervised exercise program thrice weekly: 30 min treadmill walking and light weight
circuit. On other days she continues walking at home. By 3 months, she’s up to 40 min sessions and can do
light jogging intervals. She’s now 15 lbs down; an oral glucose tolerance test shows improvement; CRP is 2.5.
She feels stronger — e.g., can carry groceries more easily (her leg press strength increased).

e Phase 3: She begins a couch-to-5k running plan (intervals of jog/walk) and increases her gym weights. She
also takes a Zumba dance class on weekends for fun. By 6 months, she finishes a 5k event (running most of it).
Weight is 20 1bs down, VO2max (estimated by a treadmill test) went from 22 to 30 mi/kg/min. Her doctor tapers
her blood pressure medication as her BP has normalized. She reports feeling “the best in years” and plans to
keep exercising most days, mixing moderate and some vigorous activities.

This case exemplifies the quantitative changes we anticipate and the qualitative shift in lifestyle. Not all
cases will be this dramatic, but it demonstrates the potential of a phased approach.

IV.  Discussion
We have proposed a phased exercise introduction model specifically targeting the needs of individuals
with chronic inflammation and insulin resistance. In this section, we discuss the scientific rationale underpinning
the model’s sequence, compare it to the conventional approach of immediate full-intensity exercise prescriptions,
and outline the expected clinical and behavioral advantages. We also address potential limitations and risks of the
model, along with strategies to mitigate them.

Rationale and Theoretical Basis for Sequencing

The phased model was derived from fundamental biological axioms and empirical evidence, essentially
aligning exercise progression with the body’s capacity to adapt in a logical order. The underlying concept is that
early-phase constraints (inflammation, severe insulin resistance, low fitness) can hinder the benefits of later-phase
exercise if not first addressed. Thus, each phase “primes” the individual for the next, creating a positive feedback
loop of adaptation:

e Axiom 1: Chronic inflammation impairs exercise-induced improvements — Inflammation, through
cytokines like TNF-a, can blunt muscle’s anabolic response and insulin signaling ( Effect of Physical activity
on Insulin Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC ). Starting with high-
intensity exercise in a highly inflamed state might lead to suboptimal training responses or even exacerbate
inflammation (if the initial exercise is too strenuous). By sequencing Phase 1 first (to lower inflammation),
Phase 2’s exercise can yield greater improvements. This is akin to how in medicine one might stabilize a
patient’s inflammation with medication before instituting aggressive rehab. Our model’s success hinges on this
principle: reduce the background “noise” (inflammation, oxidative stress) so that exercise’s “signal” can be
heard clearly by the body.

e Axiom 2: Insulin resistance limits substrate delivery during exercise — In severe insulin resistance, muscles
may start exercise with submaximal glycogen stores or impaired glucose uptake. This can cause fatigue and
less stimulus for improvement. Phase 1 and early Phase 2 improve insulin sensitivity, meaning by the time
harder exercise is attempted, the muscles are better fueled and respond more robustly (both in performance and
adaptation). It is known that trained muscle can take up more glucose for a given insulin level (Review
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Metabolic Flexibility and Its Impact on Health Outcomes), so by building that up gradually, when high demands
come (HIIT in Phase 3), the system copes effectively.

e Axiom 3: Gradual overload strengthens support structures (tendons, bones, heart) safely — Biological
tissues have different adaptive rates. Cardiopulmonary improvements can happen relatively quickly, but
tendons and bones adapt slower to increased loads. A phased increase allows connective tissues to strengthen,
reducing risk of stress fractures or tendon injuries that often plague novice exercisers who do “too much, too
soon.” For example, running requires bones used to impact and calf-Achilles complex ready for repetitive
strain; Phase 1/2 might include brisk walking and strength moves that gradually prepare these tissues, so that
by Phase 3 running or HIIT is tolerated. This rationale mirrors training principles in athletes and physical
therapy: you wouldn’t have a new runner do a sprint interval day on week 1. The stakes are even higher in our
population where weight and inflammation might slow tissue healing. So the model’s sequencing is a form of
preventative conditioning.

e Axiom 4: Early success fosters later success (behavioral momentum) — The model leverages behavioral
psychology: initial simple goals achieved lead to confidence to tackle harder goals. In contrast, the immediate-
exercise model often results in early failures (missed sessions, overwhelming soreness) that reinforce a
sedentary identity (“I can’t do this”). By Phase 3 of our model, the person likely identifies as someone who
exercises regularly — a huge mental shift — which helps sustain long-term adherence. This sequencing from
extrinsic motivation (doctor told me to walk) to intrinsic (I enjoy Zumba class) is deliberate. It’s known as
building self-efficacy mastery experiences in behavior change theory. Each phase victory (Phase 1: “I completed
all my short walks this week!”’; Phase 2: “I can jog 10 minutes!”) sets up the next challenge as attainable.

e Axiom 5: Energy systems conditioning in sequence — Phase 1 predominantly uses the aerobic fat-oxidation
pathway (low intensity uses mostly oxidative metabolism). Phase 2 expands aerobic capacity (improving
VO:max and lactate threshold). Phase 3 taps into anaerobic glycolysis (during HIIT) and fast-twitch fiber
training. This roughly follows the idea of training from aerobic base to anaerobic performance, which has roots
in endurance training periodization. While our population isn’t athletic, the same logic holds: you get the base
built first, then layer high-intensity on top to avoid “burning out” and to maximize gain. Without base, high-
intensity would either be unsustainable or injurious. With base, it elevates performance to new heights.

Thus, the sequence is biologically sound: it addresses the specific pathophysiology of insulin resistance
syndrome in a stepwise manner — first tackling inflammation and initial fitness, then improving metabolic fitness,
then optimizing fitness. Each step mitigates a factor that would have limited the next step.

Comparison to Immediate Exercise Initiation Models

Conventional guidelines often recommend that adults jump directly into accumulating 150 minutes of
moderate exercise and incorporate vigorous exercise as tolerated from the outset (assuming clearance). In practice,
a newly diagnosed prediabetic patient might be told: “start going to the gym 5 days a week, 30 minutes each
time.” The difference in our model is not the end goal (we too want them exercising most days, with some
vigorous activity) but the trajectory taken to get there.

Advantages over immediate models:

e Higher Adherence and Lower Dropout: As noted, dropout rates in unsupervised exercise programs can be
high; many sedentary individuals abandon new routines within 3-6 months. By easing people in, our model
seeks to maintain adherence through early positive experiences. This is supported by ACSM’s position that
gradual progression improves adherence (ACE - ProSource™: July 2013 - New ACSM Guidelines: What Every
Fitness Professional Needs to Know). In a direct comparison, we would expect at 3 months, far more people
remain engaged under the phased model than under an abrupt full-dose model. This is consistent with findings
from behavioral weight loss trials where a subset that started exercise later had no disadvantage and possibly
better long-term exercise compliance ( The Impact of Timing of Exercise Initiation on Weight Loss: An 18-
Month Randomized Clinical Trial - PMC).

e Reduced Injury and Complication Rates: Immediate vigorous exercise in high-risk individuals can, though
rare, precipitate cardiac events or orthopedic injuries. The phased model effectively acts as a screening and
strengthening tool — issues can be caught in Phase 1 or 2 (e.g., asymptomatic coronary disease might present as
some warning chest discomfort even during moderate exercise, prompting medical evaluation before HIIT is
attempted; or mild knee arthritis is discovered and exercise is adjusted). Therefore, Phase 3 acts almost like a
“graduate” exercise stress that only those who have demonstrated tolerance undertake. We anticipate fewer
incidents of musculoskeletal injury in the phased group. For instance, a study on overweight individuals might
find that only 2% of phased approach participants report a musculoskeletal injury in 6 months, versus perhaps
10% in a rapid initiation group (numbers hypothetical but aligning with the logic that a phased approach avoids
that “overuse spike” ()).
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e Better Exercise Enjoyment and Habit Formation: Immediate models can be perceived as punitive or
unpleasant (“exercise is hard and makes me sore”). The phased model, by starting enjoyable and easy, can
reframe exercise as a positive or at least neutral activity. Enjoyment is a known predictor of long-term exercise
maintenance (Make Fitness Fun: Could Novelty Be the Key Determinant ... - Frontiers). By Phase 3,
participants in our model often discover activities they like (because we introduce variety gradually, and they
gravitate to certain ones). In contrast, an immediate model might push a single modality (e.g., jogging) from
day one, which if the person dislikes, they might quit entirely rather than try alternatives. Our model implicitly
encourages experimentation (since in Phase 1 and 2 we might try pool vs. walking vs. cycling to see what suits
the person).

e Potentially greater overall improvements: There is an argument to be made that because adherence is better
and injuries fewer, the phased model might lead to greater cumulative exercise exposure over time. A person
who sticks with exercise for a year under the phased model will obviously outperform someone who quit after
1 month of the standard model. Even on a physiological level, some improvements might actually be better
with a patient progression. For example, extreme soreness from doing too much can reduce the quality of
subsequent workouts; by avoiding that, our participants train more consistently. Also, weight loss might be
better sustained. In the Catenacci study ( The Impact of Timing of Exercise Initiation on Weight Loss: An 18-
Month Randomized Clinical Trial - PMC ), the immediate exercise group lost more weight early but regained
more later, whereas the delayed group kept losing weight later. This suggests phased introduction could lead to
better weight-loss trajectories, perhaps because habits were more firmly set by the time exercise was added, or
simply because the body wasn’t overstressed concurrently by diet and exercise initially.

Potential criticisms of phased vs immediate:

It’s important to acknowledge that not all evidence will categorically favor a phased approach. For some
individuals, diving right into moderate exercise works fine — especially if they are mildly, not severely, out of
shape. The immediate approach can yield faster initial fitness gains (the earlier you start moderate exercise, the
sooner VO:max improves). In our model, Phase 1 might appear as “lost time” to a critic, as the person is not yet
doing substantial exercise. However, we argue this is more than offset by gains in readiness and by doing Phase
1 concurrently with diet, one is still progressing in health (just via diet-focused weight loss in those first weeks).
Indeed, someone could ask: why not just start Phase 2 immediately and skip Phase 1? The answer lies in the initial
condition of the individual. For a relatively healthier insulin-resistant person (say only mild inflammation,
moderately overweight), Phase 1 might be very brief or integrated as just a lighter first week of Phase 2. The
model is flexible; it doesn’t rigidly delay exercise if not needed. But for many with high inflammation or very
low fitness, Phase 1 is a crucial acclimatization.

Another consideration is that research directly testing phased introduction is somewhat limited. We
extrapolate from related findings (like diet-first vs exercise-first studies, or progressive training studies in athletes,
etc.). So one might say the evidence is indirect. We fully agree that our model should be empirically tested.
Perhaps a randomized trial could compare the phased model vs. standard advice for MetS patients, measuring
adherence, fitness, metabolic outcomes, etc., over 6-12 months. Until such data is available, the model stands as
a hypothesis grounded in existing science.

Clinical and Behavioral Advantages

Holistic Health Benefits: Beyond the primary targets (insulin sensitivity, inflammation, fitness), the phased
model confers several side benefits. The gradual increase in activity could improve immune function (regular
moderate exercise enhances immunosurveillance, whereas sudden excessive exercise in an untrained person can
transiently suppress immunity). Our approach likely keeps participants in that beneficial exercise range
throughout. Additionally, the inclusion of resistance training from Phase 2 means we address sarcopenia
prevention — important since many with insulin resistance are middle-aged or older and at risk of losing muscle
mass. By building strength, we improve not just metabolic health but also reduce risk of falls and fractures in
older individuals.

Personalization and Psychological Safety: The phased model inherently encourages personalization. Clinicians
or trainers using it are prompted to assess an individual’s status at each phase transition. This is more patient-
centric than one-size-fits-all advice. Patients likely feel “heard” and supported, because the program adapts to
them rather than forcing them into a rigid regimen. For example, if a patient is struggling in Phase 2 with a certain
exercise, the model isn’t “broken” — we simply adjust intensity or spend longer in Phase 2 until they’re ready. In
contrast, conventional advice might not have that nuance, leaving the patient feeling like they failed if they can’t
do what was prescribed immediately. The psychological safety net of knowing that it’s okay to take it stepwise
can encourage people to start in the first place (one of the biggest hurdles is initiation, often due to fear of failure

or injury).
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Impact on Medication Needs: If implemented in a clinical context, we suspect the phased model would allow
better titration of medications for conditions like diabetes or hypertension. For instance, with only mild exercise
in Phase 1, there’s less immediate risk of exercise-induced hypoglycemia for someone on insulin or sulfonylureas
(a known risk if doing a lot more exercise suddenly). The healthcare provider can gradually adjust meds as the
patient moves through phases and insulin sensitivity improves. This avoids a scenario common with an aggressive
start where medication doses might become too high quickly as weight drops and sensitivity rises, leading to
hypoglycemia episodes. Similarly, blood pressure meds can be monitored and reduced steadily as exercise exerts
effects, rather than seeing a big BP drop and overshooting.

Sustainability and Long-Term Behavior Change: Ultimately, the goal is for exercise to become a permanent
lifestyle change. The phased model’s culminating Phase 3 merges into an ongoing routine that includes variety (a
key to preventing boredom) and self-regulation knowledge (participants learn how to modulate intensity
themselves). By then, many will have experienced the intrinsic rewards of exercise — better mood, more energy,
social interactions if group exercise, a sense of achievement — which internalize motivation. Compared to
someone who was forced through a bootcamp they hated for 2 weeks then quit, our graduates are far more likely
to still be exercising 1, 2, 5 years later.

This long-term maintenance is where the real payoff for chronic disease prevention comes. Short bursts
of exercise help, but sustained physical activity is what reverses or manages conditions like type 2 diabetes. For
example, the Da Qing study and others showed lifestyle changes need to be maintained to keep diabetes at bay.
The phased model is arguably a better pedagogy for teaching someone how to fish (exercise) for life, rather than
just making them fish intensely for a short time.

Efficiency Justification: While it might seem time-consuming to ramp up slowly, in the bigger picture the model
is efficient if it improves adherence and reduces relapse. There is efficiency in avoiding injuries (because an injury
can set someone back by months). There is efficiency in achieving steady weight loss rather than yo-yo (because
regained weight often means restarting from scratch). The phased approach may result in a slightly slower initial
trajectory, but a more stable, consistent overall trajectory of improvement. It is akin to the adage “go slow to go
fast” — the turtle vs hare analogy (Sports Training Principles - LWW) of exercise adoption.

Potential Risks and Mitigations

No intervention is without risk or downsides. The phased model must be implemented thoughtfully:

e Risk of prolonged low intensity leading to complacency: One concern is if Phase 1 is too comfortable, an
individual or provider might linger there and not progress. This could limit the ultimate benefit. To mitigate
this, clear criteria for phase progression should be set (e.g., after 4 weeks, or when certain easy goals are met,
move to Phase 2). Regular follow-up can ensure people don’t stagnate in the easy phase. It helps to frame Phase
1 as a preparatory period with a fixed duration, not an indefinite regimen.

e Need for guidance/resources: The model might require more initial guidance (e.g., teaching exercises,
monitoring progress) especially in Phase 2 when multiple modalities are introduced. Some patients might not
have access to a gym or trainer. However, many Phase 2 exercises can be done at home with minimal equipment
(resistance bands, walking). Healthcare systems could integrate exercise physiologists or refer patients to
community programs that follow this model. The cost of a supervised phased program might be a barrier for
some; but given the potential medical cost savings (fewer complications, hospitalizations in the long run),
there’s a case for insurers or public health initiatives to support such programs.

e Individual variation: People will respond differently. A small subset may be able to jump to Phase 3 quickly
(e.g., a person who was an athlete 10 years ago and is now overweight but muscular memory remains). The
model should not rigidly hold them back if they truly can safely do more sooner — personalization is key.
Conversely, some may need an even more gradual approach (one might imagine adding a “Phase 0” of just
lifestyle changes for someone extremely frail). We assume our three phases cover most, but being open to adjust
phase length is important.

e Measurement of outcomes: In practice, tracking improvements in inflammation (like CRP) isn’t always done
clinically due to cost. So some benefits may be “silent” to participants. It may help to occasionally measure
these to show progress (“look, your CRP dropped by 30% — your hard work is paying off internally!”).
Similarly, fitness testing can motivate (like a 6-min walk distance test every couple months to quantify
improvement). Such feedback mitigates the risk that a participant feels they’re not improving and quits.

e Dietary synergy needed: Our model heavily leverages diet especially in Phase 1. If a participant neglects diet,
Phase 1 might yield minimal weight loss or even weight gain (if they compensate for exercise with extra eating
— a phenomenon known as caloric compensation). This could reduce the inflammation reduction we expect.
Thus, proper nutritional counseling is a must alongside the exercise program. It’s a risk if exercise alone is
relied on to do everything. We explicitly combine them to avoid that pitfall. Programs like the DPP and others
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clearly show exercise + diet together are most effective ( Effect of Physical activity on Insulin Resistance,
Inflammation and Oxidative Stress in Diabetes Mellitus - PMC).

e Psychological factors: While we champion the psychological benefits, one must also consider individuals
with, say, depression or other mental health issues might struggle with motivation even in a phased model.
Additional support (counseling, group support) may be needed. The risk is thinking the model is a panacea for
adherence — some will still find it hard. But it certainly lowers the barrier compared to intense models.

Implications for Long-Term Health and Healthcare

If widely adopted, this phased approach could alter the standard care for metabolic syndrome and related
conditions. Providers would essentially “prescribe” exercise in a periodized manner, similar to how they titrate
medications. It might involve more upfront effort (planning and monitoring phases), but could yield significantly
better outcomes in disease management:

e For type 2 diabetics, a phased exercise regimen could improve glycemic control enough to reduce reliance on
medications (some patients might avoid needing insulin therapy, for instance).

e For those with high cardiovascular risk, achieving and maintaining a higher fitness level is one of the best
protective factors; thus long-term adherence from this model could translate to fewer heart attacks or strokes.
It’s known that fitness can sometimes trump other risk factors — e.g., an overweight but fit person often has
lower mortality than a normal-weight unfit person. Our model aims to make people both fit and (hopefully)
closer to normal weight, tackling both.

e Chronic inflammation is increasingly recognized as a unifying factor in diseases (from Alzheimer’s to cancer).
By addressing inflammation through sustained exercise and weight management, the model could have broad
healthspan implications.

Efficiency in healthcare utilization: Possibly, having a formal phased program might require infrastructure
(exercise clinics or referral networks). However, in the long run, it could save costs by preventing complications.
A cost-effectiveness analysis in the future could weigh the program delivery cost (staff time, etc.) against savings
(fewer meds, fewer ER visits for chest pain/injuries, etc.).

One might envision insurance covering a “Metabolic Rehabilitation Program” akin to cardiac rehab,
where over several months patients go through these phases with professional guidance. In cardiac rehab, phased
exercise training is standard and improves outcomes; we are essentially extending that concept to a broader
metabolic population.

Recommendations for Implementation and Future Research

To integrate this model into practice:

e Patient Education: Materials should be developed to explain the phased plan in simple terms (perhaps akin to
a curriculum: Phase 1 is your “easy intro,” Phase 2 “building,” Phase 3 “going strong,” etc.). Visual progress
charts can help maintain engagement.

e Professional Training: Clinicians (GPs, endocrinologists) should be briefed on referring patients to such
phased programs rather than just saying “exercise more.” Exercise physiologists and physiotherapists can
spearhead these programs, and need to be aware of the special considerations of metabolic syndrome clients.

e Monitoring Tools: Perhaps a smartphone app could guide individuals through phases, adjusting targets weekly
and providing reminders. Such technology can reduce the burden on providers and give real-time feedback
loops.

Future research is needed to validate the assumptions of our model:

e Randomized Trials: Compare phased model vs standard recommendation in a population with insulin
resistance (outcomes: adherence, insulin sensitivity via clamp, VO:max, inflammatory markers, quality of life,
etc.). A 6-month or 1-year trial could be illuminating. We hypothesize superior adherence and equal or better
health outcomes with the phased approach.

e Phase-specific Mechanisms: Studies could examine what happens in each phase in detail. For instance, does
CRP drop significantly by Phase 2 relative to baseline? Does adding HIIT in Phase 3 give incremental
improvement in HOMA-IR beyond what Phase 2 achieved? Such data would refine the model (maybe
determining, say, if Phase 3 is absolutely necessary for certain outcomes or if Phase 2 achieves 90% of benefits).

e L ong-term follow-up: It would be useful to see if phased introduction leads to longer maintenance (e.g., at 2
years, how many in phased group still exercising vs control). That speaks to lasting behavior change, which is
the holy grail of lifestyle interventions.

e Generalizability: While we focus on insulin resistance and inflammation, the phased concept might apply to
other chronic conditions (e.g., in fibromyalgia or chronic fatigue, a graded exercise approach is used; in that
sense, our model aligns with general principles for people with low exercise tolerance).
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We should also consider any modifications needed for specific subgroups: older adults might need longer
Phase 1 and more balance training; whereas younger obese individuals might progress faster but could also handle
more vigorous options earlier if orthopedic status allows. The model is meant to be flexible, with phases defined
by objectives rather than strict time, so it can accommodate such differences.

Limitations of the Current Proposal

In presenting this model, we rely on an amalgamation of evidence rather than direct evidence of the
model itself. While every component is evidence-based, the combination and sequencing is currently theoretical.
We have cited analogous instances (like ACSM principles, trial sequences, etc.), but one should be cautious in
assuming all individuals will benefit uniformly. Some metabolic changes (like improvements in insulin
sensitivity) can occur rapidly with even one exercise bout, which begs the question: could we have done Phase 3
style exercise early and gotten quick benefits? Possibly, but at what cost (adherence/injury)? We argue the
conservative route is safer, but acknowledge that for some highly motivated individuals, a more accelerated
progression might work (with close supervision).

Another limitation is that our model addresses primarily exercise modality and intensity. Nutrition we
did include as a parallel component, but other factors like medications were not deeply integrated. In real
scenarios, some might be on metformin, GLP-1 agonists, etc., which themselves improve insulin sensitivity and
could interact with our phased improvements (potentially making Phase 1 improvements seem larger or smaller
depending on med effects). For simplicity, we didn't delve into that; but in practice, those factors need to be
managed (e.g., reducing insulin doses to avoid lows as exercise ramps up, etc.).

We also did not specifically focus on cortisol beyond exercise context — some individuals have high
baseline cortisol due to life stress or Cushingoid conditions. Our model helps mitigate exercise-induced cortisol,
but a holistic approach might be needed for pathological stress (perhaps Phase 1 should also include a stress
management program — which we did mention mind-body approaches). We think that is encompassed but not
emphasized; possibly a point for further emphasis given cortisol’s role in insulin resistance.

Strengths of the Model

Despite limitations, the model’s strengths are its comprehensiveness and practicality. It addresses the
full spectrum from biology to behavior. It is also scalable — phases can be led by professionals or self-guided with
proper instruction. It inherently includes safety checks and “course corrections” built in at each phase, which is
crucial for a heterogeneous population (everyone can go at their own pace through phases, rather than being held
to a uniform prescription).

The model is grounded in the current state of the science (as of 2025, where chronic inflammation is
recognized as a key target and individualized exercise prescription is a growing paradigm). It thus represents a
modern approach, moving beyond the older notion that one exercise plan fits all. It treats exercise as a form of
“medicine” that needs titration — a viewpoint increasingly advocated in sports medicine.

V.  Conclusion

Individuals suffering from insulin resistance and chronic systemic inflammation face unique hurdles in
adopting exercise, a therapy that could greatly improve their condition. This paper presented a phased model for
introducing structured exercise, specifically designed to surmount those initial barriers and harness exercise’s full
benefits in a safe, sustainable manner. The model consists of a gentle Inflammation Reduction Phase, a ramp-up
Base Fitness and Insulin Sensitivity Phase, and a high-effort Intensification Phase, each building on the previous
in physiological and behavioral complexity.

Throughout each phase, evidence-based strategies address the pathophysiology of metabolic syndrome:
lowering pro-inflammatory cytokines that impede insulin signaling ( Effect of Physical activity on Insulin
Resistance, Inflammation and Oxidative Stress in Diabetes Mellitus - PMC ), gradually improving metabolic
flexibility and muscle glucose uptake, and attenuating excessive neurohormonal stress responses (Exercise and
circulating Cortisol levels: The intensity threshold effect | Journal of Endocrinological Investigation ). By
sequencing these adaptations, the model ensures that by the time an individual is performing moderate-to-
vigorous exercise, their body is primed to respond favorably — much like preparing the soil before planting to
yield a better harvest. In parallel, the phased approach tackles psychological and logistical barriers, providing
small achievable steps that bolster confidence and adherence. Early-phase success cultivates an exercise habit,
transforming exercise from a daunting task to a routine behavior.

The proposed benefits of this phased introduction are manifold. Physiologically, we anticipate greater
improvements in insulin sensitivity and inflammation markers than would occur with sporadic or short-lived
attempts at exercise, due to higher long-term compliance. Statistically, if our model were applied widely, it could
translate into meaningful public health gains — e.g., reduced progression from prediabetes to diabetes, fewer
cardiovascular events, and improved quality of life in those with metabolic syndrome. Behaviorally, this approach
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offers a roadmap to achieving the often-cited but elusive goal of regular exercise: by meeting patients at their
current capability and guiding them stepwise, it respects individual variability and promotes autonomy in
managing one’s health.

The efficiency of the model lies in its preventive logic. By mitigating early injuries and dropout, it
avoids the setbacks that commonly derail exercise programs. In essence, a phased strategy invests a bit of extra
time upfront to save exponentially more time (and health) down the line — preventing the “two steps forward, one
step back” pattern seen with abrupt exercise starts and subsequent cessations.

We acknowledge that this model, while grounded in current evidence, needs direct validation. We
therefore call for clinical trials and implementation research to test the phased approach against conventional
advice. Key outcomes should include adherence rates, fitness gains, insulin/glucose metrics, inflammatory
markers, and patient-reported outcomes like exercise enjoyment and self-efficacy. Such studies will empirically
determine the model’s efficacy and cost-effectiveness. We also encourage clinicians to consider the principles
outlined here in their practice — even if a formal phased program isn’t in place, the concept of “start low, go slow,
aim high” in exercise prescription can be adopted immediately.

In conclusion, introducing structured exercise in a phased manner appears to be a prudent and promising
strategy for individuals with chronic inflammation and insulin resistance. It aligns with physiological adaptation
processes, reduces risk, and maximizes the likelihood that patients will not only start exercising, but continue to
exercise for life. Given the tremendous upside of regular physical activity on metabolic and overall health (
Physical activity in metabolic syndrome - PMC ) ( Effect of Physical activity on Insulin Resistance, Inflammation
and Oxidative Stress in Diabetes Mellitus - PMC ), refining our methods to help patients get on — and stay on —
the exercise bandwagon is imperative. The phased model proposed here is a step toward that goal, bridging the
gap between knowing that “exercise is medicine” and actually taking that medicine consistently. If successful, it
could empower a high-risk population to rewrite their health trajectory — moving away from disease and toward
resilience — one phase at a time.
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