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The global prevalence of Type 2 Diabetes Mellitus (T2DM) has increased substantially in recent decades. Although pharma-
cotherapy remains a cornerstone of clinical management for T2DM, there is growing interest in structured nonpharmacological
strategies that target the underlying metabolic dysfunction. This observational case study followed a 50-year-old South Asian
male in the United States for 44 weeks following his diagnosis of severe T2DM (with a baseline HbAlc of 12.0%). It describes
the metabolic changes observed during his adoption of a structured, evidence-based lifestyle approach (hereafter referred to as the
Insulight Protocol). Following discussion with his physician, the subject elected to pursue intensive lifestyle modification, and
only initiate pharmacotherapy if metabolic markers failed to improve in three months. He eliminated dietary sugars, refined car-
bohydrates, and gluten-containing foods; prioritized fiber-rich foods, proteins, and unsaturated fats; adopted consistent hydration
practices; incorporated structured physical activity; maintained a daily 16-hour fast, and consumed selected phytochemical-rich
foods during the fasted state. Adherence support included education on the scientific rationale underlying the protocol, and
use of a non-clinical Al-assisted informational tool intended to guide real-time dietary decisions. At 16 weeks, the subject’s
HbAc, body weight, and triglycerides measured 5.3% (down from 12.0%), 196 lbs. (down 14% from 229 1bs.), and 135 mg/dL
(down from a baseline 619 mg/dL) respectively. At 44 weeks, HbAlc, body weight, and triglycerides measured 5.3%, 187 Ibs,
and 104 mg/dL respectively. By the 2021 ADA consensus definition — HbAlc below 6.5% sustained for at least three months
without glucose-lowering pharmacotherapy — the observed outcomes at 44 weeks meet criteria for remission. These improve-
ments were observed without the initiation of glucose-lowering pharmacotherapy. While causality cannot be inferred from a
single case, the magnitude, velocity, and durability of change support further investigation in larger and more diverse populations.

Keywords: Type 2 Diabetes Mellitus, T2DM, Diabetes Remission, Hyperglycemia, Hypertriglyceridemia, Metabolic Re-
versal, HbAlc, South Asian Phenotype, Intermittent Fasting, Time-Restricted Eating, Nonpharmacological Intervention,
Phytochemicals, Lifestyle Medicine, Structured Adherence.

Introduction

Type 2 Diabetes Mellitus (T2DM) represents a major and
growing global public health challenge with an estimated 589
million adults living with diabetes and an additional 1.1 bil-
lion individuals with impaired glucose tolerance (IGT) or im-
paired fasting glucose (IFG), placing them at an elevated risk
of T2DM12. While pharmacotherapy remains a cornerstone
of T2DM management, it primarily addresses downstream
glycemic control rather than upstream metabolic drivers such
as ectopic lipid accumulation in the liver and pancreas, which
in turn contribute to insulin resistance and the impairment of
insulin-producing pancreatic B-cells”. This distinction has fu-
eled interest in structured nonpharmacological interventions
that attempt to modify the underlying pathophysiology. Prior
research” has also demonstrated the potential reversibility of
T2DM in selected individuals, with the DiRECT (UK) trial®
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showing that a structured, nonpharmacological lifestyle ap-
proach emphasizing weight loss and behavioral support en-
abled approximately one-third of participants to achieve and
maintain diabetes remission at two years. Despite these find-
ings, rapid normalization of severe hyperglycemia through
nonpharmacological approaches alone remains uncommon in
routine clinical practice, particularly in individuals present-
ing with markedly elevated HbAlc levels®. Additionally,
standard pharmacological therapy is generally associated with
HbA ¢ reductions of approximately 1-2% over a six-month
period?. Individual cases demonstrating larger improvements
in glycemic markers over shorter timeframes may offer useful
insights into the feasibility of intensive lifestyle strategies.

This case report describes a 50-year-old South Asian
male with newly diagnosed severe T2DM (HbAlc 12.0%),
in whom rapid improvement in glycemic markers was ob-
served following the adoption of a structured, evidence-based
lifestyle approach. The full set of 16 rules was compiled
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within the first few days following diagnosis, through rapid
consultation between the subject, his family and the subject’s
physician. The rules were implemented in deliberate phases:
eight foundation rules were introduced in Week 1; six ad-
ditional rules covering time-restricted eating, phytochemical
adjuncts, and recovery practices were introduced in Week 4,
deferred from Week 1 to align with the completion of a sched-
uled travel commitment; and two maintenance rules, while
identified at the outset, were held pending laboratory confir-
mation of glycemic normalization, which occurred at Week
16. This phased implementation was prospectively planned
and not a post-hoc adaptation. The approach was under-
taken as a voluntary lifestyle change with agreement that phar-
macotherapy would be initiated within three months if the
metabolic markers did not adequately improve. The frame-
work was later formalized and named the Insulight Protocol
by the investigator for descriptive and analytical purposes, and
emphasized strategies associated in prior literature with lower
insulin demand and increased lipid oxidation240-28

During the observational period, HbAlc decreased by 6.7
percentage points (from 12.0% to 5.3%) over approximately
16 weeks, and remained stable at 44 weeks in the absence of
glucose-lowering pharmacotherapy. This report serves as a
hypothesis-generating case observation, intended to document
feasibility and prompt further investigation, and should not be
interpreted as evidence of a generalizable treatment approach.
The findings provide a foundation for future research in larger
and more diverse cohorts.

To contextualize the observed metabolic changes, daily ad-
herence logs were aggregated weekly and compared against
longitudinal biomarker trends; all laboratory results were
cross-referenced with physician records to confirm accuracy.

Scientific Foundation for The Lifestyle Ap-
proach

The scientific rationale for the various strategies adopted by
the subject in this structured lifestyle approach is summarized
below, organized into evidence-supported core components,
and adjunctive, hypothesis-generating components.

Evidence-Supported Core Components

The Twin Cycle Hypothesis proposed by Taylor” describes
T2DM as a condition potentially driven by excess fat accu-
mulation in the liver and pancreas, resulting in hepatic insulin
resistance and progressive pancreatic $-cell dysfunction. Sus-
tained weight loss may reduce ectopic fat in these organs,
improving insulin response and supporting S-cell recovery.
The DIRECT (UK) trial provided clinical support, showing
that a structured weight-focused lifestyle program enabled ap-
proximately one-third of participants to achieve T2DM remis-

sion*. The Carbohydrate-Insulin Model, described by Lud-
wig et al.”Z posits that meals with a high glycemic load can
drive chronic hyperinsulinemia and increase anabolic signal-
ing, promoting fat storage and limiting access to endogenous
energy reserves. Reducing dietary glycemic load may lower
insulin demand and shift energy utilization toward increased
lipolysis and lipid oxidation®%Z, potentially reducing ectopic
fat burden and improving insulin sensitivity over time.

Skeletal muscle serves as a primary site of glucose disposal.
Low-intensity physical activity, such as walking, stimulates
the insulin-independent translocation of GLUT4 transporters
to the muscle cell membrane, increasing glucose uptake and
attenuating postprandial glucose excursions even in insulin-
resistant states'#1%. Nutrient sequencing (consuming fiber-
rich foods before proteins and carbohydrates) slows gastric
emptying and reduces both glucose absorption rates and post-
prandial demand on pancreatic B-cells to produce insulin®,
Resistance training further expands glucose-handling capac-
ity by increasing muscle mass, glycogen storage, and GLUT4
expression’®, Time-restricted eating can reduce cumulative
daily insulin exposure by extending the post-absorptive period
during which insulin levels remain low®. Intermittent-fasting
and time-restricted eating have been associated with improve-
ments in metabolic flexibility, mitochondrial efficiency, and
insulin sensitivity?. By reducing cumulative insulin exposure,
time-restricted eating may support insulin sensitivity in the
liver, skeletal muscle, and adipose tissue while reducing de-
mand on pancreatic B-cells to produce insulin®2329,

Psychological stress and sleep deprivation activate the
hypothalamic-pituitary-adrenal (HPA) axis, increasing corti-
sol secretion and stimulating hepatic gluconeogenesis, raising
glucose levels even in the fasted state”!. Disrupted sleep im-
pairs appetite regulation by suppressing leptin and increasing
ghrelin, promoting increased caloric intake and preference for
high-glycemic foods?2. Inflammation further compounds in-
sulin resistance by interfering with insulin signaling in skele-
tal muscle and the liver®18, To address these factors, the ap-
proach emphasized sleep hygiene and nature-based physical
activity for stress regulation?=0,

Adjunctive, Hypothesis-Generating Components

Several additional components were incorporated based on
mechanistic plausibility rather than established clinical effi-
cacy at the doses and durations used in this case. Consis-
tent hydration practices, including limiting fluid intake during
meals, and avoiding very cold beverages during meals, were
adopted to potentially modulate gastric emptying and nutrient
delivery?2U31 Prolonged fasting periods may also support
autophagy, a cellular recycling process associated with sus-
tained low-insulin states?, though this was not directly mea-
sured in this case. Selected dietary phytochemicals in whole-

2 | NHSJS Reports

© The National High School Journal of Science 2026



food form, including gingerol (from ginger), curcumin (from
turmeric, with black pepper to enhance bioavailability), al-
licin (from garlic), and cinnamaldehyde (from Ceylon cin-
namon) included as hypothesis-generating adjuncts based on
prior literature reporting associations with anti-inflammatory
and insulin-sensitizing effects 119 clinical efficacy at the
doses and durations used in this case has not been established.
Organic acids, such as citric or acetic acid (e.g., lemon or
vinegar) have been associated in some studies with attenuated
postprandial glycemic responses>>>* and are similarly consid-
ered adjunctive and hypothesis-generating.

Together, these mechanisms provide a scientific rationale
for the lifestyle approach adopted by the subject

Methods

Participant

The subject was a 50-year-old male of South Asian descent re-
siding in the United States. Ethnicity is a relevant clinical fac-
tor in this case, as South Asian populations have been shown to
exhibit increased cardiometabolic risk, including insulin resis-
tance and visceral adiposity, at lower body mass index (BMI)
thresholds, a pattern often referred to as the South Asian phe-
notype®2. The subject had no prior history of pharmacologi-
cal treatment for diabetes but had been receiving treatment for
hypertension for more than 20 years. Prior to adopting this
lifestyle approach, the subject’s routine was predominantly
sedentary and characterized by a dietary pattern with high
glycemic load (e.g., refined carbohydrates, processed snack
foods, sugar-sweetened beverages, and desserts), which has
been associated with chronic hyperinsulinemia, a metabolic
state that promotes adipogenesis (fat storage) while inhibiting
lipid oxidation8. With multiple family members being di-
agnosed with diabetes, the subject’s family history suggests
increased genetic susceptibility to the disease.

The subject’s clinical presentation began in late October
2024 with the sudden onset of blurred vision while initiat-
ing computer-based work. Subsequent laboratory testing re-
vealed a markedly elevated HbAlc level of 12.0%, a fast-
ing plasma glucose of 342 mg/dL, and a markedly abnormal
lipid profile, including serum triglycerides at 619 mg/dL, more
than four times the upper limit of the reference range. Based
on these findings, the subject was diagnosed with T2DM ac-
companied by severe hyperglycemia and severe hypertriglyc-
eridemia. The subject’s complete medication list at baseline
consisted of Losartan 50 mg daily for hypertension, which had
been ongoing for more than 5 years and remained unchanged
throughout the 44-week observation period. No lipid-lowering
agents, glucose-lowering medications, or anticoagulants were
prescribed at any point during the observation period. Ad-
ditional clinical markers including renal function, fasting in-

sulin, C-peptide, ketones, and autoimmune markers were not
assessed; waist circumference was self-measured at 42 inches
at baseline, 38 inches at 16 weeks, and 35 inches at 44 weeks.
At the start of the observation period in November 2024 (Week
1), the subject weighed 229 Ibs. with a height of 5’8, cor-
responding to a BMI of 35.3. While this meets criteria for
Class II obesity under CDC standards=>, it may represent el-
evated metabolic risk when evaluated against BMI thresholds
adjusted for Asian populations®#. The diagnosis also provided
context for several symptoms that the subject had experienced
in the preceding months, including unintentional weight loss
(from 246 1bs. in August 2024 to 229 lbs. in November 2024),
chronic polydipsia (excessive thirst), palmar pruritus (itchy
palms), and pronounced cognitive fatigue (brain fog).

Following the diagnosis, the physician recommended
prompt initiation of pharmacotherapy (metformin) in conjunc-
tion with lifestyle modification; however, the subject elected
to pursue an intensive nonpharmacological approach, with
the understanding that pharmacotherapy would be initiated if
the metabolic markers (HbAlc, fasting plasma glucose, and
serum triglycerides) did not improve within three months,
thereby ensuring a clear contingency for standard medical
care.

Research Design

The subject was observed longitudinally for a total duration of
44 weeks, beginning three days after the diagnosis of severe
T2DM.

Layer 1: 16 Core Physiological Rules

The subject, in consultation with his family and his physi-
cian, adopted 16 evidence-based rules that comprise the core
physiological layer, or Layer 1, of the structured lifestyle ap-
proach. Because these rules addressed diet, hydration, physi-
cal activity, meal timing, sleep, and adjunctive phytochemical
intake simultaneously, this is best characterized as a multi-
component lifestyle intervention. The contribution of any in-
dividual rule to the observed outcomes cannot be determined
from this single-subject design. These rules were adopted in
three sequential phases. Eight foundation rules were intro-
duced in Week 1, and included five rules related to dietary
modification and hydration, and three related to physical ac-
tivity. In Week 4, at the start of the optimization phase (Weeks
4-15), six additional rules relating to time-restricted eating, in-
take of phytochemical-rich dietary adjuncts and recovery prac-
tices were introduced. As the subject’s HbAlc reached the
non-diabetic range in Week 15, the approach transitioned to
the maintenance phase (Weeks 16-44), during which two ad-
ditional rules were introduced. No formal caloric restriction
target was implemented during the observation period, and al-
cohol consumption was not a component of the subject’s base-
line dietary pattern and therefore was not explicitly addressed
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within the structural framework.

Maintenance
(Weeks 16 - 44)

Foundation
(Weeks 1-3)

Physical Activity (3 rules)

‘=

Optimization
(Weeks 4 -15)

Eating & Recovery
(6 rules)

Fig. 1 16 Core Physiological Rules (Layer 1)

Weeks 1-44:
Physical Activity

Beginning Week 1, the subject focused on dietary modi-
fication, hydration practices, and physical activity that were
sustained throughout the observation period, until Week
44. Given the subject’s markedly elevated baseline HbAlc
(12.0%), the primary focus of these eight rules was reduction
of insulin demand and postprandial glucose excursions. Rules
1 to 5 described here account for the Dietary Modification and
Hydration rules, while Rules 6 to 8 account for Physical Ac-
tivity rules.

Rule 01: Eliminate Sugars, Refined Carbohydrates, and
Gluten from the Diet. The subject eliminated added sugars
and refined carbohydrates from his diet for the entire dura-
tion of the observation period. Gluten-containing foods were
explicitly excluded as a practical proxy for removing ultra-
processed, calorie-dense convenience foods often associated
with rapid glucose excursions. Adequate protein and healthy
fats were prioritized with each meal. When additional satiety
was required, low-glycemic whole foods such as nuts (e.g.,
walnuts and almonds), and berries (e.g., blueberries and straw-
berries), and full-fat plain yogurt were consumed selectively.

Rule 02: Strict Restriction of Glycemic Load. Given the
severity of baseline hyperglycemia, the subject temporarily
excluded foods with moderate to high natural sugar content
including refined grains (e.g., white rice), starch-dense tubers
(e.g., potatoes), and traditional starch-dense preparations (e.g.,
idly), in addition to fruits and other naturally sugar-containing
foods (e.g., carrots, corn, beetroot, and coconut) during this
phase. This restriction was intended to minimize postpran-
dial glucose exposure during the early stage of the protocol.
These foods were reintroduced in moderation during the main-
tenance phase in Week 16.

Rule 03: Hydration. The subject followed consistent hy-
dration practices intended to support digestive efficiency and
glycemic control. He consumed approximately 64 ounces of
water daily, distributed evenly throughout the day. Fluid in-
take during meals was limited to 2-4 oz of room-temperature
water, with larger volumes delayed for approximately 30 min-

Dietary Modification, Hydration and

utes post-meal, and ice-cold beverages were avoided. These
practices were intended to modulate gastric emptying and po-
tentially reduce rapid nutrient delivery following meals.

Rule 04: Fiber-First Food Intake During Meals. Food in-
gestion at meals followed a consistent sequence, with fiber-
rich foods (e.g., vegetables) ingested before proteins and fats,
intending to reduce the postprandial demand on pancreatic 3-
cells to produce insulin®.

Rule 05: Eliminate Snacking. The subject avoided snack-
ing between meals to minimize repeated insulin stimulation
and cumulative postprandial glucose exposure. In rare sit-
uations requiring additional energy expenditure (e.g., a long
hike), low-glycemic whole foods such as nuts and berries were
used selectively.

Rule 06: Walk 10,000 Steps Daily. The subject aimed to
walk 10,000 steps per day, five days per week, intending to
increase glucose uptake by skeletal muscle’® and may have
helped reduce stress-related cortisol activity, which is known
to increase hepatic glucose production?!*%?.

Rule 07: Postprandial Movement and Activation of the
Soleus Muscle. The subject engaged in a 15-minute walk
within 15-30 minutes after meals to blunt postprandial glu-
cose excursions. Activation of oxidative muscle fibers, partic-
ularly the soleus muscle, was prioritized because of its capac-
ity for sustained glucose utilization during low-intensity activ-
ity, including calf raises performed while seated at a desk’%13.

Rule 08: Low-to-Moderate Resistance Training. The sub-
ject incorporated low-intensity resistance training three times
per week, for approximately 20 minutes per session, to pre-
serve lean muscle mass and maintain skeletal muscle glycogen
storage capacity 4.

Weeks 4-44: Time-Restricted Eating and Metabolic Re-
covery

In Week 4, the subject incorporated six additional tempo-
ral strategies, Rules 9 to 14, while continuing prior dietary,
hydration and physical activity practices.

Rule 09: Time-Restricted Eating (TRE, or 16-hour fast).
The subject utilized an 8-hour daily feeding window (from
11:30 AM - 7:30 PM) intending to reduce cumulative in-
sulin exposure and support metabolic flexibility, defined as the
body’s ability to efficiently transition between glucose utiliza-
tion in the fed state and lipid oxidation in the fasted state.

Rule 10: Weekly Metabolic Challenge (One-Meal-A-Day).
Once per week, the subject consumed just one-meal-a-day
(OMAD) intending to enhance metabolic flexibility and sup-
port autophagy, a cellular recycling process that can be altered
in states of chronic hyperinsulinemia®Z.

Rule 11: Garlic Intake in the Fasted State. Each morn-
ing, the subject consumed one clove of raw garlic that had
been crushed and allowed to rest for approximately 10 minutes
prior to ingestion. This resting period allowed enzymatic con-
version of alliin to allicin, a bioactive compound that has been
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associated with improvements in insulin sensitivity in prior
studiest: clinical efficacy at the dose and duration used here
has not been established, and garlic intake is considered an ad-
junctive, hypothesis-generating component of this approach.

Rule 12: Non-Caloric Herbal Preparations in the Fasted
State. A home-made herbal beverage consisting of warm wa-
ter, ginger, turmeric, lemon, and black pepper was consumed
as an adjunctive zero-calorie beverage approximately 30 min-
utes after garlic ingestion. An alternative preparation using
warm water, lemon, Ceylon cinnamon, and salt was also used
intermittently.

Rule 13: Sleep Regularity. The subject maintained a consis-
tent sleep schedule, targeting 7-8 hours of nightly sleep with a
regular bedtime.

Rule 14: Temporary Suspension of Caffeine (Weeks 4-15).
The subject discontinued caffeine until Week 15. In individ-
uals with T2DM, caffeine intake has been shown, in some
studies, to impair glucose tolerance and worsen glycemic re-
sponses ™.

Week 16-44: Maintenance

By Week 15, laboratory testing showed HbAlc had de-
creased to 5.3%, within the non-diabetic range. From Week 16
onward, the lifestyle approach transitioned to a maintenance
phase focused on sustaining metabolic stability.

Rule 15: Structured Caffeine Reintroduction (Week 16+).
Caffeine was reintroduced in a structured manner, with the
subject consuming one cup of black coffee during the fasted
state and a second cup with unsweetened almond milk after
the first meal. This staged approach allowed the subject to
qualitatively note caffeine’s perceived effects on fasting and
postprandial energy patterns.

Rule 16: Planned Dietary Deviations During Maintenance.
After Week 15, the subject allowed himself one high-glycemic
meal per month. Absence of prolonged postprandial fatigue
and timely return to baseline energy levels were noted as qual-
itative, non-diagnostic observations of perceived metabolic re-
silience rather than objective measures of insulin sensitivity.

Layer 2: Behavioral & Technological Support

Layer 2 incorporated behavioral and technological compo-
nents for sustained adherence=>. Three psychosocial factors
supported adherence: perceived health risk (acute blurred vi-
sion and strong family history of cardiometabolic disease),
self-efficacy reinforced by understanding of the scientific ra-
tionale~®, and family accountability through shared meal plan-
ning, and daily routines, which has been linked to improved
outcomes in chronic disease management=Z.

To further support adherence, the subject utilized a custom
chatbot configured within a commercially available Al plat-
form (ChatGPT, OpenAl), with the Insulight protocol rules as
its knowledge base. This non-clinical tool provided real-time
dietary compatibility feedback through text queries or pho-
tographs of ingredient labels, for example, verifying whether

items like hummus, or corn were protocol-compatible. The
application did not collect physiological data, offer medical
advice, or replace clinical judgment, and was used solely to re-
duce decision uncertainty in complex food environments with-
out replacing independent judgment or clinical oversight=S.

The tool was developed by the author — a high-school stu-
dent at the time of this study — for personal adherence support
and to assist the subject; no commercial interest, trademark,
copyright or independent application exists in connection with
it at the time of submission. The author owns the underlying
protocol rules but has no ownership of the Al platform itself.
The author intends to make a version of this tool available to
nonprofit organizations and individuals in the future, with a
free-tier for basic use and an optional cost-recovery tier to off-
set translation and API expenses for more intensive usage; no
such arrangement currently exists. Usage was informal and
conversational; structured logs were not retained, though in-
teraction records are available within the platform.

The behavioral and technological elements described here
were supportive in nature and did not constitute therapeutic or
clinical management.

Data Collection, Variables, Measurements

Primary measures included Hemoglobin Alc (HbAlc), fast-
ing plasma glucose, body weight, serum triglycerides,
high-density lipoprotein (HDL) cholesterol and low-density
lipoprotein (LDL). Secondary outcome measures included
hepatic enzymes (ALT and AST). Data were collected from
clinical bloodwork and office visits at three time points: base-
line (November 7, 2024), 16 weeks (February 24, 2025), and
44 weeks (September 8, 2025). For the purposes of this report,
remission is defined per the 2021 ADA consensus criteria as
an HbAlc below 6.5% measured at least three months after
cessation of glucose-lowering pharmacotherapy=>. All labo-
ratory values used standard clinical units (mg/dL, U/L, and
%), and were cross-referenced with physician records to en-
sure data integrity (Table 1).

Adherence was tracked daily, for each rule, via partic-
ipant self-report in Excel. Weekly adherence percentages
were computed by normalizing frequency counts against rule-
specific weekly targets such as 7-day target for diet and hy-
dration rules (Rules 1-5), a 5-day target for walking (Rule
6), 7-day target for postprandial activity (Rule 7), and 3-day
target for resistance training (Rule 8), 7-day target for time-
restricted eating & recovery rules (Rules 9, and 11-14), and a
one-day target for Rule 10. Any adherence exceeding weekly
targets (e.g., walking seven instead of five days per week) was
capped at 100%. As with all self-reported adherence data,
these records are subject to social desirability bias and can-
not be independently verified. The weekly percentages de-
rived from these logs should be interpreted as descriptive and
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Table 1 Protocol Reproducibility Summary. Representative daily meal and activity patterns, intended to supplement the rule descriptions
above and facilitate reproducibility.

Component Rule(s) Details Phase

Example Breakfast 1,2,4,5 Sauteed Spinach & Mushrooms in Avocado Weeks 1-3 only; no breakfast
Oil, 2 eggs (boiled, fried or omelette), 1/2 Weeks 4+ (fasting window)
avocado, seasoned with Salt, Pepper, Chilli
flakes and Lemon

Example Lunch 1,2,4,5 Salad Bar: Mixed greens, Oven-roasted Weeks 1-44; first meal of day
vegetables (broccoli, Brussels sprouts, from Week 4 onward (~12 PM)
green beans), 2 oz Grilled chicken and 4 oz
baked salmon with Tabasco; 3 oz walnuts,

8-10 blueberries. Vegetables consumed be-
fore protein per Rule 4.

Example Dinner 1,2,4,5 1 Small Cucumber with 1 tbsp hummus; Weeks 1-44; ~7 PM from Week
two pan-roasted vegetables (e.g., cabbage, 4 onward
zucchini, eggplant, onions, tomatoes); 4
oz chicken or 6 oz steelhead or 1 cup
lentils/chickpeas; 1-2 oz walnuts; 1/4 cup
berries with 2 oz plain yogurt. Vegetables
consumed first.

Moderation-reintroduced foods 2,16 Once weekly at lunch (after vegetables): 2 Week 16-44 only
idlies, or 1 dosa, or 1 chickpea/besan-batter
crepe. 1 tsp sriracha with eggs 2-3/week.
One high-glycemic meal per month (e.g.,
gluten-free pizza).

Fasting Pattern 9,10 16-hour daily fast; feeding window 12 PM Weeks 4-44
— 7 PM. One OMAD (one meal a day) day
per week at 6 PM.

Morning Routine (Weeks 1-3)  6,7,8 5:00-6:00 AM: treadmill walk (3.5—4 mph). Weeks 1-3

15-minute postprandial walks after lunch
and dinner. Resistance training 3 x/week
(~15-20 min).

Morning Routine (Weeks 4-44) 6,7,8,11,12 5:15 AM: crush garlic (rest 10 min). Weeks 4-44; resistance training
5:15-5:25 AM: resistance bands (set 1, ~10 suspended Weeks 23-33 due to
min, while garlic rests). 5:25 AM: consume injury
garlic with 2 oz water. 5:25-6:10 AM: re-
sistance bands (set 2) + brisk treadmill walk
(3.5—4 mph) for ~30 min. 6:10 AM: warm
water with lemon, ginger, turmeric, black
pepper. 8:00 AM: warm water with cin-
namon and salt (fasted). 15-minute post-
prandial walks after lunch and dinner; ad-
ditional resistance/treadmill session at 6:15
PM 3 x/week.

Caffeine 14,15 Weeks 1-3: 12 oz latte (sugar-free, due to Weeks 1-3: (sugar-free);
Rule 1). Weeks 4-15: suspended. Week Weeks 4—15: no caffeine; Week
16+: 12 oz black Americano (double shot) 16+: structured reintroduction
at 7:30 AM in fasted state; 812 oz latte
with unsweetened almond milk and non-
glycemic sweetener at ~1 PM.
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exploratory estimates rather than validated measures of adher-
ence.

Daily and weekly adherence data were compared across two
time-intervals: Weeks 1-15 (the period between the diagnosis
of T2DM with HbAlc of 12.0% to the first clinical follow-
up in Week 15 where HbAlc decreased to 5.3% entering the
non-diabetic range), and Weeks 16—44 (representing the main-
tenance phase). The subject incurred a musculoskeletal injury
in Week 23, and therefore, the impact of this event on adher-
ence and biological markers was also analyzed.

Ethical Considerations and Participant Consent

The subject provided written informed consent to participate
in this single-patient observational case study and to the use of
anonymized data for research purposes. Medical care was not
withheld, and standard pharmacological treatment remained
available throughout the observation period. The investigator
maintained a non-interventional, observational role through-
out; no clinical decisions were directed or influenced by the
investigator, and all medical care was provided solely by the
subject’s primary care physician. Formal IRB review was not
required for this case report. Under federal research regu-
lations (45 CFR 46), case reports involving a single patient
with informed consent are generally exempt from IRB over-
sight when the primary intent is clinical documentation and
hypothesis generation rather than the systematic collection of
data intended to produce generalizable knowledge*". This re-
port was conducted in that spirit. The subject reviewed and
approved the final manuscript prior to submission.

The investigator is a family member of the subject. This re-
lationship may introduce bias in observation, data interpreta-
tion, and reporting, as the investigator has a personal interest
in the subject’s health outcomes. Mitigating factors include:
all laboratory values were obtained from independent clinical
records and cross-referenced with the subject’s physician to
confirm accuracy; no clinical decisions were directed or in-
fluenced by the investigator; and the subject independently
pursued the lifestyle approach under physician supervision.
These mitigations reduce but do not eliminate the risk of ob-
server bias, and readers should interpret the findings accord-
ingly.

The Insulight Protocol name was coined by the investiga-
tor. The Al-based informational tool described in this report
was developed by the investigator as a custom chatbot config-
uration within a commercially available platform (ChatGPT,
OpenAl). At the time of submission, no trademark, copyright,
commercial arrangement, or independent application exists in
connection with the protocol or tool. The investigator intends
to make a version of the tool available to nonprofit organiza-
tions and individuals in the future; no such arrangement cur-
rently exists. As the author of the Insulight Protocol, the in-

vestigator (a high school student at the time of this study) has a
reputational interest in its scientific reception; readers should
weigh this accordingly. No external funding was received for
this work, and no other conflicts of interest are declared.

Given the severity of baseline hyperglycemia and the de-
cision to defer pharmacotherapy, a safety monitoring frame-
work was established at the outset. The subject and his physi-
cian agreed that pharmacotherapy would be initiated imme-
diately if any of the three presenting symptoms — blurred
vision, chronic polydipsia (thirst), or palmar pruritus (itchy
palms) — recurred, or if metabolic markers failed to improve
within three months. Clinical follow-up was scheduled at
three months but conducted at Week 16 due to a travel commit-
ment, with no interim physician visits or home glucose moni-
toring performed between diagnosis and that Week 16 labora-
tory assessment. The subject did not experience recurrence of
any presenting symptoms during the observation period.

Results

Metabolic and Glycemic Trends

After approximately 16 weeks, changes in glycemic control
and cardiometabolic markers were observed. HbAlc de-
creased from 12.0% at baseline to 5.3% at the first follow-up
(16 weeks). During the same period, body weight decreased
from 229 1bs to 196 lbs representing a 14% drop against base-
line. At the 44-week follow-up, HbAlc remained 5.3% with
body weight decreasing to 187 lbs, representing an overall re-
duction of 42 1bs in 44 weeks.

Serum triglyceride levels declined from 619 mg/dL at base-
line to 135 mg/dL at 16 weeks and to 104 mg/dL at 44 weeks
(reference 150 mg/dL). Fasting plasma glucose decreased
from 342 mg/dL at baseline to 105 mg/dL at 16 weeks and to
98 mg/dL at 44 weeks. HDL cholesterol levels increased from
36 mg/dL (baseline) to 41 mg/dL over the 44-week period.
LDL cholesterol decreased from 189 mg/dL (Direct LDL) at
baseline to 113 mg/dL at 16 weeks, followed by an increase
to 130 mg/dL at 44 weeks, approaching the upper limit of the
optimal range. This elevation coincided with a self-reported
musculoskeletal injury and subsequent reduction in volume of
physical activity, specifically Rule 8 (resistance training), be-
tween Weeks 23 and 44.

Secondary laboratory measures also showed changes in
hepatic markers. Serum alanine aminotransferase (ALT) de-
creased from 39 U/L at baseline to 12 U/L at 16 weeks and
to 11 U/L at 44 weeks. Aspartate aminotransferase (AST) de-
clined from 27 U/L at baseline to 15 U/L at 16 weeks and to
13 U/L at 44 weeks. Both values declined over the observa-
tion period and remained within laboratory-reference ranges
throughout.
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Longitudinal Laboratory Findings

The following table summarizes the longitudinal clinical
markers for the subject over the observation period. Primary
metabolic markers improved substantially within 16 weeks,
and remained stable or continued to improve at the 44-week
follow-up, with the exception of LDL cholesterol, which is
discussed below.

Adherence To The Structured Lifestyle Approach

Mean adherence across rules was approximately 90% during
Weeks 1-15 (foundation and optimization phases), 76% dur-
ing Weeks 16—44 (maintenance phase), and 82% across the
entire observation period, Weeks 1-44. Adherence was con-
sistently high for core dietary modification and hydration rules
(rules 1-5), and time-restricted eating and recovery rules (rules
9-14), while adherence was lower for physical-activity rules
(rules 6-8), especially postprandial movement (rule 7) and re-
sistance training (rule 8), during the maintenance phase. A
musculoskeletal injury in Week 23 coincided with low adher-
ence for physical activity rules, particularly resistance train-
ing.

Figure 2 helps visualize the impact of a musculoskeletal in-
jury at Week 23 through a temporal adherence heatmap. Rules
9-13 (Time-Restricted Eating and Recovery) were visually
suppressed (set to null) during the foundation phase (Weeks
1-3) to accurately reflect that these components were not yet
active in the subject’s adoption of the lifestyle approach. Rule
14 (caffeine suppression rule) was excluded from this analy-
sis as it was a temporary rule, and Rules 15-16 were excluded
because they applied only to the maintenance phase.

Fig. 2 Weekly Adherence Heatmap Rules 1 — 13 across Weeks 1 —
44

Figure 3 visualizes the primary outcome measures (HbAlc,
fasting glucose, HDL, LDL Triglycerides and Body Weight)
against the 7-day rolling average of daily adherence scores
across three categories of rules: Dietary Modification and Hy-
dration rules, Physical Activity and Time-Restricted Eating

and Recovery. It also delineates the high-fidelity adherence
during the foundation and optimization phases from the diver-
gence observed following the musculoskeletal injury at Week
23.

Discussion

This observational case study describes substantial improve-
ment in severe hyperglycemia in a subject who undertook
an intensive lifestyle approach without pharmacological ther-
apy. Over approximately 16 weeks, the subject’s HbAlc
decreased from 12.0% to 5.3%, with sustained changes in
glycemic and selected cardiometabolic markers observed at 44
weeks. These outcomes were accompanied by reductions in
body weight, serum triglycerides, and hepatic enzyme levels,
alongside an increase in HDL cholesterol, reflecting changes
in metabolic markers beyond glycemic control. It is not pos-
sible to rule out the contribution of other factors, including
natural disease course, regression to the mean, or unmeasured
behavioral or physiological changes.

During the maintenance phase, LDL cholesterol declined
substantially by 16 weeks but increased to 130 mg/dL by 44
weeks toward the upper limit of the near optimal range. This
change coincided with a musculoskeletal injury at approxi-
mately Week 23 that resulted in a 10-week pause in resis-
tance training, as well as a marked reduction in adherence to
the walking target of 10,000 steps five times per week. No-
tably, dietary adherence remained consistently high through-
out this period, while resistance training volume dropped sub-
stantially, and the increase in LDL coincided with this shift.
Causal attribution cannot be made from a single observation
with only two post-baseline LDL measurements and no de-
tailed dietary data for that specific period; however, this tem-
poral pattern is consistent with prior literature suggesting that
lipid profiles may be sensitive to resistance training volume
and sustained physical activity@.

Although limited by its single-subject design, this case is
notable due to both the severity of baseline hyperglycemia
and the subject’s demographic profile. South Asian popula-
tions face disproportionate metabolic risk, often at lower BMI
thresholds than Western populationsm'. These findings raise
the possibility that structured lifestyle approaches may be par-
ticularly relevant for such populations, though confirmation in
larger studies is needed.

The metabolic improvements observed in this case coin-
cided with coordinated dietary, activity and meal-timing mod-
ifications, along with adjunctive phytochemical intake. The
combined pattern is consistent with reduced insulin demand
and altered glucose disposal across multiple pathways. The
early adoption of dietary modification and physical activity
(Weeks 1-3) preceded the introduction of time-restricted eat-
ing and extended fasting. This sequencing is consistent with

8 | NHSJS Reports
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7-day Rolling Average of Rule Adherence: Physical Activity Drops Post-Injury
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Fig. 3 Metabolic Markers Trending based on Rule Adherence (Weeks 1 —44). This figure is descriptive only; with biomarker data available at

only three time points, no inferential connection between adherence patterns and biomarker changes can be drawn.
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Table 2 Longitudinal Metabolic Markers recorded for the subject

Component Baseline (Nov 2024)  First Follow-up (Feb 2025) Maintenance (Sept 2025) Reference Range
Hemoglobin Alc 12.0% 5.3% 5.3% <5.7%
Fasting Glucose 342 mg/dL 105 mg/dL 98 mg/dL 60-99 mg/dL
Triglycerides 619 mg/dL 135 mg/dL 104 mg/dL 0-150 mg/dL
HDL Cholesterol 36 mg/dL 39 mg/dL 41 mg/dL >40 mg/dL
LDL Cholesterol Direct LDL: 189 mg/dL 113 mg/dL 130 mg/dL 0-129 mg/dL
ALT 39 U/L 12 U/L 11 U/L 0-55U/L
AST 27 U/L 15 U/L 13 U/L 5-34 U/L
Body Weight 229 lbs 196 1bs 187 1bs N/A

Table 3 Adherence to Rules (Weeks 1 —44). Rule 16 adherence was not quantified, as planned dietary deviations were intentional and
qualitatively tracked rather than scored against a binary target. These figures are descriptive estimates derived from self-reported logs;
comparisons of adherence percentages across individual rules should be interpreted as rough approximations only.

Component / Rule

Adherence (%)
Weeks 1-15 Weeks 16-44 Weeks 1-44

Dietary Modification and Hydration (Weeks 1-44)

100% 99.5% 99.7%

Rule 01  Elimination of sugars, refined carbs, gluten

Rule 02  Strict restriction of glycemic load 100% 100% 100%

Rule 03 Hydration 97% 99.5% 99%

Rule 04 Fiber-first food intake during meals 98% 100% 99%

Rule 05 Eliminate snacking 100% 100% 100%
Physical Activity (Weeks 1-44)

Rule 06 Walk 10k steps/day (5days/week) 100% 48% 66%

Rule 07 Postprandial movement and soleus muscle activation 36% 17% 24%

Rule 08 Low-to-moderate resistance training 87% 21% 43%
Time-Restricted Eating and Metabolic Recovery (Weeks 4—44)

Rule 09 Time-restricted eating (16h fast) 100% 100% 100%

Rule 10 Weekly metabolic challenge (one meal a day) 83% 55% 63%

Rule 11 Garlic intake in fasted state 76% 79% 78%

Rule 12 Non-caloric herbal preparations in fasted state 81% 74% 76%

Rule 13 Sleep regularity 95% 99% 98%
Maintenance (Weeks 16—44)

Rule 14 Temporary suspension of caffeine (Weeks 4-15) 100% n/a 100%

Rule 15 Structured caffeine reintroduction (Week16+) n/a 100% 100%

Rule 16 Planned dietary deviations during maintenance n/a n/a n/a
Overall Adherence % 90% 76% 82%

prior literature suggesting that cumulative insulin exposure
may decrease over time and that lipolysis and cellular re-
cycling processes such as autophagy may be supported<Z,
though neither was directly measured in this case. Several
components may have acted complementarily to one another.
For example, postprandial walking and consuming fiber be-
fore proteins and carbohydrates may have worked by blunt-
ing sugar spikes after meals, though through different mech-
anisms 1213 Resistance training may have helped preserve
skeletal muscle mass during weight loss, which in turn may
have supported the body’s ability to clear glucose from the
blood stream2®. Collectively, these interactions are consis-
tent with the hypothesis that glycemic trajectories may depend

on both the intensity of lifestyle modification and integration
across metabolic pathways. It should be noted that insulin
resistance, fB-cell function, ectopic fat distribution, and au-
tophagy were not directly measured in this case and remain
speculative as explanatory mechanisms.

The lifestyle approach described in this case was intensive,
reflecting the subject’s markedly elevated baseline HbAlc and
the decision to defer pharmacotherapy pending metabolic im-
provement. Given the severity of hyperglycemia, the sub-
ject elected to pursue an intensive lifestyle strategy as an ini-
tial approach to address short-term metabolic risk, with phar-
macotherapy remaining available if needed*>. However, this
level of rigor may not be required for individuals with milder
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dysglycemia or prediabetes. Several components described
in this case, such as phytochemical intake, OMAD, or struc-
tured postprandial movement, may be more appropriately ap-
plied in a modular or graduated manner depending on baseline
metabolic status. Future research could explore whether tiered
implementations of similar lifestyle approaches, emphasizing
core dietary and activity principles while introducing more de-
manding practices selectively, are feasible and effective. Such
flexibility may enhance scalability while preserving a focus
on insulin dynamics, should similar approaches be validated
in broader populations.

Real-world food environments present practical challenges.
Restaurant and café settings often lack transparency regarding
added sugars, refined starches, and hidden glycemic agents,
complicating adherence even when “healthy” options are per-
ceived to be available. Coffee shops frequently market sugar-
containing milk substitutes and sweeteners as health-oriented
products, increasing the risk of unintended glycemic expo-
sure. A custom chatbot configured with the Insulight Proto-
col rules may have helped translate complex nutritional infor-
mation into day-to-day choices, potentially reducing decision
uncertainty in these environments=®. These challenges illus-
trate that modern food environments may pose significant cog-
nitive demands for individuals following low-insulin dietary
patterns, highlighting the potential value of simple heuristics
(e.g., “no sugar, no starch, no gluten”) and real-time informa-
tional tools?.,

The nonpharmacological approach described in this case
may carry clinical risk if undertaken without appropriate med-
ical supervision. Accordingly, the findings reported here
should not be interpreted as treatment recommendations. Any
similar lifestyle approaches should be pursued with physician
oversight and a clearly defined contingency plan for phar-
macologic therapy. Notably, the subject had not yet initi-
ated pharmacotherapy at the time he adopted this approach
which simplified the initial adoption of the rules. For indi-
viduals already undergoing pharmacotherapy, the dietary and
lifestyle changes described here — including elimination of
sugars and refined carbohydrates, low-glycemic eating, post-
prandial movement, resistance training and time-restricted
eating — may lower blood glucose substantially, potentially
triggering hypoglycemia if medication doses are not adjusted
accordingly®“#. Adjustments to medication in this context re-
quire close physician oversight, and any similar lifestyle mod-
ification should not be undertaken by individuals on glucose-
lowering therapy without prior discussion with their health-
care provider.

Together, these observations suggest that a structured
lifestyle approach to T2DM management may benefit from
both evidence-based physiological rules and intentional be-
havioral support systems designed to navigate real-world ad-
herence challenges.

Limitations And Unmeasured Outcomes

As a single-subject observational study, the findings in this
report cannot be generalized without further validation. Di-
rect measures of insulin resistance, such as HOMA-IR#Y, or
insulin-assisted glucose tolerance testing were not performed;
instead, improvements were inferred through glycemic and
lipid markers. Additionally, qualitative tracking of diet and ac-
tivity introduces potential reporting bias, though the 44-week
laboratory trends suggest metabolic stability.

Implications, Future Gaps And Future Directions

This case highlights several areas for future investigation, in-
cluding the potential applicability of structured nonpharmaco-
logical approaches in resource-limited settings where contin-
uous glucose monitoring remains cost-prohibitive™.

Current clinical practice often treats dysglycemia as a sin-
gle continuum; however, impaired fasting glucose (IFG) and
impaired glucose tolerance (IGT) arise from distinct patho-
physiological mechanisms involving hepatic versus peripheral
insulin resistance®32. How different components of this ap-
proach may affect each phenotype differently remains unclear.
For example, fasted-state and circadian strategies may prefer-
entially influence hepatic glucose output, whereas postpran-
dial movement may play a larger role in peripheral glucose
clearance®1213  Studies stratifying participants by IFG and
IGT status could clarify whether certain components should
be emphasized or sequenced differently.

Given the prevalence of the Thin Outside Fat Inside (TOFI)
phenotype in South Asian populations — characterized by dis-
proportionate visceral and ectopic fat accumulation despite
relatively modest BMI values=24% — future studies should ex-
amine how this fat responds to intensive lifestyle approaches,
ideally incorporating imaging modalities such as MRI or
DXA#I748  Whether a post-intervention HbAlc of 5.3%
confers equivalent long-term risk reduction in South Asian
populations also remains uncertain, as diagnostic and remis-
sion thresholds are largely derived from Western cohorts 4,

Finally, the magnitude and pace of improvement observed
in this case raise questions about inter-individual variability
in response. Identifying biological or metabolic factors as-
sociated with faster response, such as insulin secretory re-
serve or inflammatory status, could support more personal-
ized intervention strategies for high-risk individuals. Together,
these gaps highlight the need for controlled, mechanistic, and
population-specific studies to evaluate intensive lifestyle ap-
proaches more broadly. Future research could also attempt to
isolate the contribution of core components, such as dietary
modification and physical activity, from adjunctive compo-
nents such as phytochemical intake, specific hydration prac-
tices, and circadian strategies, to identify which elements are
essential and which may be supplementary.

© The National High School Journal of Science 2026
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Conclusion

This case report describes substantial improvement in severe
hyperglycemia in a subject with T2DM who undertook an in-
tensive lifestyle approach without pharmacological therapy.
Over approximately 16 weeks, HbAlc decreased from 12.0%
to 5.3%, alongside reductions in body weight, serum triglyc-
erides, and hepatic enzyme levels, with these changes sus-
tained at 44 weeks. The findings are consistent with the hy-
pothesis that coordinated lifestyle components addressing di-
etary glycemic load, skeletal muscle glucose uptake, meal tim-
ing, and recovery behaviors may help reduce chronic hyperin-
sulinemia and support metabolic homeostasis in this case. The
longitudinal adherence analysis further suggests that dietary
consistency may be more readily sustained than physical ac-
tivity targets, and that reductions in activity volume coincided
with changes in lipid profiles even when dietary adherence re-
mains high, though causal attribution cannot be made from a
single observation.

The lifestyle changes described here relied on accessible,
non-proprietary strategies rather than continuous pharmaco-
logical escalation. Further investigation is needed to assess
generalizability, directly quantify changes in insulin resis-
tance, and define optimal approach intensity across different
risk profiles. That said, this case is consistent with the pos-
sibility that, in selected individuals, T2DM-associated hyper-
glycemia may represent a metabolically modifiable state when
upstream insulin dynamics are systematically addressed.
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